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560 ~ Telemetering low pass
filter. Available from 400 ~
to 70 KC. + 7.5% band-
width flat to” 1 db. Attenua-
tion greater than 35 db be-
ond the 2nd harmonic of —
5% frequency. Impedance
3785( ohms, MIL-F-18327B. Wt.
.8 oz
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Band pass 400 cycle Gaussian
filter. Linear phase response
in pass band. Attenuation
380 cps to 420 cps within 0.5
db. 2nd harmonic down 25
db, 3rd harmonic down 45
db. Source and load 5K ohms.
MIL-F-18327B Wt.,, 0.9 Ibs.

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE

from your local distributor.
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Low frequency band pass fil-
ter. Designed for 2.5 cps
center frequency. At 2 to 3
cps within 3 db. At 1.5 cps
and lower, and 4 cps and
higher, greater than 30 db.
Spurce and Load 10K ohms.
Size: 4 x 4-11/16 x _6”. MA
MIL case, MIL-F-183278.
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Minimum phase shift 400
cycle band pass filter. Within
1.5 db 370 to 430 cycles,
reater than 45 db beyond
1100 cycles. IK ohms to 100K
ohms. MIL-F-18327B; | Ib.

820 \

IOKC 100KC
FREQUENCY

IMC 2MC

High frequency low pass fil-
ter. Zero to 700 KC within
1 db. 1.95 mec to 10 mc 40
db minimum. Source and
Load 1000 ohms. Molded flat
construction for printed C|I'-
cuit applications. Size: 1 x 2

127; Wt 1 oz. MILF18327B
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FREQUENCY-KILOCYCLES
Band reject filters (two
shown). The 1050 ~— filter
has 50 db attenuation and is
only 3 db at 950 and 1150
cycles. The 12.75 KC filter
has more than 100 db at-
tenuation and is only 3 db
at 10.8 and 15 KC. Source
and load 600 ohms, both are
MIL-F-183278B,

- "SPEGIAL’

CUSTOM BUILT

FILTERS

T0 YOUR
SPECIFICATIONS

ILLUSTRATED ARE
TYPICAL SPECIAL FILTERS

RANGE OF FREQUENCIES ON SPECIAL UNITS
IS FROM 0.1 CYCLE TO 400 MC.

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

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART

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

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. « 150 VARICK STREET, NEW YORK, N. Y. 10013
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[ nd the cost of repetitive tests in your pro-

ne, incoming inspection, quality assurance
? y——wnth the new hp 3434A Comparator!
This ter enables nontechnical personnel to
rapld‘g&reject or sort devices under test. The
green 8@ says that the test item is within the two
presetdl] ed HIGH indicates test value exceeds
the highe'r”limit. Yellow LOW tells you the value is below
the lower limit. Basic unit costs only $1575.00 plus
plug-in and programmer.

The new all solid state 3434A mainframe accepts any
of the 3440A Series plug-ins to provide a wide range of
ac and dc voltage, current and resistance measure-
ments with a basic accuracy of +-0.03% full scale. For
production speed, an interchangeable pin board pro-
grammer enables you to preset 12 programs includ-
ing limits, polarity, range
and function using deci-
mal notations.

Five modes of limit
selection (3-digit with
109% overrange) are pos-
sible with the 3434A
Cornparator. (1) Front
panel thumbwheels pro-
vide rapid selection of
limits for routine testing.
(2) Preset programs on
the interchangeable pin-
board programmer can
be selected manually, or

Interchangeable Pin Board Programmer
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LOCK

O

LOW-COST DECISION MAKER

(3) by remote contact closure to ground. (4) BCD (1-2-
4-8) inputs can be used when more than 12 programs
are needed. (5) An infinite number of limits can be
selected remotely by analog voltages (11 V).

Talk with your hp field engineer about the possibilities
of increasing speed and reliability of your routine test
operations using the hp 3434A—hp’s new LOW COST
DECISION MAKER. Write or call Hewlett-Packard,Palo
Alto, California, 94304. Telephone {415) 326-7000.
Europe: 54 Route des Acacias, Geneva. Price: Basic
unit hp Model 3434A, $1575.00; interchangeable pin
board programmer, $225.00. Accepts all hp 3440A
plug-ins listed below ($40 to $575).

Plug-in* 3441A | 3442A | 3443A | 3444A 134451\
AC volts

10Vt0 1000V | . °

DC volts
10V to 1000V |
DC volts 100 | |

mV to 1000 V | i . .

DC amps 100 |
#Ato 1000 mA |

|

| |

Ohms 1 ko E
|

|

to 10 MQ .
Manual
ranging . . - .
Remote [
ranging ° . . °
Remote
function i e 18

Full scaleVolt- t 06%AC | =0.06%AC
age Accuracy =0.03%\ +0.03%| =0.03%| =0.03% |= 0 03%DC | =0.03%DC
* The 3434A Comparator requires a plug-in to operate,

 =0.04% 1; =0,03% R

097/8

HEWLETT hp, PACKARD

An extra measure of quality
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i;‘] HARRISON 6116A DC POWER SUPPLY
’ HEWLETT « PACKARD O~100V 0~024

10 15
AMPERES

VOLTAGE

CURRENT METER
12OV G25A
0025 A

0.01% resettability featured in 7 precision-regulated all-silicon supplies

Set the five front panel dials to any desired voltage; output will be within 0.1% of
setting. Change to another setting. Later, return to the first setting—output voltage
will be within 0.01% -+ 200 uV of original value, in spite of any changes (within

5-DIGIT FRONT PANEL DECADE CONTROL
5% H, Half Rack Width

rating) of line voltage and load current, ambient temperature changes up to 3°C, : DC OUTPUT MODEL PRICE
and elapsed time up to 8 hours. ; 0—20V,0— 1A 6111A $375.
All seven highly-stable STB Series instruments have performance at least an order | 0 — 40V, 0 — 500MA 6112A 375.
of magnitude better than well-regulated laboratory supplies. Typical specs include: | 0 — 100V, 0 — 200MA 6116A | 375,
Regulation, Load or Line, 0.001%; Ripple and Noise 40 1V RMS; Controlled En- {_0 — 3000V, 0— 6MA_ | BLION & ) 49,
vironment Stability, 0.0005% + 10 uV for eight hours (constant load, line, and
ambient temperature). [ = S A A ;
- 10-TURN FRONT PANEL OUTPUT CONTROL
Can be used ds a precision general purpose bench supply, as a portable DC { P
. . e = 5 3/2 H Half Rack Width
reference or calibrator with high output current capability, as an adjustable reference ! e
or master supply for systems applications. Model 6110A also serves as an excep- { DC ouTPUT MODEL PRICE
tionally stable photomultiplier supply. { 0—20V,0—1A 6101A $265.
0 — 40V, 0 — 500MA 6102A 265.
All models except 6110A have Remote Programming, Remote Sensing, and four-position { 0 — 100V, 0 — 200MA | 6106A 265.

Multiple Range Meter Switch which sets full scale voltmeter and ammeter
values at either 100% or 10% of nominal output rating.

Short-Circuit-Proof e Continuously Variable Current Limit Control

No Overshoot on Turn-On, Turn-Off, or AC Power Removal e Floating Output,
Ground Either Positive or Negative Terminal e Rack Mounting Hardware Available.

HEWLETT jhp, PACKARD

POWER SUPPLIES

Contact your nearest Hewlett-Packard Sales Office for full specifications.

700 Locust Ave., Berkeley Heights, New Jersey 07922 AREA coDE (201) 464-7234 Twx 770-984-7972 tiose
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News Features

Probing the News

FAA lies low as aerial jam worsens
Bird in a gilded cage

Electronics Review

Advanced technology: Little laser,
big future

Manufacturing: IC ribbons
Avionics: Off course

Military electronics: Two good
Components: Out front
Instrumentation: No moving parts
Companies: Reshaping Fairchild
For the record

Electronics Abroad

International: Trial balloon

Japan: Time to unwind; Routed by
radar

Italy: Colorful pair

France: Small start; Window display
West Germany: Belt tightening
Great Britain: I'm all right, Jack
Around the world

Departments

Readers Comment
People

Meetings

Meeting Preview
Editorial

Electronics Newsletter
Washington Newsletter
New Products

New Products Index
New Books

Technical Abstracts
New Literature
Newsletter from Abroad

Title R registered U.S. Patent Office; © copyright
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77

85

Design theory 91

Medical
electronics

103

108

111

Technical Articles

l. Design

On the threshold of success:

glass semiconductor circuits (cover)

A controversial component, it can

do the work of two conventional semi-
conductor components

James A. Perschy, Applied Physics Laboratory.
Johns Hopkins University

Instead of circuits, a layer of glass

A portfolio of color photos shows the step-
by-step manufacture of the controversial
glass semiconductor switch

Designer's casebook

= Digital commands control differential
amplifier gain

= | ow-cost digital IC performs linear
functions

= Negative impedance converter does double
duty

8 MOS FET amplifier provides almost
infinite impedance

Digital filters with IC’s

boost Q without inductors

RC network is more promising than the
conventional LC filter

William R. Harden, Chesapeake Systems Corp.

I1. Application

The widening impact of computers in medicine
Once it was just an accounting tool for
hospitals, now the computer analyzes tests,
monitors patients, and helps in diagnosis
Evon C. Greanias, |1BM

Making informed decisions

A new system under development will store
medical data so it can suggest examinations,
diagnoses and treatments to its doctor users
Frederick J. Moore, IBM

A total systems approach

The Public Health Service has a system
in which transducers are linked to a
diagnostic computer by phone lines
C.A. Caceres, U.S. Public Health Service
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Readers Comment

Typical symptoms

To the Editor: ‘
Your account of the difficulties
with 1c voltage regulators for auto-
mobiles [June 26, p. 23] could serve
as an object lesson. Somebody
didn’t know that it gets hot in the
engine compartment of an auto-
mobile, and that it vibrates.

Was the project engineer on the
ic job so benighted that he never
gave a thought to the environment-
that his design had to work in? Or
did some engineer ask if he could
take a trip to Detroit and visit the
Ford Motor Co? Or did some engi-
neer ask if he could stick a ther-
mometer under the hood of a car,
or make some vibration measure-
ments? And did the boss reply
that the project schedule wouldn’t

«

-

allow that sort of fancy digression?"

Did he say that funds were low,
time was short, and stick to the
job?

From your account of this par-
ticular little fiasco, somebody in-
volved was, at best, behaving in
an uninspired manner. I would as-
sume that the engineer responsible
was a dullard if T didn’t recognize
the typical symptoms of common,
mediocre engineering management.

B. M. Steeger
Chief scientist
Innes Instruments

Costa Mesa, Calif,

Patent treaty

To the Editor:

In the Washington Newsletter
[June 12, p. 48], you indicate that
it will be necessary for this country
to change to a “first-to-file” cri-

terion for granting patents, rather’

than the “first-to-invent”
now employed.

system

If we are to enter into the re--

cently proposed patent coopera-
tion treaty, that treaty would not
provide for an international patent
system in the sense of a single
patent covering a number of coun-

tries. It would provide for an initial _

examination for patentability by a
central authority, such as the In-
ternational Patent Institute, with

the possibility of a limited reexam-

ination under local laws by the

Electronics | July 24, 1967



Now from Spragve!

s SE e

All the advantages of tantalum
in one LOW COS'I' capacitor!

POYY-DIPPED TANTAIEYCCAPACITORS
i VA . O IRITIARLLA .

(i1
Al ATV

For industrial, commercial, and entertain-

ment electronic applications where tantalum
capacitors were previously too expensive!

~{~Type 196D Solid-electrolyte Tantalum
Capacitors have special epoxy-dip coating
which keeps costs down without sacrifice
in dependability. Positively seals capacitor
section while providing excellent electrical
insulation. Protects against mechanical dam-
age in handling.

{~Radial lead design for plug-in mounting
on printed wiring boards. The .250” lead
spacing will fit standard .125” grids,

SPRAGUE COMPONENTS

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS
INTEGRATED CIRCUITS TOROIDAL INDUCTORS
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS

4

SC-4138R1
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CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

~{~High stability—very little capacitance
change, even at outer limits of operating
temperature range.

—~Low dissipation factor of these capaci-
tors permits higher ripple currents.

-{t~Meet environmental test conditions of
Military Specification MIL-C-26655B,

- (~Prime capacitance and voltage ratings,
Based on rating popularity of other types
of solid tantalum capacitors,

| (~Designed for continuous operation at
temperatures from —55 C to 485 C.

For complete technical data, write for Engineer-
ing Bulletin 3545 to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts 01247,

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and '(2)" are registered trademarks of the Sprague Electric Co.
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Dial GR for
Sine-Wave Signals

Tybe 1026 Standard-Signal Generator, $6500 in U.S.A.

Over 100 different models of GR oscillators,
signal generators, and synthesizers are
listed in our catalog. These sine-wave signal
sources provide a wide choice of frequen-
cies, power outputs, and modulation and
sweeping capabilities. For instance:

Included among the oscillators are our four
new ‘“‘sync-able" oscillators, each a small
(8 x 6 x 8 in.),self-contained unit with a sync
jack for phase-locking to an external signal.
These oscillators offer a wide choice of
performance" fixed frequencies (to 10 kHz)
or continuous tuning (to 2 MHz), up to
1-watt output, as much as 0.001 % short-term
frequency stability, and distortion as low
as 0.05% or less.

