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From miniature block-
ing oscillator to
10 megawatt.
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COILS
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cup structures from
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SPECIALTIES
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KC, stable to .1 db

Pulse output to magna-
tron, bifilar filament.
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KC, and Q of 120
at 5 KC,

magnetic
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The bulk of UTC productlon is on special units designed to specific cus-
tomers’ needs. lllustrated below are some typical units and some unusual
units as manufactured for special applications. We would be pleased to
advise and quote to your special requirements.
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LP filter less than .1 db
to 2 c c50 db

Precise wave shape pulse
output, 2500 V. 3 Amps.

HVC tafped variable
induc: or for 3 KC
oscillator.

Input, output, two tuned
interstages peaking
network, 'and BP
filter, all in
one case.
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60 — current limiting
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Sec. 25 Mmfd.,

30 KV hipot.
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lyzer's tuning range from 10 mc to 40 gc,
its sweep bandwidth to 2 gc and its image

f‘ separation of 4 gc make it an extremely
! . nEW USES OI' useful tool to find distortion and intermod-
technigues for work in ulation products. Add to this a flat fre-

: . quency response, completely -calibrated
semiconductors, parametric SPECTRU M controls and display dynamic range of 60

z e : - E db, internal phase lock, high accuracy and
devices, distortion analysis and 4 g 24

LYS S resaolution and x-y output for recording...
and you come up with a truly versatile and
what have you. A N A I helpful tool.

Spectrum analysis

If you are working with harmonic genera-
tion, spectrum analysis can help you.
Harmonic generating devices, such as the
varactor and step recovery diodes, have be-
come exceedingly popular because of their
reliability and frequency stability.

With the step recovery diode, for ex-
ample, it’s easy to obtain frequency genera-
tion in a single step from hundreds of
milliwatts at S-band to tens of milliwatts
at X-band.

However, strong non-linear interactions
are involved in the marriage of the diode
into the circuit. Both the input and output
circuits of the circuit must be tuned prop-
erly or parametric and noise oscillations
can result. Formerly this tuning could only
be accomplished by tedious trial and error
methods.

With spectrum analysis it is convenient
and easy to optimize the diode into the cir-
cuit. The 2 gc sweep and the 4 gc image
separation display all the signals from the
circuit. Adjustment follows naturally.

Overdriving transistor amplifier at 160 mc gener-
ates output with distortion products (above).
Same amplifier operating normally (below) with
second harmonic at 35 db down. Scales for both
figures, 200 mc/cm and 10 db/cm vertical. Note
passband noise below 150 mc.

The new Hewlett-Packard 851/8551A Spectrum
Analyzer is described in detail in hp Application
Note 63. A copy, along with complete performance
specifications, is available from your hp field engi-
neer. Or write: Hewlett-Packard, Palo Alto, Calif.
94304, (415) 326-7000; Europe: 54 Route des Acacias,
Geneva; Canada: 8270 Mayrand Street. Montreal.

Data subject to change without notice.

HEWLETT w PACKARD

An extra measure of quality

Improper adjustment of harmonic generator
shows spurious signals (above) and final desired
output (below) of 8.8 gc. Spectrum width, 200
mc/cm, Vertical, 10 db/cm.

If you’re working in parametric amplifica-
tion, spectrum anaylsis makes it easy for
you to see the output, pump, idler and
upper sideband frequencies on one display
since signals from 10 mc to 10 gc can be
handled. This is especially useful because
the spectrum displays the interdependence
of adjustments for optimum gain and low
noise operation, as well as suppression of
the upper sideband and spurious signals.

If you're working in distortion analysis,
spectrum analysis offers new capabilities
in such applications as high-frequency
transistors used as amplifiers. The ana-
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NOW!
10 Mc -
1000" Mc

"With NEW Frequency Doubler Probe MODEL 13515A

Features:

+0.002% Frequency
Stability

External AM and Pulse
Modulation

Waveguide-Below-Cutoff
Output Attenuator

Solid-State Power Supply

The VHF Oscillator Model 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 mec.

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 modulation may
be obtained through the use of a suitable external source. The RF
output is coupled through a waveguide-below-cutoff variable
attenuator; in addition, an electrical RF level vernier is included
as a front panel control.

An optional accessory Frequency Doubler Probe, Model 13515A
incorporates a solid-state doubler circuit and provides additional
frequency coverage from 500 to 1000 mec.

Specifications
Model 3200A

Radio Frequency Characteristics
RF RANGE: 10 to 500 mc
RF ACCURACY:
+2% (after Y2 hour warmup)
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 attenu-
ation from maximum
output
Load Impedance: 50 ohms
nominal

HEWLETT =
PACKARD h

GREEN POND ROAD
ROCKAWAY, NEW JERSEY 07866

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 LEAKAGE: Sufficiently low to
permit measurements at 1 uv

Amplitude Modulation
Characteristics

AM RANGE: 0 to 30% (External)
AIV}\MDISTORTION: <1% at 30%

EXTERNAL AM REQUIREMENTS:
Approx. 30 volts RMS into 600
ohms for 30% AM

Telephone: (201) 627-6400

TWX: (510) 238-8461 Cable Address: BOONRACO

2 Circle 2 on reader service card

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: 615"
Width: 7253,"
Depth: 12174,
Power Requirements
105-125/210-250 volts, 50-60
cps, 30 watts

Price: 3200A: $475.00
F.0.B. Rockaway, New Jersey

(16.5 cm)
(19.8 cm)
(31.8 cm)

Specifications
Model 13515A

Radio Frequency Characteristics

RF RANGE: 500 to 1000 mc*
“With 3200A operating 250-500
mc

RF OUTPUT:
Maximum Power: > 4 m
“Across external 50 ohm Ioad
with VSWR < 1.1

HARMONIC SUPPRESSION
Fundamental: >16d
Higher Order;: > 16 db (500-800

mc)
> 14 db™ (800-
1000 mc)
“Below desired signal
Price: 13515A: $95.00
F.0.B. Rockaway, New Jersey

BOONTON
DIVISION
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Readers Comment

Amplification requested

To the Editor:

With reference to the article
“Stable differential amplifier de-
signed without choppers,” by
David F. Hilbiber, [Jan. 25, p. 73],
I would like to point out that an
amplifier using exactly the same
basic principle of temperature-drift
compensation was exhibited by
STC at Zurich, Switzerland, in
December, 1961, and is described
in STC Application Report MK/
173X (May, 1963). The circuit was
as shown in figure 3 of that report.

This early amplifier was purely
experimental, and design was not
fully optimized. Nevertheless it was
possible to reduce the over-all volt-
age drift, between 25°C and 85°C,
to less than 16V (measured as the
maximum departure from the 25°C
value at any temperature within
that range and referred to the in-
put).

A feature of the amplifier, which
simplified the process of adjusting
experimentally for minimum drift,
was provided by the two 470K
resistors cross-connected between
the emitter and collector circuits
of the two halves of the input tran-
sistor. These greatly reduce the
effect of the “temperature-coefhi-
cient” adjustment on the zero of the
system. If necessary a similar tech-
nique could be applied to the am-
plifier described by Hilbiber.

One point which is not men-
tioned explicitly in the article is
the fact that this method of volt-
age-drift reduction does nothing to
reduce current drift. The amplifier
is therefore restricted to operation
from a relatively-low-impedance
source if the full stability is to be
realised in practice. It would be
interesting to know how much its
stability does vary with source re-
sistance.

E. L. Jones
Chief Applications Engineer
Semiconductor Division
Standard Telephones and Cables
Ltd.
England

* The method of temperature
compensation described by STC
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Operating Temperature Range
of Aluminum 'Lytic Capacitors
Extended to —55 C, +125 C

Did you know Sprague makes..?

iy MAGNETIC Y MOLDED 2
LOGIC DEVICES PULSE TRANSFORMERS

Core-diode and core transistor Miniature Pulse Transformers

magnetic shift registers and with tough molded cases for
_magneélc counters for switch- increased protection against
O ; ing and storage applications in physical damage and severe
Type 600D Extralytic' Capacitors computer and logic circuitry. atmospheric conditions.
are the first commercially-available k VA )

aluminum electrolytics to extend
their operating temperature range to

\
—55 C, +125 C at voltage ratings NANOSECOND (SOMETHlNG NEW IN

up to 150 volts d-c. COUNTING
PUL
Although Type 600D Capacitors, o o i TECHNIQUES
a recent development of the Sprague IN TO-5

Electric Company, cost only half TRANSISTOR CASES
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that of corresponding tantalum foil sgsﬁiﬁt
units, they have comparable perfor- Special design offers dis- Iow-cost’
mance characteristics and offer the tinct advantages: (1) Mini- | el
advantage of generally being smaller fied size. (2) Welded her- | y

and significantly lighter than mili- e seal i HiGaeee FonisLs

. : reliability. (4) Compatibility ‘ available for predetermined
tary-grade tantal_um foil capacitors with transistor mounting 2 o 11) or selectable (5
of equivalent ratings. techniques.

through 10) counting cycles.
Sprague Type 600D Extralytic L J

Capacitors are only one-third the

CIRCLE 279 ON READER SERVICE CARD CIRCLE 280 ON READER SERVICE CARD

weight of their tantalum equivalents. ( D) r HERMETICALLY-SEALED \
In a case size of 3/8” x 2-3/16" it DYNACOR® TO-5 ENCASED
is possible to obtain a capacitance W H RE B
of 850 uF at 5 WVDC or 26 nF at BOBBIN SWITCH CORES [l |
150 WVDC. CORES Designed especially for high-speed, || |
MREETIE j low-power switching up to 100 kc,

This significant advancement in adaptability with conventional tran-
the manufacture of aluminum elec- ‘(D sistor packaging techniques, and
trolytics was made possible by in- “ performanccta lundedr_t.MlL-S-21038 f
creased foil purity, improved oxide (X ) anronmen S A )
Systems’ and newly deve]oped meth_ \ ‘ .‘ CIRCLE 281 ON READER SERVICE CARD (
ods of etching that yield higher etch & >
ratios. An improved capacitor seal ELECTRONIC MODULES TO
design and the development of a Sget;]iels ‘i30|0;‘| Corels CUSTOMER REQUIREMENTS
unique new electrolyte are two other with logical ftlux val- ' Custom packaging

s s - £ ues in popular phys- :

factors contributing to their out i are stonid is no novelty at

standing performance characteristics. Sprague's Special

in production quanti- Products Division,

Extralytic Capacitors display ex- %’ﬁz f?e' fszilzucéehgﬁr){: where “specials” are continually being
cellent stability over their entire nee):ed tor qual?ty developed and produced with countless
temperature range. Even at —55 C, with economy! ‘g;?g;%’}ia'? gLencftinS?altci:garactenstlcsand
their capacitance drop is very small. | \ Y O 8 : oo i
The operating and shelf life of 600D | CIRCLE 282 ON READER SERVICE CARD CIRCLE 283 ON READER SERVICE CARD

Capacitors is comparable to or better ey : §
: . F licat engineer as-
than that of foil tantalum capacitors. ol S, 9 o

sistance (without obligation, of ®
For complete technical data, write | course) on any of the above prod- s p n n G u E
for Engineering Bulletin 3455 to :cfsé \;vn*Dg or casll the éfec,"-"
1 1 % 1 roaucrts Ivision, Jsprague ectric
Efgg’r‘if%;‘;;;aé;r%s;rlvw’C:r’s‘;’]‘;f%‘:e Company, 35 Union Street, North THE MARK OF RELIABILITY
North Adams, Massachusetts 01248, Adams, Massachusetts,

480-4146R1 4ssriaives e ‘Sprague’ and ‘@)’ are registered trademarks of the Sprague Electric Co.
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Only from Sprague!

DOUBLE
FEATURE!

5X
actual size

Dynacor® Bobbin Cores
have 2 built-in reasons
for long operating life
without degradation...

0TOUGH ARMAG® JACKET. Withstands am-

bient temperatures to 180 C and is compatible with
poured potting compounds, permitting Dynacor
Cores to be used with normal encapsulation
techniques.

GJET-SMOOTH BOBBIN. Finely-polished
stainless steel, completely eliminating sharp pro-
trusions, square corners, or other abrasive action
on copper wire windings. Improved manufactur-
ing process results in a bobbin with a more uni-
form radius than that of an ordinary machined
bobbin.

Dynacor Bobbin Cores are also
available with ceramic bobbins
where needed.

A large stock of popular
sizes and flux values insures
prompt delivery.

Special cores to customer
specifications are quickly and
accurately processed.

For complete technical data,
write for Engineering Bulletins
on Dynacor Bobbin Cores to
Technical Literature Service,
Sprague Electric Company, 35
Marshall St., North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co.
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is essentially the same as that given
in two references in our article.
The first was a paper entitled
“Nanovolt transistor d-c amplifier”
by R. D. Thornton and A. H. Hof-
fait in the IEEE Proceedings, Au-
gust 1963, p. 1147. The second ref-
erence was to an article by W. E.
Earle in the Nov. 8, 1963 issue of
Electronics, pages 66 to 70, entitled
“Designing zero-drift differential
amplifiers.”

Like the others, however, the
method of STC does not provide
the means of determining the sing-
ular operating point of minimum
temperature dependence, without
cut-and-try approaches.

The restriction of operation of
transistor differential amplifier, to
low impedance sources is well rec-
ognized. Amplifier performances
will degrade considerably if op-
eration from sources higher than
10* ohms is considered. For this
reason the Fairchild Instrumenta-
tion amplifier ADF-1 is specified
only for Rg = 350 ohms.

This restriction arises from the
fact that the behavior of hpy with
temperature is not as well ordered
as that of Vgg. However, if it is
necessary to operate from high
source impedance, it is possible
to do so by providing the specified
input resistance during the com-
pensating operation.

It is duly noted that this com-
pensation is useful only for the
given source impedance.

D. F. Hilbiber
Fairchild Semiconductor Division,
Fairchild Camera & Instrument
Corp.

Too personal

To the Editor:

Ted Maiman is a bit shook up
(he’s lost some of his spatial co-
herence, you might say) over a
change one of your editors made in
the article Ted wrote for your 35th
anniversary issue.

The change was the insertion of
the first person (“I”) in the part
of the article referring to Maiman’s
development of the first laser. As
you know, Ted didn’t directly refer
to himself at all, when he wrote
the original draft of that article . . .
and, when he saw the more pre-
sonalized tack your editor had
taken, he asked that the “I” be de-

leted. Unfortunately, however,
something went awry, and the “T”
remained “T”.

As you know, the scientific com-
munity is afflicted with extraordi-
nary public modesty. Many scien-
tists won’t even use the editorial
“we” when referring to themselves,
preferring to use the third person.
“When Maiman developed the
laser,” says Maiman, etc. Awk-
ward, of course, and about as im-

personal as you could get . . . but
it’s all part of tradition, or some-
thing.

Both Ted and I realize that your
editor was just trying to make Ted’s
article warmer and more personal
... but Ted’s scientifically sensitive
skin already is getting pricked with
darts (friendly, so far) over his sud-
den display of tradition-breaking.

James B. Marine
Public Recognition, Inc.
Los Angeles

Shock protection

To the Editor:

I was surprised to read “no more
shock” [March 8, page 42]. It
would appear from this that equip-
ment which protects the user
against electric shock is not in
use in the home or in industry in
the U. S. A,

Here in the Republic of South
Africa devices are manufactured
by several companies and both
single phase 220 volt and 3-phase
380-v units have been on the mar-
ket for a number of years. Generally
these have a sensitivity of 20 milli-
amperes (lower values are not un-
known) as it has been established
that because of inherent leakage
currents due to hot plates, geysers
etc., sensitivities of less than 20
milliamperes give rise to “nuisance
tripping.”

It is of course most difficult to
establish the lowest current which
will cause a lethal shock, as this
will vary from subject to subject
and depend on the particular cir-
cumstances, but we would con-
sider the figure of 9 milliamperes
much too low and accept 20 mil-
liamperes as adequate protection
to human life.

E. A. Hohls
Dundee, Natal
Republic of South Africa
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Extends the Range

of Frequency Measurements
by a Factor of 10...

up to a maximum
of 100 Mc/s

Combine it with any counter
For example, with the GR 1153-A 10-Mc Digital Frequency Meter
to extend frequency-measuring capability to 100 Mc/s.

. « . Or frequency meter
With the GR 1142-A 1.5-Mc Frequency Meter
for measurements to 15 Mc/s.

. « o €ven use it with a scope
» Useful for stable sweep triggering
a when working with

high-frequency signals . ..

- - - Use it whenever you need 10:1 frequency division below 100 Mc /s

The new 1156-A Decade Scaler — a mere 134 inches 1.1 at 100 Mc/s. A level control lets you set the trigger
high — is a completely self-contained, 100-Mc direct- level for a wide variety of input signals and minimizes the
counting, 10-to-1 frequency divider. Input sensitivity is  effects of noise. Amplitude of the 20 mA square wave is
better than 100 mV, peak-to-peak. An attenuator pro- 1 Vintoa 50-ohm load. Input and output connections can
vides four 50-ohm input positions (0.1, 0.2, 0.5, and 1 V)  be made at either the front panel or at the rear of the
and a 1 V, 500-ohm position. VSWR at input is less than  Scaler. Price is $490 (in U.s.A.).

Werite for Complete Information

IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673

IN EUROPE: Zurich, Switzerland — London, England WEST CONCORD, MASSACHUSETTS

GENERAL RADIO COMPANY

BOSTON NEW YORK, N. Y., 964-2722 CHICAGD PHILADELPHIA WASHINGTON, D.C.  SYRACUSE DALLAS  SAN FRANCISCO LOS ANGELES. ORLANDO, FLA. CLEVELAND
(W. Concord) 646-0550  (Ridgefield, N. J.) 943-3140 (Oak Park) 848-9400 (Ft. Washington) 646-8030 (Rockville, Md.) 946-1600 ~ 454-9323 FL 7-4031 (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

Robert C. Langford takes over this
week as head of guidance and con-
trol research at the National Aero-
nautics and
Space Adminis-
tration’s new
Electronics Re-
search Center
in Cambridge,
Mass. The 44-
year-old scien-
tist - administra-
tor hopes to
bring together some of the top
talents in the aerospace field. The
aim, he explains, is to create an
atmosphere for “dialogue between
scientists” because no individual
has the breadth of knowledge
needed for the aerospace field.

Langford, who was born in Great
Britain, has a doctorate in electrical
engineering. Earlier in his career
he worked on instruments for the
British jet airliner, the Comet.

For four years Langford has been
director of General Precision, Inc.’s
Aerospace Research Center.

The Fairchild Camera & Instru-
ment Corp., in its first step toward
“making the company as significant
in instrumenta-
fromsyas it s 1
in semiconduc- g
tors,” recently
named Robert
N. Noyce group
vice president of
the reorganized
semiconductor
and instrumen-
tation divisions.

The aim, explains Noyce, a 37-
year-old physicist who holds a doc-
torate from the Massachusetts In-
stitute of Technology, is to make
specialized semiconductors avail-
able for higher-performance, lower-
cost instruments, The best way to
do that, he adds, is to tie the two
divisions together.

With the change in organization,
he says, “I hope to create an atmos-
phere in which any product idea
will be well nurtured and have a
chance to grow. Noyce adds that
work being done now in the semi-
conductor labs is expected to re-
sult in products other than semi-
conductors.
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WARNING: Did you buy power
semiconductors a year ago?

Unless they were Westinghouse,
chances are your warranty
has already expired.

You can be sure if it's Westinghouse
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In Volume Production!

a compatiblye Ine
of DTL Logic

CERACIRCUIT

Thin-film Microcircuits

5 Mc DTL LOGIC CIRCUITS

The basic member of the Sprague series
of DTL Logic Modules is the UC-1001B
NAND/NOR Gate (see schematic), with
typical propagation time delay of 10 nsec
per stage over a temperature range of
—55C to +125C. Other DTL Logic
Ceracircuits include SCT Flip-Flop, Buf-
fer-Driver, Exclusive OR /Half-Adder, 8-
Diode Gate, and 5-Diode Gate.

To facilitate contact packaging and as-
sembly on printed wiring boards, all 5 Mc
DTL Modules are encapsulated in one
standard case, 1.0” wide x 0.4” high x
0.2" thick.

Circuit schematic, UC-1001B NAND/NOR Gate.

CUSTOM-TAILORED CERACIRCUITS

Ceracircuit Ceramic-base Microcircuits
provide the circuit designer with desir-
able features — component familiarity,
design versatility, increased reliability,
circuit economy. Thin-film technology
permits wide ranges of resistance and
capacitance values, holding close tol-
erances without high-cost penalties. Each
passive component keeps its identity,
allowing conventional design procedures.

For complete technical data,
write to Technical Literature Service,
Sprague Electric Co., 35 Marshall St.,
North Adams, Mass. 01248.

ASM .S104

SPRAGUE

THE MARK OF RELIABILITY

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

Photographic Techniques and
Measurements for Engineers, SPSE;
Hotel Plaza, N.Y.C., June 3-4.

Biomedical Computer Applications
Conference, BIO/New York Academy
of Sciences; Waldorf-Astoria, N.Y.C.,
June 3-5.

IEEE Annual Communications
Convention (Including GLOBECOM VII),
CTG/IEEE; University of Colorado,
Boulder, Colo., June 7-9.

National Electronic Packaging and
Production Conference (NEP/CON’65),
EPP; Long Beach Arena, Long Beach,
Calif., June 8-10.

National Symposium on Aircraft Noise,
Federal Aviation Agency; International
Hotel, J. F. Kennedy International
Airport, N.Y.C., June 9.

Broadcast and TV Receivers
Conference, G-BTR/IEEE; O’Hare Inn,
Des Plaines, Ill., June 14-15.

Midwest Symposium on Circuit Theory,
G-CT/IEEE; Colorado State University,
Ft. Collins, Colo., June 14-15.

Ocean Science and Ocean Engineering
National Conference/Exposition, ASLO,
MTS; Washington Hilton Hotel,
Washington, June 14-17.

Simulation, A Management Tool, AMA;
AMA Headquarters, N.Y.C., June 16-18.

National Navigational Meeting, Institute
of Navigation; Edgewater Inn Marina
Hotel, Long Beach, Calif., June 21-23.

Solid State Device Research Conference.
IEEE; Princeton Univ., Princeton, N.J.,
June 21-23.

Aerospace Technical Conference and
Exhibit, PTGAS/IEEE; Shamrock-Hilton
Hotel, Houston, Tex., June 21-24.

Joint Automatic Control Conference
(JACC), ASME, IEEE, ISA, AlAA, AICE;
Rensselaer Polytechnic Institute, Troy,
N.Y., June 22-25.

Electronic Standards Committee F-1
Meeting, ASTM; Randolph House,
Syracuse, N.Y., June 23-24.

Fluid Mechanics & Heat Transfer
Symposium, USAF, Lockheed Co.;
Lockheed Research Labs, Palo Alto,
Calif., June 24-25.

Summer Power Meeting, G-P/IEEE;
Detroit, Mich., June 27-July 2.

Electromagnetic Compatibility National
Symposium, G-EMC/IEEE; Waldorf-
Astoria Hotel, New York, June 28-30.

Physics of Quantum Electronics
Conference, ONR; San Juan, Puerto
Rico, June 28-30.

International Data Processing
Conference and Business Exposition,
DPMA; Benjamin Franklin Hotel and
Convention Hall, Philadelphia, June 29-
July 2.

Microwave Applications of
Semiconductors Meeting, |IERE-IEE;
University College, London, June 30-
July 2.

Biomedical Engineering Symposium,
IEEE, US Naval Hosp.; San Diego, Calif.,
July 6-8.

Technical Communications Conference,
CSU; Colorado State Univ. Campus,
Fort Collins, Col., July 6-10.

Nuclear and Space Radiation Effects
Conference, G-NS; Univ. of Michigan,
Ann Arbor, Mich., July 12-15.

Chemistry and Metallurgy of
Semiconductors, Gordon Research
Conferences, Univ. of Rhode Island;
Proctor Academy, Andover, New
Hampshire, July 12-16.

Educational Technology Conference,
American Management Association;
Americana Hotel, N.Y.C., July 12-16.

Nuclear & Space Radiation Effects
Annual Conference, G-NS/IEEE;
University of Michigan, Ann Arbor,
Mich., July 12-16.

Call for papers

National Communications Sym-
posium, Mohawk Valley Section of
IEEE; Utica, N.' Y., Oct. 11-13.
June 7 is deadline for submission
of five copies of 100 word abstract
and five copies of 500 word sum-
mary to Mr. George E. Burnette,
Technical Program  Chairman,
Communications Div. (EMCT),
Rome Air Development Center,
Griffiss AFB, N. Y.

International ISA Aerospace In-
strumentation Symposium, ISA,
College of Aeronautics; College of
Aeronautics, Cranfield, England,
March 21-24, 1966. Sept. 15 is dead-
line for submission of a 300-500
word summary to Mr. E. K. Mere-
wether, Chairman, International
Affairs Committee, ISA Aerospace
Industry Div., 4515 Canoga Ave-
nue, Woodland Hills, Calif.
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Spanning the Spectrum of Systems
and Instrumentation

ASTRODATA’s capabilities span a very broad
spectrum of systems and instrumentation applica-
tions. Examples: a high-speed digital data system
samples information from rocket engine tests at
15,000 channels per second, conditions, amplifies
and digitizes analog data and records the results on
tape with high accuracy, for entry into an off-line
computer. Or, a system under computer control for
acquiring test data from a mach 15 wind-tunnel;
performance of this over-all system indicates end-to-
end uncertainty, using 2.5 mv full-scale signals, is
less than 0.75 uv, or 0.025% of full scale (3 sigma).
As far as we know, that’s the most accurate low-level
data system ever built. Or, a computer - centered
system, used for the remote control of an astronomical

telescope. This system acquires 30 channels of analog
information from the telescope and transmits data
received on various experiments as they are con-
ducted, to an on-line computer. Or, a hybrid com-
puter system used for complex simulation studies.
This hybrid system, the largest ever built, has over
400 operational amplifiers, 30 function generators, 40
multipliers and 60 summing amplifiers — all solid-
state, field-proven equipment.

For more information on ASTRODATA’s extensive
experience in data acquisition and processing, tele-
metry, range timing instrumentation or hybrid com-
puter techniques, please write for our 20-page
brochure, “Systems Experience.”

D

ASTIROIDATA
L.0. Box 3003 = 240 E. Palais Road, Anaheim, California » 92803
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For potting sealed units specify
Dow Corning® 3118 RTV encapsulant to
assure reliable performance. This deep-
section-curing compound is completely rever-
sion resistant without post cure. It’s easy to
use, free flowing and easy to mix. Because it
cures without heat and does not produce
volatiles or exothermic heat during cure,
specify this material where equipment must
operate in confined environments,

CIRCLE 290 ON READER-SERVICE CARD

Where high strength is a factor in
encapsulation, Dow Corning® 3120 RTV
encapsulant has a tensile strength of 650 psi.
It has excellent damping qualities that absorb
mechanical shock and vibration. The low
shrinkage characteristic inherent in all these
encapsulants insures that no internal stresses
develop . . . memory planes or similarly sensi-
tive devices will not be crushed or deranged.
Specify this medium viscosity, deep-section-
curing compound where maximum protection
from shock and vibration is required.

CIRCLE 291 ON READER-SERVICE CARD



Now, a family of six new
Dow Corning® RTV encapsulants
offers a wide processing choice

Six new encapsulants of varying
viscosities and characteristics have
been developed by Dow Corning to
provide for the selection of the mate-
rial best suited to your electronic
application or processing require-
ments. All are room temperature
vulcanizing pourable silicone rub-
ber compounds designed for potting,
encapsulating and embedding.

Dow Corning® 3110 RTV encap-
sulant is a low viscosity compound
that cures in deep sections and can
be color coded. Fourteen different
color pigments are available. . . have
no effect on the properties of the
silicone rubber.

All encapsulants in this series will
remain rubbery from —50 to 250 C

(—67 to 482 F), all have excellent di-
electric and good heat transfer prop-
erties. They cure without heat to form
a rubber jacket that efficiently pro-
tects components and assemblies
from dust, moisture, weathering, oxi-
dation and corrosive atmospheres.

Repairability of encapsulated com-
ponents is simple. The compound
can be cut away for access and re-
sealed with fresh encapsulant after
repairs are made.

Other uses include: (1) coating of
printed circuit boards, (2) precoating
of assemblies prior to embedment
in rigid compounds, and (3) mold
making. The properties of these
materials suggest almost endless
additional uses.

CIRCLE 289 ON READER-SERVICE CARD

T T

For a transparent encapsulation,
specify Slygard® 184 resin. It is a solventless,
low viscosity fluid that cures, in deep sections,
in 24 hours at room temperature ... needs
no post cure. Serviceable over a wide tem-
perature range, it is designed for electronic
packaging applications requiring low dielec-
tric losses and self-extinguishing character-
istics. Its companion product, Sylgard® 182
resin which cures at 65 C, is specified where
longer pot life can give processing cost savings.

CIRCLE 292 ON READER-SERVICE CARD

We'll be pleased to forward
full information on these and
other materials that aid reli-
ability and performance. For
details or prompt technical
assistance write to Dept. 3917,
Electronic Products Division,
Dow Corning Corporation,
Midland, Michigan 48641.
For a free sample, write on
company letterhead describ-
ing your application . . . or
phone for the name of the

‘Dow Corning representative

in your area.

DOW CORNING
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FAIRCHILE

The first DUM with integrated circuits —
higher accuracy and stability at lower cost

MODEL 7100 DUAL-SLOPE INTEGRATING*
DIGITAL VOLT-OHM-RATIOMETER

M the only DVM with new Dual-Slope
Integrating which makes inaccuracies
self-canceling

M the only DVM available that takes
advantage of high stability integrated

Here are some of the other key
reasons why the Dual-Slope Integrat-
ing DVM (DSI/DVM) sets a new
standard in cost/performance ratios:

The Model 7100 is available with any
single test capability or any combina-
tion of tests.

® Measures voltage, resistance and D.C. Volts — Ohms — Ratio
ratio Any single test $1900.00

circuitry
M the only integrating DVM in its
price range.

No other digital vqQltmeter offers the
precision, stability and noise immunity
at the low price of Fairchild’s Model

® High-performance readout: 0.01 %
accuracy, 10uV resolution

® Digital display plus BCD readout
® 4-digit readout with a fifth-digit

Any two tests
All three tests
Plus manual range plug-in.

2500.00
75.00

Optional plug-in modules include auto
ranging, high input impedance and AC
to DC converter.

over-range

® Ranges: 10uV to 1000V; 1 ohm to
15.000 megohms

0.0001:1 to 1.5000:1 voltage ratio

7100. The unique Dual-Slope Inte-
grating technique, newly developed
by Fairchild, makes the accuracy of
the Model 7100 virtually independent
of long-term drift or instability. Yet
the price is low, because of the econ-
omy of integrated circuit construction
and simplified circuit design.

R R AR
FAIRCHILD
e T e

INSTRUMENTATION

A DIVISION OF FAIRCHILO CAMERA AND INSTRUMENT CORPORATION

® [n-cabinet space available for
custom adaptation to systems

® Dimensions: 5V4" x 17" x 18"

For complete details on the Model 7100 write for comprehensive data sheet or contact the nearest Fairchild representative (below).