If you need a high-resolution signal source
with a wide choice of operating features,
you can satisfy your need with one of
the 80 versions of our frequency synthe-
sizers. Their modular construction makes
it possible to order any of the four basic
models with from three to seven manual
step-decade modules, programmable
modules, and with or without a continu-
ously adjustable decade module that pro-
vides additional resolution and sweep
capability. Upper frequency limits of the
four basic models are 100 kHz, 1 MHz,

12 MHz, and 70 MHz with maximum possible
resolutions of 0.0001, 0.001, 0.01, and
0.1 Hz, respectively.

The newest addition to our ensemble of
sine-wave sources is the 1026 Standard-
Signal Generator. This unique instrument
puts out )4 watt into 50 (10 V behind 50 Q,
5V when modulated), has excellent output
leveling, and has true single-dial tuning
over its entire 9.5- to 500-MHz frequency
range. The ease of operation and outstand-
ing performance of the 1026 in the most
critical applications must be experienced
to be appreciated. Request a demonstration
and see for yourself.

Prices for GR sine-wave signal sources
range from $225 for a ‘‘sync-able' audio
oscillator with 11 fixed frequencies to $7515
for a full-complement, 70-MHz frequency
synthesizer. For complete information, write
General Radio Company, W. Concord,
Massachusetts 01781 ; telephone (617) 369-
4400; TWX (710) 347-1051. Sales Engineering
Offices are located in major cities through-
out the United States and Canada.

GENERAL RADIO



“various countries which adopt the
treaty. Accordingly, the broad prin-
ciple does not require that this
country change to the first-to-file
system since our patent examina-
tion process could include the
present priority-determination sys-
tem, following the patentability in-
vestigation made by such as the
International Patent Institute.

It is true that the draft treaty
specifically forecloses application
of the first-to-invent criterion, but
this is merely an initial draft which
will be the subject of considera-
tion at an experts conference in
October. At that time, or subse-
quently, the draft treaty could be
‘amended very easily to permit the
United States, Canada and the
Philippines to adhere to their first-
to-invent systems.

As you no doubt know, the
American Bar Association is op-
posed to our switching to the first-
to-file system, as well as elimina-
tion of the one year grace period,
proposed in the so-called Patent
Reform Bill because we believe
that these drastic changes will ad-
versely affect our patent system.
While both changes are specifically
gontemplated by the draft patent
cooperation treaty, neither is neces-
sary to the objectives of that treaty.

Edward F. McKie Jr.
Section of Patent,
Trademark and Copyright Law
American Bar Association
Chicago, Tl

Standards for control

To the Editor:

Although the article, “Wider
horizons for numerical control,”
[June 26, p. 127] provided an ex-
cellent summary of the current

status of the subject, as well as its
potential for the future, we feel
that the omission of mention of
existing standards which have con-
tributed significantly to the ex-
pansion of this field needs clarifi-
cation.

The Electronic Industrial Associ-
ation’s Engineering Committee on
Numerical Control Equipment and
Systems has been active for the
last decade and has issued a num-
ber of standards which are almost
universally used in paper tape nu-
merically  controlled  machines.
These standards were developed
with full representation from the
three most concerned groups, that
is, the manufacturers of numerical
controls, the manufacturers of the
machines to be controlled, and the
users of numerically controlled ma-
chines.

These standards are available at
nominal cost from era, 2001 Eye

Street, N.W., Washington, D.C.
200086.

J.A. Caffiaux
Manager

Engineering Department
Electronic Industries Association
Washington, D.C.

From far to near

To the Editor:

Shouldn’t the report on solid
state imaging arrays in Electron-
ics Newsletter [June 26, p. 26]
read, imaging arrays that
operate in the near infrared” in-
stead of . . . imaging arrays that
operate in the far infrared”?

John J. Voth
U.S. Forest Service
Northern Forest Fire Laboratory
Missoula, Mont.
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in Mercury
or Xenon

PEK

is the standard of

reliability in
High Intensity
Light Sources

Across a power
range of 35 watts
to 30KW in xenon,
and 100 to 500
watts in mercury,
PEK high inten-
sity arc lamps are

noted for long life, maximum
arc stability, dependable glass-
to-metal seals. These are the
qualities that have made PEK
arc lamps the standard of re-
liability in applications ranging
from photography to solar sim-
ulation, from microscope illu-
mination to long-range projec-
tion.

PEK’S off-the-shelf line of arc
lamps is the most comprehen-
sive in the industry. Send for
our new Product Reference
Guide, or tell us what your spe-
cial requirements are. There’s
a PEK lamp to fit your applica-
tion.

PEK

PEK/ 825 E. Evelyn Avenue
Sunnyvale, California

(408) 245-4111/ TWX 910-339-9214
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Save Space
with MTP
Tantalum
Capacitors

We've proved by extensive testing that you don’t need
to de-rate our MTP miniature wet slug tantalum
capacitors. And we’ll jump at the chance to show you
how you may save money and often use smaller case
sizes by specifying only the actual voltage required by
your circuitry. Want a copy of our engineering report?
Write Mallory Capacitor Company, a division of

P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206.

MALLORY

Circle 8 on reader service card

People

“We're going to use computers,”
says Dr. George H.C. Stobie, the
new research analyst at the George-
town University
Medical Center
in  Washington,
“to make deci-
sions on treat-
ment and phar-
maceutical  or-
ders much as
doctors do. Not
that computers
are better than doctors and nurses,
but they relieve personnel from
tedious, routine work.”

Dr. Stobie, who learned about
computers through curiosity that
led to investigation—"the only way
a doctor can learn because medical
schools don’t offer computer
courses” —will get Georgetown’s
Automated Concentrated Care Cen-
ter functioning and serve as liaison
between the hospital’s doctors and
administrative staff. He previously
worked with computers at the
University of Toronto’s Hospital
for Sick Children.

“At the start,” he explains, “we’ll
have digital data-processing and
work up to an analog monitoring
system with an analog-to-digital
converter.” Dr. Stobie also hopes
to experiment with automatic an-
alyzers for laboratory work, a fly-
ing-spot scanner for taking X-rays,
and image intensifiers to resolve
minute X-ray details.

[See page 103 for more on how
electronics, especially the com-
puter, is helping the physician.]

Dr. George Stobie

Hoftman Electronics Corp., which
has been in the red for four of the
past five years, is beefing up its
Military  Prod-
ucts division in
a move aimed at
getting the com-
pany back into '
the black. To di-

rect the divi-

sion’s expansion ’
and diversifica-
tion, the El Algert G. Grimaila

Monte, Calif., company has named

Algert G. Grimaila to the new post

of director of engineering.
Grimaila is no newcomer to mili-
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Flat response from .001 to 500 MHz.

The Unit Amplifier by Avantek...
5 decades of rf bandwidth in a single module.

Avantek’s Unit Amplifiers cover 1 KHz to 500 MHz with 1 db gain

I i H £ f?‘;‘ flatness, and a VSWR of less than 1.5:1, in the smallest, lightest,
T t I widest bandwidth module available. ® A Unit of gain is 10 db.
‘;lu‘; P Individually packaged modules can be cascaded to obtain up to
LU L uwir ameuirien 70 db of gain and still preserve the characteristic gain flatness

A iEesill

‘ GAIN BUILDUP WHEN STAGES ARE CASCADED
i

?—‘**?di“ +— “wu -+

and 50 ohm impedance of each basic Unit. For rf, i.f.,, or video
amplification and general broad band usage, Unit Amplifiers pro-
vide a new measure of flexibility and eliminate costly “in house”
design efforts. Unit Amplifiers satisfy MIL or commercial environ-
T mental specs. Eleven different models are available with deliveries
1 runee staces unos, uasuaios ||| from stock to 30 days. m A companion series operating from
TNl 10 MHz to 1,000 MHz will also be available. Avantek guarantees
B L LR all specifications on Unit Amplifiers. Write for our 6 page technical
,‘WL"°""““5“‘“‘°“;““‘Lj.,.‘, bulletin, or call our local representative. ® The Unit Amplifier is
il L Pl g unique addition to our advanced solid-state product line which
extends to 2,600 MHz. ®m Avantek,
Inc., 2981 Copper Road, Santa

Clara, California 95051. Phone: A a t k
(408) 739-6170. Cable: AVANTEK vante

Advanced engineering opportunities are now available. Avantek is an equal opportunity employer.

GAIN dB

FLAT PERFORMANCE AREA

1 KHz 10 KH: 10 MHz

2
FREQUENCY
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You Can Get
All These
Microcircuits
from

Sprague Electric

*KSERIES SU300, LU300
UTILOGIC*

K Package

For use in commercial, in-
dustrial, ground support
applications. Available in
two operating tempera-
ture ranges, —20C to
+85C, and +10C to
+-55 C. Propagation delay
of 15 to 40 nanoseconds,

*Trademark of Signetics Corp,

Circle 504 on readers service card

*KSERIES SE500
LINEAR AMPLIFIERS

X K Package
Il Operating temperature
| range: —55 C to+125C,
Two linear circuits avail-
ablein 10-lead low silhou-
ette TO-5 case. SESO1K is
a video amplifer, SES05K
is a general purpose dif-
ferential amplifier.

Circle 506 on readers service card

Dto A
CONVERTER CIRCUITS

Expandable to 12 bits with <% bit error

4-BIT 5-BIT
SERIES | SERIES

*kSERIES SE100, NE100, US700

(Signetics CS700)

DTL INTEGRATED CIRCUITS

Two operating temperature ranges:
—55Cto +125Cand 0 C to +70 C.
NAND/NOR gates, clock and line driv-
ers, gate expanders, RS/T and J-K
binaries, one-shot multivibrator.

Circle 503 on readers service card

*kSERIES 400 low-power TTL
INTEGRATED CIRCUITS

All dual or quad function devices . . .
reduces can count and minimizes equip-
ment size. Available in two package
styles, three temperature ranges.

Circle 505 on readers service card

*SERIES SE800, NESOO
TTL LOGIC

Designed for high-speed avionics sys-
tems. Eight high level circuits including
four NAND Gates, Power Gate, Exclusive-
OR Gate Input Expander, J-K Flip-Flop.

Circle 507 on readers service card

#Series SE100, NE100, CS700, SU300, LU300,
SE400, NE400, SE500, SE800, NE800 are all
available from Sprague Electric under tech-
nology interchange with Signetics Corp.

For data on the microcircuits in which you are
interested, write Technical Literature Service,
Sprague Electric Company, 35 Marshall St.,
North Adams, Massachusetts 01247

48S-7100R1

Ladder Network
Ladder Switch
Buffer Amplifier

UT-1000|UT-1001
UD-4001 | UD-4036
UD-4024|UD-4037

Circle 508 on readers service card

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ' (2" are registered trademarks of the Sprague Electric Co,

People

tary electronics. Before joining
Hoffman he spent 17 years with
Motorola Inc.; his most recent post.
being assistant general manager
and director of engineering at the
company’s Government Electronics
division. He spent most of his time
specializing in communications and
navigation equipment, radar dis-
plays, and space tracking.

Grimaila will coordinate the
activities of three new laboratories:
navigation, communications, and a
third lab, yet unnamed, which will
handle radar and special devices.

He described communications as
the area offering Hoffman the
greatest potential for expansion.
“We plan to emphasize the high-
frequency and very-high-frequency
range in the airborne communica
tions field. We also intend to break
into the digital communications
field. Tactical digital communica-
tions is an area that hasn’t re-
ceived much attention.”

Within the past few weeks, Hoff-
man received its first major govern-
ment contract in several years, an
$18.5 million incentive order to
provide high-frequency communi-
cations equipment for Army air-
craft. Under the five-year program,
Hoffman will develop and produce
an  AN/ARrc-98  single-sideband,
high-frequency ~ communications
system. Four configurations of the
completely solid state equipment
will be developed.

The contract increases Hoff-
man Electronics” military backlog
to $38 million as compared with
$17 million just a year ago.

Gordon K. Teal, 60, a pioneer in
the development of germanium and
silicon transistors, has returned to
Texas Instruments after 2% years
as director of the National Bureau
of Standards’ Institute of Material
Research. His new assignment al-
lows him free rein to size up scien-
tific and technological develop-
ments that might affect 1. “We
will be trying to take a look at
things eight to 10 years off and de-
cide what development work we
should be doing now,” he says.
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Continuous cone electrode geometry: designed into
all these tetrodes only by Machlett

The result: uniform internal

r.f. energy distribution and

high performance stability.

Write for complete details:

The Machlett Laboratories, Inc.,
Springdale (Stamford), Conn. 06879.

ML-8170/ ML-8171/ ML-8281/ Engineers’ resumes invited
4CX5000A 4CX10000D 4CX15000A

THE MACHLETT LABORATORIES, INC.
A S uUBSIDILARY OF RAYTHEUON COMPANY

Electronics | July 24, 1967
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Total monolithic
integration of
analog
subsystems:

When??




Big things are happening in Linear Integrated Circuits. And they’re happening where they’ve
always happened — at Fairchild (that's why we supply more LIC's off-the-shelf than all other
B manufacturers combined). We've got a pile of new data that belongs in your hands. Take a look:

NEW, IMPROVED PERFORMANCE

We’ve done new things with old products. The original 702 and
710 circuits have powerful new specifications:

4AT02 — Wideband

AT10 — High Speed
DC AMPLIFIER if o

Differential Comparator

Typical Typical

Parameters  New Former Parameters  New Former
Vos 0.5mV 2.0mV Vos 0.6mV 2.0mvV
los 180nA 700nA los 750nA 1.04A
Avo 3,600 2,600 ton 40n8 40n$
Vos/ AT 2.5uV/°C Avo™ 1,700 1,500

2.54V/°C

NEW PRODUCTS

We've introduced three completely new circuits to allow you
even greater design flexibility:

1AT16 — Low Distortion
Medium Power Amplifier

1A726 — Temperature
Stabilized Transistor Pair

ey
S

1A730 — Differential
Output Amplifier

NEW, LOWER PRICES

Fairchild sells more so Fairchild sells for less. Our high volume
allows us to again reduce your costs, across the board. For
instance, look at these new prices:

TO2Ce o s e v e o b $ 5.50 TGl NS R E $16.00
FOBE o ot 1.50 TAOG 1o o Sompatal s 5.75
009G e, o e e s o 5.95 747451 S Al I T SR 12.50
7400 Ws SR e S 4.96° | 7300 o at L n s 3.85

(all prices are 1000-quantity, industrial grades)

FREE, NEW APPLICATIONS HANDBOOK

For a limited time, we'll send all
inquirers our new 150-page Fair-

Linear child Linear Integrated Circuit
Applications Handbook (just off

Integrated the press). It's crammed with
- Circuit new design ideas, new applica-
Applications tions, and new information on
Handbook how to cut costs and improve

performance utilizing Total
Monolithic Integration (we’ll also
include complete specification
data on the entire Fairchild LIC
line). Along with this information,
you receive complete rules and
entry forms for our Special LIC
Contest (see below).

%

Typical Characteristics Typical Characteristics Typical Char
Avc 10, 20, 100, 200 A Vpel/T 0.2uV/°C Avo 145
THD 0.05% @ 150mwW Alp/T 10pA/°C Vos ImV
lout 100mA pk hre 400+5% los 0.54A
Vout 13V pp (—55 to +125°C) (lc=100xA Vout 8Vpp
LVeeo 3ov Rout 70Q

TOTAL LINEAR CAPABILITY

Fairchild volume production gives you the quantity you need of
the circuit you need, when you need it. Choose from the improved
702 and 710; the all-new 716, 726 and 730; or from these field-
proven standards:

#AT03 — RF-IF

«AT08 — High Gain
Limiting Amplifier

#AT11 — High Speed
Operational Amplifier

Dual Comparator

»A203

O STROBE
Typical Parameters

Typical Parameters

Typical Characteristics

PLATASApAeAhox oA gANoNPA QRO RXPA A S ¢

CONTEST
Win a new
Pontiac Firebird
for a year

We've even developed a personal incentive for you to up-date
your knowledge of the Fairchild LIC line and the benefits of
designing with Total Monolithic Integration. It's an Analog
Subsystem Design Contest. If you're a winner, we'll put you
behind the wheel of a brand new Pontiac Firebird. Complete
contest rules and entry forms are included with your LIC Hand-
book Data Kit (all you need to do is write us or call your
Fairchild Distributor or Sales Office). You can enter as often
as you want. But hurry: The contest closes on September 30.

PAONDUDRONDUONOHONONDNOUON DA DX 2

Gm 35 mmhos Vos ImV Vos 1.0mV

Yie W01 mbios los 00 los 0.54A A? CIRCLE READER SERVICE NUMBER

lout 4mApp zvo 43{)2\? '!\on ?0;\080 I -

- s = - n ' AQASAORSRORSRGAORSROAQRASROA SR GRS RSN
i = e e
FAIRCHILD
& R S

SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation @ 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 = TWX: 910-379-643%
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miniature

1/2

rotary
switches

(Actual
Size)

INDUSTRY’S MOST
COMPLETE SELECTION

e Shorting AND non-shorting
poles may be grouped on
one deck in any combi-
nation.

Up to 12 positions per
deck with stops.

As many as 6 poles

per deck.

All individual deck parts
are self-contained, and
are permanently molded
into place.

Life expectancy 200,000
mechanical operations.

‘Off-the-Shelf’’ Shipments

Write for complete
engineering information

General Sales Office
RCL ELECTRONICS, INC.

700 South 21st Street
Irvington, New Jersey 07111

Circle 14 on reader service card

Meetings

Medac Symposium and Exhibition,
Association for the Advancement of
Medical Instrumentation; Hilton Hotel,
San Francisco, July 31-Aug. 4.

Technical Symposium, Society of Photo-
Optical Instrumentation Engineers;
International Hotel, Los Angeles,

Aug. 7-11.

Electromagnetic Measurement and
Standards, National Bureau of
Standards; University of Colorado,
Boulder, Colo., Aug. 7-18.

Conference on Energy Conversion
Engineering, American Society of
Mechanical Engineers; Miami Beach,
Aug. 13-17.

Guidance, Control, and Flight Dynamics
Conference, American Institute of

Aeronautics and Astronautics; Sheraton
Motor Inn, Huntsville, Ala., Aug. 14-16.

Conference on Medical and Biological
Engineering, Royal Swedish Academy of
Engineering Sciences; Stockholm,

Aug. 14-19.*

Cryogenic Exposition, Cryogenic
Society of America; Cabana Motor
Hotel, Palo Alto, Calif, Aug. 20-23.

Cryogenic Engineering Conference,
Cryogenic Engineers; Stanford
University, San Francisco, Aug. 21-23.

International Conference on Phenomena
in lonized Gases, International Atomic
Energy Agency; Vienna, Austria,

Aug. 27-Sept. 2.

Association for Computing Machinery
Conference, Association for Computing
Machinery; Sheraton Park Hotel,
Washington, Aug. 29-31.

Cornell Conference on Engineering
Applications of Electronic Phenomena,
Cornell University and Office of Naval
Research; Cornell University, Ithaca,
N.Y., Aug. 29-31.

Computer Conference, IEEE; Chicago,
Sept. 6-8.%

Technical Meeting on Space Simulation,
American Society for Testing and Mate-
rials, Sheraton Hotel, Philadelphia,
Sept. 11-13.

Symposium on Computer Control of
Natural Resources and Public Utilities,
International Federation of Automatic
Control, Haifa, Israel, Sept. 11-14.

instrument Society of America Confer-
ence and Exhibit, Instrument Society of

America; International
Chicago, Sept. 11-14.

Amphitheater,

International Symposium on Informa-
tion Theory, |EEE; Athens, Greece,
Sept. 11-15.

Seminar on Mathematical Systems

Theory, Pennsylvania State University;
Pennsylvania State University’s Resi-
dence Hall, Pa. Sept. 11-15.

International Congress on Magnetism,
International Union of Pure and Applied
Physics and American Institute of
Physics, Boston, Sept. 11-16.

Biennial Electric Heating Technical Con-
ference, |IEEE; Statler Hilton Hotel, De-
troit, Sept. 13-14.

European Machine Tool Exhibition,
European Committee for the Coopera-
tion of the Machine Tool Industries;
Hanover, Germany, Sept. 17-26.

Conference on Electrical Insulation and
Dielectric Phenomena, National Acad
emy of Science; Pocono Manor, Pa.,
Sept. 18-20.

Short Courses

Laser propagation through the
atmosphere; Ohio State University’s
Department of Electrical Engineering,
Columbus, Ohio; July 31-Aug. 11;
$360 fee.

Research conference on
instrumentation science; Research
Division of Instrument Society of
America; Hobart and William
Smith Colleges, Geneva, N.Y.,
July 31-Aug. 4; $115 fee.

Engineering vibrations; University
of Wisconsin’s College of Engineering,
Madison, Wis.; Aug. 7-11; $150 fee.

Calls for Papers

Seminar on Components and De-
vices in System Applications; Pur-
due University; Calumet Campus,
April 19-May 27, 1968. Sept. 15 is
deadline for submission of ab-
stracts to Karl Steiner, seminar
chairman, Purdue University, Ham-
mond, Ind. 46323.

Southwestern Conference & Exhibi-
tion, IEEE: Houston Convention &
Exhibit Center, Houston, Texas,
April 17-19, 1968. Nov. 1 is deadline
for submission of abstracts to J.V.
Leeds, M.L. 106—Swieeeco, Rice
University, Houston, 77001

* Meeting previews on page 16.
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Centralab’s
il ittle Giant”

Zeners
up vour sleeve

e Microminiature ¢« High Rel
* High Wattage « Competitively priced

With Centralab Little Giant 1 watt zeners up
your sleeve, regulators will be the least of your
problems in circuit design. Though micromin-
iature in size (actual size in above illustration),
Centralab’s Little Giant replaces larger zeners*,
in entertainment, industrial and high reliability
applications. Rugged tests the Little Giant is
subjected to and passes include acceleration,

Design with
confidence...

e
g

s SR,

mechanical shock, vibration, lead and body
strength, temperature, thermal shock, humidity,
salt spray and altitude. If you need a tough
zener regulator, drop us a line on your letter-
head and we’ll send you complete specifica-
tions and a sample free, which is better than
on-the-cuff.

Centralab's Little Giant is available from the factory
and through our Semiconductor Products Distributors.
Use the readers service card for location of your nearest
distributor and additional technical data.

*The Centralab 1 watt zener regulator (HW6.8 through HW91.0)
will replace any zener regulator that has a wattage rating of 1
watt or less within zener voltage breakdown of 6.8 to 91.0 volts,
including aluminum can units, epoxies or other glass units Here
are the JEDEC types it will replace and outperform:

150mW 400mW 400mW ¥ watt ¥ watt 1 watt
1N1313 1N754 1N957 IN710 1N764 1N1767

through through through through through through

1N1326 1N759 1N984 1N737 1N769 1N1794

NOTE: Also available in 1.5 watt, in solderable and weldable lead styles.

1 watt

1N3016 CENTRALAB
through Electronics Division
1N3043 GLOBE-UNION INC.

§757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

M—6723

—
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If you are

concerned with
nuclear radiation
hardness design

Physics

International

has the high
energy simulator
and experienced
personnel for
radiation and
EMP testing.

Physics International’s pulsed power facilities in the

2 MeV to 6 MeV range are available for testing in our plant

or may be purchased for your own installation. They produce
exceptionally high dose rates of simulated gamma rays,
electrons, neutrons. Electromagnetic pulse can also be
generated separately or simultaneously. Contact Physics
International today for complete information.

PHYSICS INTERNATIONAL COMPANY

2700 Merced Street / San Leandro, California
Telephone: 415/357-4610 TWX: 910/366-7033

16
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Meeting preview

Hard line

The computer field has been more
successful than most in keeping
down the number of technical
meetings. The American Federation
of Information Processing Societies
has concentrated its meetings into
two major sessions a year—the
Joint Computer Conferences.

However, there has been a ris-
ing chorus of complaints from en-
gineers, such as logic and compo-
nent designers, who feel the joint
conferences are becoming more
and more systems and software ori-
ented. As a result, savs William
Davidow of Hewlett-Packard Co.,
the semiannual meetings are being
attended by management people
rather than working engineers.

Because of this trend, the IEEE
Computer Group will sponsor the
erE Computer Conference; the first
meeting will be in Chicago from
Sept. 6 to 8. Davidow is chairman
of the conference and the meetings
committee of the 1mEEeE Computer
Group, which will continue to
cosponsor the joint conferences.

The Chicago conference will be
devoted entirely to hardware-
oriented subjects, design automa-
tion, new computer elements, reli-
able automata, pattern recognition,
and on-line computer systems.

For example, R.R. Shively of Bell
Telephone Laboratories will de-
scribe a processor designed to
compute discrete Fourier trans-
forms in real time, using the
Cooley-Tukey “fast Fourier” algo-
rithm.

Three approaches to the applica-
tion of large-scale integration will
be described by Motorola, Bunker-
Ramo, and Intellux.

Medical data displays and hospital
information systems will be cov-
ered this year for the first time at
the International Conference on
Medical and Biological Engineer-
ing in Stockholm, Aug. 14 to 19.
Discussed will be multipurpose
monitoring systems, programable
audio-visual displays, and informa-
tion-retrieval systems that give
physicians only the relevant data
on each patient.
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There's a
Tektronix Field Engineer
In your area

He can help you choose the proper
oscilloscope for your needs

Because he is thoroughly familiar with the breadth and
depth of the Tektronix product line, the Tektronix Field
Engineer can quickly help you determine which oscillo-
scope will suit your measurement needs.

His working knowledge of all the combinations of oscillo-
scope characteristics results in a practical choice for the
job.

He also can discuss the advantages of specialized oscillo-
scopes for specific applications, such as TV signal moni-
toring, semiconductor testing or sampling. And, if an
oscilloscope is not the answer to a particular application,
the field engineer usually can suggest another type of
instrument.

Before you select your next oscilloscope, call your nearby
Tektronix Field Engineer and take advantage of his experi-
ence in the technology of measurement.

Tektronix, Inc.