FAIRCHILD SEMICONDUCTOR INSTRUMENTATION REPRESENTATIVES

ALABAMA Huntsville: Gentry Associates, Inc., 534-9771. ARIZONA Scottsdale: G. S. Marshall, 946-4276. CALIFORNIA Los Angeles: Fairchild Semiconductor, 464-7464Palo Alto: Fairchild
Sales Office and Factory, 962-2451/San Diego: G. S. Marshall, 278-6350/ San Marino: G. S. Marshall, 681-3292. COLORADO Denver: Hyer Electronics, 771-5285. CONNECTICUT Greenwich:
Circuit Sales, 869-2244. FLORIDA Or/ando: Gentry Associates, Inc., 424-0730/ St. Petersburg: Fairchild Semiconductor, 867-1824. GEORGIA Atlanta: Gentry Associates, Inc., 233-3816.
ILLINOIS Oak Park: Fairchild Semiconductor, 848-5985. IOWA Cedar Rapids: Engineering Services Co., 366-1591. MARYLAND Bethesda: Bartlett Associates, Inc., 656-3061. MASSACHU-
SETTS Watertown: Circuit Sales, 926-1031. MICHIGAN Detroit: WKM Associates, Inc., 892-2500. MINNESOTA St. Paul: Northport Engineering, Inc., 698-3941. MISSOURI Kansas City:
Engineering Services Co., 363-6000/ St. Louis: Engineering Services Co., 726-2233. NEW MEXICO Albuquerque: Hyer Electronics, 268-6744. NEW YORK Elmsford: SBM Associates, Inc.,
592-8850/Long Island: CDB Enterprises, 692-5200/ Massapequa, L.l.: Fairchild Semiconductor, 799-4590/ Rochester: SBM Associates, Inc., 271-7430/ Syracuse: SBM Associates, Inc., 454
9377. NORTH CAROLINA Burlington: Gentry Associates, Inc., 227-7916. OHIO Cleveland: WKM Associates, Inc., 885-5616/Dayton: WKM Associates, Inc., 298-7203. PENNSYLVANIA
Pittsburgh: WKM Associates, Inc., 892-2953/ Wayne : Bartlett Associates, Inc., 688-7325. TEXAS Dallas: Norvell Associates, Inc., FL 7-6451|Houston: Norvell Associates, Inc., MO 5-0558.
WASHINGTON Bellevue: Cane-Jessup Co. Inc., GL 4-0691. CANADA-ONTARIO Ottawa: Whittaker Electronics Ltd., 722-7658/Weston: Whittaker Electronics Ltd., 247-7454. QUEBEC
Roxboro: Whittaker Electronics Ltd., 648-3000.

*PATFNT PEFNDING

844 CHARLESTON RD., PALO ALTO, CALIFORNIA, 962-2451 ® TWX: 415-492-9414 & FAIRCHILD INSTRUMENTATION, A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORP,
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Editorial

The long night
Is ending

For the first time in nearly two and a half years,
a spirit of optimism pervades the electronics in-
dustry. Some of it undoubtedly springs from the
boom in color television sets—and the associated
prosperity of tube and component suppliers. As
the summer starts, sales of color sets are exceed-
ing the rosiest predictions made during the winter
months.

Some of the healthiest signs of optimism are
showing up in the military electronics segment
which has suffered almost depression conditions
for nearly 30 months. Many companies say the
long night of recession is nearing its end.

There is no increased spending behind the feel-
ing of encouragement. Rather, the optimism springs
from the realization that the industry can live
with the reduced level of spending and the changed
direction of military procurement. A lot of com-
panies have finally adapted to the new conditions.
They are leaner, having pared their engineering
staffs so there is little extravagant specialization.
They are more aggressive marketers. They are
doing a lot more planning. And they are putting
some of their own money into research and de-
velopment.

Despite the cutbacks in spending, there is plenty
of military money around for companies oriented
in the right direction. That doesn’t mean the days
of easy government money have returned. On the
contrary, the services are notably short of the
giant sums they used to have for sweeping changes.
To stretch their dollars farther, the military men
shun making the big change in a lot of electronic
equipment.

More and more, the military is buying equip-
ment off-the-shelf that meets military specifica-

tions, rather than having it new-built. Belatedly,
the government has learned it doesn’t need rug-
gedized equipment, built to withstand the ex-
tremes of heat and cold, for ground support gear
that spends its entire life in an air-conditioned
trailer.

Incidentally, such purchases have resulted in
better quality too. To nobody’s surprise, the tenth,
hundredth or hundred and fiftieth device built is
always better than the first or second. Buying off-
the-shelf, the military is getting gear whose manu-
facturing bugs were ironed out before the order
was placed.

At the same time, the services have realized
that some of their electronic equipment can be
modernized at a far smaller cost than that re-
quired to replace it.

The glow of optimism has spread even to the
microwave portion of the industry where sales
statistics still leave little cause for joy. Conditions
are better. A shakeout of companies has relaxed
the cut-throat competition that drove the price
of components and systems far below cost. And
the overcapacity that existed has been reduced.

Probably the driving force behind today’s micro-
wave optimism is the prospect for rapid tech-
nological advances in the field. Solid state is about
to sweep the microwave business. In almost every
company, engineers are working on a lot of exciting
new devices and the businessmen remind you
that an advance of technology like this usually
spurs sales too.

Though the last 30 months have been near
catastrophic for many companies and many en-
gineers, the hardships may have been worthwhile.
If engineers remember the lessons of those months
they will never again fall into the trap of be-
coming technicians in a narrow specialization
solely for a big paycheck that vanishes when the
project is over,

And perhaps companies have learned they can-
not leave their well-being and futures to the gov-
ernment. They have to do their own planning;
they have to spend some of their own money to
develop products they can sell to the government
and elsewhere; and they have to be concerned
with efficiency.

With its newfound optimism, today’s electronics
industry is stronger than it was before the cutback
in defense spending brought on the long night.
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This P«eB relay switches 20 amperes,

costs only $3.90* each, is available

from leading parts distributors...

and it’s this small

Here is a real space-saving power relay
—ideal for applications where limited
space is a factor. Three KR3 relays will
fit in the space required for one 20-
ampere relay of most other makes. The
KR3 occupies only little more than one
and a half cubic inches.

Installation is
simple, too. Stand-
ard KR3 relays
have a convenient
stud and mount-
ing tab—and the
contact terminals
will accept 4"
quick-connects or solder connections.

Field-proved for more than a year,
the KR3 is available for immediate

*Unit price for 6 to 115V AC models.
Quantity discounts available.

shipment from authorized P&B distrib-
utors. Tests show mechanical life will
exceed one million operations . . . and
the twin contacts are rated at 20 am-
peres at 115V AC, 60 cycles resistive or
28V DC, 1 HP 115/230V 60 cycles.

Relays ordered from L
the factory can be sup-
plied in clear, high-im-
pact polycarbonate case
with octal plug.

For complete infor-
mation, call your nearest
P&B sales representative
or write direct. Remem-
ber . . . you can buy
cheaper relays but you cannot buy
P&B quality for less.

RIDE THE AMF MONORAIL AT THE NEW YORK WORLD'S FAIR
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ENGINEERING SPECIFICATIONS

GENERAL:
Insulation Resistance: 1000 megohms.
Expected Life: 1 million mechanical operations, min.
Breakdown Voltage: 500V rms 60 cycles bet, all elements,
Temperature Range AC and DC: —45°C min.

Open Relay AC: 4+70°C max.

DC: +85°C max.
CONTACTS:
Arrangements: SPST-NO-DB (1 Form X) only.

Rating: 20 amps @ 115V AC, 60 cycles resistive,
or 28V DC; 1 HP 115/230V 60 cycles,
COILS:
Voltage: DC: to 110V
AC: to 230V
Power: DC: 1.2 watts min.
AC: 2.0 volt-amps.
Resistance: 16,500 ohms maximum.
Duty: Continuous.

MOUNTING:
Open: One 6-32 stud and %" locating tab on 746" centers,
Enclosed: Octal socket.

b————— 16 MAX — fﬂ

)
152 MAX ———]

<
I
e *6-32 UNC-2A
2035 | THREAD
AX

437 +— 734
wAX

1671

POTTER s BRUMFIELD

Division of American Machine & Foundry Company, Princeton, Indiana

In Canada: Potter & Brumfield, Division of AMF Canada Ltd., Guelph, Ont.

Export; AMF International, 261 Madison Avenue, New York, N.Y.
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Integrated circuits
find more buyers

Connector makers
seek better tests

Laser losing favor
with eye surgeons

Bill raises limit
on arms buying

Electronics Newsletter

May 31, 1965

Business has suddenly picked up in integrated circuits. Many instrument
makers will soon offer new products with a few integrated circuits, though
most are still frustrated because the kind of analog circuitry they need
is not available yet.

On the West Coast, the Hewlett-Packard Co., the United States’ biggest
maker of instruments, has just about decided it must have its own inte-
grated-circuit manufacturing facility. H-P sees no other ways to guard its
instrument-design secrets.

A few IC makers are rushing development work on linear circuits,
hoping to head off Hewlett-Packard’s investment in IC manufacturing
equipment. If H-P adds an integrated-circuit capability, producers of
circuits are afraid a trend might be started eliminating a larger potential
market.

But the price of admission into the IC-manufacturing field is steep.
H-P planners think an instrument company must have annual sales of at
least $125 million to justify its own IC facilities.

New tests and guidelines designed to establish the reliability of connec-
tors have been prepared by the industry. The new standards and tests,
prompted by complaints from both military and industrial users, were
drafted by a committee representing the connector industry, under the
aegis of the Electronic Industries Association. The report is being re-
viewed by the Defense Electronic Supply Center in Dayton, Ohio.

Initial enthusiasm for the laser as a tool in eye surgery has cooled in some
medical circles. The use of lasers to weld detached retinas will be dis-
cussed June 3 to 5 in Houston at the International Symposium on Retinal
Detachment. Researchers at the Retina Foundation in Boston will report
on a comparative study of the laser versus a xenon lamp system; they con-
clude that in the pulsed ruby lasers available today, the energy density is
too high, the light too nearly monochromatic and the control require-
ments too complex.

The Senate and House have resolved their differences on one of the
defense authorization bills for the fiscal year starting July 1, and have
fixed a $15.4-billion ceiling that is higher than either had originally
voted. The bill—covering the purchase of planes, ships and missiles, and
research and development—sets a limit on appropriations for procure-
ment and R&D that will be voted later.

The bill includes $99 million for buying 10 E-2A Hawkeye carrier-
based early-warning aircraft. The Senate had knocked out this item
because the plane’s electronic subsystems had run into development
problems. But the money was restored after the Defense Department
gave assurance that solutions are in sight. The bill also includes $150
million for a nuclear missile frigate that was not sought by Defense Secre-
tary Robert S. McNamara, and $134 million for two nuclear attack sub-
marines in addition to the four McNamara requested. It included an extra
$7 million to begin project-definition work on a new manned bomber.
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Raytheon to buy
6th firm in year

California court
voids pay-tv ban

Short circuits mar
Pegasus | action

U. S. to merge
science agencies

Record that plays
for hours studied

Addendum

18

Electronics Newsletter

The Raytheon Co. continues on the acquisition road to diversification.
Raytheon will buy the assets and business of the Dage-Bell Corp. of
Michigan City, Ind., which manufactures closed-circuit and broadcast
television equipment for educational and other markets. In its sixth
acquisition during the past 12 months, Raytheon will pay about $4 million
for Dage-Bell.

A California court has found unconstitutional the state’s referendum
which banned pay television. The ruling, still open to appeal, may breathe
life into Subscription Television of California, Inc., which had been in
operation when the system was outlawed last November by the initiative
measure.

Pegasus I, the satellite that’s orbiting the earth collecting data on the
danger posed by micrometeroids in space, has been operating at half
capacity for the last few months. The National Aeronautics and Space
Administration says 207 of Pegasus’ sensing panels aren’t working because
of short circuits; when one capacitor shorts, it blocks data from other
nearby capacitors.

Pegasus II, fired last week into a 300-mile orbit similar to Pegasus Is,
has been redesigned to avoid the short-circuiting problem. Each capa-
citor has been fitted with a 200-milliampere fuse, so that if one capacitor
fails it won’t affect its neighbor.

Three Commerce Department agencies will be merged into a single
scientific office, similar in organization to the National Aeronautics and
Space Administration or the Atomic Energy Commission, as the first step
in what President Johnson has called a “functional reorganization of
government.”

The agency will be called the Environmental Science Services Admin-
istration and will be made up of the Weather Bureau, the Coast and
Geodetic Survey and the Central Radio Propagation Laboratory. The new
office will oversee major civilian efforts in meterology, hydrology, clima-
tology, seismology, geodesy, geomagnetism, oceanography, hydrography,
aeronomy, and telecommunications.

The Raytheon Co. is investigating a technique for making a recording
system that can hold several hours of sound on a single record. The
grooves are much narrower than those of records that rotate at 33% revo-
lutions per minute, and the pickup stylus is mounted directly in a stress-
sensitive integrated circuit that converts the mechanical energy of the
stylus into electrical energy. In conventional pickups, a piezoelectric
material or coils convert mechanical into electrical energy.

The Air Force is working on a suitcase-size communication package to
receive and transmit in all bands between very low frequencies and the
gigacycle range. The unique system, which is being developed at Wright-
Patterson Air Force Base, Ohio, would have a maximum output of 1,000
watts.
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INTEGRATED CIRCUITS

New 20-megacycle “OR”

J-K flip-flop simplifies system design

Newest addition to the SUHL
(Sylvania Universal High-level
Logic) line of integrated circuits is
this new SF-60 J-K flip-flop that pro-
vides the OR function on both ] and
K sides.

The extent to which this new circuit
can simplify systems functions, re-
duce can count and lower cost is sug-
gested by the typical arithmetic shift
register shown on page 4. Its partic-
ular suitability for this application is,
of course, related directly to its Dual
2-input AND gates which are wired
OR’ed for both the J and K sides (see
schematic).

This new J-K flip-flop incorporates
all of the high-performance charac-
teristics of SUHL logic and offers the

SF-60 J-K FLIP-FLOP

computer circuit designer much
needed flexibility.
Characteristics
Here in summary form are the out-
standing characteristics of the new
SF-60 series J-K flip-flop (OR input).
Operates at clock speeds up to 20
mc. Has a determinate state on the
output for every input condition.
Complementing is done internally;
thus, all inputs are usable as data
inputs. Triggers on clock edges as
long as 200 nsec. Triggers on negative
edge of clock which inhibits input
terminals as well as other gates in the
system. Raceless, since inhibiting of
the input terminals is done by the
clock directly, not through feedback.
Insensitive to noise on the clock line.
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J2

@ @— ok

K2

m 0:;

rd

al
P

I

ScLock

J) GROUND

Toggles if inputs are at logic 1. Pro-
vides D.C. Set, which can be acti-
vated while the clock is low so that
following elements are inhibited. Low
loading factor (data inputs are 1.0
gate load, clock is 2.0 gate loads).
High noise immunity, excellent radia-
tion resistance, high fanout, capaci-
tance drive, low power —plus all the
other characteristics for which SUHL
has become known.
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This issue in capsule

Electroluminescence —hermetic
seal provides reliability needed for space
flight.

Photoconductors—new street-light-
ing cell features Blue Dot.

Integrated Circuits—wiren-or
functions can be achieved at relatively
low cost with new SUHL unit.

Microwave Diodes —new mixer
diode covers the Ku-Band, has lower
noise figure.

CRT’s —6-gun tube exemplifies custom
approach to display problems.

Readouts — new series of solid-state
translator/drivers for gas-glow tubes.

Diodes — 2-nanosecond unit is work-
horse for switching, clamping, chopping.




READOUTS

EL units hermetlc-sealed

for space ride

The only fully solid-state readout sys-
tem has been selected for inclusion in
one of the nation’s major space pro-
grams. The electroluminescent units
being supplied by Sylvania will be
made up of five-digit panels, hermeti-
cally sealed to assure protection to
phosphors that can be sensitive to
moisture.

By its inherent nature, EL’s char-
acteristics are particularly suited to
aerospace application. With its sand-
wich-type compactness it takes up
only a minimum of valuable space.

Because of its light weight and low
power requirement, it neither con-
sumes much power nor adds substan-
tially to the total weight of the
airborne missile.

Due to their solid-state nature, EL
substrates are both extra-reliable and
capable of withstanding heavy G-
forces.

All of the electroluminescent pan-
els were subjected to a stringent list
of environmental conditions before
shipment. To test EL performance
under temperature extremes, all of

these units were required to function
perfectly during a temperature cycle
running from —55°C to +94°C. A
4-pound axial pull was also applied to
verify the integrity of all leads.

Separate sealing and humidity
tests, both stringent, verified that all
units had true hermetic seals. The
panels were then given a 50-G, 6-
millisecond shock-mounted test. All
of these special tests were over and
above Sylvania’s own quality control
program.

PRODUCT MANAGER’S CORNER

Over the past several years a major
change has taken place in the means
and method of quoting on simple de-
vice requirements. It is no longer a
fifteen-minute task. Properly done it
could easily consume several man-
days. Whatever happened to the
“good old days” when a fine cigar
cost $.15, TV was just “blooming” and
one-page specifications were in
vogue? I'm afraid they have vanished,
like the cigar store Indian, to be re-
placed by full-blown documents bris-
tling with A.Q.L.’s. This change has
turned a quote into a proposal and
all because specifications are now so
broad in scope and complexity that
an adequate response to an R.F.Q.
turns into a major effort. Space Age
Electronics and associated space pro-
grams demand assurance levels pre-
viously not required. The result —
“Space Age Specifications” and some
very interesting problems for the
customer-vendor seesaw.

The customer is faced with the task
of attempting to buy components
having zero failure rates, at standard

Two for the seesaw

prices, with immediate delivery. This
sounds perfectly normal (well, almost)
except that specifications which are
required to produce this reliability
are not conducive to short deliveries
or standard prices.

The vendor must consider such
things as yields, traceability, process
controls, test plans, expensive test
equipment, life racks, etc., etc., only to
discover that there are only ten “wid-
gits” per satellite with a few more for
spares. How can this type environ-
ment produce a “low”-cost item? It
cannot. However it is possible to ob-
tain the required assurance levels in
these quantities and still maintain
reasonable costs by establishing face-
to-face customer-vendor meetings
which would permit an item-by-item
appraisal before the specification is
sent out for bid. This cooperative ef-
fort will always produce the best re-
sults by reducing the number of
revisions and requotes.

Only a short time ago, having a
specification over two pages long on
a simple component was being

“pushy,” but now two pages just cov-
ers the introduction. Possibly a little
dramatic, but the fact remains that
our industry is being swamped with
bundles of documents with an R.F.Q.
attached.

It is quite apparent that complex
proposals are now established as a
way of life in the microwave semi-
conductor industry. We at Sylvania
have had to recognize this fact and
solicit the support of all factory de-
partments to be able to make mean-
ingful proposals.

If these specifications are not com-
patible with the vendor or his prod-
uct, spec changes are made and new
quotes are required. Close coopera-
tion of customer and vendor in estab-
lishing specifications is still the best
solution to the problem of requoting
to “Revision 8.”

M. E GROLL



PHOTOCONDUCTORS

Sylvania Blue Dot reliability
comes to street-lighting control

Conservatively rated at 0.5 watts on
demand, with a breakdown voltage
rating of 600 volts, Sylvania’s new
SRP-4204 photoconductive cell easily
meets the power handling require-
ments for automatic lighting controls.
In addition, cell characteristics are
tailored to controller relay operating
requirements and testing is accom-
plished under simulated north-sky
conditions.

An end-on design, the cell employs
a hermetically sealed metal and glass
envelope 174 inch in diameter with a
2-pin base. The cell's metal and glass
encapsulation provides a true her-
metic seal. This protection from mois-
ture, a frequent cause of failure in
outdoor usage, is further enhanced
by the exclusive Sylvania Blue Dot
indicator. The Blue Dot is built-in
quality assurance, both at the time of
installation as well as in use, that the
atmosphere within the envelope is
dry. Should the envelope become
damaged and moisture enter, the
Blue Dot will change color to pink.
Its extremely high sensitivity pro-
vides an early warning, permitting

replacement before equipment mal-
function.

Mechanical ruggedness is another
feature of the SRP-4204. Contribu-
ting to this property, as well as the
cell’s ability to meet its demand pow-
er rating, is high-alumina ceramic as
the substrate for the photosensitive

material. Important characteristics of
the Sylvania SRP-4204 include:
Cell Voltage

Resistance
Dissipation

600 volts max.

25,000 ohms at 1FC*
0.5 W Demand max.
0.3 W Continuous max.

glass/metal
1.25” diameter

Construction

*Simulated north sky illumination.
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INTEGRATED CIRCUITS

Simple shift right-shift left register circuit

D.C. SET >— P
SERIAL
r - DATA INPUT
(SHIFT LEFT)
3 S
SERIAL 2 L2 k2 S Lz S
DATA INPUT >— J2 1 J2 | & J2 | J2 | - ——
(SHIFT RIGHT) : Ji : Ji e : Ji S50 : Ji PR
DATA INPUT - oL 8 Kt 0 B Lo SRR LA
(SHIFT RIGHT) M) ® M) N ¢ M)
M2 C M2 C —{M2 C M2 C
r [ ,_ SERIAL
j < DATA INPUT
L (SHIFT LEFT)
SHIFT RIGHT)> ®
SHIFT LEFT ) l ®
SHIFT PULSE )- —e- s -
(CLOCK)

The 20-megacycle shift right-shift This register is the newest addition The circuit shown can be used as a
left register above can be built with to the growing examples of how the count-up/count-down counter or as
just four SF-60 integrated circuits. benefits of SUHL (Sylvania Univer- an accumulator in the arithmetic por-
The SF-60 is the new SUHL J-K sal High-level Logic) can be put to tion of a computer.

flip-flop (OR input) described on work to simplify systems design. And

page one of this issue of IDEAS. the list keeps growing day by day. CIRCLE NUMBER 302

SUHL line offers a low-cost approach
to “wired-OR” circuitry

The logic diagrams shown demon- eight gates wired OR’d together. the SG-50 series quad OR gate with
strate how the low-cost SG-170 series Where the highest wired-OR is the SG-150 quad OR expander.
OR Expanders can produce up to required use the Sylvania SG-110 or Either way, the fan-out capability of



the gate is retained and lower can
count results.

The SUHL family offers a whole
series of gates for accomplishing
wired-OR’s of 2 to 8 gates. Power sav-
ings can be as high as 55% without
any change in fan-out, or significant
sacrifice in speed.

SUHL circuits include: SG-100 Ex-
pandable Triple 3-Input OR Gate.
The SG-110, Expandable Dual 4-In-
put OR Gate. The SG-50, Expandable
Quad 2-Input OR Gate. The SG-150
Quad 2-Input OR Expander. And the
SG-170 Dual 4-Input OR Expander.
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SYLVANIA’S COMPLETE LINE OF DIGITAL INTEGRATED CIRCUITS

FUNCTION

MILITARY
—55°C to 125°C

GROUND SYSTEM
AND INDUSTRIAL
0°C to 75°C

MP*
FO 15

Ms*
FO 7

IP*
FO 12

IS*
FO 6

Dual 4-Input Nand/Nor Gate

SG-40

SG-41

SG-42

SG-43

Expandable Quad 2-Input OR Gate

SG-50

SG-51

SG-52

SG-53

Single 8-lnput Nand/Nor Gate

SG-60

SG-61

SG-62

SG-63

Exclusive—OR with Complement

SG-90

SG-91

SG-92

SG-93

Expandable Triple 3-Input OR Gate

SG-100

SG-101

SG-102

SG-103

Expandable Dual 4-Input OR Gate

SG-110

SG-111

SG-112

SG-113

Expandable Single 8-Input Nand/Nor Gate

SG-120

SG-121

SG-122

SG-123

Line Driver (Double Fan-out Minimums)

SG-130

SG-131

SG-132

SG-133

Quad 2-Input Nand/Nor Gate

SG-140

SG-141

SG-142

SG-143

Quad 2-Input OR Expander

SG-150

SG-151

SG-152

SG-153

Dual 4-Input OR Expander

SG-170

SG-171

SG-172

SG-173

Dual 4-Input AND Expander

SG-180

SG-181

SG-182

SG-183

Set-Reset Flip-Flop

SF-10

SF-11

SF-12

SF-13

Two-Phase SR Clocked Flip-Flop

SF-20

SF-21

SF-22

SF-23

Single-Phase SRT Flip-Flop

SF-30

SF-31

SF-32

SF-33

J-K Flip-Flop

SF-50

SF-51

SF-52

SF-53

*MP—Military Prime, MS—Military Standard, IP—Industrial Prime, 1S—Industrial Standard

MICROWAVE DIODES

New low-noise, high-temperature

coverage for the Ku-band

Sylvania’s newest mixer diode
(D-5282) covers all of Ku-band in a
matched holder with an unusually
high degree of efficiency. Recom-
mended for high-temperature use,
this silicon point contact series oper-
ates over a temperature range of
—65° to +150°C. Its noise figure is as
low as 7.5 db max., the result of sili-
con epitaxial construction.

Ku-band comparison with a stand-
ard high-temperature 1N78 proves
the difference. (see curve)

The device’s broad band capability
is the result of a special glass pin
bead inside the diode package itself.
To get this frequency coverage,
Sylvania’s new diode features an un-
dercut compensated center pin sealed
in a special glass support. This glass
bead is fused to the coaxial cartridge
providing the advantage of both a
hermetic seal and a low-loss dielec-
tric material necessary for broad
band performance.

The new mixer diode’s RF impe-
dance, with typical VSWR values of
1.5 max., provides unusual holder
matching possibilities. Across the en-
tire 12.4-18 GHZ band, VSWR is spec-
ified to be no greater than 2.5 max.

Reliable operation of the D-5282
series is assured by a true hermetic
glass-to-metal seal.

CIRCLE NUMBER 304

VSWR VS FREQUENCY

GH,

Type D-5282




CRT'’s

Problem: Design a CRT with six
simultaneous, precisely zoned 1” x 8”
traces, each trace to be independent
of the others.

Given this assignment, Sylvania
custom-built a tube based largely on
the design and placement of six guns
in a specially engineered tube mount.

The individual guns within the

Multi-gun CRT zones

6 related inputs

mount were placed to be parallel
within 1° of each other. The guns
were electrostatically focused and
deflected for zone display applica-
tion. Each gun then provided an area
one-inch high by eight-inches wide
in which the six independent signals
were displayed.

The horizontal-to-vertical trace
alignments of each gun were 90°,
plus or minus 1°. A monoaccelerator
design assured maximum pattern lin-
earity as well as deflection factor uni-
formity. In short, the SC-3814 tube
was near-perfect —because it had to
be, and because Sylvania produced it.

Theoretically, there is no limit to
the number of guns-that can be put
into a single tube. Sylvania has made

multi-gun CRT’s with face diameters

ranging from 38 to 16 inches, and in

lengths of 8 to 36 inches.
Generally speaking, multi-gun

tubes are used where:

1. There is a need for simultaneous
displays.

2. Time sharing of the single beam is
not feasible.

3. Space is limited, and parallel
stacked tubes cannot be used.

4. There is a need for superimposing
spots, as in tracking applications.

5. A larger display area is needed, as
in spectrum analyzing where the
trace length can be increased by
using more than one gun, each
covering a part of the screen.

CIRCLE NUMBER 305

GAS-GLOW READOUTS

Standard translator/drivers? Or custom solutions?
Now Sylvania offers both

With the introduction of a new series
of solid-state translator/driver mod-
ules, NS-142 and NS-143, Sylvania
offers you a ready and reliable solu-
tion for the conversion from a four-
bit binary code to a digital readout
on a planar gas-glow numeric tube.
Sylvania will also undertake custom
design problems involving special
codes.

The use of the diode logic circuits
and silicon controlled switches re-
sults in a solid-state design with
many advantages. These modules re-
quire a logic level input of only 6
volts at 2 ma maximum per data bit,
and are capable of driving gas-glow
readouts up to 2% inches. They are
compact, measuring approximately
8%e” x 2%” x 1”7, and are constructed
on plug-in printed circuit boards.

Both units consist of a logic trans-
lator and switching circuit. In addi-
tion, the NS-143 features a storage or
memory circuit that enables the dis-
play of one character while the next
is being compiled.

CIRCLE NUMBER 306

ELECTRICAL DATA

Positive Supply

Voltage 6.0 VDC

Current 7.0 Ma
Readout Supply

Voltage 170 vDC

Current*® 8 to 20 Ma

Logic Levels

Voltage 0 and +6 VDC

Current 2.0 Ma
Memory (NS-143 Only)

Reset Voltage 6.0 VDC

Reset Current 5.0 Ma

*Note: Current depends on size readout used.



DIODES
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2-nanosecond silicon epitaxial diode switch
is ready-made for projects that can’t wait

Here’s a reminder that might prove
timely for the computer circuit proj-
ect that has to get out in a hurry.

The workhorse diode for switch-
ing, clamping, chipping, clipping
functions is the Sylvania 1IN3731. The
1N3731 and its family types are avail-
able in quantity on an off-the-shelf
basis.

Chief reason for its plenitude is

volt) and its peak inverse voltage
(100 volts minimum ) still represent
the best parameters combined in a
single unit.

Reliability is an inherent quality of
Sylvania’s epitaxial process. And re-
liability is further enhanced by rug-
ged one-piece construction and a
double hermetic seal, 100% ZygCo

tested. Note that two types have QA
approval.

Check either your Sylvania Dis-
tributor or Sales Representative for
immediate delivery. You'll find the
IN3731 and its family types avail-
able in standard pack or reel. If you
have a custom packaging require-
ment let us hear about it.

Avg. Fwd. Fwd. Current Reverse Reverse Reverse

its popularity which, in turn, stems Capacitance

: ! Current at+-1v Current tov Recovery time Peak Voltage
from its unusual combination of T m“z(;"s'"-) ""1((')“(;"-) 5 615“ ('t““go ##'2("'0“-) ““:(g'“-) "(1“;'(')‘-)
i i L TR e R (O
Its speed (2 nanoseconds typical ), INo14¢ 75 10 '8§?, :E :ggx ﬁ.’g 2.’3 100
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SILICON RECTIFIERS

Bullet-shaped epoxy package
identifies polarity

REVERSE VOLTAGE—VOLTS
: 1000 800 600 400 200 CONTROLLED AVALANCHE RECTIFIER NEW 1-AMPERE RECTIFIER
10 ,, 1 Ampere, Molded Package Molded Package
E (Readings at 25°C) (Readings at 25°C)
z ~ ELECTRICAL SR SR SR SR SR ELECTRICAL SR SR
g CHARACTERISTICS 6587 6588 6589 6590 6591 Unit CHARACTERISTICS 6592 6593 Unit
o
= Peak Reverse Peak Reverse
— CONTROLLED ‘il' Voltage 200 400 600 800 1000 Volts Voltage 800 1000 Volts
_Avnuucns nnuxpown = RMS Input Voltage 140 280 420 560 710 Volts RMS Input Voltage 560 710 Volts
et 1003 Max. DC Forward Max. DC Forward
; Voltage Drop @ 1a 1.0 1.0 1.0 1.0 1.0 Volts Voltage Drop @ 1a 1.0 1.0 Volts
TYPICAL NON-CONTROLLED —— & Max. DC Rev. Max. DC Rev.
—AF— AVALANCHE BREAKDOWN g Current @ PRV 10 Uiniol 1S ol i nl Fiflo! [k Current @ PRV~ 1.0 1.0 xA
T 7 Max. DC Rev. Max. DC Rev.
Current @ 100°C 50 50 50 50 50 1A Current @ 100°C 50 50 uA
ABSOLUTE MAXIMUM RATINGS ABSOLUTE MAXIMUM RATINGS
1500 Max. Peak Rev. Max. Peak Rev.
Working Voltage 200 400 600 800 1000 Volts Working Voltage 800 1000 Volts
Max. Peak Forward
Current 10 10 1.0 1.0 10 Amps [ty ol 10 Aows
M'?x. ;“' Peal{, Max. Fwd. Peak
on-Recurren . . )
Surge 50 50 50 50 50 Amps Non-Recurrent 39,1120 7Amps
Max. Fwd. Peak, Max. Fwd. Peak,
Recurrent Surge 20 20 20 20 20  Amps Recurrent 10 10 Amps

Available now from Sylvania is a
broad line of silicon rectifiers for ap-
plication in the commercial, compu-
tor, military and entertainment fields.