P.0. Box 500 (e "
Beaverton, Oregon I 'sxﬂ'n:'

97005 &

Robert M. Johnson of Detroit, Michigan
(Lathrup Village, Mich.)

One of the Tektronix Field Engineers
serving you from 42 U.S. Field Offices
and in more than 20 countries

around the world,

Electronics | July 24, 1967 Circle 17 on reader service card 17



We have connections
with the leaders
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When test equipment manufac-
turers select the Amphenol APC-7
precision connector for their equip-
ment, there have to be good reasons.

There are.

With VSWR’s less than 1.028
through X band, 1.037 at 17GHz and
with the electrical length defined

within .002”, their equipment can
now perform coaxial microwave and
short rise time pulse measurements
with accuracies never achieved
before.

When you need APC-7 precision
connectors for your test equipment,
write to Amphenol RF Division, 33 E,
Franklin St., Danbury, Conn. 06810,

@ AMPHENOL

‘When you have to make measure-
ments you believe impossible, write
tooneof theseleadingmanufacturers,

Specify Amphenol . . . the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics

Circle 19 on reader service card



Our first relay
also the onlyone

20

That’s because Bert Mitchell (his specialty
is hybrids) found a crying need for a high
voltage driver in a TO-5 package if only
it were ““fail-safe” and would cut out
noise on the supply line.

Then, if it took standard DTL or TTL
outputs so it could operate 28 VDC lamps
or up to 300 mA relays, he felt you'd
really have something.

You do. It’s the NS-7673. And it

replaces the other.

It’s a cermet hybrid IC. Designed so
you hook one side to ground instead of
to the supply voltage as you did in the
past. That eliminates the problems of your
relays latching up because of accidental
grounding.

You get the ““fail-safe” feature, while
knocking out the noise problems at the
supply voltage. Perfect.

Inventive Bert Mitchell.
What's he right in
the middle of now?
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/lamp driver is
of 1ts kind.

You can buy these drivers from our

yo

distributors. They have them in quantity.
1-24 $34.80, 25-99 $27.85, 100-999
$23.20. If you don’t know who they are,
call your local National sales engineer or
National Semiconductor Corporation,
(203) 744-0060. For the specs,

write us at Commerce Park, Danbury, Exgante? it O 5

Connecticut 06813. Output

M

National Semiconductor
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Inkless recording isn’t
a“record-breaking” technique.

It’s designed not to be.

The exclusive new inkless writing option
for the Hewlett-Packard 10" 7100 series or
the 5" 680 series strip-chart recorders won’t
“break™ your records by tearing, smearing
or running out of ink when you’re not
around to notice it.

Instead, it takes the uncertainty out of strip-
chart use by offering reliable, long-term
recording—without interruption or con-
stant attention—with economical and
maintenance-free operation. This new low-

22 Circle 22 on reader service card

voltage electric writing method gives you
sharp and clear printing on unique electro-
sensitive paper—and with instant start-up.

Call your local HP field engineer or write
Hewlett-Packard, Palo Alto, Calif. 94304.
Europe: 54 Route des Acacias, Geneva.

HEWLETT W PACKARD

*
»

i
*
.
.
*
.l
®
il
%
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Editorial

Victims of circumstance

Phase one of the investigation of the American Tele-
phone & Telegraph Co. by the Federal Communica-
tions Commission ended earlier this month with the
conclusions that the telephone utility ought to limit its
profit rate to between 7% and 7% % (the company had
pressed for a higher rate, 8%), that some long distance
charges ought to be reduced, and that intrastate rates
might be reduced by another 1%. To the disappointment
of many, the probe didn’t touch the crucial problem in
communications today: technology is outpacing the regu-
lation and management of communications systems.

With what engineers can already do, we could have a
network of communication satellites instead of cables
and microwave relays, pulse code modulation lines that
can carry far more information than today’s analog lines,
and electronic switching—with its great flexibility—at
every telephone center. Yet almost every move the rcc
and ataT take seems to stifle technological progress—
even though staff members of the commission and ex-
ecutives of the utility want to speed it.

The reason for this frustrating paradox is that the com-
mission and the utility are forced to operate under rules
that were formulated 30 years ago. These rules are as out
of date as the Street Singer or Amos and Andy.

For example, the rcc is terribly understaffed. Most of
its senior personnel are hard-working; they’'ve exhausted
themselves trying to operate a space age agency on the
budget of a commission whose structure was created in
the days of crystal radio receivers. Just this year, piqued
by the investigation of at&T, some members of Congress
forced a cut in the Fcc’s already too small budget. The
rce is in danger of wearing out the way the old Civil
Aeronautics Administration did [see p. 149].

AtaT has a superb research and development opera-
tion at the Bell Telephone Laboratories. From it have
come such important technical contributions as the roots
of modern information theory, the transistor, the funda-
mentals of automatic control theory, and the design of
electronic switching and pem equipment.

Yet these technical accomplishments flow into the tele-
phone system with the speed and directness of a glacier.
Transistors, which celebrate their 20th birthday next
year, are just being incorporated into commercial tele-
phone equipment. Pem lines are going in, but not as fast
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as the users of data transmission would like. The number
of electronic switching installations is growing at such a
snail’s pace that the job of retrofitting electromechan-
ical centers will not be completed by the year 2000.

Still, at&T is not completely to blame for this lethargy.
Its investment in equipment runs to nearly $33 billion,
and the company can’t throw it all out overnight. Accord-
ing to Fcc rules, this equipment has to be amortized over
a finite number of years. So the equipment has to last at
least the same time for financial reasons.

But even if, by some magic, AT&T’s management was
able to afford a sudden change, one wouldn’t be forth-
coming because the equipment is not available. ArtaT
insists that its subsidiary, Western Electric Co., manu-
facture all its equipment. So installation of electronic
switching centers must wait until Western Electric can
build them, and the process has been painfully slow. One
reason is that manufacturing people at Western Electric,
used to working primarily with electromechanical parts,
have found the switch to making electronic components
and assemblies more troublesome than they expected.

Solving the critical communications problem will take
some radical new approaches.

The problems are so gargantuan that a new organiza-
tion is required, possibly a new Federal Department of
Communications—not unlike the Department of Trans-
portation established earlier this year. Certainly it is un-
fair to expect the rcc, with a total budget of only $17.8
million, to do battle with problems like these: who is to
rmn a domestic network of communications satellites?
Should data transmission from computers be regulated
by the Federal Government? Is the communication net-
work keeping pace with new technology? What about
direct telecasts by satellite? How can the limited fre-
quencies be used for better efficiency?

Answers to such problems are likely to cause major
dislocations in the economy and the electronics in-
dustry. One solution might involve the end of the near-
monopoly artar has over telephone communications.
Another might force a separation of at&T and Western
Electric. Or, the Government might require AT&T to buy
its capital equipment at low bid from any supplier,
with Western Electric competing with all other elec-
tronics companies. Or, the Government might give the
utility some sort of equipment depletion allowance—
much like the tax benefit oil companies are granted
—to speed the installation of new equipment and new
technology.

Clearly such answers require careful—and expensive
—study and engineering,

For lack of manpower and facilities, the rcc has had to
postpone making decisions on some of these critical
questions. But postponements don’t solve anything. Con-
structive steps ought to be taken now.
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gineers who have learned to live with
sflutter problem in hysteresis synchro-
us motors will find that living comes
sier now. Especially in voice/data re-
rding applications.

ndiana General's unique inverted
itor design provides up to six times
3 rotorinertia of conventional designs.
itter characteristics are so low as to
practically negligible.

And the price is not so high that it

restricts the use of our inverted stator
motor solely to recording devices. It is
so economical to manufacture that it's
priced competitively with induction type
motors, making the Indiana General
hysteresis motor economically practical
for units like fans and blowers. And, the
inverted stator design significantly re-
duces start-up input power-surge and
combines very high operating efficiency
with low slip characteristics.

Indiana Generalinverted stator motors
are smaller and lighter than conventional
synchronous motors and are available
in a wide range of sizes, mountings,
power ratings and torques. You can get
full details by writing Mr. R. D. Wright,
Manager of Sales, Indiana General Cor-
poration, Electro-Mechanical Division,
Oglesby, Illinois.

INDIANA GENERAL =23

New inverted hysteresis motor design
drives the flutter out of recording equipment.

)

) 1967, Indiana General Corporation



Computer fiasco
makes one-stepping
Air Force step back

Even chance seen
for h-f transistor
parameter shift...

.. . but less likely
is new JS panel

Electronics Newsletter
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With the embarrassed Air Force deciding, under pressure, to reopen
negotiations on its controversial selection of IBM to supply $115 million
of housekeeping computers, one big question remains unanswered: can
the situation arise again? An answer might have come from the threat-
ened probe by Sen. McClellan’s Investigations subcommittee, but that
was called off when the Air Force backed down.

The unsuccessful bidders—Burroughs, Honeywell, and RCA—were
publicly unruffled and privately gleeful after their complaints that IBM
was the highest bidder brought about the reopening.

At stake, so far as the Air Force is concerned, is more than one of
the biggest computer contracts in history. In going to IBM, the Air Force
had junked the usual two-step system of negotiating on technical aspects
and then cost factors. Instead, it negotiated the technical criteria and
then asked for bids from companies meeting them. Officials of the service
claim that two-step negotiations lead to “auctioning” and that only IBM
really met the technical requirements.

But one-step negotiating might not be entirely dead. The House Mili-
tary Operations subcommittee plans to look at how much negotiation is
reasonable in one-step procurement. Meanwhile, the Air Force apparently
will have to play it by ear.

Manufacturers of high-frequency transistors figure their demands for
revised semiconductor characterization parameters have a 50-50 chance
of acceptance at the Aug. 3 and 4 meeting in Las Vegas of the Joint
Semiconductor Device Committee on Industrial Signal Transistors
(JS-9). But they are confident of eventual success.

Dissatisfaction with existing Electronics Industries Association param-
eters has been simmering for a long time [Electronics, April 17, p. 25].
What it boils down to is that designers are stymied by the scanty per-
formance data that can be shoehorned into the traditional Y parameters,
which are oriented to the end market (consumer, industrial, etc.) and
are also used for low- and medium-frequency devices. Texas Instruments,
KMC Semiconductor, and Raytheon are leading the fight for a switch to
S parameters, which are geared to typical operating conditions, are easier
to use and measure, and are compatible with Smith charts, the predomin-
ant high-frequency/microwave design aid. Both Motorola and Fairchild
agree.

However, there’s no clear agreement on the minimum frequency value
at which S is more advantageous.

Less likely to survive is a more radical change sought by the firms
backing parameter revision: a new JS committee for high-frequency
semiconductors, an idea that Motorola advanced unsuccessfully several
years ago. One of three semiconductor committees is usually responsible
for characterizing high-frequency transistors. Besides the panel over-
seeing industrial signal transistors (JS-9), there are ones for power
transistors (JS-6) and entertainment signal transistors (JS-8). But all three
are concerned primarily with power level or market, while the five
makers, plus TRW Semiconductors, want frequency to be the major and
only consideration.
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TI will offer
linear-IC tester

Xerox gear to get
integrated circuits

Philco, Motorola
win advanced
space-link pact

Cryoelectric LSI:
five years away

Addendum

26
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The instrumentation gap in linear integrated circuits is closing. Spurred
by burgeoning sales of linear IC’s [Electronics, July 10, p. 125], Texas
Instruments’ Apparatus division has developed a modular plug-in unit
for dynamically testing the devices.

The module, which will be displayed at Wescon next month, mates
directly with TI's model 553 IC tester. The 553 applies linear IC test
waveforms between 10 hertz and 100 kilohertz, measures bandwidths
to 50 megahertz, and provided true rms readout.

Linear IC testing heretofore has largely been done by modified digital
IC test equipment, and has usually been restricted to d-c modes, giving
users an incomplete picture of the chips’ capabilities.

Xerox’s new line of copying and printing equipment, to be marketed this
fall, will be equipped with monolithic integrated circuits—the company’s
first major move to use IC’s. According to a company spokesman, Xerox
will also retrofit a number of current models with IC’s.

Also this fall, the company will introduce a machine that can turn out
one copy per second; the fastest copier Xerox now makes is the 2400,
which prints 40 copies per minute.

Ground hardware for the Air Force’s 20-million-bit-per-second Advanced
Space Ground Link Subsystem (ASGLS) will be built by Philco-Ford’s
WDL division and Motorola’s Government Electronics division. Motorola
was teamed with Philco-Ford, the only bidders that responded when the
then Air Force Space Systems Division requested proposals [Electronics,
April 13, p. 65]. The subsystem will use wideband, high-speed pulse-
code-modulation equipment to combine telemetry, tracking, and com-
mand in one S-band channel for such applications as the MOL.

Cryoelectric large-scale integration (LSI) continues to be put forward
as a candidate for associative computer memories, but cryotron processors
are probably still five years away. J. Paul Pritchard, a researcher at Texas
Instruments, cites two main obstacles to superconductor LSI associative
memories—the inability of designers to see much beyond metal oxide
semiconductor and bipolar arrays, and the cost of cooling gear.