These devices have peak reverse
voltages up to 1,000 volts, forward
rectified current to 1 amp, and power
dissipation of 1 watt. The units are
available in a bullet-shaped, molded
epoxy package with the cathode lead

SUBSIDIARY OF
GENERALTELEPHONE & ELECTRONICS

NEW CAPABILITIES IN: ELECTRONIC TUBES + SEMICONDUCTORS * MICROWAVE DEVICES « SPECIAL COMPONENTS « DISPLAY DEVICES

in the pointed end for easy identifica-
tion of polarity. Extensive tests have
been conducted on life, moisture,
shock and temperature, toassure qual-
ity, and reliability has been designed
and manufactured into these units.
Included in this broad line is a
series of controlled avalanche recti-
fiers for high-surge application capa-
ble of handling 1,000 amp surges.

CIRCLE NUMBER 308

SYLVANIA

GLE

These units have peak reverse volt-
ages of 200 to 1,000 volts, with peak
forward current of 1 amp. The for-
ward peak non-recurrent surge is
rated at 50 amps and forward peak
recurrent surge at 20 amps.

Whatever rectifier is required in
your circuit application, call upon
Sylvania’s quality product to assure
reliability in your design.

W

NAME
TITLE
iy HOT LINE INQUIRY SERVICE
| Need information in a hurry?
ADDRESS Clip the card and mail it. Be
sure to fill in all information re-
CITY STATE quested. We'll rush you full par-

Circle Numbers Corresponding to Product ltem

300
305

301
306

302
307

303 304

308

[ Please have a Sales Engineer call

ticulars on any item indicated.

You can also get information
using the publication’s card
elsewhere in this issue. Use of
the card shown here will sim-
plify handling and save time.



Leading television and stereo set manufacturers
did it!

They use cadmium plating on chassis and vital
components for superior corrosion resistance and
sales-stimulating eye appeal. Cadmium plating is
also specified on military-grade gear which must
operate reliably in environments that would
humble other platings.

Leading fastener manufacturers, too,feature cad-
mium plating — both they and their customers
know its intrinsic value.

Cerro produces quality cadmium high in the
Peruvian Andes . . . and availability is excellent.
To find out more about Cerro cadmium or the

ikl (,:‘“d'_”i“-m ,I,M”A",Odes— other high-purity, nonferrous metals we produce,
more “throwing” power —
better, faster plating. contact us.

CERRO SALES CORPORATION

SUBSIDIARY OF CERRO CORPORATION
300 Park Avenue, New York, N.Y. 10022
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CONSIDER YOUR HARNESSING OPERATION . ..




Mr. Executive . . . Would you like to

save money while improving the product?

(Take only a minute to read this unique, no cost offer of a survey and report)

There is available at Gudebrod a wealth
of experience, gained in a specialized
attention to the harnessing of wire cables
since the earliest days of electronic equip-
ment. Gudebrod has the latest informa-
tion on tools and techniques, the latest
information on materials and layout, the
latest information on government re-
quirements and industry trends. There is
no comparable source for such informa-
tion in the industry. Some companies, in
the course of normal business have taken
advantage of this Gudebrod experience
and knowledge. You, too, can benefit from
them. We can recommend ways in which
to improve the operation of your harness
room—and ways to save money at the
same time. Here is what we propose—
there are three parts.

First, we arrange, at your convenience, to
have a Gudebrod representative make a

“

12 SOUTH 12th STREET,

thorough survey of your harness operation
—specifications, methods, materials.

Then, this survey is sent to the Gudebrod
Home Office for review by an experienced
consultant.

Finally (and most important), a Consult-
ant’s Report (as illustrated on the left
hand page) is delivered to you. This will
contain special, written, confidential rec-
ommendations on how your harnessing
can be improved, how you can save money.

With self-interest, Gudebrod believes that
by improving the state of the art through-
out the industry, they will also improve
their own business atmosphere. In your
own concern for your company, why not
talk to us about a survey of your harness
operation—to improve it—to save
money? To repeat—you will be involved
in no cost or obligation.

BROS. SILK CO., INC.

FOUNDED IN 1870

G Al

PHILADELPHIA, PENNSYLVANIA 19107

Area Code 215, WA 2-1122
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. .. up to your neck? ... trying to find a weak signal in a gooey background of noise.

The story is told that when the first crude
version of the Dicke Microwave Radiometer —
the heart of most present day radio telescopes
— was being tested, one of the division heads
expressed doubt that a piece of electronic hard-
ware could be cajoled into responding to ordi-
nary thermal radiation at microwave frequen-
cies. The noise level in the primitive receivers
of that time was at least 10 db above ambient
thermal radiation levels, and it had been claim-
ed that the Dicke radiometer had a sensitivity
of 1/2°C. To make his point, this well-known
physicist took his lighted cigar and held it up to
the input wave guide of the receiver. When to
his surprise the meter banged off scale, he smiled

like a Cheshire cat in a cage full of ducklings.

The heart of the radiometer was the lock-in
amplifier, and the technique of fishing a small
signal out of a thick porridge of noise became
known thereafter as the “lock-in amplifier tech-
nique.” After the initial success with a lock-in
amplifier the technique was used in a variety of
places, including nuclear magnetic resonance
measurements and microwave spectroscopy ex-
periments. The practitioners of this black art
have now increased to a reasonably large num-
ber, but a far larger number of scientists in all
fields are still up to their necks trying to find
a weak signal in a gooey background of noise.

30 Circle 30 on reader service card

Possible applications for the lock-in amplifier
technique are almost endless, but in some scien-
tific fields the amplifier is not even known,
much less appreciated. The biological sciences
offer many interesting challenges. Has anyone
ever shone a light in a cat’s eyes to see if it
elicits a motor response? If the light were

chopped at 5 cycles/sec. and a lock-in amplifier
were connected to an appropriate strain gauge,
this response could be studied, not only under
conditions of very weak signal, but also as a
function of chopping frequency.

Do astronomers realize that the lock-in amp-
lifier can be used to “see” dim stars during the
day? A rotating transparent disc carrying many
tiny opaque spots can be used to modulate the
light from the star while ignoring the back-
ground light.

These are only two of many possible appli-
cations of the lock-in amplifier technique. If
you have a problem which you think might be
solved by this instrument, our staff of experts
would be happy to assist you.

Surprisingly, in spite of the increased use of
the lock-in amplifier technique during the past
18 years, it has only recently become possible
to buy such an amplifier.

Should one wish to add such an instrument
to his quality research line, we would be glad to
offer him a choice of units (ranging from
$990.00 to $2100.00) and some application
help (free!).

Transistorized Lock-In Amplifier — Model HR-8

Write for Bulletin 109 to:
% PRINCETON APPLIED RESEARCH CORP., Dept.D, Box 565, Princeton, . )./Tel. (609) 793-1222
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Advanced technology

Bouncing beam

The development of an optical de-
lay line that introduces virtually no
distortion to the data it stores is
expected to open new areas of re-
search in the microwave, computer
and radar fields.

In the delay line developed by

the other mirror. The period of de-
lay—10 microseconds in the proto-
type—can be adjusted by changing
the number of reflections or the
distance between the mirrors.

Since the large bandwidth of
laser beams lets them store a huge
amount of information, the system
may be developed into a new type
of computer memory.

The delay line has a frequency
response in the gigacycle range,

Optical delay line introduces 10-microsecond delay as laser beam
bounces back and forth between two concave mirrors.

Bell Telephone Laboratories re-
searchers Donald Herriott and
Harry Schulte, a two-mile long
laser beam is “folded” into a 10-
foot long space by bouncing the
beam back and forth more than
1,000 times between two concave
MIirrors.

Back and forth. The mirrors are
curved so that a laser beam enter-
ing through a hole, or an unsil-
vered area on one mirror, is
bounced between the mirrors and

then exits through another hole in
two or three orders of magnitude
greater than that of electronic or
ultrasonic delay lines.

The limiting characteristic of the
optical delay line is the speed with
which the input laser can be modu-
lated. Conventional delays are lim-
ited by the delaying medium—a
vibrating crystal, a transmission
line—and the distortion introduced
by the characteristics of the me-
dium.

Medical electronics

Visible man

In some modern operating rooms,
computers are being used to moni-
tor a patient’s heart, blood pres-
sure and other physical functions.
The instrument alerts the surgeon
quickly to danger signals, but it’s
up to him to make a diagnosis and
take corrective action such as in-
creasing oxygen flow or administer-
ing drugs. Within a decade, though,
the computer may do the whole
job.

Human maze. No two human
bodies are exactly alike, and each
is a complex maze of interdepend-
ent functions, facts which make it
difficult to program a computer to
fit everyone. Biomedical research-
ers want to construct a universal
mathematical model of a human,
but at present their data is insuffi-
cient.

To collect data, they are pin-
ning their hopes on a device no
bigger than a dime, which would
be implanted in human bodies to
monitor body functions and telem-
eter the information to an exterior
receiver.

Research on tiny and reliable
transducers-transmitters for inser-
tion in the body is being done by
the Case Institute of Technology
in Cleveland, by the Franklin In-
stitute Research Laboratories in
Philadelphia and by the Air Force.
The aim is to develop a device
that can function for several
months inside the body, without
disrupting the body’s activities.

So far, such f-m transmitting de-
vices have been implanted only in
animals, but within a year, re-
searchers hope to test the units
inside humans.

The major problem was finding
a material that wouldn’t be re-
jected by the body. Case Institute
is experimenting with transducers
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covered with silastic rubber, while
Franklin is working on paraffin-
covered devices. In both cases, re-
searchers say, the transmitters have
functioned well for several months
in rats and monkeys.

Source of power. Case, in an
effort to extend the useful life of
the transmitter, is experimenting
with a technique for supplying
power from outside the body with
a radio-wave technique. Under the
system, an inductive core in the
transmitter would receive the
power from an outside radio field.
So far, the transmitter can only
operate while the radio field is be-
ing applied, but scientists hope to
be able to store a sufficient charge
in the transmitter to extend its
operation for some time.

Other researchers are seeking
ways to power the transmitters
from temperature differences in the
body, from chemical potentials,
from body-fluid fuel cells and from
mechanical converters, such as
piezoelectric transducers attached
to moving muscles.

Space electronics

Like clockwork

Space telemetry systems have two
particularly vulnerable points: the
power supply and the commutator.
If the power fails, the satellite
won’t transmit any data and the
craft will become a hunk of junk
in orbit.

The commutator, which period-
ically samples each data channel
so a concentrated stream of infor-
mation can be sent to earth, can
introduce signal leakage, unwanted
capacitance and transient noises.

Engineers at TRW Space Tech-
nology Laboratories in Redondo
Beach, Calif., believe they’ve found
a way to overcome these problems
by introducing redundancy to in-
crease reliability. The laboratories
are part of TRW, Inc.

Sampling themselves. Their ap-
proach is to design the telemetry
system so it will use integrated cir-
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cuits that sample their own data
and power themselves with tiny
battery cells. If the power supply
in one circuit fails, the others won’t
be affected.

The input circuits take signals
from a sensor, condition them and
present them to the commutator.
To eliminate the commutator, they
have incorporated a clock circuit
into each input circuit. The circuits
are turned on and off by the clock
at a rate required for sampling the
sensor signals.

TRW plans to go a step further.
If a clocked comparator circuit is
used to compare each transducer’s
signal level with a reference, the
analog voltage generated by the
transducer can be transmitted as a
digital value. This approach over-
comes the difficulty of switching
low-level analog voltages.

Each comparator circuit could
be turned on and off by an indi-
vidual power-supply circuit, which
would be between a rechargeable
battery cell and the comparator
circuit. The comparator would feed
data into the transmission system
only while getting power from the
battery. The power-supply circuit
would also monitor the cell’s out-
put and connect the cell to the
spacecraft’s solar cells for recharg-
ing when necessary.

Unique approach. Experimental
integrated circuits to test the ap-
proaches are being made. Henry
Low, director of TRW’s product
engineering and microtechniques
lab, considers this the most impor-
tant use yet for microcircuits in
telemetry systems; he adds that the
approach can be applied to other
types of equipment.

The system capitalizes on a
unique advantage of microcircuits
—their ability to improve system
performance by increasing the
number of functions performed by
a circuit. If the approach were tried
with discrete-component circuits,
the penalties in cost, weight, vol-
ume and power consumption would
be high. But with microcircuits,
such functional redundancy costs
little.

If a spacecraft has 100 data in-
puts served by a single power sup-

ply, all data is lost if the power
supply fails. If one of the micro-
circuit’'s power supplies should
fail, however, the other 99 data
lines would continue operating.

Development of the system, Low
says, proves the effectiveness of
interdisciplinary ~ design teams,
which TRW favors. The idea for
the system came out of a brain-
storming session attended by tel-
emetry engineers and members of
the microelectronics staff.

Computers

Draftsman’s helper

Much of a draftsman’s work con-
sists of drudgery. Gradually, com-
puters are being designed to take
over a number of time-consuming
routine tasks.

Perspective, Inc., of Seattle, is
offering a machine, called the Illus-
tromat 1100, that takes data from
any orthographic projection and
swiftly draws the object in any
three-dimension projection.

And the Meiscon Corp., a sub-
sidiary of the Control Data Corp.,
has developed a system that takes,
from sketches, raw data on the
framework of a building and then
proceeds to design the steel skele-
ton in detail. Similar computer-
operated drafting machines are be-
ing used by some automobile com-
panies [Electronics, Nov. 16, 1964,
p: 25].

A drawing a minute. The Illus-
tromat, which costs $52,500, con-
sists of a tracing table, a control
panel, a solid state analog com-
puter and a motor-driven X-Y plot-
ter. Within a minute, the machine
can perform the work that would
take a skilled draftsman an hour.

The operator sets up, on the con-
trol panel, the perspective view he
wants. With the plotter’s double
stylus, he then traces the ortho-
graphic view of the parts he wants
to project. The styluses are con-
nected to the plotter through the
analog computer, which converts
the two-dimensional information
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into three-dimensional data so it
can direct the drawing of the per-
spective view.

Aside from being able to draw a
perspective view, the Illustromat
can enlarge sections of a drawing,
make a bird’s-eye view from a
topographical map, or produce a
third orthographic projection from
two other projections.

In the Meiscon system, called
Constructs, rough sketches are
prepared by an engineer, showing
the shapes and weights of all the
steel in the building. This data is
converted into digital form, fed
into a computer and recorded on
magnetic tape. The data is then an-
alyzed by a large CDC 3600 com-
puter, forming a mathematical
model of the building’s framework.
The model specifies the size of
each beam and column and pin-
points the location of each bolt,
rivet and welded area; directions
also are given for cutting the steel
in the fabricating shop.

The data on the model is then

Drawing machine uses computer to
convert orthographic drawings into
three-dimensional sketches at

any perspective.

fed into an electromechanical plot-
ter, built by Electronic Associates,
Inc., of Long Branch, N.J., which
produces the drawings for the con-
struction men at the building site.

The developer says the program
can reduce three days” work to an
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hour and perform 40% of the
drawing that’s required in design-
ing the steel structure.

Consumer electronics

Sign language

Some traffic signs were “talking”
briefly in New York and Boston
last month. Eventually, the Ford
Motor Co., developer of the elec-
tronic signs, hopes to see them at
roadsides all around the country.

The talking-sign system, akin to
an electronic backseat driver, con-
sists of roadside transmitters and
solid state tape recorders that are
connected to a car’s radio ampli-
fier and contain prerecorded traf-
fic signs, such as “curve ahead” or
“dangerous crossing.” The trans-
mitters continuously broadcast one
of several coded signals that cor-
respond to one of several channels
in the car’s recorder. When a car
passes a transmitter, the signal is
picked up by the car’s antenna, au-
tomatically turning on the recorder
and triggering the corresponding
tape channel to play the traffic
message over the radio’s speaker.

Advance warning. Although the
system may appear unnecessarily
complex for the simple task it per-
forms—like using a digital com-
puter to add up a shopping list—
the talking traffic sign may be an
effective tool on high-speed road-
ways. It could, for example, alert
drivers to fog patches, icy surfaces,
or an accident up the road. The
system’s biggest advantage is its
ability to warn a driver of changes
in highway conditions, even if rain
or snow should blot out road signs.

The tape recorder and receiver
will cost about $35, Ford says,
while the transmitter would even-
tually cost no more than $10.

The tape recorder is connected
to a car radio’s amplifier and loud-
speaker. If the radio is on when a
traffic signal comes in, a switch in
the recorder momentarily opens
the radio circuit, giving priority to
the tape recorder. If the radio is

off, the incoming signal turns on
the radio’s amplifier; when the car
leaves the immediate area of the
electronic sign, the radio is shut off
automatically. Rapid turn-on time
is possible because today’s transis-
tor radios need no warming up be-
fore they begin to operate.

No garble. Since the actual mes-
sage is stored in the car, commu-
nication won’t be interrupted or
garbled by static or bad weather.

The message track in the tape
recorder is selected by reed relay
logic circuits that respond to the
sign’s coded signals—carried on
the 27.195 megacycle transmission

band.

Point system threatened

Bidding for a share of the $50-mil-
lion automotive-ignition market is
a system that uses a light beam in-
stead of breaker points. It’s being
offered by the Mallory Electric Co.
of Detroit and is being tested on
police cars, taxicabs, fork-lift trucks
and racing cars.

Photocell ignition might replace
not only mechanical breaker-point
systems, which dominate the mar-
ket, but other ignition innovations
as well. Both the silicon controlled
rectifier ignition systems, which are
still being tested [Electronics, Oct.
5, 1964, p. 68], and the recently
introduced transistorized systems
use breaker points. On most cars,
points have to be replaced after
every 10,000 or 15,000 miles. Mal-
lory seems confident, despite the
whopping $150 price, that the
photocell system will pay for itself
over long use through reduced gas-
oline consumption and savings on
breaker-point replacements, and
will give the driver a trouble-free
ignition system.

Turn on the light. A photocell
breaker, a five-stage amplifier and
the ignition coil make up the sys-
tem. Turning the ignition key ap-
plies power to the amplifier and a
small light bulb.

As the starter turns over, a shaft
rotates in the distributor housing,
On the shaft, a horizontally
mounted cap with slits around its
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circumference rotates around a sili-
con photocell. The continously
lighted bulb shines on the photo-
cell as the slotted cap rotates.

The photocell output pulse of
0.2 volts is amplified to 15 volts,
15 amperes, at typical pulsewidths
of 1.2 milliseconds; the time be-
tween pulses is 2.3 milliseconds.
These pulses are voltage-stepped
within the ignition coil to about
35,000 volts, and the usual mechan-
ical rotary switch distributes the
firing voltage to each of the spark
plugs. The ignition current de-
livered to the plugs is at 30 to 40
milliamperes, or about 33 milli-
joules, compared with conventional
ignition system’s 22 millijoules.

The tax cut

The electronics industry will get
sizable benefit from excise tax cuts
that may total $4.8 billion by 1969.
President Johnson asked Congress
for the cut May 17 and the bill
is moving through the legislative
body swiftly.

The House Ways and Means
Committee went beyond the Presi-
dent’s $3.9-billion request by vot-
ing to eliminate excise taxes on
passenger cars by 1969. Johnson
wanted to reduce the 10% tax to
5% by 1967.

Business costs will be reduced
by the excise cuts on telephone,
teletype and telegraph service and
by the automobile industry’s deci-
sion to reduce prices by the
amount of the excise-tax reduction.
Also, the cost of business enter-
tainment may decrease as a result
of the cut in taxes on cabaret tabs
and on club dues. And the account-
ing costs involved in filing excise-
tax returns will be eliminated.

Some increases. But some busi-
ness costs may increase because of
Johnson’s requested $300 million
yearly addition to transportation
user taxes; this provision affects
truckers and airlines.

The following taxes directly af-
fecting the electronics industry will
be repealed on the following dates:

= July 1, 1965: manufacturers’
excises on consumer electronics.
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This 10% tax currently adds $135
million a year to the price of televi-
sion sets and $90 million a year to
radio and phonograph prices.

= July 1, 1965: the 10% manu-
facturers’ excise on business ma-
chines, including some electronic
business machines. This tax totals
$75 million a year, but the Treas-
ury Department has no breakdown
on the amount coming from elec-
tronics equipment.

= Jan. 1, 1966: excises on tele-
phone and teletypewriter services
will be cut to 7% from 10%, saving
users $730 million a year. In steps,
the tax will be eliminated by Jan.
1, 1966—a further saving of $270
million. Also on Jan. 1, 1966, taxes
on telegraph service and on wire
and equipment services will be re-
pealed.

Sales gains. The results of the
tax cuts, Treasury officials believe
will be higher sales of electronic
products, because of a lowering of
prices to consumers. Although the
manufacturer pays these taxes, he
passes it on to consumers, and of-
ficials hope the pressure of compe-
tition will force manufacturers, in
turn, to pass the tax savings on to
consumers. Johnson set this tone
when he called on business “to
translate lower excise taxes
promptly into lower retail prices
for consumers.”

The effect on consumer electron-
ics, according to Commerce De-
partment officials, should be to
boost sales by more than the
proportion of the price cut. Their
studies show that a 10% cut in
television set prices, for instance,
brings more than a 10% increase in
sales.

For the makers of telephone sys-
tem equipment, officials believe the
tax cut will have a substantial, if
indirect, effect. The telephone in-
dustry has argued that the cut
would stimulate telephone use
enough to force a considerable rise
in capital investment in the indus-
try’s facilities.

Postponement of consumer pur-
chases on television and other ma-
jor products, officials concede,
might be a problem between now
and July 1 as consumers await the

lower prices. For two major prod-
ucts—autos and air conditioners—
the law tries to prevent a halt in
purchases by making the tax cut
retroactive to May 15.

More advertising. For other
products, officials suggest retailers
might advertise more heavily in the
interim to offset any buyer resist-
ance.

To prevent dealer postponement
of inventory buying, the tax bill
would provide for tax refunds on
floor stocks as of June 30.

Manufacturing

Pasting up circuits

Electrochemists at E. I. du Pont de
Nemours & Co. are working on a
new class of material for hybrid
microcircuits — etchable resistive
and conductive pastes that are
made of particles of metals and
ceramics in a photosensitive
binder. If the pastes are successful,
such circuits, du Pont researchers
say, could be made without the ex-
pensive step of vacuum deposition.

Du Pont’s customers would be
manufacturers who now make
monolithic hybrid circuits by form-
ing high-value, precise thin-film
resistors and their connections on
top of silicon crystals that contain
active devices. The resistors, ex-
pected to be used widely in linear
integrated applications, are gen-
erally made by vacuum-depositing
thin films and then etching them.

Etchable pastes may also revolu-
tionize the methods of attaching
silicon dice—either transistors and
diodes or integrated -circuits—to
substrates to form hybrid circuits.

Ready in a year. Closer to frui-
tion are several new pastes that
du Pont’s electrochemicals de-
partment is developing for screen-
printed hybrid circuits. To the
basic resistor and conductor pastes
that du Pont now sells for such
hybrids, the company will add
compositions suitable for printed
capacitors, inductors, conductor
crossovers and glass encapsula-
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tion. These compounds should be
ready within a year. The du Pont
materials for screen-printed hy-
brids won’t do for linear integrated
circuits because those circuits can’t
be applied with the required pre-
cision.

Screen-printed circuits are made
by forcing paste through open pat-
terns in a metal mesh. The mate-
rial deposited on ceramic sub-
strates is then fired to bind the
material to the substrate and alloy
the particles. Discrete components
are added to the resistor network
by soldering or welding.

This process works fine on a
relatively large ceramic substrate.
Resistors can be screened and fired
to a tolerance of 10% and trimmed
by mechanical abrasion to 1%. But
the process is too crude for inte-
grated circuits, which are typically
one-hundredth the size of hybrid
circuits. Top precision of screen
printing is line width and spacing
of 0.003 inch. If the etchable pastes
are effective, the level of goemet-
rical precision—which determines
component tolerances—would be
raised several times.

Glue a stamp. Another potential
application for etchable pastes is
registrative bonding of integrated
circuits to substrates. Registrative
bonding is akin to gluing a postage
stamp on a letter—the terminals on
the chip are bonded directly to
conductors on the substrates,
avoiding the need to use individual
wire leads.

Several companies have devel-
oped registrative bonding methods,
but those now in commercial use
have to provide thick bonding pads
on the silicon chip for accurate
location.

Most companies making hybrid
circuits would rather have a tech-
nique that permits any supplier’s
chips to be used for registrative
bonding. The trick is to develop a
material that will put exactly the
right amount of solder at exactly
the right place on the substrate to
mate with the tiny thin-film termi-
nals on the chips.

Greater versatility. At present,
resistors are the only mass-pro-
duced components for screen-
printed circuits. Capacitors are

sometimes made by screening elec-
trodes on either side of the ceramic
substrate, and a few hybrid-circuit
makers have proprietary composi-
tions for printed circuits. Inductors
cannot be made. Yet in its labs,
du Pont has printed oscillator cir-
cuits with screened capacitors and
inductors.

The new capacitor paste is a
glass-bonded titanate, which can
be applied in layers, alternating
with electrode pastes, to make
multilayer capacitors. Capacitors
of up to 20,000 picofarads per
square inch have been produced.
Efforts are now being made to re-
duce the dissipation factor below
the present level of 1% to 1.5%.

Work on inductive materials has
just begun, Already inductances of
100 microhenries have been ob-
tained. The insulations for conduc-
tive crossovers have adequate volt-
age breakdown capacities—200 to
300 volts per mil—and the goal
now is to make capacitance low.
The encapsulating glasses, du Pont
believes, would be used widely.
They can be fired at low tempera-
ture, about 450°C, are impervious
to moisture and reduce drift in re-
sistor values.

Integrated circuits

Multifunction packs

Texas Instruments Incorporated
has added a seventh line to its fam-
ily of silicon multifunction inte-
grated circuits. Series 70, two fore-
runners of which were introduced
last week at the meeting of the In-
ternational Federation of Informa-
tion Processors in New York, is
aimed specifically at producers of
large ground-based computers.

Circuits SN7000 and SN7001 are
dual logic gates operated in the
unsaturated switching mode. They
feature response speeds as fast as
five nanoseconds; previous satu-
rated logic gates made by TI had
speeds in the order of 13 to 15
nanoseconds. Each integrated cir-
cuit contains a 3-input and a 2-
input gate.
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50 components. Customers can
use the new circuits for NOR or
OR outputs, depending on which
output leads are used. About 50
components are available for a va-
riety of interconnection schemes.

At first, units will be available in
16-lead flatpack cases. Later, for
further flexibility, TI plans to build
16- to 40-pin units in metal-ceramic
plug-in packages. Charles Phipps,
marketing manager, says TI ex-
pects a large demand this year.

The SN7000s have power dissi-
pation per gate of 40 milliwatts
plus dissipation from output resis-
tors of 25 milliwatts per output
resistor, The SN700ls may have
one, two or no output resistors.
They will operate between 0° and
70°C. The SN7000 has four output
resistors.

Avionics

Quick turnaround

When one of the new breed of mili-
tary aircraft taxis into a mainte-
nance shop for a periodic examina-
tion of its complex -electronics
hardware, it may stay there for a
full day while technicians swarm
over it, setting up test equipment
and evaluating results. But tests
for the supersonic F-111 should
take only a few hours.

The difference is in the com-
puter-controlled diagnostic equip-
ment that was tailored for the
F-111 by the General Dynamics
Corp., which designed both the
plane and the testing package.
With the F-111 order from the Air
Force and Navy exceeding $1 bil-
lion, it became economically sound
to develop computer-controlled
testing gear for one type of craft.

Planning started early. While the
F-111 design was still on the draw-
ing board, General Dynamics’ en-
gineers began working on the test-
ing package. As a result, the first
set of equipment was delivered in
March to the company’s Ft. Worth
division, while earlier this month
the plane itself underwent its first
test flight.

Go-no-go. The test equipment’s
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“THIS BETTER BE GOOD!”....

... I wouldn’t have taken the time, if Standards hadn’t sent you. As I under-
stand it, you sold them an oscillator, which they think can help me! Did they
fill you in?

Yes — they tell me the final test on your new line of amplifiers seems to be
chewing up a lot more time than you'd like.

Time? Please! Every time the brass walks through here and sees those unshipped
instruments, I get visions of my merit file being stuffed with nasty little notes!
Big problem’s been in checking for frequency response and harmonic distor-
tion. Just too bloody long on each instrument!

Take the tests one at a time. Frequency response. Been feeding preset ampli-
tudes at frequency steps, reading amplifier output and comparing? Have to go
back to the signal source each time to check and reset its output amplitude at
every frequency?

Sure! Otherwise, I've got oscillator amplitude error in my gain figure.

OK. You don’t have to. The frequency response of the Krohn-Hite 446 oscil-
lator is within 0,01 db up to 20 kc, within 0.05 db all the way to 100 kc.
And amplitude stability within 0.01% for a full hour! So, forget about
resetting voltage every time you change frequency.

Beautiful! Eliminating rechecking the source and re-setting will really speed
things up.

Now — what are you doing to the input signal when you measure harmonic
distortion of the amplifier? Have to purify the oscillator output?

Naturally!

Not at all . . . use the 446 as your source and forget about harmonic distortion
— it’s less than 0.02% from 400 cps to 10 ke, 0.05% at 20 k¢ — 0.2%
at 20 cps. Another thing — the 446 is available fully programmable for auto-
matic check-out — including self-checking, “enable” and “completed” circuits.

Brother — you’ve just saved me 8 hours an instrument! I'm going upstairs
right now and pinch a 446. We can ship some amplifiers tonight!

Hold it! They're right in the middle of DVM calibrations with their 446’s.
But I'll let you buy your own from me.

Dammit, progress always costs!

KROHN-HITE
CORPORATION

580 Massachusetts Avenue, Cambridge 39, Mass.
Area Code 617 491-3211
Pioneering in Quality Electronic Instruments
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computer automatically sets up ex-
aminations for each of the plane’s
electronic systems. Within three or
four minutes, the comparator re-
ports, on a go-no-go basis, a sys-
tem’s ability to perform its task.

Each test package costs $1.7
million. Six additional sets of
equipment will be completed by
September.

Although this is the first time
that a ground-support test package
was designed concurrently with a
craft’s prime components, General
Dynamics’ engineers say they ran
into no major obstacles. Work on
the test gear was performed at the
company’s electronics division in
Rochester, N. Y.

About 40% of the equipment was
off-the-shelf gear — oscilloscopes,
pulse generators, digital voltmeters.
The rest had to be designed for
the F-111 package.

Eventually, the General Dynam-
ics engineers hope, the tester will
be modified so that it can diagnose
the electronic problems of other
aircraft,

Soaring market

A multimillion-dollar market for
electronic navigation and commu-
nication equipment for airplanes
will be opened if the Federal Avi-
ation Agency goes ahead with
plans for avionics requirements.

What the FAA proposes, in ef-
fect, is that aircraft used for pri-
vate, business or pleasure flying be
required to install much the same
navigation and communication
equipment that now is being used
in, or will soon be required for,
commercial airliners.

This would include two-way ra-
dios, very-high-frequency omni-
range receivers (VOR) together
with localizers, distance-measuring
equipment (DME) and radar bea-
con transponders. Under the pro-
posal, requirements would become
effective gradually over a ten year
period.

85,000 planes affected. The mar-
ket is substantial. The FAA says
there are some 85,000 such aircraft
now in use, and it expects the num-
ber to grow to more than 105,000
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within 10 years. According to FAA
figures, 23% of the planes now in
this field of aviation would need
vhf radios, 78% would need dis-
tance-measuring gear and more
than 50% would need vertical om-
nirange receivers.

Comments on the FAA’s pro-
posal can be filed with the agency
until July 28. No ruling is expected
before year’s end.