TI, partially funded by the Air Force, has developed cryotron arrays
with 20,000 equivalent gates of mixed logic and memory. Each 2-by-
2YVj-inch array contains circuitry for 40 words of 50 associative bits each
in a six-layer structure of glass, lead, tin, and insulation. Device density
is 7,000 gates per square inch. The TI cryotron associative processor
has done search-and-write operations in 2 microseconds, and has the same
capability for search and read. Pritchard says the device has the same
number of switching elements as one made by RCA, but notes that the
RCA device doesn’t have logic in memory, and has random access rather
than an associative capability [Electronics, April 17, p. 111].

An electronically controlled probe for measuring the attitude of a plane
to prevent a stall will go into Grumman’s corporate jet aircraft, the Gulf-
stream II. Conventional probes align themselves with the wind, like a
weather vane. The probe, which is part of an angle-of-attack system that
includes a stall warning computer, was built by United Control.
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The die is cast!

We’re committed to the manufacture
of the industry’s finest line of 930
DTL integrated circuits.

Our customers know they could buy
these monolithic integrated circuits
elsewhere, but here’s why they don’t.
No one else has a better or more modern
facility devoted exclusively to the man-
ufacture of microcircuits.

No one else has demonstrated better
yields.

No one else has provided better delivery.

No one else offers better prices on the
same quality products.

And no one else has a more substantial
name behind them than the “Stewart-
Warner” name—for more than eighty-
five years a leader in the manufacture
of quality products.

Our customers are pleased with the
superior quality of our products. If you

730 EAST EVELYN AVENUE, SUNNYVALE, CALIFORNIA 94086 / TELEPHONE: (408) 245-9200

try them, we know you will be pleased,
too.

Why not talk to one of our representa-
tives? And, meanwhile, let us send you
our 20-page “Composite Data Book”
with the industry’s most complete
coverage of 930 series Flat Packs, Dual
In-lines, and TO-5’s.

Eimba:l:nx:

STEWART SW WARNER

MICROCIRCUITS. INC.
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Want a little more experience

before you start

a business
of your own?

Hewlett-Packard may be the perfect proving
grounds for you. One word of warning: You may
never want to leave!

As an R&D engineer at Hewlett-Packard you’ll
be encouraged not only to develop ideas for
marketable products, but given every opportunity
to follow your concepts through research and de-
velopment, pilot runs, manufacturing and finally
even into marketing. You will be totally involved
in every arca of a business enterprise, gaining
experience both as engineer and entreprencur.

This year Hewlett-Packard will invest 19 mil-
lion dollars in research and development. Our
success is based on the concept that every instru-
ment must be a contribution to the art of meas-
urement, produced efficiently and delivered at a
competitive price. Your work and training here
will closely parallel this principle.

If your ideas are the kind successful businesses
are founded on, we’d like to have you on our
staff. If you decide to stay, you’ll have unlimited
opportunity to grow in any direction you choose.
If you do go into business for yourself, you
couldn’t have a better background.

Write Ray Wilbur, Vice President, 1501 Page
Mill Road. Palo Alto, California 94304. An equal
opportunity employer.

HEWLETT (p, PACKARD
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B maae LINE FILTERS

SMALLER and LIGHTER THAN ANY OTHER

LINE FILTER AVAILABLE /

® DESIGNED FOR OPERATION IN . . .
400 Hz lines @ 85°C
60 Hz lines @ 125°C

® INSERTION LOSS GUARANTEED FROM . . .
—55°C to +125°C @ rated current

® TYPICAL INSERTION LOSS . ..
30 db @ 150 kHz
80 db @ 1 MHz and up

These hermetically sealed ERIE EMI| Power Line Filters represent
a substantial reduction in size and weight without sacrifice in
performance through the use of a sophisticated state of the art
dielectric. Most measure less than 1 inch long and weigh less than
10 grams, making these tiny Filters perfect for power supply
applications where reliability, size, and weight are design
considerations.

The broad line of ERIE EMI Filters economically provides optimum
performance for virtually any environment. For detailed specs see
your local ERIE applications engineer or write for Catalog 9000.

TECHNOLOGICAL

PRODUCTS, Inc.

B

Erie, Pennsylvania
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Scribe Any Rectangular or Triangular Pattern from 0 to .399 Inch

Operation: |I. Vacuum Stage Linear Adjustment Knob ... provides fine

linear slide adjustment of vacuum stage for rapid align-

1. Place semiconductor wafer on vacuum stage. ment of work.

2. Make rotary and linear alignment of wafer with preset J. Vacuum Stage Indexing Carriage . . . precision ball slide
microscope reticle. assembly with hardened ways is precisely controlled;

3. Dial desired index spacings in thousandths of an inch provides guaranteed indexing accuracy within .0001
on two separate control channels of selector setting continuously across range of vac-

’ uum stage.

4. Actuate first scribing cycle. (Indexing at first channel . g- . e

setting.) K. Optical Viewing and Illumination System . . . monocular
X . erect image microscope provides 28x with vertical illum-

5. Rotate vacuum stage 90° and recheck alignment. (Auto- ination and alignment reticle.

matically switches channels.) . . ¢ y
; ) : L. Master Switch . .. energizes entire electrical system.

6. Actuate final scribing cycle. (Indexing at second chan- i X X X i
nel setting.) M. Microscope Linear Adjustment Knob ... provides fine

linear slide adjustment of microscope, for alignment

Salient Features: of reticle with scribing tool path.

. - N. Vacuum Switch . . . controls vacuum to vacuum stage,

A. Diamond Scribing Tool. from source which attaches at back of machine.

B. Scribing Tool Holder ... holds %" diameter diamond 0. Scribing Ram Control Switch allows-o ;

b s : i : ! ibi e peration of
scribing tools rigidly, at Vaf"'tousl' sri:rlbklngfangles,ﬂpl;o- scribing ram independent of index system; will stop and
vides accurate o.nentajuon of tool shan re'erence ; a. S. hold ram over vacuum stage for tool set-up.

C. Pressure Adjusting Micrometer . . . provides scribing  p_ Right Side Index Selector Switch . . . allows selection of
tool pressure adjustment from 10 to 100 grams; reads vacuum stage index increment from .000” to .1995" to
directly in grams with accuracy within +1 gram at tool nearest .0005" or from .000” to .399” to nearest .001”
point. with digital readout directly in inches.

D. Depth Adjusting Micrometer . . . provides scribing tool Q. Right Side Index Selector Switch Indicator Light. . .
depth adjustment of .100"; reads directly in thou- lights when vacuum stage rotary index lever is in right
sandths of an inch with accuracy within +.0005"” at hand position and right side index selector switch is
tool point. active.

E. Scribing Ram ... precision ball slide assembly with R. Left Side Index Selector Switch . . . allows selection of
hardened ways is cam driven at 30 strokes per minute. vacuum stage index increment from .000” to .1995" to

F. Vacuum Stage . . . is retained in index carriage by vac- nearest .0005" or from .000" to .339" to nearest .001"
uum. When vacuum is off, stage can be rotated for with digital readout directly in inches.
coarse alignment or can be instantly removed. S. Left Side Index Selector Switch Indicator Light. .. lights

hen vacuum stage rotary index lever is in left hand

G. Vacuum Stage Rotary Index Flange . . . allows extremely iy 2 ; : :
accurate 90 or 120 degree rotary indexing of vacuum position and left side index selector swntch. is active.
stage, with positive no-play detent mechanism. (See T. Function Selector Switch . .. allows selection of three
Index Selector Switches and Indicator Lights.) operational modes: traverse, single index without scrib-

H. Vacuum Stage Rotary Adjustment Knob ... provides ing, automatic index with scribing in sequence.
fine rotary adjustment of vacuum stage for rapid align- U. Function Actuation Switch ... actuates system opera-

ment of work.

tional modes to left or right, as selected.

How to Order: Fprice as described, with simple,

low magnification monocular optical system,
$2875.00 F.0.B. Sunnyvale, California.

Index Max Wafer
Model No. Increments Size
1713-5B .001"-.399" 11"
1713-10B .0005"”—.1995" 1¥%"
1713-102B .0005"”—.1995" 134"
1713-MB .01mm-3.99mm 38.1mm

Physical Specifications:

Weight Packaged . « & & o % o s w0 o5 e & o 6 5 e &
Dimensions

58 pounds
143" W x 14" D x 8" H not including

optical column. Machine height including optical column is 17%".

Electrical Requirements:
115 volts, 60 cycles, 1 amp, single phase, 3 wire NEMA ““U’’ ground

-

power cord.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, California




Proven...better, faster, more economical scribing

THE TEMPRESS AUTOMATIC SCRIBING MACHINE HAS
FULFILLED THE PROMISE MADE WHEN INTRODUCED . . .
NEW EFFICIENCY FOR SEMICONDUCTOR MANUFACTURE.
To restate the advantages: one microscope . . . one group
of positioned sequence controls . . . one streamlined pack-
age, as small as an office typewriter. A look inside discloses
all electronic circuitry on easy-access circuit boards
and life-lubricated mechanical components. The
price has made it practical for an entire industry to
adopt it as the standard scribing device. New refine-

4

ments include high reliability electronic components, high

contrast illumination system, provision for triangular scrib-

ing, and a new system for clamping and adjusting scribing

tools. The Automatic Scribing Machine is a product of the

Tempress Standard of Excellence . . . a proud member of

the growing family of Tempress miniature assembly tools
and production machines.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, California
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You didn’t have to make
it so soft on ouraccount.

Our Kemet solid tantalum capaci-
tors were among the least delicate
components to soft-land on the
moon. And,though thelunar night
is —254°F...we survived.

Kemet capacitors have such
sturdy reliability you can trust
them on any project. They’re also
the only solid tantalums available
graded as to failure rates.

This is why Kemet capacitors
blast off with just about every
American rocket —and why
they’re key components in so
many earthbound products.

But capacitors are only one of
the activities that keep Union
Carbide up front, on the frontiers
of electronics. Among other
things, we’re also leaders in re-
search, development and produc- »
tion of single crystals and crystal
products; laser systems; solid
state devices; fuel cells.

They’re reasons to keep Union
Carbide in mind before your proj-
ects reach the breadboard stage.
Union Carbide

UNION Corperation, Elec-
(M. LD tyonics Division,
270 Park Avenue,
ELECTRONICS New York 10017.

An Equal Opportunity Employer

KEMET 15 a registered trade mark of Union Garbide Corporation
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The hope of doing each other some good prompts these advertisements

For the infrared file

Do you know Jack Stolp? You probably do if you have ever
had to look seriously into the matter of a suitable, insoluble
material for transmitting or refracting infrared radiation,
particularly if you had thought you’d be better off without cold
flow or cleavage planes. If you anticipate a concern with the
subject, please clip or photocopy the following table and put it
where you can find it so that when you do get in touch with
Jack, you two can get down to cases right away without
floundering around:

KODAK Infrared Optical Material

IRTRAN 1 | IRTRAN 2 | IRTRAN 3 | IRTRAN 4 | IRTRAN 5 | IRTRAN 6
Polycrystalline | Polycrystalline | Polycrystalline | Polycrystalline | Polycrystalline | Polycrystalline
Magnesium Zinc Calcium Zinc Magnesium Cadmium
Fluoride Sulfide Fluoride Selenide Oxide Telluride
Transmittance
>50% at2mm 1-8p 1-13.5u 0.4-10x 1-19u 0.7-7.50 2-28p
thickness
Refractive index | 1.378 at 1. to | 2.291 at 1, to | 1.432at0.6,to [2.485 at 1.0, to | 1.746at0.5ut0 (2.734 at 1.5, to
at25¢ 1.263 at 8u 2.151at13x | 1.300at10x | 2.310at20x 1482 at 8« | 2.672 at 10.0x
Hardness 576 Knoop 354 Knoop 200 Knoop 150 Knoop 640* Knoop 45t Knoop
ili Practically
Water solubility Insoluble Insoluble insoluble Insoluble Insoluble Insoluble
Maximum diameter S 3 . . 7 2
{circular fats) 8inches 8 inches 6 inches 7 inches 6 inches 3inches
Ma(’c'l’:‘c“lﬂ‘a:'}'fa';’s'f“ Linch Linch Y inch Y inch Y inch Y inch
Dome or lens 9-inch Y-inch : : 4
capability hemispherical | hemispherical zﬂlza:!frrat:n;;lkze lens or dome that can be made from maximum-
(diameter) dome dome i
Relative prices Low Low Moderate Moderate \ Moderate High

IRTRAN 2 Lenses of 1, 2, and 3-inch focal length are stocked *About as hard as a steel file tAbout as hard as hard coal

Details from W. J. Stolp, Eastman Kodak Company, Apparatus and Optical Division,
Rochester, N. Y. 14650, phone 716-325-2000, ext. 5166

This year’s Q-switch

Hans Heynau phoned from United Aircraft Rescarch Labora-
tories in East Hartford, Conn. for permission to mention the
new EAsSTMAN 9860 Q-Switch Solution in a paper to the
Institute of Electrical and Electronics Engineers. We said
Kodak would feel honored, whereupon there went into the
scientific record the fact that a certain experimental United
Aircraft photodetector could develop 100 volts of output in 90
picoseconds, which amounts to a pretty good rate of rise.

The impulse was delivered to the detector by a mode-locked
pulse from a neodymium glass laser. Our friend A. J. DeMaria
of United Aircraft, who was first to report mode-locking with
an earlier Q-switch solution called EAsTMAN 9740, is convinced
EASTMAN 9860 does a better job. When working with the
earlier solution he calculated pulse widths down to 2 X 10713
sec. Others elsewhere tried some measurements and were
unable to report any pulses shorter than 4 X 107!% sec.
Investigations are in progress toward narrowing the gap with
EAsTMAN 9860.

For the benefit of those who have been too busy with their
own affairs to read up on mode-locking but aren’t too busy to
be curious: Somewhat as 30,000 parallel scratches on a grating
make for angular sharpness in the diffraction of light, so the
30,000 axial modes (or discrete resonant frequencies permitted
by the broadening effect of the glass on the Nd3* transitions)
come into phase at sharp points in time. To fight counter-
effects, the dye should be as transparent as possible for high
intensity and as opaque as possible for low. With EAsTMAN
9860 there is more latitude in matching dye concentration to
the other variables. DeMaria sees two reasons for this: 1)
slightly better placement of the absorption spectrum in rela-
tion to the Nd3t: glass emission spectrum; 2) better trans-
parency to this radiation of the 1,2-dichloroethane solvent in
EastMAN 9860 during the brief period that transparency is
wanted, before radiation completes a round trip between the
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mirrors. For the latter reason, probably, DeMaria’s trains of
pulses are five times as long as with 9740 — a whole microsecond.

For the benefit of those who care to go so far as to try EASTMAN
9860 Q-Switch Solution: Place order at $100 with Distillation
Products Industries, Rochester, N. Y. 14603 (Division of Eastman
Kodak Company). You will receive 100 ml of solution with a (pre-lase)
absorption coefficient at 1.06u between 25 and 30 marked on the
bottle, and five 100-ml bottles of solvent with which to cut it back.
Working life is longer than with 9740, and the dye stays in solution.
Those who work with ruby lasers should order EASTMAN 10220 ($50),
a solution at dgogzn = 25 to 30 of Cryptocyanine in Acetonitrile,
with which we furnish five 100-ml bottles of that solvent. In the usual
solvent for cryptocyanine, methanol, we find that & drops in the dark
at 49, per month, as compared with 0.7, for EASTMAN 10220.

Prices subject to change without notice.

A service for the bubble-chamber trade

For high-energy physics, Eastman Kodak Company, Instrumentation
Products, Rochester, N. Y. 14650, is busy working out details with the
designers and operators of bubble chambers.

Bubblechambers consume film by the ton. Millions of pictures
of tracks of bubbles are screened at public expense by large
numbers of ladies to find which ones are worth submitting to
further scrutiny by computers in hopes that a few of the pic-
tures will shake out as possible evidence for or against hypoth-
eses tentatively put forth by a few theoreticians and tentatively
questioned by a few others. The cost of the film and the wages
of the ladies represent, of course, only a small fraction of the
bill that the physicists have to explain, somehow. When ladies
sit packing sardines into cans instead of looking at pictures of
bubbles, no explanation is required.

This man likes sardine
sandwiches. He also votes
in congressional elections.
We are not sure whether he
drives a cab in Manhattan
or tries to grow a little
tobacco in Kentucky. In
either case, life has not been
easy. He hopes his son will
do better. Bright kid, doing
real well in college, where
he has a scholarship and
where in the physics de-
partment is displayed the
bubble track picture from
Brookhaven National Laboratory that established the exist-
ence of the omega-minus particle.

The what?

The kid wants to go on for a doctor’s degree in physics. He
probably has to know what things like that mean.

We are of two minds about that man’s son. On the one hand,
we’d like to see him use his time in physics lab toward an
engineering career. We simply cannot understand why more
kids aren’t going into engineering. Maybe they don’t know
what an engineer does, how he determines the most efficient
way to get things done, whether it’s getting sardines into a can
with less labor or manufacturing photographic film or hunting
intermediate vector bosons or saying how much photographic
quality is worth in the boson hunt. Engineers find money
convenient, particularly for the measurement of efficiency,
and we can understand that.

On the other hand, if the kid thinks he wantsto ~ »
understand more than that, maybe he ought to .
make himself into one of those hypothesizing
theoreticians who keep the film-consum-
ing bubble chambers busy.
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FROM PAR | Precision Instruments for Research & Development

Tuned Amplifier/Oscillator
is Six Instruments in One

® LOW-NOISE AMPLIFIER
® WAVE ANALYZER
® DISTORTION ANALYZER

The PAR Model 110 Tuned Amplifier/Oscillator is a
versatile high - gain, low - noise, low - distortion fre-
quency selective amplifier operating over the fre-
quency range of 1 Hz to 110 kHz with Q variable
from 1 to 100 with no gain change. It provides four
outputs simultaneously: a second order (resonance)
bandpass; a second order band-reject (notch) pro-
viding rejection of the center frequency in excess of
100 dB; a second order allpass characterized by an
amplitude response which is flat with frequency and
a phase lag which increases monotonically with
frequency; and a flat output. Each of the 600 ohm
outputs is capable of providing 5 volts rms into a
5K ohm load. A front panel AC voltmeter permits
measurement of any one of the four outputs.

The instrument can function as a wave analyzer with
bandwidth adjustable from 1% to 100%; as a flat

® LOW-DISTORTION OSCILLATOR
® SENSITIVE AC VOLTMETER
® ALLPASS DELAY PHASE SHIFTER

or selective AC voltmeter with sensitivity ranging
from 10 microvolts to 5 volts rms full scale; as a
distortion analyzer to measure distortion levels as
low as 0.1% (as low as 0.001% when used in con-
junction with a second Model 110); as a low-noise
amplifier (typical noise figure of 1 dB) with voltage
gain ranging from 1 to 10% as a stable general-
purpose low-distortion oscillator providing up to 5
volts rms into 600 ohms, capable of being syn-
chronized by an external signal; and as an AC-DC
converter with ground-based output.

Price: $1195. Export price approximately 5% higher
(except Canada).

For additional information, write for Bulletin T-140
to Princeton Applied Research Corporation, Dept. D,
P.0. Box 565, Princeton, New Jersey 08540. Tele-
phone: (609) 924-6835.

PRINCETON APPLIED RESEARCH CORP.
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Advanced technology

Little laser, big future

Something no bigger than a shoe
box may put an end to the tired
gag line that a laser is a solution
in search of a problem. That alone
would earn the International Busi-
ness Machines Corp. the gratitude
of countless engineers. But 1BM:'s
laser promises much more: it opens
the door to the development of
practical systems for television
wall-size displays that tie directly
to a computer, projector systems
for high-speed photographic print-
ing processes, computing and data-
storage systems, and even a holo-
graphic movie projector.

The new laser is unusual in many
respects. It can use almost any
gas, producing a broad spectrum
of light, from the infrared to the
ultraviolet; it uses a low-cost, com-
pact power supply—the same type
that a computer works off; it pro-
duces a 3s-inch-wide beam, and the
entire laser measures six by four
inches.

Power aim. Although early mod-
els have produced outputs of only

THREE
FERROMAGNETIC
TAPE -WOUND CORES

a quarter of a watt, quasi-continu-
ous-wave, the researchers expect
design improvements to boost out-
put to 10 watts or higher.

Charles B. Zarowin, a physicist
at BM's Watson Research Center
in Yorktown Heights, N.Y., de-
signed the laser and built it with
the aid of Clintis Williams, a tech-
nician.

The laser was designed primarily
to be coupled with an earlier de-
velopment, the Scanlaser, which
came out of the same lab about a
year ago. The Scanlaser, developed
by Robert Pole, the lab’s manager,
marries a thick-beam laser with a
cathode-ray tube. The thick beam
is necessary to obtain a large num-
ber of resolvable light spots and
the crt scans the spots.

What made the Scanlaser so at-
tractive was the fact that it could
be plugged directly into a com-
puter—the way a crt is—produc-
ing a display that’s bright enough
for a large projection on a wall.
Further, the Scanlaser could be
used to feed data into the com-
puter, simply by modifying its de-
sign.

But, good as the concept for the
Scanlaser was, its development

r
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was stymied until the Zarowin ion
laser came along.

Active leg. The ion laser is built
as a rectangular loop, with one leg
acting as the active portion. Toroi-
dal Permendur tape-wound cores
surround the active leg and supply
pump power to the plasma through
transformer action. The plasma
loop acts as a one-turn secondary,
while three turns are placed on the
primary, which is excited by a 150-
volt, 100-ampere square wave. The
changing flux through the loop in-
duces 50 volts around the loop,
causing a 300-ampere current to
flow in the plasma.

Since the phase reversal of the
2.5 kilohertz square wave is im-
material as far as pump power is
concerned, the pump power is al-
most a constant d-c level, except
for the switching intervals. The rise
and fall times of the high-current
power supply limit the laser to a
duty cycle of about 90% (the
quasi-cw aspect ).

SCR’s, too. The 150-pound supply
is all solid state, and uses silicon
controlled rectifiers as the switch-
ing elements. It is far less expen-
sive than equivalent high power
r-f power supplies needed for other

B
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lasers. In the experiment, a pro-
duction-model BM 360 computer
power supply was used.

The next-generation power sup-
ply will probably contain high-
power transistors, which would
boost the duty cycle of the laser
above the 90% level.

The laser tube contains no elec-
trodes, since it is pumped induc-
tively. This means that even highly
reactive gases such as chlorine can
be used. Chlorine is a particularly
promising material, since it pro-
duces 13 different colors of laser
light.

In the initial experiments, a mix-
ture of xenon and argon was used
to provide an output at 4,880 ang-
stroms, and optical gain was about
15% for each pass. The research-
ers expect to widen the beam and
boost its power by adding an axial
magnetic field.

The research was sponsored in
part by the Air Force Avionics Lab-
oratory at Wright-Patterson.
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Manufacturing

IC ribbons

It sounds incredibly simple: lami-
nate a strip of copper to a strip of
Mylar. Etch the copper so as to
form several thousand lead frames
in a row. Bond integrated circuit
dice face down on the strip. Run
the strip through an injection mold-
ing machine for plastic encapsu-
lation, and onto a reel. Run the reel
through an automatic testing ma-
chine. Ship. Let the user put the
reel through his testing machine,
then through automatic insertion
machinery which only at that point
punches the Mylar from between
the leads, cuts the circuits apart,
and puts them on circuit boards.

A few steps have been omitted
but in essence that’s the packaging
process developed by Frances
Hugle of Hugle Industries. Within
a month, the electrical products

division of the G.T. Schjeldahl Co.,
Northfield, Minn., will begin pro-
duction of the Mylar-copper lami-
nate rolls. It will etch the lead
frames using masks provided by a
semiconductor company. William
B. Hugle, husband of the inventor
and president of the Sunnyvale,
Calif., company that bears their
name, says that he has interested
three major semiconductor manu-
facturers and “one large company
that will soon enter the 1c field” in
the process.

Advantages of the system, the
Hugles say, are these:

Because the Mylar, which is 3
to 4 mils thick, supports the lead
frame, it permits flip-chipping, with
its attendant cost advantages, in
a plastic package. The thin lead
frame is too flimsy to go through a
face-down bonding process unsup-
ported.

Because the Mylar is transparent,
registering the chip on the frame is
much simpler; the operator merely
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looks at a mirror underneath the
strip and registers the chip opti-
cally, instead of referring both chip
and frame to a third point, such as
a microscope reticle.

Handling of the circuits is vir-
tually eliminated. There is little
chance for leads to be bent.

Since the circuits go into and
come out of the testing process in
the same order, which they retain
at all times until final insertion, re-
jects can be tabulated by a com-
puter, and test results by manu-
facturer and customer can be
compared circuit by circuit.

The lead frame can be etched
into what amounts to a miniature
printed circuit board, so that sev-
eral dice can be put into one pack-
age. Some circuit board costs can
be avoided by laminating both
sides of the Mylar and making
intraconnections in the package.

Easy does it. The simplicity of
the process can cut costs to a
couple of cents per package and its
flexibility permits a manufacturer
to make a flip-chip package even
though he does not have a process
for making flip-chip dice.

The contact bumps would nor-
mally be put on the dice (as they
are, for instance. in the ceramic
Fairpak made by the Fairchild
Camera & Instrument Corp.). How-
ever, an additional etching process
by Schjeldahl can easily put the
bumps on the lead frame, for about
a cent per square inch of lead
frame.

Further, the process is equally
adaptable to the manufacture of
flatpacks or dual in-line packages.
As the 1C’s sit in the Mylar strip
they are in flatpack configuration,
but the leads can just as easily be
crimped over into pir form by the
machine that cuts the circuits apart.

The almost complete automation
of the packaging and insertion pro-
cess offers still another benefit that
might result in shrinking package
size and thus cutting costs fur-
ther. “Integrated circuit packages
are only as big as they are because
they have to be handled by human
beings,” says Mrs. Hugle. “The
chip itself, of course, is tiny. The
leads have to be a certain size and
thickness—typically 10 mils thick
and 30 mils wide, on 100-mil cen-
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ters—so that they won’t break in
the handling; and the package has
to be big enough so that it can be
picked up and inserted into a
board.

“But with the support of the
Mylar strip, and the use of auto-
matic insertion machines, there’s
no reason that you couldn’t go to
one-mil-thick leads on 50-mil cen-
ters; it would only require chang-
ing the circuit boards.”