Under the advance notice, three
kinds of airspace are envisioned:
controlled, uncontrolled, and area
positive control (APC). The idea is
to prevent any traffic jams by
bringing general aviation under
the same control as commercial
aviation.

Visual flight rules. The new
rules for controlled airspace are
intended to permit general-avia-
tion pilots to operate under visual
flight rules in APC airspace. These
pilots would be expected to be pro-
ficient enough to receive and com-
ply with air-traffic control instruc-
tions while operating in APC air-
space but, unlike commercial pi-
lots, they would not be required to
hold a commercial rating.

Planes used in general aviation
would not have to meet any of the
proposed equipment requirements
if they remained in uncontrolled
airspace and if they did not fly in
and out of airports that are
equipped with federal control tow-
ers. These exempt planes would be
mostly small, pleasure craft.

The airborne equipment require-
ments proposed by the FAA and
the target dates are: vhf radio
transmitter and receiver with 50-
kilocycle frequency, Jan. 1, 1966;
VOR-localizer receivers with 100-
ke spacing, and perhaps DME,
July 1, 1963.

For APC airspace only, the same
equipment would be required in
addition to a 4096-code radar bea-
con transponder after July 1, 1968;
and an automatic altitude report-
ing encoder capable of reporting
100-foot altitude increments to
ground control facilities after Jan.
1, 1970. Neither of these last two
pieces of equipment is yet opera-
tional, even in commercial avia-
tion.

Currently, the DME requirement
for general aviation applies only to



VOR-equipped civil aircraft oper-
ating above 24,000 feet over the
continental United States. Under
the FAA proposal, this require-
ment could be extended to all
VOR-equipped civil aircraft oper-
ating at lower altitudes.

Communications

New star for ABC

The law creating the Communica-
tions Satellite Corp. in 1962 states
specifically that it does not pre-
clude the creation of additional
communications satellite systems
“if required to meet unique govern-
ment needs or if otherwise required
in the national interest.”” The ques-
tion before the Federal Communi-
cations Commission—put there by
the American Broadcasting Co.—
is how to interpret that law.

ABC wants to put up a television
satellite. Leonard H. Goldenson,
network president, envisions using
the satellite to distribute programs
of other networks.

Hot potato. The issue has stirred
up several Washington offices. The
FCC, whose job it is to interpret
the law, has asked Comsat to com-
ment on the request. Comsat has
held hurried discussions with ABC.
And in the board rooms of the com-
mon carriers that now distribute
most telecasts in the United States,
the subject is presumably receiving
careful attention.

The major carrier, the American
Telephone and Telegraph Co.,
owns 29% of Comsat’s stock; pre-
sumably, AT&T is not anxious to
lose any of the $50 million a year
it receives for handling tv trans-
missions. If the issue boiled down
to a choice between Comsat and
an independent system such as that
proposed by ABC, presumably
AT&T would favor Comsat. There
is nothing in the law that prevents
Comsat from entering the domes-
tic communication business.

Goldenson says ABC pays $15
million a year to have its telecasts
distributed by conventional land-
based methods. A satellite system
could be created for a fraction of
this cost and last for several years.
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YOU CAN
WITH BAUSCH & LOMB

Fiber Optics Light
Switch counts objects
at a rate of 400/min,
measures angular ve-
locity, detects size of
objects, acts as a limit
switch, can be made
sensitive to color with
filters, monitors ambi-
ent light conditions,
and be used in safety
and burglar alarm sys-
tems. Catalog D-2057
gives the full story.

Write for Catalog 32-2045. It has much information to excite your creativity.
Bausch & Lomb, 61417 Bausch Street, Rochester, New York 14602.

LIGHT WIRES

AND YOU CAN DO MANY OTHER
AMAZINGLY USEFUL THINGS TOO!

@ Slice the original beam into several beams.

o Pipe the beams under, over and around all
kinds of obstacles,

e Pipe the beams into tiny openings.

@ Shape the circular beam so that it comes out the
other end as a square [, a circle O, a line
or any shape you can think of ? S

@ Monitor the face of a CRT tube or radar screen.

e Safely pipe light into explosive areas.

You can mold light to do your bidding
for practically any application

BAUSCH & LOMB (@)
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New linear integrated
core-memory sense amplifier.. video differential

New Series 55
hlgh frequency amplifiers

This new series of TI
linear integrated cir-
cuits*, offers excellent
high-frequency perfor-
mance and low power

Input O—— 0 dissipation. The first two
e eml L4 O Output networks in the series are SN5500, a sense
amplifier for magnetic-core memory applica-

Isrmee £ tions, and the SN5510, a video differential
amplifier.

Signal O——1 SN5500 The SN5500 is a complete sense am-

Ground plifier, including strobe gate and pulse-shaping

output circuits as shown in the logic diagram,
Figure 1. It detects bi-polar (positive or nega-
tive) differential input signals from a magnetic-
core memory, and provides the interface
circuitry between memory and logic circuitry.

The network is recommended for core-
memory applications with cycle times as low as
two usec. At 25°C, sensitivity is 15 to 19 mv,

A strobe input activates the threshold de-
tector during the ‘“read” cycle and inhibits it
during the “write” cycle.

Figure 1. Functional diagram shows that the SN5500 is a complete sense amplifier, including
differential preamplifier, reference amplifier, strobe gate, and pulse-shaping output circuit.

Gain in db

An internal one-shot pulse amplifier provides
a standard-width, negative-going output pulse
when triggered by the threshold detector.

Overload recovery of the sense amplifier is
150 nsec, and output propagation delay is 75
nsec. Operating temperature range is —55° to
+125°C.

Seven circuits — including amplifiers, logic
gates and strobe circuitry — are formed on a
single silicon substrate. This reduces costs and
improves reliability over that realized with dis-
5 crete components or simpler integrated circuits,

Duiget 1 SN5510 This video amplifier features a flat fre-
quency response and low phase-shift from dc
to 40 mc, as shown in Figure 2. Typical single-
ended gain at mid-band is 40 db.

Differential inputs (Figure 3) are provided
which can be direct-coupled to ground. The
differential outputs permit the amplifier to be
used- as a high-frequency differential amplifier
or as an operational amplifier.

Common-mode feedback gives common-mode
rejection ratios of 60 db or greater. Typical
input impedance is 2000 ohms, and typical
output impedance is less than 300 ohms.

—0
Output 2

Figure 3. Circuit diagram of SN5510 video differential amplifier shows differential output and
common-mode feedback amplifier,

Series 55 amplifiers use transistors with f as
high as 1.2 Gc under low current and low V.
conditions. Circuit frequency response from dc
to 100 mc is possible.
The large numbers of elements on the two
Master Slice bars make possible the fabrication
of very complex circuits. Customized variations
21226 *Patented by TI can be built economically simply by changing



circuits from T11..
amplifier... high-gain operational/differential amplifiers

the metallic interconnection patterns.
Applications include all types of sense ampli-
fiers, IF amplifiers up to 100 mc, and video am-
plifiers.
Circle 88 on the Reader Service Card for full in-
formation on Series 55 linear integrated circuits.

Two new Series 52

operational / differential amplifiers

Two high-performance
additions to the Series 52
line of linear integrated
circuits from TI are the
SN525A and SNS26A.

j SN525A This amplifier
(Figure 4) features an open-loop gain of 88
db, vet it is unconditionally stable when used
with two external capacitors in the frequency-
response-shaping circuit. Typical differential
input-voltage offset is only one millivolt. Two
feedback loops provide a common-mode rejec-
tion ratio of 100 db.

SN526A This general-purpose operational am-
plifier incorporates a class-B output stage formed
by a complementary pair of npn and pnp tran-
sistors, The circuit is capable of a 10-v signal
swing with a 600-ohm load. Output-current
peak is 10 ma.

Differential input offset is six millivolts maxi-
mum over the full —55° to +125°C tempera-
ture range. A Darlington-connected transistor
pair gives an input impedance of two megohms.
Common-mode feedback provides more than
75-db rejection to common-mode signals.
Improved Network Bar The improved Series
52 bar features twice as many transistors as
earlier versions — 10 npn and four pnp. There
are 68 resistors totaling 300,000 ohms — mak-
ing 82 components in all.

Transistor pairs are close together for im-
proved differential-input voltage offsets and
temperature-drift characteristics. Improved col-
lector saturation resistance provides high out-
put current and voltage capability. Both
SN525A and SN526A amplifiers allow =5 v
common-mode input signals before overloading,
and there is no danger of latch-up from noise
or output feedback.

The chart shown in Figure 5 gives perfor-
mance comparisons between the new devices
and a typical amplifier assembled from discrete
components, as well as the SN521A which was
announced late in 1962.

These new amplifiers bring to six the num-
ber of standard devices in the Series 52 line.
In addition, Master Slice variations may be de-
signed to meet special requirements.

Circle 89 on the Reader Service Card for
more information on Series 52 linear integrated
circuits.

Ground ©0—

MAAA—0
A\ \N\—0
——0 Qutput 1
$—0 Output 2

Input 1

Input 2

ditional stability with an open-loop gain of 88 db.

Typ. Discrete- 1962 1965
Characteristic Component
Amplifier SN521A SN525A SN526A

Gain, Open-loop, db 94 62 60
Input-voltage Offset, mv 1 2

Temp. Coefficient, 5 8 10
Input-voltage Offset, uv/°c

Input-current Offset, pa 0.2 0.5
Common-mode Rejection, db 92 60
Output-voltage Swing, v
Output-current Peak, ma 2 1

Input Impedance, megohm 03

Figure 5. Performance comparisons of discrete-component and integrated-circuit operational

Figure 4. Circuit diagram of SN525A differential amplifier shows the configuration for uncon-
/differential amplifiers.
|

INCORPORATED

13500 N. CENTRAL EXPRESSWAY
P. 0. BOX 5012 « DALLAS 22, TEXAS

5 TEXAS INSTRUMENTS

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND « NICE, FRANCE * DALLAS, TEXAS



IR EPITAXIAL CONTROLLED RECTIFIERS
PREMIUM PARAMETERS AT STANDARD PRICES

These Premium Parameters Now Available in Production Quantities in 35, 70, 100 and 150 Ampere Ratings through 1300 Volts

1. HIGHEST VOLTAGES The only complete line up to 5. SHORTEST TURN-ON TIME Turn-on time is less
1300 volts rated (1400 volts transient), Available with than 2.0 microseconds to 100 ampere level.

extremely high dV/dt (1000 vu sec.), short turn-off time, or 6. HIGHEST TEMPERATURE CAPABILITY Oper-
160°C. capability. Typical Ieakage currents: For the 70 atjon at 150°C. without voltage derating. Devices also
ampere device, less than 100 microamperes at 25°C. available with short turn-off time and dV/dt with voltage

2. HIGHEST dl/dt Repetitive turn-on tests to 300 am- ratings through 1300 volts, at 150°C. Other characteristics:
peres show rate of rise capability in excess of 1000  dV/dt gate firing, holding current and turn-off are not
amperes per microsecond. sensitive to extreme temperature.

: 7. POSITIVE TEMPERATURE COEFFICIENT
3. HIGHEST TRANSIENT ABSORPTION CAPA- Both forward and reverse breakover voltages increase

BILITY No transient protection requvired when used ity increasing temperature, providing increased safety
within power ratings. Effective clamping by bulk ava- at higher temperatures.

lanche characteristics.

New areas of application are virtually unlimited with [R's
4. UNLIMITED FORWARD BREAKOVER RELIA- unmatchable combination of epitaxial SCR parameters.
BILITY IR's SCR's when subjected to any magnitude of For further information and application assistance, con-
transient forward voltage will turn on without any tact your local International Rectifier sales office or write
deterioration. to 233 Kansas Street, El Segundo, California.

NEW TIME-SAVING SCR CALCULATOR
NOW AVAILABLE FROM INTERNATIONAL RECTIFIER

This SCR Calculator provides a convenient compilation of common
rectifier circuit design constants, and is a reference tool to help you
determine quickly...
..what and how many controlled rectifiers are needed in a given piece
of rectifier equipment.
...the dV/dt imposed by an R-C circuit on an SCR.
...the range of phase shift a gate triggering circuit should have for a
given amount of voltage control in common rectifier circuits when
feeding both resistive and inductive loads.

Price: $1.00 postpaid
Send check or money order to International Rectifier Corporation, 233
Kansas Street, El Segundo, California.

WORLD'S LARGEST RECTIFIER SPECIALISTS

=== INTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER CORP., EL SEGUNDO, CALIF., PHONE OR 8-6281 « CABLE RECTUSA » REGIONAL OFFICES IN NEW YORK CITY, CH 4-0748 « FORT LEE, N. J,

WI 7-3311 « SYRACUSE, N. Y. HE 7-8495 » CAMBRIDGE, MASS., UN 4.6520 * ARDMORE, PA., M| 9-:3667, GR 3-3932 « SILVER SPRING, MD., JU 9-3305 * MIAMI, FLA., 445-5201
| * CHICAGO, ILL., OR 6-4090 * CLEVELAND, OHIO, 734-4100 » DAYTON, OHIO, 223.7691 * HUNTINGTON WOODS, MICH., LI 8-1144 « ST. LOUIS, MO., TE 8-6333 « MINNEAPOLIS,
| MINN., 920.1200 * RICHARDSON, TEX,, AD 1-2504 « LOS ANGELES, CALIF,, 750.0550 « IN CANADA: TORONTO, ONT,, 421-5970 « MONTREAL, QUE., 861-0562

i EUROPEAN GENERAL SALES OFFICE : 38 AVENUE DES ARTS, BRUSSELS 4, BELGIUM * TELEPHONE: 111774
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Electronics share
of that $700 million
is cut by Pentagon

Contract-dispersal
policy is rebuffed

Early Bird may go
commercial soon

Congress to explore
patent-rights fight

Washington Newsletter

May 31, 1965

The electronics industry’s already-small share of the $700 million voted
by Congress to beef up procurement of military supplies for the war in
Vietnam is being cut. The Defense Department originally earmarked
$180 million for aircraft—the largest single electronics market—but that
sum was cut to $54.7 million when the military reevaluated its needs.

Part of the $54.7 million will be spent for additional UH-1B helicopters
made by the Bell Helicopter division of Textron, Inc., and for a training
version of the A-4E, a Douglas Aircraft Co. fighter-bomber that operates
off aircraft carriers. The A-4E’s now used for training purposes will be
used in combat.

Any move to spread federal research and development contracts more
evenly around the country is going to have to wait for a broad Adminis-
tration effort.

The House’s attempt to nudge it into law through a “dispetsion amend-
ment” to the National Aeronautics and Space Administration’s authoriza-
tion bill is being blocked by the Senate.

The House inserted language to the effect that Congress wanted NASA
to distribute its contracts on a geographical as well as on a technological
basis. But the Senate Space Committee amended the bill again, to insure
against any change that the existing value-for-money base of federal
procurement policy might be “altered by an overriding consideration
being given to a geographical distribution of government funds.”

The first commercial operation of a communications satellite will prob-
ably begin on June 8. That’s the unofficial word in Washington. The
Communications Satellite Corp., after a long delay, is expected to file
its tariffs with the Federal Communications Commission this week. But
instead of having to wait the full 30 days for them to become effective,
Comsat probably will ask for—and receive—a June 8 date to begin
commercial service with its Early Bird satellite.

There is still confusion on what form the new tariffs will take. There is
speculation that there will be a split tariff—one for television and another
for other uses.

The FCC finally has made public its April decision to grant Comsat
authority to own and operate three ground stations in the United States
for two years [Electronics, April 19, p. 33]. And Comsat has announced
that random-orbit satellites will not be considered for the future com-
munication system. Two choices are left for the operational system: three
synchronous-orbit satellites or about 16 phased-orbit satellites.

The long-simmering controversy over patent rights growing out of gov-
ernment-financed research and development goes on the congressional
front burner this week. On June 1, the Senate Judiciary Committee opens
two weeks of hearings on three proposals to tighten present practices. A
bill is expected to be ready for Congressional action by midsummer.

The proposals the committee will consider are:

® One by Sen. Leverett Saltonstall (R., Mass.), leaning toward tradi-

43




House to hear
GAO critics

Minuteman |l force
to increase by 800

Four test SST's
may be ordered

Washington Newsletter

tional Defense Department policies of leaving patent rights in the hands
of contractors, wherever possible.

® One by Sen. Russell Long (D., La), providing for tight government
ownership of virtually all such patent rights. '

® One by Chairman John McClellan (D., Ark.), reflecting policies laid
down by Presidents Kennedy and Johnson, setting up guidelines for
patent proprietorship but generally easing the federal grip on patent
rights.

Pentagon and defense contractor complaints about the General Account-
ing Office (GAO) have touched off a congressional hearing. The House
Military Operations subcommittee wants to know whether GAO reports
of waste, mismanagement and overpricing are exaggerated; whether
GAO goes too far in invading contractor privacy; and whether GAO
tries to enforce its own procurement standards on government and indus-
try, though lacking necessary technical and business experience [Elec-
tronics, April 5, p. 129]. Industry witnesses will testify early next month.

Even while under attack, GAO is considering seeking broader author-
ity. It may ask Congress for stronger legal weapons to enforce its right
to inspect records of companies working under negotiated contracts.
Present law gives GAO auditors permission to look at “directly perti-
nent” records. But the issue of document relevance is a source of frequent
controversy and is before the courts in a suit involving the Hewlett-
Packard Co. [Electronics, Jan. 25, p. 34]. GAO feels that the case, even
if decided in its favor, won't settle the issue definitely and says Congress
may have to make the determination.

The Air Force will carry out a $1-billion program to increase the ac-
curacy, range and power of the Minuteman intercontinental missile force.
The Air Force plans to replace its 800 Minuteman I missiles with the
more advanced Minuteman II. With the 200 new models it already has
or soon will have, this will bring the force to 1,000 missiles.

Originally, the Air Force had planned a 1,200-missile force, represent-
ing a mix of Minuteman I and II. But Defense Secretary Robert S. Mc-
Namara contended that qualitative improvements in Minuteman II would
make the 1,200-missile force unnecessary.

The Boeing Co. is the prime contractor for the missile; the Autonetics
division of North American Aviation, Inc., will provide the guidance sys-
tem and Sylvania Electric Products, Inc., a subsidiary of the General
Telephone & Electronics Corp., the ground electronics system. The
modernization will involve not only replacing the Minuteman I, but also
modifications in existing silos and launch control centers.

President Johnson is expected to approve shortly a recommendation that
all four competitors for a development contract on a supersonic airliner
be allowed to start building test planes. Under the plan, the President
would seek $200 million from Congress for fiscal 1966 to finance work by
the Boeing Co., Lockheed Aircraft Corp., General Electric Co. and Pratt
& Whitney Co., a division of the United Aircraft Corp. Contracts would
include a provision to halt work if any contractor clearly was developing
a better version.
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You can cool with air...
(if you have a lot of space)
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use FREON"’ dielectric coolants

FREON carries heat away hundreds
of times better than air. Close-packed
assemblies can operate efficiently at
safe temperatures. FREON com-
pounds have outstanding character-
istics as heat transfer media either
by boiling or by convection.

These inert coolants will work for
you in your high-density electronic
equipment—wherever you have a re-
liability problem from “hot spots” in
power tubes, transistors, resistors,
transformers, packaged electronics,
etc. FREON coolants can make your
design more compact—at low to mod-
erate cost, while improving reliability
through close thermal control.

Electronics | May 31, 1965

(if you don’t)

These five FREON dielectric
coolants range in boiling point from
+38.8°F. to +237.0°F., offering a wide
range of use:

FREON-114 CCIF,CCIF: B.P. + 38.8°F.
FREON-113 CCLFCCIF: B.P. +117.6°F.
FREON-215 CCI;CF:CF; B.P. +165.0°F.
FREON-112 CCLFCCLF B.P. +199.0°F.
FREON-214 CCLCF:.CF:Cl B.P. +237.0°F.

Send the coupon for complete techni-
cal information based on our 33 years’
experience with cooling problems.

FREON'

dielectric coolants
866, U 5. PAT.OFF
Better Things for Better Living . .. through Chemistry

Du Pont Company
Room, 2789
Wilmington, Delaware 19898

Please send me complete technical
information on FREON dielectric
coolants.

|
|
|
|
|
|
|
|
Name I
|
|
|
|
|
|
I

Address.

City.

State Zip.
| Offer good in U.S.A. only.
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500 volts,

ere's a chance to exer-
cise your American
sense of fair play and
sportsmanship—and,
at the same time, do a
shrewd bitof capacitor-
reliability buying.

Specify CORNING® CYFM Capacitors.
Is it that simple? Yes.

Look at the rewards for you first. Our
glass-dielectric CYFM capacitors give
you stability that's invariable with time,
temperature, and environment, and a
TC that's always retraceable within 5
ppm on the curve,

You get reliability that's inherent from

46 Circle 46 on reader service card

CORNING CYFM Capacitors: CYFM 10, 0.5—300 pf; CYFM 15, 220—1200
pf; CYFM 20, 560—5100 pf; CYFM 30, 3600—10,000 pf; VDCW, 300 and S e

the way they're made—in basically the
same process that turns out our ultra-
high-reliability CORNING CYFR Ca-
pacitor.

But you can save dollars on the CYFM
because we don't put it through all the
rigorous CYFR testing.

pf for pf, you can't buy more stability
and reliability for fewer dollars than you
get in the CORNING CYFM Capacitor.

Now, the emotional. Our CYFM lives
constantly in the shadow of its glamor-
ous Autonetics/Minuteman CYFR older
brother. The CYFR has just success-
fully completed over 41 million unit
test hours and 45 months of continuous
testing!* You can well understand the

frustration, the second-best, underdog
feelings of the CYFM.

Have a heart. Use your head. Specify
CORNING CYFM Capacitors. You will
make everybody happy—reliability en-
gineers, comptrollers, and us.

For complete data and for parts, send
to Corning Glass Works, 3909 Elec-
tronics Dr., Raleigh, N. C., or call your
Corning distributor.

* Autonetics lot-acceptance testing program.

CORNING

ENELENG TR RS @
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Another overlay breakthrough:
2N3866 now in mass production

for CB to UHF
f,=800 Mc/s (typ)

Another RCA breakthrough in “overlay” technology now brings
you a new generation of transistors for 1 and 1.8 watts output
across a broad band of frequencies from 27 Mc/s to above 400
Mc/s. RCA-2N3866—first of the new high-gain, high-frequency
“overlay” family—offers a guaranteed minimum of 1 watt power
output at 400 Mc/s (10dB gain) from a 28-volt supply.

Geared for pre-driver, driver and output applications from
Citizen’s Band to UHF, 2N3866—for operation from 8 to 28-volts
—can bring a new combination of economy and “overlay” per-
formance to all these applications:

« Citizen’s Band » Community Antenna TV « Sonobuoy « Military
Tactical Communications ¢ Rescue Beacons ¢ Instrumentation
 Portable Equipment « Mobile Units  Aircraft Communications
» Microwave Power Sources.

Discuss the new RCA-2N3866 and other RCA “overlay” transistors
with your RCA Representative or your RCA Distributor. For tech-
nical bulletins, write: RCA Electronic Components and Devices,
Commercial Engineering, Section IN5-5,  Harrison, New Jersey.

Also Available Through Your RCA Distributor

The Most Trusted Name in Electronics

1W Pour
20 dB (typ)
100 Mc/s

1W Pour
15 dB (typ)
250 Mc/s

1W Pour
10 dB (min.)
400 Mc/s

1W Pourt
7.4 dB (typ)
600 Mc/s

CHARACTERISTICS
INCLUDE:

Ig = 400 mA (max)
Vegr = 55V (max)
cob = 3 pF (max) at 30V
Py= 5W (max) at Tc=25°C
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The next time, buy Weston

Local service
available
coast to coast

2C{0 300
whaeelg f
aww "y,

m Available off the shelf m Competitive prices

B Same-day delivery m Fastest delivery on custom designs

ASk f 01' We Ston « ¢ ¢ Call your local Weston distributor or Sales-Servicenter today.

QUALITY BY DESIGN

A2 WESTON INSTRUMENTS. INC.

614 Frelinghuysen Avenue, Newark, New Jersey 07114
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New High-reliability aluminum electrolytics
at new economical price

TYPICAL LIFE TEST
TTQ 25 mfd 50 WVDC

CAPACITANCE—

ufd
Qapacitance

LIFE TEST 85°C

4000

TEMPERATURE STABILITY

TTQ 25 mfd 50 WVDC

CAPACITANCE

120|c/s

ufd
Capacitance

T

T

$/2 021 U ¥S3

3

—20 —15 —10
DEGREES C
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If you think you have to pay a
big premium for high reliability in
an electrolytic capacitor, the new
Mallory type TTQ has some pleas-
ant surprises for you.

The TTQ is a different kind of
miniature aluminum electrolytic.
One thing that makes it different is
the extra care we take in manufac-
turing it, using special electrolytes
for good high and low temperature
performance, and all-welded con-
struction to assure reliability under
vibration and shock conditions. And
another is the quality control pro-
duction and sampling tests it gets
. . . which can be as much or as little
as you decide you need for your spe-
cific reliability requirements. Our
Quality Control Department main-
tains a record of test data on each lot.

The result: Type TTQ capacitors
have an expected life of 10 years or
more when operated at normal tem-
peratures within rated conditions.
Their DC leakage and equivalent
series resistance are exceptionally
low and stable.

The TTQ comes in an aluminum
case with special rubber end seal,
with Mylar* or thermoplastic sleeve
if desired. Temperature range is
—40°C to 85°C. Ratings are 300
mfd, 3 VDC to 2 mfd, 150 VDC.
Seven case sizes from 14” diameter,
14" long to 34” diameter, 115" long.
For data, write to Mallory Capaci-
tor Company, Indianapolis, Indiana
46206—a division of P. R. Mallory
& Co. Inc.

TTQ

*Du Pont trademark

MALLORY
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50

“a gift from'Tupa
the sun god?”

Dr. D. E. Noble, Motorola’s Group Executive Vice President, submits a some-
what historical approach to integrated electronics, plus a little proselytizing.

One can only imagine what the Brazilian native thought when he unearthed
the first large piece of quartz crystal in Minas Gerais. Puzzled by the effects
of double diffraction as he peered through the depths of the transparent
crystal, he undoubtedly attributed the phenomenon to supernatural, sun-god
magic. Whatever his thoughts, they certainly did not do justice’to the true
magic of the material, for the quartz crystal, in today’s technology, repre-
sented not only hundreds of highly stable resonators, but material for mor-
phological integrated circuits, as well.
The usual integrated circuit is a slab of silicon crystal with materials in
inseparable association diffused into the structure to form transistors,
resistors, and capacitors. The true morphological integrated circuit,
represented by the quartz crystal filter, however, is substan-
tially different. It has no identifiable circuit component
areas, performing its function by virtue of the struc-
tural or molecular arrangement of the material.
Some knowledge of crystal electrical behavior
has been with us for nearly two hundred
years. First suggested by Coulomb, later
defined as piezoelectricity by Hankel, and
finally demonstrated in 1880 by the
brothers Jacques and Pierre Curie, the
quartz crystal integrated circuit has
been a hard-working circuit element
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since World War I. It is interesting to note that, while
approximately one-fifth of the quartz used in electronic
devices is now man-made hydrothermally, the main
source of natural crystal is still the Golconda Mine in
Brazil. One of the best sources of man-made integrated
circuits, I might add, is the Motorola laboratories in
Arizona.

Motorola is not only one of the largest manufacturers of
quartz resonators and filters in the country, but is also a
leader in the development, manufacture, and application
of silicon integrated circuits. As a leader, we not only
anticipate the trends, but seek to make contributions
which lend significance to the trends.

Motorola’s Military Electronics Division is constantly
exploring applications of the new integrated electronics
technology to the design of military and space equipment.
Some of these include:

DIGICOM: A Chance To Dial-Twist

The digital communications system we packaged for the
Air Force at Dayton is a good starting point. A research
vehicle, DIGICOM is a two-ter-
minal, four-channel, PCM Telem-
etry System using about 100 analog,
and 200 digital integrated circuits.
The Air Force loaned it back to us
for display at our booth at the
AFCEA show. Drop around (with
or without your résumé) and we’ll
demonstrate it for you.

Complete Air Force
DIGICOM equipment
uses new high density
1/C packaging.

AFCEA, May 25, 26, 27: Bring Your Artillery
Speaking of AFCEA, we are sponsoring a panel discus-
sion there on integrated circuit applications. Participants
will include prominent scientists in DOD, the Army,
Navy, and Air Force —authorities on integrated elec-
tronics. I'll be acting as moderator, and joining me from
Motorola will be Dr. C. L. Hogan, an expert in the devel-
opment and manufacture of integrated circuits, and Dr.
R. E. Samuelson, a leader in I/C applications.
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AROD: A Unique Reversal
We are currently involved with the
NASA/Marshall SFC Airborne
Range and Orbit Determination
(AROD) System. For logistical and
other reasons, this NASA concept
reverses the normal procedure by
placing Doppler equipment in the
vehicle, and a relatively simple
transponder unit on the ground.
To do this within the existing pay-
load limitations requires extensive
application of integrated circuitry
aboard the space vehicle.

RADEM: Private Radio Telephones
You may recall our RADEM (Random Access, Delta
Modulation) communications studies. Thin film inte-
grated circuitry played a major role in this state-of-the-
art development.

Application of inte-
grated circuitry is
essential to NASA’s
new AROD system.

AM-UHF COMMUNICATIONS: A 4-in-1 Transceiver

Spurred by an entirely different set
of considerations is an ultra-reliable
integrated circuit UHF transceiver
featuring redundant circuitry, which
we recently designed for the Navy.
Four I/C technologies were em-
ployed: hybrid, thin film, mono-
lithic and the combined monolithic/
thin film (compatible).

APOLLO: I/E By The Yard

We are under contract to NASA’s Manned Space Center,
Houston, to build an I/C version of the Apollo spacecraft
up-data link. We have also been picked by North Amer-
ican Aviation to build the Apollo DTCS (Digital Test
Command System). We anticipate the use of about 200,000
Motorola MECL Logic Circuits in the fabrication of
these Acceptance Checkout Systems for many of the
spaceborne systems.

BARE YOUR TEETH

Now, if participation in integrated circuit applications is
something you’ve been waiting to get your teeth into,
there might well be an opening for you in our Military
Electronics Division. Incidentally, at Motorola, this work
is not isolated; we permeate all of our labs with integrated
electronics thinking. So no matter where you wind up
with us, you’ll get your chance to prove that Coulomb
and Hankel were on the right track.

New standards of reli-
ability for Navy ship-
board equipment are
set by redundant 1/C
transceiver.

MOTOROLA

An equal opportunity employer.

Military Electronics Division

SCOTTSDALE, Arizona, 8201 E. McDowell Road
CHICAGO 51, lllinois, 1450 N. Cicero Avenue

FREE...THE LATEST IN I/E THINKING

—
|

' . . . .

| If you're really interested in integrated electronics, let me send
| you the complete and unexpurgated transcripts of our AFCEA
| panel. And at the show, drop by booth 214. Also, don’t be sur-
: prised if I toss in some recruiting propaganda, together with
| additional information about our latest advances in I/C appli-
\ cations. Attach this to your letterhead and mail to me at our
1 Scottsdale address, Dept. 204. J
B e e
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No matter how big the ferrite piece,
WHEN MECHANICAL AND ELECTRICAL

SPECS ARE TIGHT ... SPECIFY STACKPOLE

Stackpole makes them all: But gross size isn't Stackpole’s only claim to fame in
: ” g ferrites. As one customer put it, “Your ferrite cores
Toroids over 6.000" OD x .500” Long are more consistent from order to order than any of
Cup Cores 2.500” OD x .960” O Hgt. your competitors."
Rods to 1.000” D x 2.812" Long Over 30 grades. Isn't that what you're looking for?

Sleeves to 4.050” OD x 2.500” long
Rectangular Solids of nearly 6" Length x 4.175" > m
ELECTRONIC COMPONENTS DIVISION

Width x .750” Thick. 5
ST. MARYS, PENNSYLVANIA
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Credit’s good here . .. over 1,000,000 times

This new, attractive card reader can register over a
1,000,000 insertions of various credit-type cards and
translate the card information to electrical outputcircuits.

It's fast...it's reliable...it's foolproof!

Compact and rugged, the A-MP* Credit Card Reader
can be used as an input device for credit handling sys-
tems, validating systems, security systems or other
data collection and control applications. Available in
either desk top or rack mount models, this versatile
reader is supplied with either manual or automatic
operation. Long, trouble-free operation is assured by
the quality features built in this rugged unit. Electrical
and mechanical interlocks provide foolproof operation.
Redundant contacts with exclusive double wiping action
insure a clean electrical surface for reliable sensing.

Here's a sample of other quality features which are
engineered into this new product.

Electronics | May 31, 1965

® Semi-automatic or automatic card ejection

@® Reads plastic credit-type cards 2%" x 33"

® 250 ma, 500 V operation

@ Pre-wired or wired to customer’s specifications

® Redundant contacts with double wiping action for
reliable sensing

® Long life—over 1,000,000 cycles

@® Compact size—5" x 6" x 233"

Check the applications this item might find in your
system, then write for complete information.

*Trademark of AMP INCORPORATED

r 1 1
 AMBP |-
| {5 SALES T
| INCORPORATED : DIVISION :

| Harrisburg, Pennsylvania

B e e e e e )

A-MPy products and engineering ble through y in: Australiae
Canada e England e France e Holland e Italy ® Japan ® Mexico ® Spain e West Germany
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Whether your microcircuit project requires
a small bell jar coater for thin film re-
search or complete deposition systems for
high volume production, NRC has equip-
ment that does the job. We start at the
heart of any vacuum system — with the
pumps, and build up from there, manufac-
turing a whole range of coaters, heat
sources, feedthroughs, pumping systems,
and back-up equipment.

A

/il \
NN ...

i

The payoff comes in the performance. NRC evapora-
tors produce the highest net pumping speed while
the process is underway, not just low pressure in an
empty chamber. Net pumping speed in microelec-
tronics can mean net profit for business. This busi-
ness end of high vacuum is just one advantage in
getting an NRC system. For detailed information on
our complete line of evaporators and associated
equipment for microelectronics, write or call today,
Just a few of these products are listed below.

EVAPORATORS * PUMPING STATIONS ¢ POWER SUPPLIES * FEEDTHROUGHS + CRYSTAL PULLERS
TUBULAR FURNACES * ELECTRON BEAM HEAT SOURCES ¢ LEAK DETECTORS

Circle 54 on reader service card

EQUIPMENT DIVISION
NATIONAL RESEARCH CORPORAT/ON

A SUBSIDIARY OF NORTON coupm@
160 Charlemont Street, Newton, Massachusetts 02161
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Read to
1/1000 Turn Accuracy

With New Spectrol Dials for
Model 11 = diameter 1” Potentiometers and Other Rotating Devices

% number of turns 11
* protrusion from panel 74"
* numbers snap into the
window as each turn is
completed * base price in
1-9 quantities, $7.75.

Model 30 = diameter 1'%,”
* number of turns 10
* protrusion from panel 1”
* numbers snap into the
window as each turn is
completed * base price in -
1-9 quantities, $5.75.

Spectrol Multidial® turns-counting dials offer these unique features: Finely
marked scale graduations enable the operator to read settings with high
accuracy. Easy installation. No disassembly, extra panel drilling or mount-
ing hardware required. Easy locking with a finger touch that grips or
releases without disturbing the setting. Settings are unaffected by vibra-
tion or shock. Universal application to any type of multi-turn potentiometer
or other device. Attractive satin chrome finish with black plastic turning
knob. Available for }4”, ¥s” and }4” diameter shafts.

Call your nearest Spectrol distributor for immediate off-the-shelf delivery

50
at factory prices, or write for complete specifications.

ELECTRONICS CORPORATION

1704 South Del Mar Avenue Adams Court
San Gabriel, Plainview, L. I.
California New York
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Sigma relay idea of the month

A dual keying circuit
that switches one loa
only when a second
load 1s fully energized.

56
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This simple dual keyer utilizing two Sigma Series
41 relays, assures connection and disconnection
of one load during the interval that a second
load is on. For example, in keying a transmitter,
it energizes the oscillator permitting it to stabil-
ize in frequency before the final amplifier is
switched on or off.

Time constants for the circuit are chosen so
that when S is closed, the contacts of relay K1

close before the contacts of relay K2; and when
S is opened, the contacts of K1 open after the
contacts of K2. C1 is large and R1 is small so that
relay K1 has a fast pick-up and a slow drop-out.
C2 is small and R2 is large, so that C2 has a slow
pick-up and a fast drop-out.

If you have a relay idea or can show us how to
improve this one, we’d like to hear from you.
Your idea could be the next one we publish.
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Sigma relays of the month

New 40 mw DPDT
crystal-can relays.

No pivots. No pushers.

100 million operations.

actual size

o

New, low-friction Sigma Series 34 and 35 feature (1) balanced armature
design, (2) flexure elements instead of conventional pivots, (3) direct-
connected contact members instead of pushers.

Two new Sigma relays combine high sensitivity with
exceptional mechanical life in true crystal-can size.

The 35, a general purpose relay, has a sensitivity
of 40 mw. The 34, a magnetic latching relay, has a
sensitivity of 40 mw (dual coil) and 20 mw (single
coil). Typical mechanical life for each relay is 100
million operations.

The outstanding, long-life performance of these
highly sensitive relays is achieved through balanced
armature construction. Flexure elements are used in-
stead of conventional pivots, and direct connected
contact members instead of pushers. This means the

relays are free of the usual sources of friction and
wear. As a result, longer, trouble-free, performance is
assured even under severe environmental conditions.
Both relays meet and exceed MIL-R-5757D require-
ments.

There are more superior features in Sigma Series
34 and 35 relays including TIG welded seal construc-
tion to eliminate flux contamination, and excellent
shock and vibration immunity. Test all of these fea-
tures for yourself against the type you may be using
now—free of charge. Just send for the Sigma Series
34 and 35 bulletins and a free relay certificate.

SIGMA DIVISION @S SIGMA INSTRUMENTS INC

~ Assured Reliability With Advanced Design/Braintree 85, Mass.
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New Solid State Operational Manifold!

tions, use its %mi @}m o-in é’%llmSili(?i?‘ﬁ’}
I;@hiéie ick Differential Operational Ani-
plifiers and self-contained power sup-
Ply w %.ﬁ accuracy, econoiny.
DESCRIPTION

Highly versatile, the new Philbrick Model
MP benefits greatly by the inherently high
reliability, small size, low drift and noise,
light weight, and low power requirements
of all-silicon solid state amplifiers. It con-
tains: a Philbrick Model OSPR-30 power
supply; a captive line cord, a jack panel on
which circuitry may be conveniently as
sembled; a pair of accessory sockets for
Philbrick SP-sized plug-in operational
units, such as the PSQ Quadratic Trans-
conductor; and four plug-in differential
operational amplifiers. “Starter kits”" of tip
jack hardware and passive electrical com-
ponents are available for the new user at
small additional cost. Though Model MP
is normally furnished with four economical
Model P65AU amplifiers, any permutation
or combination of Philbrick P-size ampli-
fiers may be used. The amplifiers can be
interchanged instantly to fit the needs of
any given application. Model MP is sturdily
built, attractively packaged, and wired to
Philbrick’s usual high standards of quality.
The simple sheet-aluminum enclosure with
clear iridite finish on the pancl provides
effective shielding and solid mounting of
electrical components — Dimensions are
1134 wide x 78" deep x 434" high.
Price $425.00 equipped with 4 P65AU and
OSPR-30.

CHARACTERISTICS
For complete information, consult your APPLICATIONS Differential Input _4__ Differential Input
nearest Philbrick Represcentative or Model MP is useful in the labora- Difterentia) omp“( | S'"g]e £nded Output I
Philbrick Rescarches, Inc. tory for instrumentation, on-line e,\-—eB=< +—+ )e l A—€s) |
22 Allied Drive at Route 128 analog data processing, circuit de- |
Dedham, Massachusetts 02026 velopment breadboards, and for ¢, | - A |A§'3. “'i"}' '
Telephone: (617) 329-1600 teaching feedback technology. A | vl B8N . |
TWX: (617) 326-5754 typical application in the biological r 4 | e l
laboratory is the differential instru- : =le)_e’ Rog eies | | e
Philbrick Engineering ment amplifier circuit illustrated. | g
Representatives A variety of circuit’structures de- | RS = I +— |4L
Mla.: Huntsville 536-8393; Ariz.: Phoenix 265.3629; | Scribed in Philbrick’s many appli- [emis Lo M—p |
Cal.: Los Angeles 937-0780, Palo Alto 326-9800, San | cations publications also can be = 8 | R Re = |

Diego 222-1121; Colo.: Denver 733-3701; Conn.: Strat- | constructed with the Model MP.
ford 378-0435; Fla.: Ft. Lauderdale 564-8000, Orlando
425-5505; lll.: Chicago 676-1100; Ind.: Indianapolis
356-4249; La.: New Orleans 242-5575; Md.: Baltimore

727-1999; Mass.: Wakefield 245-5100; Mich.: Detroit A : A
838-7324; Minn.: Minneapolis 545-4481; Mo.: Kansas electronic analog computing equipment
City 381-2122, St. Louis 966-3646; N.M.: Albuguerque Jelli

268-3941; N.Y.: DeWitt 446-0220, Lancaster TF 5-6188, f i

Valley Stream 561-7791; N.C.: Winston-Salem 725-5384; or moaetiing, measuring,

Ohio: Dayton 298-9964, Westlake 871-8000; Pa.: Nor- : :

ristown 735-3520, Pittsburgh 371-1231; Tex.: Dallas manipulating and much else o by
526-8316, Houston 781-1441; Utah: Salt Lake City 466- &

4924; Va.: Alexandria 836-1800; Wash.: Seattle 723-
3320; EXP: N.Y.: New York 246-2133.

:Sllgfggzzs'ﬂue.: Montreal 482-9750, Ont.: Toronto PHILBRICK
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AIRPAX announces the UGON Relay

The UGON relay is a product of AIRPAX
ELECTRONICS and in stock at Cambridge,
Maryland. Production quantities and special
designs will be built in the United States.
This precision relay is offered by arrange-
ment with Le Prototype Mécanique of L’ Etang-
La-Ville, France.

UGON-3
Sensitivity, 5 mw
Volume, 2 cubic cm

UGON MICRO
Volume, 1 cubic cm

UGON-7

Insulation Resistance,
> 108 megohms
Capacity, < 1 picofarad

RESTORING

No.- R
SPRING
e = £y — ARMATURE
N.C. S-PIVOT

UGON
Magnetic Circuit

The UGON relay has an extremely high sen-
sitivity due to the uniquely high efficiency of
the magnetic circuit. Extreme resistance to
shock and vibration is also provided by the
rotating armature, which is statically bal-
anced and magnetically balanced,

Phone 301—228-4600

< RS
oRFTw P

This is a uniquely different precision non-po-

Jarized relay with some remarkable qualities.

SENSITIVE

The UGON relay appears to be the smallest non-polarized sensitive
— or the most sensitive small — relay in the world. The unique mech-
anism was invented in France and patented in the United States by
Pierre Ugon. The operating power demand can be 5 milliwatts, or 200
MICROAMPS at 25 volts!

METERING

The entire UGON series of relays are precision instruments. The operate
current is adjusted to a 59, tolerance, and this is maintained for the
relay life, and during extremes of temperature and other environment
change. In like manner, the release current is also held precisely,
usually at 70% of operate. Thus, this is a measuring instrument.

MINIATURE

The UGON-3 standard has a volume of 2 cubic centimeters, and in
this volume a coil resistance as high as 60,000 ohms is a practical
reality. The small UGON MICRO size has a volume of about one
cubic centimeter, and is arranged for printed circuit board assembly.
The contacts are rated up to 700 ma and 50 V DC maximum with a
15-watt product, a practical power gain of 3000.

HIGH SPEED

The UGON relay is fast in spite of the extreme sensitivity. It can
readily be driven up to an operate time of 145 millisecond, and is only
a few milliseconds, even near the operating threshold. This presents
a favorable comparison with the average sensitive relay, which is likely
to require 50 to 100 milliseconds. On AC the relay doubles frequency,
and will follow a driving signal to above 800 cycles.

AIRPAX
ELECTRONICS Zm

TWX 301—228-3558

CAMBRIDGE DIVISION *» CAMBRIDGE, MARYLAND
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Take an armchair
tour of our
resistor plant

We were recently rather sur-
prised to discover just how
fanatical we’ve become on the
subject of quality. Did you know,
for example, that we test samples
of every lot of our fixed carbon
composition resistors in live
steam? It’s a fact. The resistors
are exposed to steam pressure
for four hours as an acceler-
ated control test for moisture
resistance,

Y Spp,
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Scenic view of our free, 16-page, lavishly
illustrated ‘‘Resistor Handbook.”

For a more comprehensive rev-
elation of our fanaticism, we re-
fer you to “The Speer Resistor
Handbook.” This colorful new
16-page illustrated brochure is
actually an armchair tour of our
entire resistor operation. You’'ll
see how our resistors are made

o

The comprehensive reliability program at our Jeffers Electronics Division assures that all

COMPONENT
COM M ENE

of our mon-shielded inductors (and our shielded ones too) meet MIL-C-15305 8pecs,

The heart-warming
comeback of the
non-shielded inductor

Don’t get us wrong. On the issue of
shielded versus non-shielded inductors,
we're completely unprejudiced.

We’d be delighted to sell you either
type.

We have felt distressed, however, to
think that you might be using shielded
inductors in more applications than you
need to. After all, while the non-shielded
inductor may be thin-skinned, it does
offer the advantages of lower cost,
higher reliability and higher stability.

We’'ve therefore taken steps to help
this useful inductor make the comeback
it deserves.

Step one: Our Jeffers Electronics Di-
vision has developed a number of non-
shielded inductors that provide high
inductance values in a small case size.
Example? Our unshielded-molded jacket

and how we assure quality at
every stage — in raw materials,
in manufacturing and in meeting
military standards. You’ll see the
wide range of specifications we
offer. And you’ll see how our
resistors have performed under
MIL-R-11 test conditions.

Browsing through “The Speer
Resistor Handbook” is almost as
fascinating as touring our plant
in person. (And it’s decidedly
easier on the feet.) If you’d like
a copy just mail the coupon.

Do we have yourname?

To receive reprints of “Component
Comments,” use the coupon. We’'ll place
you on our mailing list. |
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inductors now offer values through 1800
microhenries, in a case size of 0.156” x
0.375”. This size conforms to the new
MIL standard MS90537 for shielded
coils, which specifies a 0.157” x 0.385”
case size.

Step two: A suggestion. Consider
rearranging your components. This will
sometimes enable you to switch to non-
shielded inductors.

Step three: We’'ve prepared an essay
that deals with this whole subject at
greater length. It’s entitled “Can Non-
Shielded Inductors Save You Money?”
and you can get a copy by merely mailing
this coupon.

JEFFERS ELECTRONICS DIVISION,
Speer Carbon Company
DuBois, Pennsylvania

Speer Carbon Co. is a Division of Air Re-
duction Company, Inc.

O Rush “Can Non-Shielded Inductors Save
You Money?”

O Rush “The Speer Resistor Handbook."”

O Arrange for me to receive reprints of
“Component Comments.”

Name
Title
Company
Address
City

Zip

. State: i
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May 31, 1965 | Highlights of this issue

Technical Articles

Inductors that fit
integrated circuits:
page 62

Feedback—perils and
potentials in designing
integrated circuits:
page 67

From Japan,

a startling new
color tv set:
page 81

Putting together the
ground stations for
the military satellite

When designing integrated circuits, many
engineers leave out inductors and create
elaborate circuits with as many as 20 com-
ponents to take their place. Now this ap-
proach is no longer necessary. Miniature
inductors can be made for about 809 of
all integrated circuit applications. For the
cover, this TO-5 transistor package, with
22 micro-inductors attached, was bathed
in red light by photographer Vincent Pollizzotto.

If you work with integrated circuits, you'll have to learn to
live with feedback. It can be an advantage as well as a dis-
advantage. Here are ways to put feedback to use to help
improve performance.

In the U.S., the boom is on in color tv, but only big sets are
offered. A Japanese company has designed a small 715-in.
set whose circuitry is all solid state. A single-gun picture tube
helps keep the cost down.

Last August, after the Bay of Tonkin incident, the Defense
Department finally decided to go all-out for its own com-
munication satellite system. Eleven ground stations are being

system: put together now to tie continental U.S. headquarters to mili-
page 86 tary outposts around the world.
Coming " Special report: the unijunction transistor
comes into its own
June 14

* How to specify potentiometers
® Life sciences beckon the engineer
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Inductors that fit integrated circuits

Contrary to popular belief, small inductors are available and can be designed
for microelectronics, eliminating the need for complicated R-C networks

By Steven Slenker

President, Piconics, Inc., North Billerica, Mass.

Inductors, transformers and chokes are no longer
the missing links in the chain of small components
available for integrated circuits. Right now, tunable
inductors not much larger than transistor dice are
available for use in hybrid circuit design.

Many designers, believing that such small units
could not be made, have kept inductors out of inte-
grated circuits. They have constructed elaborate
circuits with as many as 20 components to do the
job of a simple inductor. These circuits often have
poorer electrical characteristics than an equivalent
inductor.

Miniature inductors can replace their much larger
counterparts in about 80% of all circuit applica-
tions. They generally permit circuit reductions of
20% to 80%; the devices themselves are only
1/1,000th the size of the smallest adjustable in-
ductors previously made (see photos on p. 63).
Tunable inductors with Q’s of 50 and values of
100 microhenries have been made 0.070 inch in
diameter and 0.155 inch long. Their most wide-
spread application is in r-f and i-f amplifiers that
operate between 1 megacycle and 1 gigacycle. In-
ductors tunable over a range of 5 to 7 nanohenries
are being used in stripline amplifiers. Series chokes
are being used in 2-Gc amplifiers.

Low stray capacity, wide tuning range, and high
stability permit their use in microwave applica-

Author

As a consultant on microelectronic
circuit design, Steven Slenker
encountered applications that
required sophisticated inductance
elements. The prototypes he made
were so successful that he formed
Piconics, Inc. to generate a
complete line of microelectronic
inductors, transformers and chokes.
He received his basic engineering
training and a master’s degree from
the Massachusetts Institute of Technology in 1956.
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tions. In certain microwave circuits, microelectronic
inductors achieve stabilities of =8 ppm per degree

centigrade.

The inductance problem

Designers of miniature components have taken
several approaches to make inductors for integrated
circuits.

Thin-film inductors have proven unsatisfactory
because of their low values of inductance and low
Q’s. Integrated R-C networks with resonant char-
acteristics have had poor stability and poor Q.

Mechanically resonant filters, such as piezoelec-
tric and magnetostrictive devices, have extremely
high Q’s, but generally cannot be adjusted for the
resonant frequency, and for Q.

Some designers have combined small inductors
which have low Q’s with high gain integrated feed-
back networks to produce active tuned circuits
whose performance is equivalent to or superior to
that of circuit using conventional inductors. Elec-
trical characteristics of inductors have been im-
proved by using circuits that multiply Q.

Maintaining permeability

The problem of miniaturizing inductors lies in
reducing the size of the device without reducing
the permeability of the magnetic core. Permeability
is a measure of how much a given material will
enhance a magnetic field; it is given by the ratio
of magnetic induction to magnetizing force.

An inductor consists of several turns of wire
around a core of magnetic material (see diagram on
p. 64). This material has built-in magnetic fields,
which can be thought of as tiny magnetic particles
or magnetic dipoles. Current passing through the
wire can be pictured as a sheet of current flowing
around the core. To store energy in the material,
the magnetic particles must be easily oriented by
the current flowing through the wire, and the par-
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ticles must not exhibit a great loss of orientation.

The magnetic particles in the core material may
be held together by a binder—epoxy for powdered
iron, ceramic for ferrite ores. The binder is neces-
sary to insulate the conductive magnetic particles
from each other, so as to prevent the flow of buck-
ing or eddy currents within the core, which reduce
the magnetic field and lower the Q.

Core factors

The permeability of the core is dependent upon
the type of binder used, the ease with which the
magnetic particles can be oriented, the amount of
energy required to accomplish this orientation, and
the time it takes for the magnetic particles to
change from one magnetic orientation to another.

The Q of an inductor may be defined as the ratio
of the energy stored to the energy dissipated per
cycle. The energy stored is in the form of the mag-
netic field; if a high permeability core is used, re-
ducing the size of the core may not affect the
permeability of the over-all device.

Size reduction means using finer wire, which
need not lower the Q of the inductor. Q may be
maintained or even increased in some cases, if the
effective permeability of the magnetic material can
be increased. This can be accomplished by an ex-
tremely simple technique.

If the wire—and thus the effective sheet current
—is brought closer to the core, then the air gap
between the current sheet and core is reduced (see
diagram on p. 64). A greater portion of the medium
inside the inductor can be filled with magnetic
material, and the permeability of the medium with
a smaller air gap will be increased.

Reducing the air gap

This is the key to reducing the size of inductors:
reduce the air gap and increase the average internal
permeability of the core.

When the size of the inductor is reduced, it is
possible to obtain almost the same inductance and
Q by increasing the sheet current density (by in-
creasing the number of turns of wire), and obtain-
ing better orientation of the magnetic particles in
the core. The only parameter sacrificed is power
rating. But in microelectronics, less power handling
capacity is required. Standard inductances are
usually operated at a small fraction of their avail-
able power handling capacity.

The properties of magnetic materials have not
been analyzed to prove the absolute limits of field
enhancement that can be obtained. It is reasonable
to expect that improved magnetic materials will
permit even further size reductions of inductors,
and will possibly improve electrical characteristics.

Standard fixed inductors and transformers now
available are 0.075 inch in diameter and 0.175 inch
long, tunable units are 0.325 to 0.475 inch long and
0.095 inch in diameter. The smallest inductors made
to date have cores that are 0.012 to 0.130 inch in
diameter, and 0.030 to 0.150 inch long. The Q’s of
the smallest range from 7 to 25 in values to 5
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Three tunable devices, made as inductors or transformers.
The two units, left, are available in values from 6
nanohenries to 6 millihenries. Experimental design is at
right.

Rod cores have diameters thinner than fine-line pencil
lead, shown at bottom. Core materials are selected

to optimize electrical parameters under varying
operating conditions and at extremes of temperature.

Standard tuned inductor is molded in diallyl phthalate.
Unit withstands 125°C operating temperature.
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Typical values of tunable microelectronic inductors

Inductance range Q min D-c resistance Umax F. I(d-c) for
in Microhenries atL,.- in ohms in ma in Mc 9% A Luss
Lmar Lmin Q Mcs
0.007 0.005 90 50 0.001 300 3000 burnout
0.1 0.05 45 25 0.1 100 700 %
0.68 0.34 40 25 0.7 70 240 &
4.7 2.4 30 7.9 4.7 50 50 ¢
33.0 16 20 2.5 11 50 8 37
220.0 100 20 0.79 40 50 4.5 21
1500.0 400 10 0.25 275 30 1:5 11
5800.0 1160 10 0.25 800 15 .6 4

Fixed inductors have the same values; inductance is fixed at L,..
At lower values, burnout occurs before the current can change the inductance by 5%.

when d-c current is increased 5% at Lma..

microhenries. The problem of actually constructing
such small devices lies in production techniques for
making small cores, winding wire around the core,
threading cores and plastics to accuracies better
than one ten thousandths of an inch, and molding
devices to the same tolerances.

Small package, big job

Most large inductors used for i-f amplifiers have
a Q of about 40 and values of inductance from 1 to
15 microhenries. Small devices have exactly the
same electrical characteristics, except for slight
reduction in Q—to 25 or 35. However, when placed
in a circuit loaded by transistor impedance, this
difference is generally undetectable. For all prac-
tical purposes, the small inductor does the same job
as its larger counterpart. Reduction in size often
enhances performance characteristics, rather than
degrading them.

The tuning range of adjustable units depends
upon the value of inductance, and the core material
(see table above). Generally, a tuning range of
2 to 1 can be provided. A tuning range of 5 to 1
can be achieved in devices that have large values
of inductance; for example, a single inductor will
tune from one millihenry to five millihenries. Gen-
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F, is the seif-resonant frequency. The last column shows value

erally, microelement inductors can attain higher
frequencies than conventional units.

In circuits where the inductor is loaded by a
transistor, transistor impedance is so low that the
Q of the inductor can be varied over a wide range
without measurable circuit gain or bandwidth
changes.

Little straying

Microelectronic devices have lower stray capaci-
tance than conventional devices because of a
smaller surface area of wire. The effective dielectric
thickness is not reduced proportionally.

The stability of the miniature inductor is the
same as a conventional inductor operating under
identical circumstances. Inductors can be made in
microcircuit sizes with temperature coefficients in
the range of = 15 ppm te == 300 ppm per degree
centigrade.

The tiny inductors do not have large magnetic
fields and can be placed very close together without
causing parasitic generation or circuit oscillation.
Two inductors can generally be placed close to-
gether, with their magnetic fields oriented for posi-
tive feedback, without causing oscillation. In a
20-db gain stage, they can be as close together as

/CURRENT SHEET

AIR GAP

G =

CORE

IAIR GAP

\CURRENT SHEET

Cross-section of inductor (left) with wire windings and magnetic dipoles oriented in the core.

Simplified drawing at right shows how current passing through the wire can be visualized as a sheet of current
flowing around the core. The key to making miniature inductors lies in reducing the air-gap space by bringing the
sheet current closer to the core, thus obtaining better orientation of the magnetic dipoles.
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Miniature thin-film i-f amplifier
uses three tunable transformers.
Basic circuit shown can be used
from 500 kc to 100 Mc with
appropriate changes in

Sanders, Associates, Inc. component values.
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four times the diameter of the inductor cores,
measured between coil axes and produce less than
1 db of gain change. This space shielding is ex-
tremely effective for high-density packaging, and
eliminates the need for shielding hardware in most
cases. Metal tuning tools or hand capacitance have
no detuning effects on the devices.

Mounting and bonding

The inductors are encapsulated in epoxy or cov-
ered with varnish to keep the wire in a coil. These
materials cannot be bonded by soldering, welding,
brazing, or thermal compression. It is therefore
necessary to fasten them with an adhesive, usually
an epoxy cement. The leads themselves may be
soldered or welded to the circuit.

The materials used to construct the inductors
withstand severe environments. Ferrite core induc-
tors can take temperatures up to 125°C, and can be
stored at 210°C. Inductors made with powdered
iron cores operate at up to 85°C, and can take
storage temperature up to 150°C. Materials used
for insulating wires and for cementing and encap-
sulating the inductors are chemically compatible
and will not cause corrosive reactions. The ‘mate-
rials retain their dimensional stability.
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Basic building blocks

The exact needs of all circuit designers cannot
be generalized, but a few basic circuits may satisfy
almost a third of all applications. The first is the r-f
or i-f amplifier, essential to any radio receiver. A
typical miniaturized version is shown above.

This basic amplifier circuit can be used from 500
kilocycles to 100 megacycles with changes in com-
ponent values. The small tunable transformers
used present no unusual problems. This miniatur-
ized circuit performs as well as its conventional
counterpart. The Q of the small devices is 25,
slightly lower than larger types; but because trans-
istor input impedances are extremely low, the in-
creased loss in the transformer is not noticeable.

The tunable transformers may be placed between
transistor cans with little loss of extra space, as
shown in the photo on page 66.

Critical tuning simplified

At very high frequencies of 200 Mc to 300 Mc,
the complex nature of transistor impedance in a
circuit requires that the coupling networks of inter-
stage transformers used in r-f and i-f amplifiers be
adjusted to optimize power transfer (see diagram
on p. 66). This adjustment is usnally made by




“Sanders Associates, Inc.

Inductors are positioned between amplifier
stages in a microelectronic f-m receiver.

Two inductor coils identical in
every respect except size.

Core and wire are made from the
same material, and turns of wire
are identical. Large coil is 7.4
times the size of the miniaturized
inductor. In this case, size
reduction lowered Q from 82 in the
larger coil to 19 for the smaller
coil. Research into core materials
and winding techniques has made it
possible to reduce size without
appreciable decrease in Q.
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Variable turns ratio transformer is used to balance
the load in a two-phase switching network.
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Miniature autotransformers in 300 Mc i-f amplifier circuit not only shrink circuit to a
fraction of its normal size, but eliminate the tedious job of adjusting coupling networks.

changing the turns ratio or tap point of the inductor.

It was previously necessary to find this point,
which is often critical to an eighth of a turn or less,
by soldering and unsoldering the tap all around the
edge of the inductor. This time-consuming process,
next to impossible on the production line, was elimi-
nated by using a miniature variable turns ratio
transformer, which can be varied continuously by
screw adjustment while other transformer param-
eters are maintained constant. The turns ratio can
be varied by a minimum factor of 2 to 1 and in
some cases by a larger factor.

In another application using small inductors, it
was possible to balance the load to a transmission
line so that no reflections occurred. This circuit is
shown above.

Microelectronic inductors can be used to balance

critical bridge circuits. They have been used suc-
cessfully in the frequency range between 100 kc
and 500 Mc. Adjustments can be made with the tiny
tuning screw.

Reliability and cost

The reliability of small inductors should be
greater than that of conventional units. Several
military systems, using the inductors, have passed
preliminary field tests, and no failures have been
reported.

Prices are still high, but units now selling for $4
should sell for 10 cents each within the next five
years, if they follow the pattern of other micro-
component developments. Construction techniques
for making the small devices lend themselves to a
high degree of automation.
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Solid State

Feedback: perils and potentials
In designing integrated circuits

It's inevitable, so why not learn to live with it?

Here are analyses of the 4 basic types, methods for
coping with them and ways of putting them to work

By Vasil Uzunoglu
Johns Hopkins University, Silver Spring, Md.

In the tight little world of integrated circuits, feed-
back can enhance or destroy a system’s effective-
ness. The designer must face the fact that feedback
paths are inevitable. By learning how to cope with
them, he can not only overcome their detrimental
effects, but also put feedback to work for him.

Feedback can come in one or a combination of
four basic types: series-positive, series-negative,
shunt-negative and shunt-positive. Using it, or de-
signing against it, requires an understanding of
these four categories.

Series-positive feedback

Series-positive feedback occurs when a contribu-
tion from the output is returned in phase with the
input signal. Primary series-positive feedback
paths are traced by the arrows in the integrated
circuit on page 68. The feedback current results
from voltages across resistors Ry and Rg. In addi-
tion to the feedback current flowing in the paths
shown, a small additional feedback current may
also flow through R, and R.. Ry represents the
emitter resistance of both Q; and Q,; similarly Rg

The author

Vasil Uzunoglu, a Greek, owned

an industrial-control manufacturing
plant in Turkey until 1955, when

it was looted and burned by a mob.
He came to work at Bell Telephone
Laboratories, and now works in
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represents the collector resistance of both Q; and

Theoretically, in an ideal integrated circuit the
resistance of both Rz and Rx would be zero; there
would be no series feedback. However, finite re-
sistance values for Rg and Rg are always produced
during fabrication of the circuit. These resistance
values include contributions from resistive inter-
connection paths and imperfect ohmic contacts.
Both Ry and Rk appear as lumped resistances,
whereas the diffused resistors of the circuit are
distributed resistances contributed by a resistive-
capacitive distributed network.