The Hugles estimate that it
might cost a semiconductor com-
pany a third of a million dollars to
tool up to make the strips, whereas
Schjeldahl, which already has con-
tinuous etching equipment, could
do the job for half that amount.
Schjeldahl will expose the lami-
nated rolls in three-foot lengths,
with conventional photoetching
techniques, then etch and coat
them continuously.

Running down both sides of
cach row of lead frames—but not
connected to the frames—will be a
strip of copper with regular holes,
for indexing.

The etching process is in two
steps: first the leads are etched 7
to 12 mils thick; then they are
masked and the centers are etched
2 to 4 mils thick. Putting the bumps
on the lead frames requires another
etching step.

The process is only suited to
plastic encapsulation, and any
manufacturer who uses it would
have to modify his bonder to ac-
cept the sprockets on the reel. He'd
also need machinery to cut the cir-
cuits apart and insert them into
printed circuit bonds. In its use of
Mylar to support a number of intra-
connected 1C’s, the process bears
some resemblance to an Interna-
tional Telephone & Telegraph
Corp. system [Electronics, May 15,
p. 39].

Facing up to the chip
In conventional flip-chip integrated-
circuit  packages. the 1c’s are

bonded face down on interconnect-
ing layers to save space and
money. But Friden Inc. says it can
do the job better by flipping the
package instead.

The company, a subsidiary of

INTERCONNECTION
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INTERCONNECTION
METALIZATION,
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MONOLITHIC
INTEGRATED
CIRCUIT CHIP

ENCAPSULATING
SUBSTRATE

the Singer Co., says the process,
called coplanar integration, casts
chips in the ceramic substrate so
that their faces are up and on the
same level as the substrate surface.
Friden inverts the package by plac-
ing the interconnecting grid of
microscopic wires and two insulat-
ing silcon dioxide layers over the
face-up chips.

Amelco, for example, bonds the
1c’s face down to the interconnect-
ing layers and connects the layers
with metal contacts through ce-
ramic sandwiches in its flip-chip
microclectronics modular assembly
[Electronics, Feb. 20, p. 49].

Speaking of Amelco’s unit: “I
flip the interconnection and they
flip the chip,” says Jack Hinchey,
Friden’s microsystems rescarch di-
rector. “We're both trying to do the
same thing. We're trying to pre-
vent jumping from little things [the
chips] to big things [the connecting
wires] back to little things [the
chips] of conventional packages.
Only where necessary do we want
to go from microelectronics to
macroelectronics.”

Up and out. Friden makes out-
side connection with a pin that
runs from the substrate surface,
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through the substrate, and out the
back, where it may be soldered or
welded. Windows in the insulating
layers allow for connection of the
pin, grid, and 1c pads.

Friden says the process will have
two advantages: it will reduce
labor costs by eliminating produc-
tion-line steps and it will aid re-
liability by simplifying the pack-
age. Also, the company hopes less
assembly-line handling will reduce
the probability of error.

Hinchey, who is scheduled to
give a paper on coplanar integra-
tion at Wescon next month, says
the goal is “to interconnect in one
process as many as 10 chips at
once, which normally would take
five to seven steps by individual
labor.” He points out that the pro-
cess is still experimental at the
company’s research center in Oak-
land, Calif. “We can’t do it with as
many as 10 chips yet,” he adds.

Friden hopes to automate the
process. Hinchey says that isn’t as
simple as flip-chipping but Friden
hopes to do it. Even so, Amelco’s
package now contains as many as
20 chips, whereas Friden is still
shooting for 10.

Just when units might start
showing up in Friden products, the
company won't say. But Hinchey
guesses it may be three years
away. Significantly, the company
says the new package would re-
duce the logic system in its model
130 desk top calculator to the size
of a multiplication key.

View from the top. Hinchey de-
scribes the assembly this way: on
the bottom there is a ceramic slab
so cast that from a top view the 1c
chips’ faces and the imbedded end
of the connector pin—protruding
through the assembly’s back side
—can be seen. Each chip’s position
is controlled to within .001 inch.

The next layer, on top of the 1C’s
and the pin, is a silicon-dioxide
coating, 10,000 angstroms thick,
which has windows to make ohmic
contact with the 1c and pin pads.
This layer is vacuum deposited.

On top of this is an etched gold-
chrome interconnecting layer, 5,000
angstroms thick, for the pin and 1c
pads. The next to last layer is an-
other crossover insulating layer
with windows, if needed; a jumper
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interconnect layer is on top.

The assembly is then encapsu-
lated with a protective material.
Hinchey says Friden is working
with a variety of materials.

The pins are gold-plated Kovar,
which has a coefficient of expan-
sion close to that of the ceramic
substrate and the silicon 1c die.

Versatility plus. The plated Ko-
var pins are used in yet another
way. By mounting a pin directly
under an 1c chip—but with no elec-
trical connection between the chip
and the pin—an excellent heat sink
is provided. Further, the pin be-
comes a handy mount.

The company is still undecided
on whether it will make its own
chips or depend on packaged 1C’s.
Development of the process won’t
affect Friden’s use of Texas Instru-
ments’  transistor-transistor-logic
devices for its volume - office
machinery.

“It’s just like 1BM,” says Hinchey.
“IeM’s buying 1c’s but making
them, too. It depends on what’s
profitable.”

Avionics

Off course

As late as the middle of June, a
Pan American World Airways ex-
ecutive declared flatly that all Pan
Am 707’s would be equipped with
Sperry Gyroscope sGN-10 inertial
navigation systems “by the end of
the summer, 1968.” Less than four
weeks later Pan Am and Sperry
announced that they'd agreed to
give up on the scn-10.

Behind the bland announcement
of failure is a $25 million contract
that Sperry underbid on as its entry
fee into the field dominated by
Litton Industries. Sperry wound
up with an admitted $6.5 million
loss in the second quarter of this
year alone. And Pan Am finds it-
self holding a bag containing eight
sGN-10's  (cost: $200,000 apiece);
45,000 hours and 20 million miles
of tests; and a feeling that inertial
navigation might be an idea whose
time hasn’t quite arrived commer-
cially. That mixed bag is believed

to have cost Pan Am a total of $10
million.

Sperry mum. Why the flop?
Sperry is characteristically tight-
lipped. “Repackaging problems,”
says one spokesman. “We couldn’t
meet that 1968 deadline,” says an-
other. But a word here and a hint
there produce a picture of three
years of size and weight problems,
disagreements on which direction
to take, and other wrinkles that
resisted ironing. Take, for example,
a paper delivered by William W,
Moss of Pan Am’s special projects
division at an American Institute
of Aeronautics and Astronautics
meeting this year. The paper, en-
titled “The Status and Future of
Inertial Systems in Airline Use,”
glowingly describes five systems.
But only the so~-10, of all the sys-
tems tested, is described without a
single word about system failure.
Pan Am’s prime requirements were
accuracy and reliability. If that
isn’t enough, one Pan Am executive
who insists on anonymity had this
to say about the sen-10: “We don’t
like our people to get lost.”

Where does Pan Am—and com-
mercial inertial navigation—go
from here? The airline says it’s
still discussing and negotiating
with Sperry. Informed sources
shrug that off as a face-saving state-
ment and insist that Pan Am will
go one of three other ways. First,
it can stick with pilot-navigators,
though it was an unwillingness to
take the route that made Pan Am
start thinking about inertial navi-
gation in the first place. Second,
the airline points out that its pc-8s
are equipped with dual doppler
systems that it just might install in
all its craft. Even Pan Am officials
consider that possibility pretty re-
mote. Third, and most likely, is the
possibility that Pan Am will shop
elsewhere for an inertial naviga-
tion system.

The line forms. The logical place
to shop is Litton, which at one
time had in its LN-3 the only iner-
tial navigator going. And Pan Am
just finished 300 hours of tests on
the LT~-50, a later generation ver-
sion of Lx-3. In fact, Litton officials
were in New York talking to Pan
Am just three days after the Sperry
cancellation was announced, though
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ntegrafing Redeye

In less than one year, General Dynamics, Pomona,
completed the successful updating of the Redeye Guided
Missile, from discrete to integrated circuitry. In the process,
they lowered their systems costs, gained greater reliability,
better performance; and, of course, a smaller, lighter package!

From start to finish, the conversion of Redeye is a success
story grounded on the cooperative efforts of General Dynamics
and Motorola Semiconductors. In all, it’s a custom linear I/C
program of unprecedented proportions — with a “crash pro-
gram” time scale plus the additional problem of directly
translating the discrete circuitry to custom integration.

Here are just a few of the challenges faced by Motorola I/C
engineering and production experts:
® Design and build 24 different circuits — all but three Mon-
olithic — for applications ranging from voltage regulation to
notch filtering to feedback amplification to signal sensing.

B Innovate specifications for procurement control, with em-
phasis on process control, rather than costly, extensive life
testing.

B Design and build test equipment to measure and electrically
characterize the 24 circuits for parameters like :

® 0.62 .V of noise at —43°C

= (0.05 dB gain change over a temperature

range from —43° to +70°C.

The Result: TOTAL SUCCESS . . .The fact that this ex-
tensive system modification did not meet any major delays is
an unusual tribute to the entire Redeye program. More im-
portantly, it demonstrated the successful application of linear
integrated circuitry to a complex electronic system, for the
first time. The success of complete participation and cooper-
ation between the manufacturer and the customer lays the
groundwork for future successes in linear microelectronic
system designs.

For complete details about this Success Story, write for,
“Integrating Redeye” — a 6-page article-description of the
entire process. Or, for more information about Motorola’s
broad line of “off-the-shelf” linear integrated circuits, contact
your nearby franchised Motorola Semiconductor distributor.

. MOTOROLA Semiconductors

Motorola Semiconductor Products Inc. / P.O. Box 955, Phoenix, Arizona 85001 / (602) 273-6900 / TWX:910-951-1334
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Litton says that no decisions were
reached and denies that Pan Am
is negotiating for the LT~-51, a new
version of the LT~-50, that will be
ready next year. Also waiting in
the wings is ac Electronics” Carou-
sel 1V, designed for the 747 and
due in 1969.

Military electronics

Two good

It's not often that the Air Force
has to choose between two proto-
types—from competing companies
—that far exceed the required
specifications. To be sure, the sit-
uation presents a problem, albeit
a happy one. And now the service
may work out some extra run-off
tests before a selection can be
made.

The gear, lightweight troposcat-
ter communications units, was de-
veloped under a contract with the
Rome Air Development Center.
One, the ax/Trc-105, was designed
and built by Motorola Inc.s Gov-
ernment Electronics division; the
other, the ax/Trc-104, by Textron
Inc.’s Bell Aerosystems division.

The units were just shipped to
Eglin Air Force Base in Florida
for 60 days of tests. Later the Air
Force will make cost comparisons.

Deliver the goods. When the
bids went out, explains Frank
Zawislan, the project engineer,

New tropo. Frequency diversity or. ..
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“we told them just what we
wanted. But they decided they
could deliver much more within
the contract.”

For example, he points out, the
bids called for a minimtim range
of 80 miles; both units have a
range of about 120 miles. The
mean-time-to-repair was supposed
to be 30 minutes; both clock in at
under 10 minutes. Power dissipa-
tion was set at 5 kilowatts; both
run on about 2 kilowatts. More
than four channels were sought;
both provided 12—plus an extra
channel for tests. Weight was set
at 500 pounds; both came in un-
der the wire by a few pounds.

And as a further plus, both firms
provided built-in test equipment,
although the order didn’t call for
it either.

One of the new units may re-
place either or both the 2.000-
pound Trc-97 and the 6,000-pound
TRC-66A.

The Trc-105 uses a single, 8-
foot parabolic antenna, and the
TRC-104, a parabolic cross, 10 feet
high and 10 feet across. The Trc-
66A requires two parabolic anten-
nas 14 feet in diameter, and the
TRC-97, two dishes, each measuring
10 feet across.

No fading. Motorola and Bell
chose different wavs to eliminate
fading without having to rely on
the redundancy provided by a two-
antenna system. Motorola uses a
frequency-scan diversity technique
that constantly monitors the sig-
nals being transmitted (on 16 fre-
quencies), switching to a better
frequency when one begins to fade.
A computer in the receiver ex-
amines the amplitude of each sam-
pled signal, advising the sender
when a particular frequency is be-
ginning to get weak. Since the
sampling rate is faster than the
tropo fading rate, virtually no fad-
ing is experienced.

Bell accomplishes the same thing
with an error-correcting coding
technique having a 12-channel
pulse-code modulation/multiplexer
that uses frequency-modulation.
The input intelligence is quanti-
tized into 32 discrete levels, which
are then coded into eight r-f fre-
quencies separated serially into
nine time slots. The displacement

of frequencies into different time
slots results in a possible 8° per-
mutations, 32 of which are selected
and have a maximum redundancy
of one bit. In the event of fading,
receipt of as few as two bits will
reveal the whole word.

Other design features that
helped reduce size and improve
performance, include the use of
digital modulation/multiplexing in-
stead of conventional analog ap-
proaches; microminiaturized com-
ponents, including integrated cir-
cuits; and the use of traveling-
wave tubes instead of klystrons.