Network analysis® of the circuit shows that the
feedback voltage Vg, developed across Rg is

r 521'12 L1 .
Vg=—F—7%— (Bg) — Bunnk 1
. Z11 + Zsin ( l) Bu z ()
o _ 2Z,sinh vy
where Zp, = S (2)
ﬂ], Bg = beta of Q], Qg
71 = @ collector current
iin = input current to base of Q,
Z 11 = @ collector load impedance
Zsin = input impedance of second stage as seen by
first stage
Zo =V R/juC
v =VjRuwC
w = 27f
R and C = resistance and capacitance of distributed
network

The phase shift contributed by Z;; approximates
45° when values of y (or ») approach infinity.? With
lumped components, the phase shift will always
be 90° because either the input or the output is
shunted by a capacitor. This means that less phase
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Two-stage integrated-circuit amplifier with temperature compensation. A typical power gain of 20 db is
provided by the circuit at 80 Mc. Only three layers are needed to construct the device in monolithic form.

shift occurs with the distributed R-C constants
than would occur if the circuit consisted entirely of
lumped components. With less phase shift, there-
fore, the problems created by series-positive feed-
back are reduced if the same amount of capacitance
is present in both cases.

However, in an oscillator circuit, the designer
may wish to take advantage of this feedback and
may even want higher values of Ry and Rx. How-
ever, the value of Ry cannot be increased without
limit; if Ry is too large, the current flowing through
Q> may be reduced sufficiently to halt oscillation.

A helpful parameter in analyzing and comparing
interaction effects in various integrated circuits is
the feedback factor or return ratio. The feedback
factor is a function of two phase shifts: that caused
by the distributed resistors, and that contributed
by the transistors. The expression® for the phase
shift ¢ is:

= ei(mw/a)gif(w) (3)
where m = phase shift in excess of 45° measured
at the 3-db point for the transistors
¢(w) = phase shift contributed by the R-C
distributed network.

The study of all types of feedback in integrated
circuits should include ¢ if a considerable amount
of excess phase shift is present. Working with com-
plex feedback factor is complicated and requires
rigorous mathematical treatment. Feedback voltage
in this case is a fairly easy parameter to work with,
particularly since at lower frequencies (up to a few
megacycles per second) the expression for feedback
voltage Vy given in equation 1 reduces to:!

__ BBy
RLI + R?in

where Ry, = @, collector load resistance
= Input resistance of next stage

Vg = - Rg — (BiiinRE) 4)

2in

Even with very low values of Ry, the feedback
voltage developed across Ry can be very large,
resulting in considerable positive feedback. Values
of Rg less than one ohm may be enough to cause
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appreciable feedback voltage and resulting in-
stability, especially if the value of R. in equation
4 is large. For linear operation, large feedback
voltage is especially undesirable.

If the circuit is to be used as a sinusoidal oscil-
lator, a frequency selective network (crystal or
tuned circuit) may be placed between the collector
of Q; and the base of Q.. The frequency-selective
network must have a resonant frequency higher
than the natural fundamental frequency of the
amplifier.

Since the frequency of oscillation is dependent
upon the capacitance in the circuit, the integrated
circuit can be used as a capacitance-sensing oscil-
lator. In such an application, any capacitive change
at the base of Q. would vary the frequency of oscil-
lation. In a space-medical application, for example,
the circuit could be used to detect changes in mois-
ture on an astronaut’s body.

Series-negative feedback

If a third stage is added to the above circuit,
as shown by the dashed lines, the feedback can
be converted from series-positive to series-nega-
tive. The third stage behavior is similar to the first,
and the emitter of Q; should be connected to Ryg.
This makes the feedback negative.

Use of the third stage also removes the possi-
bility of reduced input impedance resulting from
the positive feedback.

Shunt-negative feedback

In the top, left circuit, on the next page, all re-
sistors are provided by distributed resistor-capac-
itor construction. The shunt-negative feedback
paths are through an array of feedback resistors
connecting the load impedance Z; with the bias
impedance Zg.

Without the presence of the feedback resistance
Rk, and when current is low, voltage gain is high
and the values of Zy and Z,, are large, the amplifier
cutoff frequency is primarily determined by Zg
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and Z;. Too low a value of Ry is not desirable;
values of a few hundred ohms can be achieved in
practice, but such low values produce a high cur-
rent drain on the battery. Too high a value of Ry
is also detrimental since it limits the frequency
response of the amplifier. Typical values for an
amplifier useful to 10 megacycles per second are:
Ry =8 to 10 kilohms, Z; = 30 to 40 kilohms, and
Z;, =1 kilohm.

Because the network components are distributed
rather than lumped, the amplifier gain drops off
at 3 db per octave instead of 6 db. Since the slope
of the dropoff in gain is not as steep, the upper
frequency limit is extended provided in both cases
the effective value of capacitance is the same. The
presence of distributed resistance instead of a pure
resistor causes, of course, a reduction of the avail-
able gain-bandwidth product of the amplifier. Thus,
while the existence of Rk in distributed-component
networks reduces the gain at all frequencies, it in-
creases the frequency range of usable gain. The
phase shift of 45° provided by the distributed net-
work, as opposed to 90° with a lumped network,
reduces phase distortion. Signal current to the
transistor increases at higher frequencies, thus

Shunt-negative feedback flows from load impedance
Z.. of the integrated circuit to base-biasing
impedance Zg. Feedback current is conducted by an
array of feedback resistors designated Rr.

+Vcs‘

¢Rg=Rgp R,
R
3 . =
‘ 3 3
(1=¢) Rg=Rg, L
L e poame -

£ fBs

Conventional circuit components are used to determine
where Rr should be located in the equivalent circuit.
Several attempts may be required before the conventional
circuit is duplicated in integrated-circuit form.
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reducing the loss of gain. This additional signal
current is a result of a reduction in the capacitive
reactance component of Zsg.

Proper balance between Zg and Zy can cancel the
reduction of gain caused by Zy as frequency in-
creases. This makes the upper cut-off frequency
mainly dependent on Z;. A high value of Zg is
necessary to make the feedback effective which also
minimizes the reduction in input impedance caused
by the shunt feedback.

The upper left circuit shown is effective in
achieving low-frequency compensation; that is, it
extends the frequency response at low frequen-
cies. In video amplifiers, low-frequency compensa-
tion is important because amplitude distortion at
low frequencies is reflected as phase distortion at
high frequencies.*

For analysis of low-frequency compensation, this
circuit can be redrawn as shown at the lower left.
The key to proper design of this integrated-circuit
amplifier is determination of the correct location
of Rx between R;, and Ry. The best way to do it
is to build the circuit with conventional passive
components and the transistor in question. Then,
one terminal of Rx should be fixed across Ry, close

feaSa et e Yia o

A-c small-signal equivalent representation of the

integrated circuit using lumped components. Capacitor
C: has been added to improve the gain at low frequencies.
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Positive-shunt feedback current flows from Zp
through Rr to Zg. This useful type of
feedback, when combined with series-negative
feedback, can increase input impedance.
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Lumped constants (left) represent return path for positive-shunt feedback current. Location of Rr is usually made
close to the base of the transistor. At right is small- signal equivalent circuit for the integrated circuit above.

to the base, and the other terminal should be
moved up and down Ry, until the operating point
obtained with a trial integrated circuit is dupli-
cated. Then by proper choice of capacitance in the
integrated circuit, the desired low-frequency com-
pensation is obtained. Resistor Rk includes a small
portion of Rg. The location of Rg is difficult to ob-
tain by computation because so many complex
functions are involved and so many feedback paths
exist.

To simplify further analysis of the circuit (p. 69,
upper, left), the a-c¢ small-signal equivalent circuit
is useful. This is shown on page 69. Compensating
capacitor C; has been added to improve gain at
low frequencies. By loop or node analysis, the equa-
tion for voltage gain is obtained:

Ry,/sCy )
—BRkR R R S SEERLEERAY O

ks ] BRkR 2+B(R 2+ K)( Ra+1/s0, o
€in (Rs+1/Cs)(Rxk+BR12)+RinRk

where s = jw

Rk = feedback resistance

This equation can be rewritten in the form:

s(s + 21)

€out

=K
ein G+ G+ P ©)
where K = amplification constant
Ll BRkR12 + B(R12 + Rx)Rna @
' BRxR 2R 1,C
p1 = 1/RnC4 (8)
m = 1/RsCs

The low-frequency response will be improved if
Z, is made equal to ps. This can be achieved if:

€out =’ 5(RL2+RK)RL1 = R1.Cy
€in BRgR 12 RsCs

(9)

Shunt-positive feedback

The lower, right diagram, p. 69 shows another
feedback path. This path carries positive-shunt
feedback from Zj through Ry to Zg. In conjunction
with series-negative feedback through Zy, this feed-
back acts to increase the input impedance. The two
feedback actions may be used together to enhance
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circuit operation. In achieving higher input im-
pedance, they reduce the loading on coupled cir-
cuits. As before, trial and error is used in deter-
mining the location of Ry between Zy and Zg.
This circuit, too, should be constructed with dis-
crete resistors, then experimentally duplicated in
monolithic form. Many attempts may be necessary
before the same operating conditions provided by
the discrete components are duplicated.

By experimental adjustment, this circuit can be
represented as shown above, left with lumped
constants. For further study, the location of R
may be made close to the base of the transistor.

In this circuit, the direct feedback from the col-
lector to the input is neglected. The small-signal
equivalent circuit is shown above.

By using loop equations and determinants, the
input impedance is calculated as Z;, =

B(re + eZg)(Zr + Rr + €Zp) + Zrs(Rr + €Zp)
Bre + Rr + eZs

In this equation it is assumed that B >> 1, and
the distributed base resistance 1,” << Bre+ Rg:
r,/ and the distributed emitter resistance r.” are
assumed to be in lumped form (this assumption is
valid since transistor frequency cut-off points are
higher than those of external parameters. Lumped
constants are assumed here only because the use
of distributed constants would result in consider-
ably more complex mathematics. Although the
use of the lumped constants does affect the cal-
culated value of Z;,, the value of Z;, obtained is
adequate for the designer’s use to indicate the in-
crease in driving point impedance. In arriving at
equation 10, the term (1 — ¢)Zp has been neglected
because it can be assumed that nearly all the feed-
back current flows through Zg, which is much
smaller than (1 — ¢)Zs.

A circuit similar to the one previously described
but with Ry + Zy returned to ground rather than to
the emitter, will have no feedback through Ry. Its
input impedance is given by:

(10)

A ﬁ(Te a5 ZT) g (RF + eZp)

Zin = Blr, F Z1) F (Br + Z2)

(11)
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Two-stage integrated circuit. All resistors except Rz and Rk are distributed resistances.
Series-positive feedback is obtained if the Q. emitter current is greater than the emitter current for Q..
Series-negative feedback occurs when the Q. emitter current is less than Q. emitter current.

Under normal operating conditions, larger input
impedances will be obtained by the circuit whose
impedances is defined by equation 10. This is use-
ful at low operating frequencies since the im-
pendances given in equation 10 may be expressed
in pure resistance values.

Temperature compensation for the circuit may
be accomplished the same way as in conventional
circuits—that is, a temperature-compensating diode
may be used. The diode replaces a portion of Zs.

The circuit shown above, with improved tem-
perature compensation over the previous two cir-
cuits mentioned, has other advantages too.

The input current I; flowing into the base of
transistor Q; is, in effect, the feedback current un-
der normal operation, provided the open-loop input
impedance (feedback not included) is low com-
pared to the source impedance Rg, and the am-
plifier has high gain. Since the voltages across Rg
and Zy are nearly equal, the current gain and feed-
back current factor (also called return factor) can
be written as:

Ico _ Zp+ Zr
(A _ e
Lo Zg

Ig, Zp+ Zp

Current gain =

Feedback current factor = (13)

An important advantage of this circuit is the
simplicity with which it may be constructed on a
double-diffused structure with only three layers.?
Extra biasing resistors are not required; this adds
to the circuit’s simplicity. All resistors as well as
the transistor bases are made in the same diffusion
step. This is normal practice in monolithic tech-
nology. With this method of fabrication, the junc-
tions that form Ry, and Rys receive forward biasing,
Care should be exercised to achieve good isolation
between Ry; and Ri.. One way to improve the iso-
lation between these two components is to locate
them as far apart as possible.

As shown in the above diagram, bulk resistance
Rk is employed between R;; and Rps to provide
sufficient isolation, Resistor Rg actually also acts
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as a transmission line between the collectors of
Q: and Q. to provide forward transmission and
phase shift. If Rg provides a phase shift of 180°
at normal frequencies, the signal supplied by Rk
to Rye will be in phase with the signal Ry receives
from the collector of Q.. This is the desired method
of operation for a distributed amplifier. Under such
operating conditions, the output is:

out = €inGr(w) + 6€inGi(w) where (14)

Gr(w) = total amplification of both stages
G1(w) = amplification of first stage
6 = attenuation factor through R

The proper phase shift for Rx to provide at low
frequencies is 180°. In a typical monolithic semi-
conductor block using this circuit, typical power
gains of 20 db and higher can be obtained at 80
Mec. Although power dissipation in the block is
high, it has the advantage that it tends to reduce
undesirable feedback between elements such as Ry
and either Ry; or Ry, and also reduces shunting
parasitic effects. The circuit also offers good ther-
mal stability.

In circuit operation, suppose the temperature in-
creases, thereby increasing B; and consequently
Ici. The increase in Ig; reduces Vep and therefore
also reduces Iyo. In turn, Ir drops, also reducing
the biasing current I,;. At the same time B, in-
creases, tending to increasing Ioe or Igs. To com-
pensate for this tendency, a zener diode with a
positive temperature coefficient may be placed in
series with either the base or the emitter. A zener
diodes with breakdown voltage rating over 4.2 volts
usually has a positive temperature coefficient.
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Circuit design

Designer’s casebook

Photodiodes control
pulse intervals

By A. Kis Horvath

Zurich, Switzerland

The intensity of light on a pair of photodiodes,
determining the amount of current that passes
through them, can set pulse and interpulse periods
at any value from 0.2 to 300 seconds in the circuit
diagram shown at the bottom of this page.

The elements of the circuit are a Schmitt trigger
consisting of transistors Q, and Q. and a capacitor
C that is charged and discharged through photo-
diodes D; and D., respectively. The sawtooth volt-
age, across the capacitor is coupled to the base of
Q: by the emitter-follower Q;. (Sawtooth voltage
amplitude depends on Schmitt trigger hysteresis).
The capacitor charges when photodiode D, is illu-
minated and discharges when D, is illuminated.
The lamps are switched on and off alternately by
the relay in the collector circuit of Q..

Pulse width t; is the time required for C to
discharge from the Schmitt trigger’s turn-on voltage
to its turn-off voltage. The interval between pulses,
t,, is the time it takes C to charge from the
Schmitt’s turn-off to its turn-on voltage.

Designer’s casebook is a regular

feature in Electronics. Readers are invited

to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.
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Free-running circuit produces square wave whose
pulse and interpulse periods vary according to
intensity of illumination on the photodiodes.

Capacitor charging rate depends on the current
through D, when it is illuminated; discharging rate
depends on current through illuminated D..

The current through the photodiode is a function
of illumination intensity and not (in the linear re-
gion of the V-I characteristics) on the voltage im-
pressed across it.

INlumination intensity can be varied by changing
the distance between a diode and its lamp or by the
power applied to the lamp filament. The light from
adjacent lamp-diode channels must be isolated.

The capacitor voltage can be made extremely
linear by replacing the Qs emitter-follower with a
field effect transistor circuit.

If sufficient power is available, incandescent
lamps could be energized from the d-c source.

-20VD-C
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Photodiodes D. and D. in this circuit were collector-base junctions of 2N1393 phototransistors. When capacitor
voltage is too low, Q. is off, Q. conducts, and the relay is energized, connecting 6-volts a-c to lamp DS, and
illuminating D.. Capacitor charges to a voltage sufficient to turn on Q,, which turns off Q. and deenergizes K.
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Continuously variable delay line

for frequencies below 100 Mc

By H. Brueckmann and D.V. Campbell

Army Electronics Laboratories, Fort Monmouth, N. J.

The disassembled variable delay line in the photo-
graph at the right (similar to the trombone-shaped
line stretcher) is useful at frequencies below 100
megacycles per second for phasing the elements of
antenna arrays, measuring delay and phase, meas-
uring vswr, or delaying signals in fast computers.

At frequencies below 100 Mg, this line stretcher
is better than other variable delay lines because
it has truly continuous control of delay or electrical
stub length without change in characteristic im-
pedance; reduced size, making a line stretcher at
hf and vhf practical; low attenuation per unit time
delay; relatively high power-handling capability;
reliability through the absence of the sliding con-
tacts; and little variation of delay with frequency.

The design was based on the fact that in a line
whose propagation medium is air, the characteristic
impedance does not change if the air is replaced
by a medium with a relative permeability equal to
its relative dielectric constant. However, the propa-
gation velocity of the line varies inversely with the
square root of their product, v =1/(pe)}; and the
time required for a signal to travel through a unit
length of the line is, t = (ue)t.

The bottom of the photo of the disassembled
experimental model shows the outer conductor with
connectors at both ends; the center of the photo
shows the inner conductor, which is suspended
from the connectors by short metal straps at its
ends; the top shows a cylinder with a longitudinal
slot. This cylinder is composed of alternately
stacked ferrite and ceramic disks. Cross-sectional
views of the assembled line stretcher are on next
page.

The delay time is varied by moving the ferrite
slug axially; it is a maximum when the slug is fully
inserted into the line, and a minimum when the
slug is removed. The delay varies linearly with
the position of the slug.

The effective permeability up is the ratio of the
inductance of a line filled with a magnetic material,
to the inductance of the same line filled with air.
Similarly, the effective dielectric constant ep is
defined as a ratio of capacitances per unit length.

The up and e of a line filled with a slug made
entirely of ferrite having a relative permeability
pr =40 and a relative dielectric constant e = 10,
have been calculated as a function of the angular
slotwidth ¢. The characteristic impedance of the
line is 50 ohms because D/d =2.3. Both, pup and

Disassembled view of variable delay line shows
dielectric stack of slotted ferrite and ceramic

disks (top), inner conductor (center) and outer
conductor (bottom). Time delay variation is
continuous, but characteristic impedance is constant.
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Graphical solution of design criterion to obtain angular
slotwidth at which ur = er. Solid curves relate to
dielectric cylinder that occupies the entire space between
inner and outer conductor (no air gap). Dashed

curves relate to dielectric cylinder with air gap.

er, decrease with increasing slotwidth at different
rates, coinciding at ¢ =230.8°. This is the slot-
width for a line whose characteristic impedance
does not change when the ferrite is removed
while the propagation velocity is reduced to about
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THICKNESS RATIO,CERAMIC/FERRITE p=tc/ts
(FOR FERRITE ALONE p=0)

Products u.e. and ratio u./e, as a function of
thickness ratio p of ceramic to ferrite, for

ferrite having ur = 40, ez = 10, ur = 16.7,

er = 5.4 and ceramic having ez = 85, ¢¢ = 26.1
(¢ is the relative dielectric constant of the
ceramic, including the effects of the slot and
clearances). Value of p chosen for this
experimental model is indicated by dotted line.
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SLOTS () CANNOT BE
SEEN IN THIS VIEW

FOR A COMPOSITE SLUG

d =1.525CM

D;=1.59CM

Dp=3.42CM

D =353 CM

¢ =10.8 DEGREES

1¢=0.238 CM (CERAMIC THICKNESS)
+¢=0.635 CM (FERRITE THICKNESS)
INNER CONDUCTOR LENGTH =30.0 CM
OUTER CONDUCTOR LENGTH=32.4CM

Assembly drawing of line stretcher showing: (1) inner
conductor, (2) outer conductor, (3) hollow cylinder
composed of alternately stacked slotted disks of ferrites
and ceramic, (4) slot—angular slot width designated
by ¢, (5) metal straps that support inner conductor, (6)
insulator between inner and outer conductors.
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Time delay of line stretcher versus length of inserted
ferrite-ceramic slug measured at three frequencies.
Time delay varies with frequency probably because
permeability of the ferrite in the slug begins to show a
dependence on frequency at around 30 Mc.

1/9 the propagation velocity of free space.

The propagation velocity can be reduced further
by alternately stacking disks of ferrite and high-
permittivity ceramic. The disks can be made very
thin to simulate a uniform line. The effective per-
meability and dielectric constant of a combination
of materials, ps and es, are the weighted aver-
ages of the respective values of the two materials.
The weighting factor is the ratio of the thickness
of ceramic to ferrite. The product (uges) is a meas-
ure of the delay.

The ceramic material is titanium dioxide with
er =85, and the slotwidth is about 11°. The
product (us es) reaches a maximum 1.5 times higher
than (up er).

The ratio pg/es decreases with the thickness
ratio and is a measure of the characteristic im-
pedance. The ratio (us/es) equals unity at about the
same thickness ratio for which the product (us es)
is a maximum. This concidence can always be
achieved by proper selection of materials and
dimensions.

The maximum delay for the experimental 30-inch
line was measured at about 13 nanoseconds. The
minimum delay was one nanosecond (propagation
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in free space). At constant frequency, the measured
deviation from linearity between the time delay
and slug position was less than 0.3 nanosecond.
The measured delay increased about 14% with
frequency over the range of 30 to 76 Mc. Stand-
ing wave ratio measurements indicated that the

characteristic impedance was higher than 50 ohms
and was slightly frequency dependent. The unit
itself has a vswr less than 1.05.

Attenuation measurements at each of three fre-
quencies were 0.005 db/ns at 30 Mc, 0.018 db/ns
at 50 Mc, and 0.18 db/ns at 76 Mc.

Foil and styrofoam
polarize radar beam

By H.E. Ober and J.J. Hartka

Applied Physics Laboratory, Johns Hopkins University,
Silver Spring, Md.

Targets can be more clearly distinguished from
their immediate environment with a radar beam
whose polarization is variable. For example, such
a beam makes it easier to detect an airplane flying
through clouds, or above rolling ocean waves.
A noncoherent radar beam can be polarized by a
lens mounted directly in front of the antenna.

A polarizing lens can be assembled from in-
expensive materials to provide a means of building
a variety of experimental lenses of different shapes.
The lens consists of evenly spaced, parallel metal
strips—similar to the slats of an open venetian
blind. Width and spacing of the strips is a function
of the radar operating frequency; number and
length of strips is determined by beamwidth.

The strips should be as thin as is practical, al-
though this dimension is not critical. Aluminum
foil strips from adhesive backed rolls are suitable.
Because it has no mechanical strength, the foil
must be rigidly supported by a dielectric that in-
troduces little attenuation in the lens. The support
maintains accurate spacing between the parallel
foil strips. The spacer in the experimental lens in
the photo at right, is styrofoam—a low-loss dielec-
tric:

To assemble the lens, the masking is stripped
from the foil's adhesive backing and the foil is
pressed on to the Styrofoam support. Then a strip
of masking tape with adhesive on both sides is
placed over the foil tape. Each sandwich—Styro-
foam, aluminum foil and masking tape—is an
element of the polarizing lens.

To assure minimum bending, the elements are
laid on a flat surface with the foil side perpendicu-
lar to the surface. The protective paper backing
is stripped from the masking tape of an element
and the elements are pressed together to form a
lens assembly. The complete lens is enclosed in a
frame that protects the foam edges and mechani-

FOAM

DOUBL

COATEE L7 ALUMINUM
FOAM

FOAM

Styrofoam in a lens “‘sandwich’ can be easily cut
to tolerances of 0.01 inches for accurate spacing
between foil strips. Strip width and spacing

is a function of the radar frequency.

Circular lens is simple, cheap and lightweight, and
can be rotated to obtain any degree of polarization.

cally strengthens the unit. The circular lens is
suitable for varying polarization because it can be
easily rotated.
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Military electronics

Detonators that tune out stray r-f

Ferrites can absorb radiation that might fire or degrade electroexplosive devices.
Using a new technique, it is now possible to build the attenuator right into the lead

without appreciably increasing its size

By Stanley M. Adelman Sr.

Picatinny Arsenal, Dover, N.J.

The “no radios allowed” signs seen at blasting sites
are just one protection against the premature firing
of a detonator by stray r-f radiation. Electroexplo-
sive devices, which can deteriorate under such
radiation if they do not actually go off, can be
guarded by shields, filters, and attenuators. The
latter approach works best, but until recently it has
been difficult to make the ferrite attenuators that
are useful for lower frequencies without greatly
increasing the size of the device. Now a joint effort
by the Picatinny Arsenal and the Franklin Institute
in Philadelphia has produced an assembly tech-
nique so successful that Picatinny is incorporating
ferrite attenuators in many Army electroexplosive
devices.

Both industry and the military have been investi-
gating the problem of keeping r-f signals away from
detonators. Industry uses the devices in excavation
and demolition work, in seismic research and metal-
working, and in oil drilling. The military puts them
in everything from blasting caps to ICBMs—and
the missile men use the devices at launch sites sur-
rounded by radars that are powerful sources of
radio-frequency radiation.

Filtering the signal

The best way to overcome the spurious radiation
is to absorb the r-f energy as it passes through the

Author

Stanley M. Adelman has worked in
ammunition research since

1951. Now project officer at

the Ammunition Engineering
Directorate, Picatinny Arsenal,
Dover, N.J., he directs a group
engaged in design and development
of initiators, initiation systems
and destruct systems, and the
protection of electroexplosive
devices from electrical hazards.
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lead wires of the detonator, without affecting the
firing current. An attenuator can be substituted for
the usual plastic plug through which the lead wires
pass.

The first material successfully used as an r-f
attenuator for electroexplosive devices was pow-
dered iron, coated with iron phosphate. The mate-
rial was compressed into a plug, and then directly
substituted for the end plug in the T24E1 (shown
on page 77), one of the smallest detonators in the
armament inventory. When subjected to perform-
ance, stability and environmental tests, the device
kept the same detonating characteristics. Larger
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Reliability vs. firing current for a hypothetical
electroexplosive device. A current decrease of only
60 milliamperes reduces firing probability to 50%.
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The protected version of the T24E1 electric detonator uses powdered iron instead
of a phenolic plug. The r-f plug for the protected T24E1 is not considered adequate at
frequencies below 100 megacycles. The base charge is pentaerythretol tetranitrate (PETN).

% CORROSION RESISTING STEEL

devices were also tested with powdered iron plugs,
and comparable results were obtained.

The curve in the graph at left shows that for
typical powdered iron plugs, the higher the fre-
quency, the greater the attenuation. However, the
powdered iron plug cannot provide protection be-
low 50 megacycles unless the device is made bigger.
Also, this method does not have good voltage
breakdown or insulation resistance characteristics.

Ferrites take the low road

For some time ferrites have been considered a
likely source of r-f attenuating materials, especially
at the lower frequencies. [Electronics, May 17, p.
65.] Tests have been conducted to determine per-
formance characteristics of carbonyl iron and a typ-
ical ferrite (manganese-zinc). The table at left
indicates that ferrites are more suitable than iron
for r-f attenuators, at both low and high frequencies.

But ferrites do present a problem of assembly.
Powdered iron is readily molded over the lead
wires, and wire breakage is rare even though ex-
tremely high pressures are required during the
assembly process. The same assembly technique
cannot be used for ferrites because the high curing
temperatures required can melt most lead wires.

Beads do the trick

The Picatinny-Franklin Institute method calls for
the use of ferrite beads about 0.1 inch long and 0.1
inch in diameter, each having an annular cavity
slightly larger in diameter than the lead wire. These
beads are silver-plated and fired at 1,200-1,400°C.
They are slipped inside a lead zirconate or barium
titanate ceramic sleeve that has also been silver-
plated and fired, and bonded to the ceramic with
a conductive silver-filled epoxy cement. The electric

Electronics | May 31, 1965

Comparison of powdered iron
and ferrite attenuators

Ferrite
Iron with with
Iron insulation |Ferrite | insulation
Resistance (ohms) |10¢ infinite 100 infinite
Breakdown voltage |30 v 1500 v —— | 1500 v
aatl Mc 0.01 0.01 4 0.8
aat 10 Mc 0:25 0.25 34 7:5
aat 100 Mc 6 6 160 52
«a at 500 Mc 50 50 170 100
Temperature —+65° F to 300°F —65° F to 500° F
Effect on capacitor |none none shunts | none
discharge load
Effect on square none none shunts | none
wave pulse load

* @ = attenuation in db/cm

100—

” ATTENUATION Vs FREQUENCY ¢

| FOR RF ATTENUATED T24Ef g
DETONATOR PLUGS .
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Powdered iron in the T24E1 detonator is

effective only between 150 and 600 Mcs.
The dashed line are extrapolated values.
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New, highly accurate calibration equipment at Picatinny Arsenal
measures r-f attenuation as high as 70 db. quickly and simply.

lead-in wires are bonded in turn to the assemblies
with a conductive silver-filled cement. A thin
Teflon washer is placed between each assembly.

The entire assembly—the electrical conductor,
ferrite beads and ceramic insulators and washers—
forms one lead for the detonator. Two such assem-
blies are placed into the attenuator body, which is
also of conductive material. During the curing
process a special fixture exerts pressure on the end
beads. This prevents the epoxy from leaking and
short-circuiting the attenuator. The figure on page
79 shows a ferrite device designed to protect squib
switches. Such attenuators are now being made in
production quantities by Culbertson Products, Inc.,
in Bernardsville, N. J.

Inching along

This type of attenuator is now being designed for
use with explosive switches of the type used in
many missiles. A typical mechanical configuration
allows one inch of space for the attenuator. The
amount of ferrite used here results in 17 decibels
of attenuation at 10 Mc and about 1.8 db of attenu-
ation at 1 Mc. Larger devices, 3 inches long and
% inch in diameter, have resulted in 70 db of r-f
attenuation at 10 Mc and 10 db at 1 Mec.

The use of presently available ferrites and im-
proved application techniques should eventually
make possible adequate r-f protection down to
about 100 kilocycles.
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Shielding helps

Detonators should be shielded wherever possible.
However, it is extremely difficult to maintain a
completely effective r-f shield, since access to the
device is necessary to provide a firing current. For
example, a shielding of a missile by means of an
r-f tight skin, with soldered joints or gasketing of
silver or copper woven strands, has limitations be-
cause of the necessity for providing access doors
to circuits to make settings and checks.

If the devices were made so insensitive that they
required extremely large firing currents, the danger
of r-f interference would be reduced, but large and
heavy power supplies would be needed to supply
the firing current. This method is impractical in
most cases; but even when it is used, devices can
be fired or desensitized by prolonged r-f radiation
exposure Or arc-over.

Firing sensitivity

Before attempting to design protection against
radiation into a particular electroexplosive device it
is necessary to determine its sensitivity to d-c and
r-f stimuli.

The response to radiation can be determined in
the laboratory by making the device a part of a
matched transmission line. R-f power is then fed
from a transmitter directly to the lead wires. Be-
cause the system is matched, maximum power
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Stacked ferrite beads with Teflon washer separators attenuate r-f before it gets into squib switches.

transfer is obtained. Although this is the best pos-
sible arrangement for firing, it is the worst from
the standpoint of reliability and safety. Fortunately,
in an actual weapon, the chance of achieving such
an impedance match is remote.

The usefulness of the test lies in its ability to
establish the sensitivity of the device to r-f stimuli,
and to establish firing thresholds.

Releasing the energy

An electroexplosive device is a highly concentrated
source of energy which is fired by an electrical signal.
In its simplest form, the device consist of a firing cir-
cuit, a power source, bridgewire (or resistance), lead
wires and explosive charges. The electroexplosive is
fired when current passing through the bridgewire
heats it, and causes a thin film of heat-sensitive explo-
sive wrapped around the bridgewire to be raised to
ignition temperature. When this explosive, the spot
charge, detonates, a shock is generated that ignites a
less sensitive priming charge, which in turn fires the
base charge.

When a continuous source of r-f radiation en-
counters the lead wires or associated circuitry of an
electroexplosive device, current is induced which pas-
ses through the circuit and eventually through the
bridgewire. The current level is related to the intensity
of radiation, the efficiency of the antenna structure

Electronics | May 31, 1965

Since the impedance of the transmission line is
known and that of the device (typically about 0.1
ohm) is measurable, the power reflected can be
calculated by using the following equation:

- S ARET 1.0 — 50
‘ = - = - = —
A R 1.0 + 50 0.98

Pr = Vg = (—0.98)* = 0.9604 = 96.04%

(represented by the lead wires and circuits), the im-
pedance match between the antenna and load, and the
reflective or absorptive losses. If the frequency of the
r-f radiation is one to which the antenna structures re-
sponds efficiently, and the intensity of the radiation is
high enough to overcome losses in the circuit and still
approximate the firing requirement for the electroexplo-
sive device, the consequence may be loss of life or
property damage, or both.

if the current remains below the firing level, but is
applied for some time, desensitization of the spot
charge or changes in the bridgewire may take place,
and the device will become unreliable. Detonators which
fail to fire not only result in expensive time delays, but
also increase the danger to personnel, since they |
must be removed and replaced.

Pulsed radar signals may also be a hazard even if
the current induced is well below the danger level. The
heat generated during the pulse cannot be entirely dis-
sipated in the time between pulses. Thermal stacking
can cause the charge to be either desensitized or fired.

o M s
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Attenuation of ferrite and powdered iron samples were measured by the ‘“sample substitution’ technique shown in the
diagram at the top. Sample attenuation is the difference in the galvanometer power reading when an air line or
sample is inserted in the system. The system in the lower diagram measures the r-f power necessary to fire the
electroexplosive devices by comparing r-f power levels in ideal and real loads.

Where:

V& = Voltage reflection coefficient

71 = Input impedance of electroexplosive device
7, = Characteristic impedance of transmission line
Pr = Power reflection coefficient

This indicates that a maximum of only 3.96%
of the power actually reaches the bridgewire.

The influence of r-f radiation on sensitivity is
determined by subjecting the electroexplosive de-
vice to r-f energy below the firing level, and then
evaluating it for d-c firing sensitivity. Such tests
have shown that electroexplosive devices may be-
come less sensitive after exposure to r-f; thus the
reliability of any weapon, warhead, or missile using
the device may be degraded if it has been exposed
to r-f radiation.

High performance tests

" To assess the performance of materials and de-
vices as r-f attenuators, the arrangement shown in
the diagram above has been used. It permits the
precise determination of power loss in the material
or device without the inaccuracy introduced by mis-
matched impedances. Attenuation values of 60 db
have been claimed by manufacturers on the basis
of insertion loss measurements. That figure in-
cluded the reflected power resulting from imped-
ance mismatch. Attenuation measurements at Pica-
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tinny have shown the actual values to be as low
as 3 db or less in some cases.

Complex design problems

The design of r-f suppression methods would be
relatively simple if the r-f environment in which
the electroexplosive must survive could be com-
pletely defined. The frequencies and power output
of r-f transmitters such as tracking radars, com-
mand and guidance equipment, telemetry, and
other similar equipment which are part of a partic-
ular system are known, and the intensity of the
emitted wave at a particular point in space may be
calculated or measured. However, there may be
other sources of radiation whose frequencies are
not known. The goal is to provide r-f protection
against radiating devices whose frequencies are in
the range of 10 kilocycles to 40 gigacycles.

Filters can give protection, but they may be
resonant at certain frequencies at which r-f energy
would be unimpeded. Also, since filters tend to
spread out the energy in the d-c firing pulse, reli-
ability of the device may be impaired. For many
electroexplosive devices, the current level that cor-
responds to low firing probability is not widely
separated from the high probability level. Relatively
small changes in current may result in a significant
reduction in reliability (see graph, p. 76). However,
filters are useful at specific frequencies.
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Consumer electronics

From Japan, a startling new color tv set

With a single gun tube and solid state circuitry,

this 7%2-inch set boasts economy and simplicity of design

By Yasumasa Sugihara, Hisao Ito, and Akira Horaguchi

Yaou Electric Co. Ltd.,
Kanagawa, Japan

There’s big news in the small all-transistor color
television set developed by the Yaou Electric Co.
of Japan. Called the Colornet, it is the first such
set in the world. Both its 7%-inch color picture
tube and its method of color presentation are mark-
edly different from those of conventional color
receivers.

The picture tube, for example, has one electron
gun that presents the red, blue and green infor-
mation sequentially. Conventional three-gun sha-
dow mask tubes present all three colors simul-
taneously. With the exception of the high voltage
rectifiers and picture tube, the new receiver has no
vacuum tubes. Power consumption has been held
to 30 watts from an a-c supply, 20 watts when
operated from d-c. Shadow mask sets use about
ten times more power.

Two views of the 16-pound receiver are at the
right. The color picture tube, called the Color-
netron, is one version of the Lawrence tube devel-
oped independently at the Kobe Kogyo Corp. Yaou
gets its Colornetron tubes from Kobe Kogyo.
Another version of the Lawrence tube, the Chro-
matron, is used in the Sony Corp.’s color tv sets.
However, Sony manufactures its own color tubes.

Problem of purity

Like the Chromatron, the Colornetron has one
electron gun which horizontally scans very narrow
vertical stripes of red, blue, and green phosphors.
The voltage across two coplanar fine-wire grids
behind the stripes switch the electron beam to the
appropriate phosphor.

Differences between the Colornetron and the
Chromatron are primarily in the method of frabri-
cation and the method of assuring color purity
[Electronics, June 1, 1964, p. 86].

In the Chromatron, to guarantee purity—which
means to assure that the electron beam will always

Colornet set is designed to sell initially for approximately
$385. It will be introduced this summer in Japan and in
the fall in the United States. With increased production
about a year later, Yaou plans to drop the price to $275.

Rear of compact Yaou set with cabinet removed
shows the density of the solid state circuitry.

The 16-pound receiver measures about 9.4 inches
wide, 10.2 inches high and 10.5 inches deep.
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the electron beam to the screen is always the same
regardless of its deflection angle. The potential

between the color switching grids then determines
which colored phosphor the beam will strike.
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Phosphors are applied to a 714-inch screen which
is then put in this standard black-and-white
nine-inch tv bulb. The tube was developed by

the Kobe Kogyo Corp. of Japan.
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Line sequential scanning sequence is shown above. The
solid I'nes repersent the first scanned field: the dotted
lines, the second. Notice that even with interlocking
scans, each color is repeated every third line.
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hit the right phosphor—the tube’s own electron
beam is used to bake on each phosphor in the
appropriate position. For instance, to deposit the
red phosphor, the inside of the tube is coated with
phosphor, and then evacuated. The voltage repre-
senting red is then applied to the color switching
grid and the electron beam is made to scan the
screen, The red phosphor will stick only on that
portion of the screen that has been scanned. For
each color, the tube must be evacuated to deposit
a phosphor and then opened again to wash out
the excess phosphor.

Kobe Kogyo eliminates this expensive process
by depositing the phosphors on an auxiliary glass
plate outside of the tube and using masked ultra-
violet light to bake on the phosphor stripes. They
solve the problem of purity with a special wire
focusing grid directly behind the color switching
grid. The focus grid makes each electron’s angle
of approach to the screen the same, regardless of
the angle of beam deflection. The illustration at
the left shows how the focus grid works.

The screen—7% inches across—is installed in a
standard, inexpensive, 9-inch, 90° bulb (shown at
the left) commonly used in Japanese black and
white sets.

Change of center

Originally, Colornetron tubes had a red-cen-
tered color stripe pattern; that is, every other
stripe was red. Color order was red-blue-red-green-
red-blue-red-green. But a red-centered pattern will
not give a truly white level for black and white
picture reception. Instead, the screen tends to have
a low color temperature resembling warm-white
fluorescent bulbs.

Yaou feared that its customers might not accept
a picture that differed greatly from the normal
blue-white of conventional sets. The red fluorescent
phosphor was changed from a low-efficiency zinc-
phosphate phosphor to a higher efficiency zinc
sulphide phosphor. As a result, Colornetron tubes
now have a blue-centered pattern.

Switching the colors

With the blue-centered pattern, color switching
grid wires lie over the red and green stripes. There
is one terminal for the wires over the red stripes
and another for those over the green stripes. The
voltage applied between these two terminals de-
termines which color the electrons will strike.

Red, green and blue signals are sampled sequen-
tially to modulate the electron beam. In the same
sequence, the voltage between the grids is switched
so that each color signal illuminates only its re-
spective colored phosphor.

The Colornetron is operated line sequentially.
That means that color is switched after a line is
scanned. The colors are scanned in the order, red,
green, blue, as shown in the diagram (left). The
solid lines represent the first field, the dotted lines
the second field.

In the Sony Chromatron set, color switching is
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Handling the signal

Three circuit branches work on the
received signal after it is amplified
in the first video amplifier. The first
branch directs the signal through a
delay line and a notch filter, which
removes the 3.58 Mc chrominance
signal, and a second video amplifier
to the cathode of the Colornetron
tube. The signal on the cathode is
the luminance or monochrome part
of the signal, Ey.

The second circuit branch filters
out all but the synchronization
pulses (represented by H) which
control horizontal and vertical beam
deflection. The horizontal sync
pulses also generate the sawtooth
and staircase waves which control

The third circuit branch contains a
bandpass amplifier that passes only
the 3.58 Mc chrominance signal
and the 0.5 Mc sidebands on either
side of the suppressed subcarrier.
In this branch, Ey is filtered out. The
chrominance signal is then amplified
and demodulated in a synchronous
detector. There, the phase of the
reinserted local subcarrier deter-
mines which color information is re-
covered. The subcarrier phase shifts
120° before every horizontal line
scan so that demodulation of each
of the three difference-signals, Ex-Ey,
Ec-Ev and Eg-Ey takes place in turn.
The recovered difference signal is
amplified again and fed to the grid
of the electron gun where it is added
to Ey to reproduce a red, green or

The subcarrier generated by the
crystal oscillator is shifted in phase
in a phase modulator that, in turn, is
modulated by a sawtooth wave gen-
erator.

In the phase detector, the phase
of the crystal oscillator is compared
with the reference color burst. Any
difference between them creates an
error signal in the reactance tube.
The error signal is fed back to the
oscillator. The comparison is trig-
gered every third horizontal line by
a gate signal that originates in the
staircase wave generator. The stair-
case wave is a three-step voltage
that—when amplified in the color-
switching amplifier—biases the color
switching grids to deflect the elec-
tron beam to the proper colored

the line sequential circuitry. blue- signal.

done at the rate of 3.58 megacycles. Because of
this high rate of sampling, the system is known as
dot sequential.

Keeping power requirements down

Neither shadow-mask nor Chromatron picture
tubes are well suited for transistor tv sets. Not only
are small shadow-mask tubes extremely difficult to
manufacture but the shadow mask itself stops most
of the electrons. It takes high voltages and cur-
rents to produce a satisfactorily bright image.
Colornetron brightness is about 100 footlamberts,
more than twice that of the average shadow tube.

The one-gun Chromatron has the disadvantage of
needing a 3.58-Mc power source for its color switch-
ing grid. Transistors, which work well in conven-
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phosphors.

tional deflecting circuits, are unable to handle the
Chromatron’s color switching requirements.

Another disadvantage of the Chromatron’s dot
sequential system is that on-time is about half that
of a line-sequential system, producing a relatively
dimmer screen.

Furthermore, the color switching grid wires,
which have a capacitance of approximately 1,000
picofarads between them, have high losses when
operated at 3.58 Mc. Switching power required for
a dot sequential tube is about 20 watts.

Because the color switching frequency of the
Colornetron is low, the total power used by the
color ‘switching circuits is only 2 watts. This, to-
gether with the low deflection power requirements
of the Colornetron, removes difficulties that might
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Scene photographed
from the Yaou
receiver shows how
horizontal scanning
across vertical
phosphor stripes
produces net-like
appearance; hence
the name, Colornet.

INPUT TO PHASE MODULATOR
DURING SCANNING DURING RETRACE
120°

Sawtooth wave is the modulating voltage to the phase
modulator. During the scanning of one horizontal line, the
rise of the sawtooth retards the phase of the local
subcarrier 120°; during beam retrace, the modulating vol-
tage drops to zero, allowing the local subcarrier to
advance back to 0°.

be encountered with transistorized circuits. Also,
unlike the dot sequential Chromatron picture tube,
there is no problem of spurious radiation from
3.58-Mc switching.

Phosphor spacing

Low power dissipation in the switching grids
reduces the possibility that grid wires will heat
up and expand. An expanded wire is susceptible
to vibration that may cause the wire to bow away
from its normal position. A displaced wire may
affect color purity or short-circuit neighboring
wires.

Even in the Colornetron, grid bowing is a prob-
lem that limits the picture definition of the tube.
The spacing between phosphor stripes on the
screen is limited by the necessary spacing between
grid wires. Monochrome resolution, which is ap-
proximately 200 lines, is limited by the spacing
between phosphor stripes rather than by the band-
width of the receiver. This can be seen in the photo-
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Each step of the staircase voltage
when amplified changes the potential
between the color switching grids to
deflect the electron beam to one of the
colored phosphors. The period

of the three-step staircase is 3H.

graph of the screen above. In a color picture, the
lack of definition is a lot less noticeable.

The Colornet receiver uses many special circuits
not found in other color sets. The operation of the
complete receiver is described on page 83.

One color demodulator

Hue information phase-modulates the trans-
mitted color subcarrier which is then suppressed
at the transmitter. The hue information is then
transmitted as the phase angle of the chrominance
signal. The constant phase of the color burst,
transmitted during the blanking period, serves as
a reference. To recover any one color at the re-
ceiver, the subcarrier generated in a local oscillator,
must. be reinserted at the demodulator; and its
phase must be shifted to the angle which represents
that color. The phase displacement of the local sub-
carrier is known as the demodulation axis.

An important feature of the Colornetron tv set
is the use of only one demodulator rather than two

Electronics | May 31, 1965



or three as in conventional color sets.

In a simultaneous color set, to recover all colors,
there must be either two demodulators whose axes
are at right angles or three demodulators whose
axes are at the angles which represent the red,
green and blue difference signals.

The Colornet, however, is sequential and only
one color need be demodulated at a time. With one
demodulator (shown below), the axis is made to
change for every horizontal line to recover each
primary color.

A major design feature of the Yaou receiver is
the simplicity and economy with which the local
subcarrier phase, and hence the demodulation axis,
is_shifted every line.

Rotation

The local crystal oscillator does not reproduce
the transmitted subcarrier frequency exactly. In-
stead it generates the subcarrier frequency plus
one-third the horizontal scanning frequency, 3 H.
(That is, 3,579,545 plus 5250 cps or 3,584,795 cps).
The resulting oscillator output advances 120° in
phase each period H with respect to the fixed
phase of the color burst. The burst and the local
oscillator will, however, be in phase every third
line. This is illustrated below.

10  2SA-10 Eq-Ey

COLOR Eg-Ey

SIGNAL 1.8K Es-Ey
i 220
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One color demodulator recovers close approximations
of all three difference signals in sequence. This is done
by impressing the color signal with the local
subcarrier which is advanced 120° in phase each line.
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Crystal oscillator output (line AC) advances continuously
120° in phase during each horizontal line (time H) with
respect to the transmitted reference subcarrier burst,
(line AB). The oscillator’s output phase, however, must be
kept constant during each time H (as shown by the dotted
line and the phasors) to provide axes for demodulation.
This is done by phase modulating the oscillator output in
the opposite direction to its phase advance for a period H.
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Line AC and phasor AC represent the oscillator
output phase which advances counter clockwise at
the rate of one revolution per 3H with respect to
the fixed reference color burst AB. However, to
demodulate one color per line, the phase must be
held constant during each horizontal line scan as
shown by the dotted lines. Holding the phase con-
stant for period H establishes axes for demodu-
lation.

To keep the phase of AC constant for one hori-
zontal scan, the oscillator output is retarded clock-
wise in a phase modulator at the same rate that it
is advancing counterclockwise with respect to AB.
The input to the phase modulator is a sawtooth
wave whose period is H, as shown on page 84. The
rise of the sawtooth retards AC to a maximum of
120° during horizontal scanning. The second part of
the sawtooth advances AC quickly to its unmodu-
lated position during beam retrace. In this way AC
moves in 120° steps with respect to AB.

The Yaou receiver, therefore, demodulates the
chrominance signal each horizontal line along axes
which are 120° apart. These are very close ap-
proximations of the axes of the original difference
signals.

The small difference in frequency between the
local oscillator and the transmitted reference sub-
carrier does not affect the demodulation process.
If the oscillator reproduced the exact subcarrier
frequency, the receiver would require a phase mod-
ulator for the local subcarrier capable of shifting
the phase by a maximum of 240° to provide the
three demodulation axes. In its present form, the
phase modulator need only shift the phase of the
local subcarrier a maximum of 120°, resulting in
much simpler circuitry.

The authors have built an experimental receiver
which operates at the same frequency as the sub-
carrier and which demodulates exactly on the
color difference axes. The experimental receiver,
though considerably more expensive, did not per-
form significantly better.

The color switching circuitry, which switches
the voltage on the color grids, consists of a stair-
case wave generator whose ouput wave shape is
shown in the photograph on page 84 and an am-
plifying circuit that raises the voltage change to
100 volts per step. The amplified staircase rides
on a 4.5 Kv d-c voltage. The staircase wave gen-
erator also generates the 3H gate pulse used to
synchronize the oscillator.

No degaussing necessary

Of major concern to manufacturers of portable
color tv sets are the effects of the earth’s magnetic
field. In the Colornet receiver, the phosphor is de-
posited in the form of vertical stripes. As the set
is moved in a horizontal direction the earth’s mag-
netic field causes a slight deflection of the electron
beam in the vertical direction. Thus, the entire
image slides a very small amount in a vertical
direction. This effect is not noticeable, so the set
may be moved around at will.



From communication centers in the U.S....

Army lays the groundwork
for satellite communications

Soon the Pentagon will be able to dial an outpost as if
it were next door, using a 24-satellite system. Work
has already begun on a network of 11 ground stations

By John F. Mason
Military Electronics Editor

86 Electronics | May 31, 1965



... to jungle outposts
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The 15-foot Mark IV (X) antenna was flown by one C-130
to Saigon, and set up within hours to communicate with
Syncom. Eventually, the Army hopes to have antennas for
satellite communication much smaller than this one.

The 60-foot AN/FSC-9 at Fort Dix, N.J., and its
twin at Cape Roberts, will be modified to operate
with the new military communications satellite
system. The two rings around the center hole

will be removed and a pylon installed which will
carry the new 7- and 8-Gc feed horns, preamplifiers,
and diplexers. A Cassegrain subreflector will

also be installed just inboard of the present feed.

When North Vietnamese patrol boats fired tor-
pedoes at U.S. ships in the Bay of Tonkin last
summer, Pentagon brass found their normal high
frequency radio channels to Saigon cut off by
atmospheric disturbances, something that happens
often in that part of the world. Fortunately, the
National Aeronautics and Space Administration’s
Syncom II satellite was available; it supplied the
only operating circuit between Saigon and Wash-
ington, via the Army Materiel Command facility at
Fort Monmouth, N.J.

During that crisis, satellite communications per-
formed so well that Defense Secretary Robert S.
McNamara abandoned the idea of using the Com-
munications Satellite Corp.’s system and decided
to proceed with an all-military network. The 24
satellites will be orbited by three Titan C boosters
next year; but work on the ground stations is al-
ready under way.
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In carefully selected locations around the earth,
many of them secret, the first network of 11 stations
is coming into being. Three stations, now being
used with NASA’s Syncom II and III satellites, will
be modified for military use. The remaining eight
are being built from scratch by the Hughes Aircraft
Co. In charge of developing the surface terminals
is the U.S. Army Satellite Communications Agency,
an organization set up by the Army Materiel Com-
mand.

Unquestionably, the thorniest technical problems
are posed by the military’s requirement for multiple
access. The satellite will have to receive many
signals transmitted simultaneously from a number
of independent stations, while Syncom satellites
operate in a simple duplex mode over a single
channel.

The system has to have a capacity of about 60
multiplexed 4-kilocycle channels. Because each sat-
ellite is really a simple frequency translator, to re-
lay speech, printed messages, facsimile and data in
both analog and digital form, most of the com-
plexity is in the ground stations.

Since Syncom II went up on July 26, 1963 and
Syncom III on Aug. 19, 1964, military ground sta-
tions have logged more than 11,000 hours of com-
munications time with them. All results went to
SatCom, thus providing the engineers there with
experience that has resulted in the redesign of
many electronic components.

Station modifications

Two of the stations to be modified are fixed
AN/FSC-9 terminals with 60-foot antennas and 20-
kilowatt transmitters—one at Fort Dix, N. ]J., and
the other at Camp Roberts, Calif.

Radiation, Inc., is under contract to the Army
Materiel Command to modify these units.

The major modification will be to switch to the
new frequencies: 7.9 to 84 Gc to transmit, and
7.25 to 7.75 Gc to receive. A Cassegrainian feed
with a removable subreflector located just inboard
of the existing primary focus feed will be installed
to provide the new operating frequency ranges.

A unique feature of the design is that the new
subreflector is transparent to 400 megacycles and
therefore permits simultaneous use of the 400-Mc
telemetry frequency from the primary focus feed
with the new satellite communications frequencies
from the Cassegrainian feed. The Syncom frequen-
cies will be retained (7.3 Ge for transmitting and
1.8 Gc for receiving) and can be used by removing
the subreflector and switching the transmission
lines for the Cassegrainian feed to the primary
focus feed.

The new Cassegrainian feed will utilize a pseudo-
monopulse system for generating automatic track-
ing information. The first r-f amplifier will be a
cryogenically cooled parametric device located in
the new feed assembly. After further amplifica-
tion by a low-noise traveling wave tube, the re-
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The control center will look very much like this
test operations center at Fort Monmouth. The big
figure 8 on the illuminated map shows the
positions of both Syncom satellites at all times.
Via one or both of these satellites, Saigon can be
dialed as easily as a local telephone number.

ceived signal will be translated to the 1.8-Gc band
to make use of the existing antenna rotary joints,
After being brought down from the antenna, the
1.8-Gc signal will be converted to an i-f frequency
of 70 Mc for use by the communications receivers.

The existing transmitter exciter is being replaced
by a broad-band exciter that will provide the trans-
mit frequencies for Syncom as well as for the
military satellites. The 20-kw power amplifier will
be modified to cover both transmit bands.

New modulators and demodulators will be sup-
plied by the Hughes Aircraft Co. to be compatible
with the new 40-foot antennas. Also to be used in
the network is the AN/TSC-55, 15-foot antenna
with a 5-kw output in Saigon.

Terminal links now being used with Syncom
that might be converted to the military system
at a later date are: the transportable AN/MSC-44
with its 30-foot antenna and 30-kilowatt trans-
mitter—one at Clark Air Base, the Philippines,
and the other at Asmara, Ethiopia; the AN/MSC-45
with a 30-foot antenna and 10-kw output at Hele-
mano, Hawaii; the 30-foot antenna with a 20-kw
output on the USNS Kingsport; and the Mark
IV(X) 15-foot inflatable antenna with a 2.5-kw out-
put, also in Saigon.

The new link terminal, designated AN/MSC-46,
consists of a 40-foot Cassegrain antenna, with 10-
kw output, a dual-wall radome, electronic equip-
ment housed in three modified M-373 cargo vans,
and three diesel engine-driven power generators.
Minimum antenna gain at 8 Ge is 57 db. Reliability
goals are a mean-time-between-failures of 200
hours and mean-time-to-repair of two hours.

Hughes will deliver the first AN/MSC-46 to Fort
Monmouth in August, the next one in October, and
the remaining six at monthly intervals.

Control center

The control center for the system is the gateway
for all Defense Communications System traffic to
be transmitted via the satellite. The center will
assign individual ground terminals to a particular
satellite, and tell the selected ground terminal when
and where to find the satellite, and when to switch
tc a new satellite. A handover system that will
do this has not yet been built. Requests for pro-
posals to bid on a contract to design and build a
model of such a system have been in at Fort Mon-
mouth for a little more than two weeks.

The center will also indicate when the circuits
are inoperative, and it will connect the communica-
tions traffic to the ground station via cable or
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radio. It will provide communication scheduling,
technical monitoring, data processing and display.

The control room, which will be similar to the
Ft. Monmouth room shown above, will probably
be in the Washington, D. C. area.

Multiple access

The military system cannot operate in a simple
duplex mode over a single channel, as Syncom
does. The military satellite must receive from a
number of independent links, signals transmitted
simultaneously and sharing the same power. The
system will therefore need the 60-odd multiplexed
4-ke channels,

But with this multiple-access system come prob-
lems. The signals received at the satellite are
unequal. They come from different places and have
different path losses. Antennas at various stations
vary in size, and the power output is not consistent.
The inequality in signal levels is further affected
by the hard limiter in the satellite which enhances
the stronger signal and suppresses the weaker.

To solve this problem and provide a good bal-
ance of signal power, SatCom is investigating
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various techniques to control the transmitting out-
put power. A study is being made of all the fac-
tors that contribute to the imbalance: up-link and
down-link propagation characteristics, the input
and output of the satellite, the optimum number
of carriers, and the sensitivity of the receiver at
various ground sites. Once these measurements
are made, SatCom will look at several automatic
techniques for balancing the up-link power of the
ground terminal so that the satellite output power
is shared by the ground terminals for best reception.

Time division multiplexing

A possible alternative to power control to achieve
a multiple-access system is the use of time division
multiplexing (tdm). With tdm, each ground terminal
is assigned an exclusive time slot, in sequence,
and only one terminal has access to the satellite
at a time.

Tdm requires accurate synchronization of the
network to eliminate overlapping or intersymbol
interference. Besides precise timing by a world-
wide system of clocks, guard times between sta-
tion transmission are necessary due to variations
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in propagation time. To cut the number of guard
times, which are dead periods and therefore waste-
ful, interleaving may be put on a block-by-block
basis rather than bit-by-bit. This will be a little
more expensive initially, because storage devices
will be needed at the transmitter and receiver.

A way to synchronize the ground terminals with-
out clocks is to have the central control station
transmit pulses at a stable rate. The satellite re-
transmits these pulses by means of a separate
channel. The signal is received on the ground and
after processing becomes the time frame pulse
that establishes the zero time from which time
slots are assigned.

Other possibilities

SatCom plans to investigate other multiple-
access techniques, both orthogonal and nonortho-
gonal.

Orthogonal systems employ techniques that do
not cause any interference between the different
users because signals arrive 90° out of phase. The
Air Force Eastern Test Range is studying orthog-
onal techniques for both telemetry and communi-
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cations [Electronics, Feb. 22, p. 96].

Nonorthogonal systems use a common time or
frequency space with signals superimposed, wholly
or in part, and each signal carrying a character-
istic signature. Examples of this system are pseudo-
noise modulated carriers in the same frequency do-
main (spread spectrum), pulse coincidence in the
same frequency domain, and frequency hopping.
These systems will be evaluated from the stand-
point of error rate, intelligibility, sensitivity in de-
tecting weak signals, spectrum utilization, rate of
transmission, and synchronization.

Making a choice

Preseat ground terminals operate as fdm/f-m or
fdm/p-m systems. Essentially the same, either of
the techniques can be used with the aid of pre-
emphasis and deemphasis networks. A choice be-
tween tdm and fdm will eventually be made. Tdm
is attractive because it uses digital techniques;
it is also simpler, more readily adaptable to secur-
ity, amenable to adaptive techniques, and capable
of accepting analog traffic as well.

The selection won’t be made solely on a com-
parison of multiplexing techniques, however. Con-
sideration will also be given to the type of modula-
tion and detection to be used.

More work on phase lock and detectors using
frequency modulation with feedback for wideband
signals, for example, may well improve the quality
and quantity of traffic. The whole area of detection
will be thoroughly exploited because of its cost
and reliability advantages.

The Army will also look into the feasibility of
using error detection and correction techniques to
protect against random as well as burst errors.

This servo control console for the
AN/FSC-9 will be used without
modification with the military
satellite. The antenna supervisor,
Sgt. 1st Cl. Roy L. Canter, can
move the 60-foot dish from —5°
elevation to +185°, with 360°
continuous azimuth.

20

Adaptive communications

A system that will automatically adjust the rate
of transmission and the traffic capacity of a system
to prevailing conditions would be ideal for com-
munications satellites. A system might automati-
cally trade off carrier-to-noise margin for receiver
bandwidth. As the margin improved, bandwidth
would automatically increase. For full duplex op-
eration, however, power control would be needed
to balance and equalize the received carrier signals
at each end of the satellite link.

Automation in the control center, while not
planned initially, would enhance the ability to
handle the satellite network. Computers will be
needed to keep track of satellite positions and ad-
vise ground antennas where and when to acquire
the satellite.

Electronic components

To obtain higher efficiencies and wider band-
widths than are possible with the klystrons now
being used, the Army Electronics Command’s
laboratory at Monmouth developed a high-power
(125 kw), X-band traveling wave tube that will
be used with the military system. These tubes
operate between 7.7 to 8.4 Gc with an efficiency
of 21% in the normal mode and 32% in a de-
pressed collector mode over the same band. The
life of the tube has not been determined; the goal
is 10,000 hours.

Isolating the receiver is a problem because the
transmit and receive frequencies are relatively close
together and also because link terminal transmitter
powers are high (up to 20 kw continuous wave).
To alleviate this situation, the Army is developing
a preselector designed to result in 90 db rejection
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SatCom’s experienced team

When the Defense Department
finally decided last fall to build its
own communication satellite sys-
tem, research and development of
the ground portion was already well
under way.

Personnel of the Army’s Satellite
Communication Agency (SatCom)
at Fort Monmouth, N.J. had been
working on this job since SatCom's
formation in August, 1962, and on
the Advent communications satellite
program—both satellite and ground
portion—since Sept. 1960. On the
Advent program, the group was
called the Army Advent Management
Agency.

It was when Advent ran into tech-
nological trouble and the program
was canceled that the agency's
name was changed, and it was made
responsible for the ground stations
only. The Air Force was given the
job of putting the satellites into
orbit.

Many of the men at SatCom are
engineers from the old Signal Corps
Engineering Laboratories who
brought with them experience from
projects much older than Advent.
In 1946, they bounced signals off
the moon with a radar called Diana;
in 1958, they worked on the first
active communications relay station
in space, an Atlas missile called
Score; in 1960, some of them or-
bited a delayed relay satellite called
Courier.

They had some uneasy moments
when Defense Secretary Robert Mc-
Namara was thinking about junking
the whole military communication
satellite program and leasing chan-
nels on the Commercial Satellite
Corp.'s system. But the work never
stopped. Research and development

1} SATCOM TERMINAL CONCEPTS
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Brig. Gen. J. Wilson Johnston

for a military system continued, and
under instructions from the Defense
Department, participation in the
National Aeronautics and Space Ad-
ministration’s Syncom |l satellite
project began. Only 81 minutes after
launch on July 26, 1963, the crew
at SatCom began communicating
via Syncom Il. Less than four hours
after Syncom Ill went up on Aug.
19, 1964, SatCom began work
with it.

In charge of SatCom is Brig. Gen.
J. Wilson Johnston, who was chief
of the Signal Corps Research and
Development division—before join-
ing the communication satellite pro-
gram. He took over the Army Ad-
vent Management Agency in 1962,
and stayed on when it became Sat-
Com.

Of the 16 engineers who formed
the Advent group in 1960, nine are
still with SatCom, sharpened by
nearly three years of work with the
Syncom program. They are technical
director Samuel P. Brown, deputy
ground system director George F.
Senn, assistant technical director
Alan S. Gross, deputy engineering
director Peter J. Maresca, plans di-
rector James T. Evers, and engi-
neers Peter J. Kennedy, Dudley E.
Cline, George T. Brazee and Edward
A. Stega.

Gen. Johnston's deputy, Col.
Arthur W. Reese, has broad commu-
nications and development experi-
ence; and Col. Robert E. Warren,
SatCom'’s engineering director, has
a Ph. D. degree in physics and served
for five years with NASA's space
sciences office before joining Sat-
Com. Col. Eugene B. Datres, ground
system director, had developed com-
munication subsystems for Army
missile and space systems while on
assignment at Redstone Arsenal.
And Col. Robert H. Scales, the pro-
gram director, is an engineer officer
who specialized in operation and
management.

SatCom has a unique position in
the Defense Department. Johnston
reports to the commanding general
of the Army Materiel Command in
Washington, but technical guidance
flows from the Army’s Chief of Re-
search and Development and the
Director of Defense Research and
Engineering.

Meanwhile, over-all coordination
of the defense communications
satellite program is entrusted to
the Defense Communications
Agency. SatCom is charged with de-
signing the ground stations; the Air
Force will launch the satellites into
position, and the Army Strategic
Communications Command  will
man and operate the terminals.
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"
M NEW -
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Modification plan that will permit the Army’s terminal at Fort Dix, N.J. and its twin at Camp
Roberts, Calif. to operate with the military satellite communication system.
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The first of the new 40-foot antennas, AN/MSC-46, will be delivered to Fort
Monmouth in August by the Hughes Aircraft Co. The present order is for eight.

of transmitter signals with a maximum of 0.2 db
insertion loss over the receiver band.

Maximum system performance or channel ca-
pacity greatly depends upon keeping the system
noise temperature low. One way to reduce noise
temperature in the system is to improve the pre-
amplifier.

Last month, the Army installed a new low-noise
receiving system on a 60-foot dish at Fort Dix.
The system, built by TRG, Inc., a subsidiary of
Control Data Corp., provides an over-all noise
temperature below 40°K, and an over-all band-
width of 50 Mc, and is expected to operate con-
tinuously for more than 2,500 hours between main-
tenance periods. This receiver could also be used
on an antenna 15 feet or less in diameter.

The antenna-mounted portion of this system con-
tains an integrated parametric amplifier/cryogenic
refrigerator combination, an automatically stabil-
ized pump source, and a post-receiver consisting
of a double-conversion superheterodyne system.
This entire unit weighs 70 pounds and fits into a
weatherproof enclosure measuring 21 inches by
26 inches by 8 inches. The parametric amplifier
provides a gain of 30 db and an instantaneous
bandwidth of 150 Mc that can be d-c bias-tuned
over the 7.25 to 7.75 Gc band. It operates con-
tinuously from 30°K to 340°K without retuning.
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Thus, the system remains operational during re-
frigerator cool-down or in case of refrigerator fail-
ure (with the refrigerator off, the over-all receiver
noise temperature is 260°K).

The remote control portion of the system weighs
30 pounds and fits into a standard relay rack
panel 12 inches high. It provides meter indications
of system voltages, refrigerator temperature and
pump level. It also contains the single tuning knob
that controls the center frequency of the receiver
passband.

Maser amplifier

SatCom is considering development of a maser
amplifier which, if combined with the liquid helium
refrigerator, would result in an excess noise tem-
perature of approximately 10°K. This would be a
big improvement over the parametric amplifier be-
ing developed for the new AN/MSC-46 link ter-
minal; it is cooled to approximately 60°K, with
a resulting excess noise temperature of 80°K.

For applications which can tolerate higher noise
temperature but which reqwuire higher reliability
than can be obtained with a mechanical refrigerator,
SatCom is studying the possibility of using thermo-
electric cooling to produce a maintenance-free,
highly reliable miniaturized cooling system that
will be capable of maintaining 100°K temperature
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The air-transportable communications terminal, AN/MSC-46, consists of three vans, three

DUAL WALL RADOME=~60 FT

generator sets, a boresight tower, and a 40-foot antenna enclosed in a dual wall radome.

for a 1-watt power dissipation.

To eliminate the problems inherent in operating
gigantic parabolic antennas that must turn rapidly
and withstand high winds, SatCom is working with
refined antenna radiation beam-shaping techniques
to fabricate a planar phased array. Results thus
far indicate the possibility of antennas with a ten-
fold reduction in size and weight for equivalent
performance. Phased arrays, possibly with elec-
tronic steering, will probably be used in future
link terminals.

The agency plans to test two experimental space
communications bands, 15 Ge¢ and 31 Ge, assigned
by the Extraordinary Administrative Radio Con-
ference. A high power (10-kw and possibly 25-kw)
transmitting tube in the 15-Gc range is being de-
veloped. A tube to operate at 31 Gc hasn’t been
started, but is under consideration. Work in this
range would be coordinated with similar work be-
ing done by the Lincoln Laboratory at the Massa-
chusetts Institute of Technology.

Tactical link terminals

Since high altitude satellites are within sight of
so much of the world at one time, they are par-
ticularly useful in isolated spots. A U.S. field
commander in South Vietnam, with a small ground
terminal, could conceivably operate in response to
command and control headquarters in Washington

Electronics | May 31, 1965

rather than Saigon. Satellite communications might
also be used for short, 100-mile hops in dense
jungle.

To do this, much smaller antennas must be de-
veloped. The smallest now in use are the two 15-
foot antennas in Saigon. SatCom has studied a
two-foot antenna that can be carried on a jeep,
and the agency has a contract with the Philco
Corp. to investigate the possible applications of
small antennas in general.

The Navy is also working on a number of tactical
systems that would enable it to hook into a high
altitude satellite network. The Army and the Navy
are looking beyond teleprinter and voice capability
to facsimile and other ways of transmitting visual
data.

One approved program is the Mark V antenna—
an air-transportable tactical terminal. Whether it
will be bigger or smaller than the Saigon gear
depends on how the transport and assembly prob-
lems are solved.

Eugene G. Fubini, Assistant Secretary of Defense
and Deputy Director of Defense Research and En-
gineering, says the push for tactical ground ter-
minals is more urgent than for strategic gear. “We
are vitally interested in new tactical antenna sys-
tems.” There are many problems inherent in build-
ing such systems. Solutions, Fubini says, will be
warmly received.
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Manufacturing

Dip soldering in miniature—
a new way to assemble modules

Melting the solder first—on the iron—reduces processing time
and protects heat-sensitive semiconductor devices from thermal shock

By Herbert M. Isaacson

Defense Electronics division, General Electric Co., Utica, N.Y.

View through magnifier shows how joint in cordwood module is made by touching it to drop of solder on iron.
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As the size of electronic modules shrinks, the prob-
lem of protecting components from thermal damage
during assembly becomes greater. Hand soldering
can damage heat-sensitive components, such as
semiconductor devices, in microminiature assem-
blies because the bodies of the components are
placed so close to the solder joints.

Such thermal shock can be avoided by a new
method of hand soldering which reverses the usual
procedure. The joint between the component lead
and the connecting wire is dipped into a small glob-
ule of melted solder instead of the lead being
heated until it melts the flux and solder. In this
way, the joint is heated only to the temperature
of the molten solder, not higher.

Heat affects semiconductors two ways: elec-
trically and structurally. As the device heats up,
contaminants trapped within the package can evap-
orate and move from nonsensitive areas, such as
the inside of the cap, to the semiconductor pellet.
This usually changes the reverse leakage current
or other parameters. And since the materials in the
device have different coefficients of expansion, fast
heating can cause physical stress, which produces
structural damage and catastrophic failure. Distor-
tion can also cause intermittent operation or dam-
age the hermetic seal so that performance char-
acteristics shift.

The new technique is particularly useful in the
assembly of cordwood modules—widely used in
military and aerospace applications—because joints
are usually very close to component bodies, and
the modules are small enough to be handled easily
during soldering. There is another advantage in
that joints in small modules can be made faster
by this method than by conventional hand solder-
ing.

Old methods vs. new

Under the conventional method given in the
National Aeronautics and Space Administration’s
Specification MSFC-PROC-158B, “Procedure for
Soldering of Electrical Connections (High Relia-
bility),” the soldering iron is applied near the joint
and the solder is applied to the joint until the flux
and solder melt. The joint, at a temperature above
the solder’s melting point, is wetted and a cold-
solder joint is avoided. The procedure takes several
seconds.

The improved method reduces the time the iron

The author

Herbert M. Isaacson has specialized
in electronics manufacturing
processes for 35 years. His
assignments with the General
Electric Co. during the past

10 years have included process and
development for the cathode ray
tube, television receiver,
semiconductor products, light
military electronics and, at present,
radio guidance departments.
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is in contact with the parts, and therefore does
not raise the temperature of the components as
much.

A work station for the new method consists of an
iron whose temperature is controlled to 600°F; a
fixture to hold the iron with its tip down at a
45° angle; a bench-mounted, illuminated magni-
fier; a container and applicator for liquid rosin
flux; a glass-fiber brush or a wet cellulose sponge
to keep the tip clean, and a 60-40 tin-lead, rosin-
cored solder wire.

As a preliminary step in the improved method,
flux is applied to the joints to be soldered.

A globule of solder is melted on the iron tip.
The lower side of the joint is touched to the globule
and moved slightly from side to side in a scraping
motion to help break away oxides and promote
solder flow. As soon as the solder flows up and
completely around the joint, the joint is taken off
the iron. The globule is replenished as needed, usu-
ally every 1 to 3 joints.

Since the iron is under the joint, the solder flow
is easily seen through the magnifier. That the flow
is upward, against gravity, is proof of good wet-
ting. In conventional hand soldering, the solder
wire and the boiling, smoking flux obscure the
joint. The operator cannot see the solder flow to
the bottom of the joint and may have to apply
the iron for an unnecessarily long time—several
seconds—to make sure that the joint is heated
sufficiently.

The better visual control provided by the new
method is one reason that heating time is shorter.
Another is that the iron, not the component lead,
melts the solder and the flux, so that the lead need
not be heated above the solder melting point.
In addition, it is easier to hold and position a small
module than a soldering iron.

The iron tip can be as small as needed, though
10-watt miniature irons should not be used. The
work tends to cool the iron, so to avoid large tem-
perature variations, the heat reservoir of a 40- to
50-watt iron is desirable.

Time and temperature tests

For several hundred joints with the improved
technique, the average time was 0.9 seconds, com-
pared to 2 to 4 seconds for conventional hand sol-
dering and 8 seconds for dip soldering. The time,
measured with a circuit actuated when the joint
touched the iron, ranged from 0.75 seconds to 1
second.

Simulated cordwood modules, illustrated on page
96, were used to determine soldering tempera-
ture and thermal effects. The components were
glass-bodied diodes and transistors in T0-5 pack-
ages. All joints were 0.030 inch from the compo-
nent body, except in configuration B, when they
were against the pallet.

The bar chart on page 96 compares temperatures
of each joining technique. Only diode junction
temperatures are shown; these junction tempera-
tures are higher than those of transistors since the
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AROUND LEADS, RIBBON WELDED TO
NO PALLETS LEADS

Cordwood module configurations used in thermal tests.

(D) 0.010-BY-0.020~INCH

transistors’ metal cans act as heat sinks.

To measure temperature, the forward voltage
drop of the diode and transistor junctions were
precalibrated as a function of temperature. The
junction temperatures during soldering were re-
corded by a millivoltmeter, as shown in the circuit
diagram at right, above.

The slopes of the curves in the graph indicate
the rate of temperature change and thermal shock.
This technique is more accurate and responsive
than using thermocouples, since it eliminates their
heat-sinking effect and measures the temperature
at the point most sensitive to heat, the semicon-
ductor junction.

The improved hand technique clearly results in
the lowest temperature and least thermal shock.
The shock induced by welding is more severe than
that of soldering, as indicated by the steepness
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Thermal shock imposed on semiconductor devices by
the new soldering method (curve 1, in color) is less
than that of other methods. The methods and
configurations are the same as those illustrated at left.
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Circuit used to obtain temperature-time curves.

of its curve, though it is generally assumed that
welding imposes less thermal stress.

Effect on reliability

The correlation between lower joining tempera-
tures and stresses on components can only be firmly
established by extensive life testing. However, one
can expect lower stress to help reliability. All other
factors being equal, the method that imposes the
least heat and thermal shock on sensitive compo-
nents should be the preferred technique.

The new technique satisfies military specifica-
tions concerned with the nature of a solder joint,
though not with the technique for making it. Con-
formance with specifications such as NASA’s 158B,
which describes the soldering technique, might be
questioned, but the intent of the spec—a high-qual-
ity joint—is met.

Electronics | May 31, 1965



Insulation of MYLAR
on Sigma relay
increases thermal range 50%
...COSts remain the same

This photo is approximately 2% times the actual size of the relay.

Sigma met the problem of increased ther-
mal specifications by switching to insu-
lation of MYLAR* polyester film. With
its higher temperature rating, MYLAR up-
graded the thermal range of Sigma’s Se-
ries 41 relay by 509. This surpassed the
specifications required and broadened ap-
plications for the relay.

In addition, the switch from acetate film
to MYLAR in other relays made by Sigma
Instruments, Inc., of Braintree, Massachu-
setts, also meant:

e a smaller coil, since the high dielectric
strength of MYLAR permits the use of
thinner, more pliable film.

e longer life is designed into the coil by
the use'of MYLAR, which does not dry
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out or change characteristics with age.

e insulation costs remain the same, because
less MYLAR is needed for equivalent di-
electric strength, as compared with most
other insulators.

As aresult, relays are nowmore reliable
and versatile and are used in a wide array
of applications ranging from furnace
flame-out safety controls to automatic
traffic and street-lighting controls.

only DU PONT makes

AR’

Better Things for Better living
.+« through Chemistry

POLYESTER FILM

*Du Pont’s registered trademark for its polyester film.

For information on how MYLAR can
probably help you design a better product
—Ilighter, smaller, lower in cost—mail
coupon today.

Du Pont Company, Room 2200B

Wilmington, Delaware 19898

Please send me information about MYLAR®
I am especially interested in its application for

Name

-
I
|
|
I
I
I

Title |
|
|
|
|

3

Company

Address,

City. State. Zip Code:
In Canada: Du Pont of Canada Limited, P.0. Box 660, Montreal
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Now for the first time. ..
quick, rugged, low-cost

terminations for flat cable

Circle 98 on reader service card
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If you use or plan to use flat, flexible
cable, here’s a completely new, more
reliable termination method. This
Amphenol Flex-1 connector has rib-
bon contacts that weld through the
insulation directly to unstripped flat
cable. As you can see in the picture,
the insulation hugs the welded, solid-
metal terminations. Each termination
is a gas-tight bond that won’t deterio-



rate with age or prolonged use.

Yet this entire 19-contact connector
was welded in less than 30 seconds!

How’s it done? Amphenol’s new
flat-cable connector introduces a
welding process that melts insulation
at the piercing point. There’s no strip-
ping. Conductors aren’t exposed or
damaged during termination.

Now as never before, you get a

connector that matches the reliability
and economy of flat, flexible cable.
(Flat cable bends, twists, runs ser-
pentine style, or stacks like layer
cake . . . in less space and with less
weight than ordinary round cable,
and with no performance sacrifice.)
Three years of research and testing
proved the reliability of the Flex-1
termination. Connectors can with-

stand a minimum of 500 mating cycles
without mechanical degradation.

With all this reliability, a 19-con-
tact Flex-1 connector still measures
only 172" thick and weighs less than
2 oz. Have your Amphenol Sales En-
gineer show you the Flex-1; and write
for our catalog. Amphenol Connector
Division, 1830 South 54th Avenue,
Chicago, Illinois 60650.

CONNECTOR DIVISION
®

AMPHENOL-BORG ELECTRONICS CORPORATION

Specify Amphenol . . . the leading name in cable, connectors, assemblies, rRr switches, potentiometers, microelectronics




YOUR MOVE, GENERAL...

Imagine, if you will, an advanced weapons system that permits
battle commanders of joint services and their staffs to con-
duct complete combat operations in a ‘‘see-for-yourself”
situation from inside an electronic war room that works
equally well from the air or from a strategic ground location.
in short, view on television screens battle as it takes place,
know at every moment exactly what the enemy is doing, make
moves and counter moves, and have complete communica-
tions with all forces.

Science fiction? Impossible? Not at all.

ties: (1) Through the use of sensor aircraft and television,
SLR (side looking radar), infrared and photographic devices,
ABC3 reconstructs reconnaissance information and provides
it for near-real time display for the battle commanders. (2)
Through HF, VHF, and UHF, battle commanders communicate
with and control all strike forces, air, sea and ground, for
total and maximum effectiveness.

An additional advantage to ABC3 is that as a self-contained
unit, it is operational either from the air or on the ground, can
be slipped in or out of a C-130 in two hours. With the ABC3

operating from the ground, the

There is just such an advanced
weapons system now undergo-
ing evaluation. It is known as
ABC3 — short for Airborne Battle-
field Command and Control Cen-
ter. This vitally needed system is
available for production in quan-
tity immediately.

The first such system of its kind,
ABC3 was produced and delivered
to the Air Force by LTV Electro-
systems, Inc. It was done from
scratch in 98 days — well within
the cost and time limitations of
its contract.

C-130 transport can be released
r~ for troop or cargo transport.
/\ Ground mobility for ABC3 is pro-
vided by retractable wheels or a
flatbed truck.

To develop and produce such so-
phisticated systems as ABCS3 rep-
resents only one example of LTV
Electrosystems unusual capability
to produce the finest electronics
systems available at reasonable
cost and within time limitations.

LTV Electrosystems, Inc. / Post
Office Box 1056 / Greenville,
Texas / A subsidiary of Ling-
Temco-Vought, Inc.

Essentially ABC3 has two capabili-

LT VW eLecTrOoSYSTEMS, INC.

100 Circle 100 on reader service card
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mact \ €asily adapted to

Tektronix

oscilloscope parti CUIa r Il eedS

_Here's a high-performance oscilloscope featuring opera-
tional simplicity and versatility through a new series of plug-
in units. Presently, you can select from 12 amplifier units
and 5 time-base units.

Knowing your application area, you select those units that
fit your needs. Some of the plug-in unit combinations avail-
able include those for low-level, differential, multi-trace and
sweep-delay applications.

Special-purpose plug-in combinations equip the oscilloscope
for sampling applications, in which the instrument becomes
a low-drift sampling system as easy to operate as a conven-
tional oscilloscope, but with sensitivity and bandwidth possi-
ble only through sampling.

TYPE 2867
TIME BASE  cacisasrion

With any combination of plug-in units in the oscilloscope —
including the same type amplifier units in both channels for
X-Y displays—this new value package provides you with
"‘no-parallax'’ displays and sharp trace photography.

OSCILLOSCOPE FEATURES

NEW CRT with an internal graticule and controllable edge lighting
« regulated power supplies « regulated dc heater supply s Z-axis
input = 3.5-kv accelerating potential « amplitude calibrator « and
operation from 105v to 125v or 210v {o 250v. (The Type 561A operates .
from 50-400 cps and the Type RM561A operates from 50-60 cps.)

Type 561A (shown in four-trace application) . ... . . . .. $500 Type 3A74/2B67 Plug-In Unit combination — illus-

Type RMB561A (shown in sweep-delay application) . . . . . $550 trated with Type 561A —equips the oscilloscope for
Oscilloscope prices without plug-in units. up-to-four-trace applications.

The 3A1/3B3 Plug-In Unit combination—illustrated

with the rack-mount model, Type RM561A —equips

the oscilloscope for high-sensitivity, dual-trace opera-
tion and sweep-delay applications.

Plug-In Units: Prices as low as $105 for vertical ampln“er and $210
_for time-base generator.
U.S., Sales’ Prices f.0.b. Beaverton, Oregon

mUNZONTA

TYPE 383 TIME BASE

YED SWEER TRGGEmING
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SAUSAATOR T CUNG St
o eaowr AR
& . wenma ~ R

B - PN e

& |

TYPE RMS61A OSCILLOSCOPE

FOR MORE INFORMATION ON EITHER MODEL OF THIS NEW OSCILLOSCOPE AND ANY COMBINATION OF PLUG-IN UNITS, PLEASE CALL YOUR TEKTRONIX FIELD ENGINEER,

o P.0. BOX 500 « BEAVERTON, OREGON 97005 - Phone: (Area Code 503) 644-0161 - Telex: 036-691
Tektron[x, Inc_ / TWX: 503-291-6805 - Cable: TEKTRONIX « OVERSEAS DISTRIBUTORS IN OVER 30 COUNTRIES
TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Directory
Tektronix Australia Pty., Ltd., Melbourne; Sydney « Tektronix Canada Ltd., Montreal; Toronto
Tektronix International A.G., Zug, Switzerland « Tektronix Ltd., Guernsey, C. I. » Tektronix U. K, Ltd., Harpenden, Herts
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Imagine a 15 kva, 400 to 60 cycle
frequency converter that weighs only
150 pounds. It’s not imaginary

at Garrett.

If you have electronics equip-
ment that must use precise 60-
cycle power — and if light weight
and mobility are important — you
should talk to Garrett.

Our new static frequency con-
verter’s power-to-weight ratio is
several times better than any
other static converter.

When you compare it to a
typical motor generator set or
rotary converter, the difference is
phenomenal.

This new converter, now in pro-
duction, changes 400-cycle power
to regulated 60-cycle power. Con-
verters also can be built to take 50,
60, or 400-cycle in or out. Or they
can be designed to split the power

102 Circle 102 on reader service card

so that 400 and 60-cycle outputs
are available simultaneously.

Our static converters work well
with standard piston engine gen-
erator sets —but when combined
with Garrett-AiResearch 400-
cycle gas turbine generator sets,
they are the lightest weight and
most compact dual frequency
power sources available anywhere.

Garrett’s secret is solid state
circuitry built around silicon con-
trolled rectifiers in an entirely new
way. The design incorporates a
highly efficient commutation sys-
tem that keeps power loss to a
minimum. Total unit efficiency is
better than 90 per cent.

Garrett static converters are
rugged and dependable. The con-
verter circuits have no moving
parts, no bearings to fail or com-
mutators to wear out. A proved
circuitry technique insures SCR
reliability.

Electronic components are
mounted on unique cold plates for
cooling, so that sensitive parts are

never exposed to outside air con-
tamination.

Need higher power? We also
have systems up to one megawatt.

For more details on Garrett’s
solid state converter capability,
write to: Clarence Frere, Manager,
Electrical and Electromechanical
Systems Sales, AiResearch Manu-
facturing Division, Torrance
Facility, 2525 W. 190th Street,
Torrance, California.

PERFORMANCE SPECIFICATIONS

INPUT: 400 cps +5%

120/208 volts 5%
OUTPUT: 60 cps +=0.5%

120 volts +1%

single phase

sine wave, less than

59% total distortion.
15 kva continuous
22 kva overload

Garrett
Zs experience

AiResearch Manufacturing Divisions
Los Angeles » Phoenix
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101" GOLD
HERE

CROSS SECTION
OF WIRE WRAP

TERMINATION.
Copper wire
inner Core.

.010” phosphor=—"
bronze outer
cover.

\.

50"
GOLD

Ginch
achievements

In selective plating
reduce your
connector costs

REDUOCES GOLD
REQUIREMENTS
OVER 80°0

This revolutionary selective plating technique can reduce
gold requirements over 609, with no adverse effects on con-
tact reliability, durability or electrical performance. Cinch
puts the gold plating only where you need it—at the area
of contact. (A gold “flash” may be applied to the rest of the
connector if desired.)

The new Cinch .045" square tail connector (patent pend-
ing) utilizing this selective plating, combines the contact
reliability of a flexing bifurcated contact with the stability of
a rigid .045"” square tail. This is achieved by inserting a wire
core into the tail section and forming the flexible contact
material into a .045” square tail with the sharp corners so
necessary for reliable wire wrap attachments.

For additional information of this connector, with
selectively plated contacts, write to Cinch Manufacturing
Company, 1026 S. Homan Avenue, Chicago, Illinois 60624.

CM-6509

DIVISION OF UNITED-CARR
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Now...a new step upward in performance for wire and
cable jacketing for general purpose electronic and aerospace
applications. It's made of irradiated KYNAR*—Pennsalt’s
polyvinylidene fluoride —combining superior mechanical
toughness and excellent chemical resistance. Jacketing of
irradiated KYNAR is free from outgassing, withstands gamma
radiation. MIL-W-81044 wires operate at 135°C continuously,
take 300°C for limited periods; are available in long lengths,
and are smaller, weigh less and cost less than most
alternative constructions. ‘

Write for information and the names of leading manufacturers who sup-
ply wire and cable jacketed with irradiated Kynar to Plastics Department,
Pennsalt Chemicals Corporation, 38 Penn Center, Philadelphia, Pa. 19102.

l{ynar. ..a fluoroplastic that’s tough! / PEHHSAI.'I“

*KYNAR is a registered trademark of Pennsalt Chemicals Corporation.
CHEMICALS .EQUIPM ENT
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Report from

BELL

'LABORATORIES

SUPERCONDUCTING MAGNET FOR MASERS
PROVIDES UNIFORM FIELD, ADJUSTABLE BANDWIDTH

For efficient operation, a low-
noise traveling-wave maser needs
a very low-temperature environ-
ment such as that of liquid helium
(4.2°K) and a uniform magnetic
field which determines the maser's
operating frequency. These re-
quirements suggest using a super-
conducting magnet for providing
the field.

A compact maser amplifier
based on this concept has been
developed at Bell Laboratories. It
incorporates an 8-pound super-
conducting magnet immersed in
liquid helium, replacing an earlier

500-pound Alnico magnet mounted
outside the dewar. This maser
also provides the desirable feature
of an adjustable bandwidth of
amplification.

As shown in the illustrations,
the uniform field is obtained with
a superconducting solenoid en-
closed in a close-fitting box of
high-permeability iron. Adjustable
bandwidth is obtained with an
auxiliary superconducting trimmer
coil which overlays one half the
solenoid cross section. This coil
modifies the main field, creating
two discrete and individually uni-

form field regions. Changing the
current in the coil adjusts the
“step” between the two fields and
thereby changes the bandwidth.

The two fields are each uniform
to one part per thousand near
3300 gauss, and the maser band-
width can be adjusted smoothly
from 14 to 55mc centered at an
operating frequency near 4170mc.

At the broadest band, its gain
is 34db with an effective noise
temperature of 5°K. The maser
has demonstrated stable low-noise
performance in a variety of satel-
lite communications experiments.

New maser magnet (left) has front and left side of enclosure removed

to expose superconducting solenoid. Drawing (center) corresponds to photograph
and shows solenoid inside box enclosure. Solenoid is wound on U-shaped
nonmagnetic form and is spread apart at top to permit insertion of the maser.
Dotted line indicates position of trimmer coil. Drawing at right

indicates how front and rear plates of enclosure act as “image planes.”

These high-permeability plates are made to appear very large by the

magnetic return paths provided by the sides of the box. The resulting magnetic field
approximates the ideal uniform field of a solenoid of infinite length.
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And here’s why: 1. The catalogs describe the
hundreds of standard isolators and circulators
available to you from Raytheon. 2. They indicate
Raytheon’s in-depth capabilities for providing
custom units at all power levels and frequencies.
3. They present information about the Raytheon
line in a few fact-filled, easy-to-use pages.

For example: The catalog being read, Low and
Medium Power Waveguide lIsolators, contains
specs for 112 different models, including Faraday
rotational, H-Plane resonance and miniature

These new ferrite device catalogs belong on your desk!

types. Descriptions cover frequency ranges, elec-
trical characteristics, mechanical data. :

A second catalog, High Power Differential
Phase-Shift Circulators, offers data on the more
than 75 units Raytheon makes as stock items.
High Power Waveguide Isolators provides data
on more than 70 Raytheon UHF, L, S, C, X and Ku-
Band isolators.

The fourth catalog describes our complete line
of standard Coaxial Circulators and Isolators.

For copies of all four catalogs, call or write:

Raytheon Company, Special Microwave Devices Operation,
Waltham, Massachusetts 02154. Telephone 617 899-8080.
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There’s only

one Air Express.
It goes under this stamp.

Air Express

Division of R E A Express

Air Express is not a type of serv-
ice. It's the name of a service. An
important name to remember when
you want express service for your
air shipments. Here's why.

Air Express is a joint venture of
all 39 scheduled airlines and R E A
Express. Your shipments get top
priority after air mail on every
scheduled airline in the country.
(Figure what that means during
night rush hours!) And you are

Electronics | May 31, 1965

'AIR EXPRESS

assured of next-day delivery to
21,000 U.S. cities, towns and
communities.

Thanks to the thousands of RE A
trucks, Air Express serves you fast-
est on the ground, too. You get 2
hour pickup, swift delivery. And
rates are door-to-door, not airport-
to-airport. You only make one call,
fill out one waybill.

Price? Air Express is often cheap-
est. For example, it costs $6.50 to

&

ship 20 Ibs. by air from New York
to Chicago, airport-to-airport. Air
Express will do it door-to-door for
$6.20...less than even motor car-
rier ($6.82)!

So if you ship from 5 to 50
pounds anywhere in the U.S.A.,
you’re missing a bet unless you
check Air Express. Call your local
R E A Express office and see.

Air Express outdelivers them all

...anywhere in the U.S.A.
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CROSS BAR
T¥YRE

10 Sliders SELECTOR

ﬁ:l'_‘ SWITCH
20 Contacts
1111—‘}

200 Switching ® TESTING
Combinations ® BREADBOARDING

Each module
134”7 x 316” x 534"

Circuit Flow

Electrical capacity:
1. Current carrying only (no make or break)
3 amp 125 V AC or DC

2. Make or break
1 amp 15V DC, 150 m.a. 125 V AC

The complefe snap-action switch line

Cherry Electrical Products Corporation

P.O. Box 437-12 Highland Park, III.
IN CANADA: BARRY ELECTRIC LTD., REXDALE, ONTARIO

108 Circle 108 on reader service card

Tung-Sol
Subminiature
Lamp
Assemblies
Improve
Produetion,
Cut

Costs

ACTUAL SIZE

Do you have bulb shrinkage problems where
small lamps are wired into circuit boards?

Tung-Sol lamps with molded nylon bases can
save you money. The nylon base absorbs
mounting strains to permit firm seating of the
lamp. Lead wire breakage and bulb damage
are eliminated. Production goes up. Costs
go down. Inventory is reduced. When

you order 1000 lamps, you get 1000 useable
lamps. Nylon bases can be color-coded

for production identification.

In addition to molding bases to any
configuration, Tung-Sol can provide
special harnessing. Write for free
suggestions about how Tung-Sol can
handle your lamp requirements.

If your application requires only bulbs, ask for a quota-
tion from Tung-Sol. The Tung-Sol line of miniature and
subminiature lamps is extensive. Quality is the best that
more than half a century of know-how can produce.

TUNG-SOL

INSTRUMENT LAMPS
Tung-Sol Electric Inc., Newark, N. J. 07104
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SCREEN PRINTED

MIGROCGIRCUITRY NEWS

Information and ideas on the manufacture of screen printed microcircuitry. Published periodically
by E. |I. du Pont de Nemours & Co. (Inc.), Electrochemicals Department, Wilmington, Delaware 19898.

DU PONT
PLATINUM-GOLDS

Give Superior Conductors

Complicated conductor patterns in
small, precisely controlled dimen-
sions can be made by the screen
printing process. Principal proper-
ties required of the conductor are:
low resistivity over a wide range
of frequencies; ohmic contact with
active and passive components;
good adhesion to the substrate;
compatibility with soldering, weld-
ing, or other techniques used for
joining devices to the conductor.

CONDUCTOR PROPERTIES
(Platinum-Gold)

RESISTIVITY:

BEFORE SOLDERING AFTER SOLDERING

0.05-0.1 ohms/square 0.005 ohms/square
10-20 ohms/inch/ 1 ohm/inch/
5 mil wide line 5 mil wide line

ADHESION:

Tensile Strength-2400 psi
Fired on 96% alumina at 1900°F

Less than 10% decrease
after 1000 hours @ 125°C

SOLDERABILITY:

Excellent
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