Components

Out front

A relatively small components
firm in Burlington, Mass., is chal-
lenging Texas Instruments for the
lead in the infant microwave inte-
grated circuit field. In the past few
weeks, Microwave Associates has
been selected to supply microwave
1c’s for three major development
contracts. Examples of the recent
flurry of microwave 1c business:

= The Naval Air Command
awarded two study contracts—one
to Raytheon Co., the other to
Westinghouse Electric Corp.—on
a new program called Mair, for
molecular airborne integrated radar.
The six-month contract marks the

.+« acoded technique to halt fading.
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New! 100 MHz /

in a ruggedized
oscilloscope

with 3.5-ns risetime
at the probe tip

DC-t0-100-MHz bandwidth at 10 mV/cm
is NOW AVAILABLE
in a plug-in oscilloscope
with solid-state design . ..
the Tektronix Type 647A and R647A.,

New Type 10A2A Dual Trace Amplifier. The risetime and
bandwidth are specified where you use it — at the probe tip. The
vertical system performance with or without the new miniature
P6047 10X Attenuator Probe is DC-to-100 MHz bandwidth with
3.5-ns risetime at ambient temperatures of 0° C to +40° C (-32°
F to +104° F). Bandwidth is DC-t0-90 MHz with 4.1-ns risetime
over its entire operating range, —30° C to +65° C. The calibrated
vertical deflection range (without probe) is from 10 mV/cm to 20
Vicm.

Bright Displays. The Tektronix CRT provides bright displays
with its advanced design and 14-kV accelerating potential. It has
a 6-by-10 cm viewing area and a no-parallax, illuminated, internal
graticule.

New Type 11B2A Delayed Sweep Time Base. The Type
11B2A triggers to above 100 MHz internally and provides a cali-
brated delayed sweep. Calibrated sweep range is from 100 ns/cm
to 5 s/cm, extending to 10 ns/cm on both normal and delayed
sweeps with X10 magnification. Calibrated sweep delay is from
1 us to 50 s and the plug-in also provides single sweep operation.
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Rugged Environmental Capabilities. These instruments are
capable of accurate measurements in severe environments and
offer an extra margin of dependability and even greater accuracy
in normal environments. Temperature: Operating —30° C to
+65° C. Non-Operating —55° C to + 75° C. Shock: Non-Operat-
ing 20 G's max, 2 shocks, each direction, along each of the 3
major axes. Vibration: Operating or Non-Operating 0.025" p-to-p,
10-55-10 Hz, (4 G's) 1 min cycles, 15 min each major axis. Humid-
ity: Non-Operating meets MIL-STD-202B, Method 106 A, except
freezing and vibration, through 5 cycles (120 hours). Altitude:
Operating 15,000 ft. Non-Operating 50,000 ft.

New Type R647A Rack Mount. The same DC-to-100 MHz
performance also is available in a 7-inch-high rack mount oscillo-
scope, the Type R647A. Additional plug-ins include the Type
10A1 Differential Amplifier and the Type 11B1 Time Base.

Type 647A Oscilloscope (includes 2-P6047 Probes). . . . . . . . $1500
Type R647A Oscilloscope (includes 2-P6047 Probes) . . . . . . . $1625
Type 11B2A Time Base o« 3850
Type 10A2A Dual Trace Amplifier POy TS i

... part of the Tektronix commitment
to technical excellence
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THE DUAL OUTPUT
DL 40-1
it was already a winner: dual out-
put, dual range—two power sup-
plies in one—with two indepen-
dently adjustable outputs, series-
parallel combinations for 8 differ-
ent outputs. We kept all that and—

B Increased power by 509%,—to 1
amp. Now, each independent
output provides 0-40 v at 500
ma, or 0-20 v at 1 amp.

B Added the calibrated adjustable
current-limiting feature you
wanted.

We kept the—
B Compact half-rack size
M The old price of $249.

Those are the highlights of this new,
improved power supply. Get all the facts.

v MAIL THE COUPON TODAY.
| ™ -

: TRYGON

POWER SUPPLIES
PLEASANT AVE., ROOSEVELT, L.I., N.Y.

Please rush me your new 52-page Power
Supply Handbook—FREE

Name
Title
Company
Address

City State Zip
I------_--l
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first step in a program to build, for
the Navy fighters of the 1970’s, an
X-band (5.2 to 10.9 gigahertz) mul-
timode radar using 1c’s. Microwave
Associates will provide the 1C’s for
Raytheon, while 11 will provide
Westinghouse’s 1c’s. But industry
insiders say that Westinghouse
may hedge its bet and place a
parallel order for microwave 1C’s
with Microwave Associates.

= The Avionics Laboratory at
Wright-Patterson Air Force Base
awarded two $300,000 develop-
ment contracts for design of
phased-array antennas using Ku-
band (15.35 to 17.25 Ghz) digital
diode phase-shift networks. One of
the 18-month contracts to build a
144-element planar array went to a
team consisting of Microwave As-
sociates and Bendix Corp.; Micro-
wave Associates is in the unusual
position of being the prime con-
tractor, while Bendix, a large sys-
tems firm, is the subcontractor.
The other development order went
to TX

* The third major order may
come out of Texas Instruments’
several-years-old, and highly suc-
cessful, program to develop solid
state radar circuits. Now, 11 is
secking a follow-on to that pro-
gram, called Mera, for molecular
electronics radar application. But
T1 is facing competition from both
Raytheon and General Electric Co.
for this contract; and Microwave
Associates has teamed up with
both ce and Raytheon in the fight
for the business.

Buying time. Despite the imme-
diate success of the Microwave As-
sociates trademark, all is not clear
sailing for the firm. For one, the
company’s executives know only
too well that the big systems com-
panies are beating a path to its
door only to get a foothold in an
area beyond their competence.

Microwave Associates sales vice
president, Richard T. DiBona, says
frankly that the big systems firms
are “just buying time.”

But what’s to keep Microwave
Associates in the black once the
systems firms learn to make their
own microwave 1C’s?

DiBona says, “We tell the sys-
tems companies that we want a
commitment on the microwave

hardware business farther down
the road, not just the study busi
ness.”

Microwave Associates introduced
an integrated S-band switch driver
assembly last fall, is preparing now
to market an L-band integrated
switch with built-in driver and
multivibrator. Later this year, it
plans to have ready a hybrid inte-
grated mixer and local oscillator
assembly using microstrip circuitry
and designed for airborne and
manpack radar receivers.

Instrumentation

No moving parts

Strip-chart recorders, with their
attendant gadgetry of moving pens
or deflecting galvanometers, are in-
valuable tools in hundreds of elec-
tronic, medical, and industrial ap-
plications; but they are limited in
performance by their intricacy and
the tendency of the moving parts
to break down. Last fall, Honey-
well Inc.’s Denver division removed
the mechanical weak link from
high-frequency oscillographs by
using an electron beam to write at
speeds of up to 1 megahertz [Elec-
tronics, Nov. 14, 1966, p. 217]. At
Wescon, Varian Associates Re-
corder division will introduce two
recorders that perform at fre-
quencies of up to 3 kilohertz with
an entirely different technique—
electrostatic printing, or xerog-
raphy.

The only moving part in the
Varian process is the paper itself,
which has a dielectric coating that
is energized when the paper passes
over a stationary recording head.
The head is a glass plate with
etched gold styluses. The styluses
are pulsed serially by digital inte-
grated circuitry, so that the traces
are formed by a series of dots. The
paper needs no chemical treat-
ment.

The 3-khz frequency response
refers to transient monitoring. With
a top speed of 20 centimeters per
second, continuous recording would
reduce the space between peaks to
less than 1/10 millimeter. Highest
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We've got
something in the
oven 18 hours

a day...but
we’ve hever
baked a cake.

With a string of ovens going day and night,
there must be some good reason we don’t make
ourselves those goodies. And there is.

You see, our ovens are baking at 850°C, and
1150°C, and you don’t need your wife to tell you
that’s a little bit hot for cakes. But those do
happen to be just the right temperatures for
doing some rather remarkable things to diodes.

The fact is, the Unitrode diode was designed
from scratch with an entirely new construction.
Basically, what we do is take a pair of terminal
pins of exactly the same diameter as the silicon

die and metallurgically bond them at 1150°C.

That in itself gives you a virtually indestructi-
ble unit far smaller than conventional diodes,
with many times their power capacity. And we
could take that unit and cover it with plastic
encapsulating material. But we don’t. We like a
belt with our suspenders.

We fuse a hard glass sleeve to the entire surface
of the silicon at 850°C, so you have a voidless
monolithic structure, sub-microscopically free of
contamination.

What does all this mean?

Well, it means we can virtually guarantee a
Unitrode diode will never fail. Ever.

If that seems extreme, consider this. Every
Unitrode is controlled avalanche. The terminal
pins are bonded over the full face of the silicon,
so heat due to surge is carried away quickly into
the pins.

You can apply full PIV to a Unitrode diode at
high temperature for weeks at a time without
making a dent in its characteristics.

As a matter of fact, the machine hasn’t been
built that can fail our diodes in acceleration,
vibration, and shock tests.

We haven’t heard of any other diodes like that.
Have you?

So we're not too unhappy that our ovens aren’t
turning out cake. For the 500 of us here, it’s bread
and butter . . . and it tastes beautiful.

Can we show you what we make? We're at 580
Pleasant St., Watertown, Mass. 02172. Telephone:
(617) 926-0404. TWX (710) 327-1296.

UNITRODE:
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NEW EG&G

PHOTODIODE

HIGH SENSITIVITY
FAST RESPONSE « LOW NOISE

SINGLE CELL

BI-CELL

QUAD-CELL

SGD-444 SERIES

The new SGD-444 Series complements
versatile, new EG&G SGD-100 Photo-
diode. Improved diffused guard ring
construction permits higher sensitivity,
lower noise and faster response factors
than ever before available in large (1
cm2 active) area diodes.

Bi-cell and quadrature cell configura-
tions with isolations of greater than 20
to 1 are standard. The photodiodes are
oxide-passivated and hermetically sealed
in a TO-36 package.

SENSItIVIIY L o brsnases 0.4uA/ YW @ 0.9

(55% Quantum Efficiency)
Spectral Range ................ 0.35to 1.13u
Leakage ........... ... 0.5.A @ 250 volts
Rise Time .....c.cccrcuennees 10 nanoseconds
NER. .55 o Sy 1.0 x 10712 watts

Linearity of Response .... Over 7 decades

Applications include CW, pulsed light
and laser detection and measurement,
star tracking, optical navigation and
guidance, and range-finding systems.
The new SGD-444 series is in quantity
production for fast delivery at low price.

For information, write EG&G Inc., 166
Brookline Avenue, Boston, Massachu-
setts 02215. Or phone 617-267-9700.
TWX: 617-262-9317.

&ﬁ% EGsz6G nc.
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continuous freqeuncy, Varian says,
is about 300 hertz.

Analog and digital. Statos I, one
model, is a strip-chart recorder that
accepts two analog channels and
one digital channel. With total de-
flection at 50 mm, the recorder
operates at the 3-khz rate and has
an accuracy of *=2%. If deflection
is extended to 100 mm, the rate
drops to 1.5 khz, but accuracy dou-
bles. Overshoot is less than 1%.
Eight styluses are used to record
events and five to indicate timing
intervals of 10 minutes, 1 minute,
10 seconds, 1 second, and 0.1
second. A second recording head
prints a time line across the entire
7-inch-wide chart, with accuracy
depending on power line fre-
quency. An interchangeable grid
prints chart lines. The machine
handles 250-foot rolls of paper.

The second model is the Statos
II. Strictly an event recorder, it
has 50 styluses to accept 50 chan-
nels. At $4,700, it is priced com-
petitively with other event record-
ers.

Statos I sells for $7,100, consider-
ably more than other three-channel
strip-chart recorders. But Varian
points out that the recorder’s fre-
quency response is 100 times that
of competitive machines, and has
greater accuracy to boot.

Digitized signal. Each analog
channel has a plug-in differential
amplifier, with a sensitivity of 100
microvolts and 12 ranges, from 1
millivolt per centimeter to 10 volts
per centimeter of signal deflection.
Changes in signal amplitude alter
the voltage output of the preamp.
The signal is then fed to what
Varian calls a tracking converter—
a comparator and a counter linked
in a feedback network. The coun-
ter converts the analog signal to
binary-coded decimal form; when
the digital signal is returned to the
comparator it is continuously com-
pared with the incoming signal
from the preamp to see if the volt-
age is increasing or decreasing,
which determines whether the
gating circuitry will switch the
pulse to the next higher or the
next lower strip on the recording
head.

The 1C’s used in the instruments
are off-the-shelf devices from Fair-

child Semiconductor and Texas
Instruments.

Varian says that it had to make
some advances in electrostatic
printing — principally in chemical
techniques to obtain high contrast
writing—in order to make the re-
corder effective.

Because the signal is digitized,
the recorder output can be fed
directly to a computer for analysis;
conversely, it can take computer
output on its digital channel and
produce a waveform. A user can
feed data to a computer and use
the recorder to get a quick set of
curves indicating trends.

Varian expects the recorders to
be used for physiological measure-
ment, chemical analysis, quick-
look telemetering, vibration analy-
sis, and dozens of other jobs.
Delivery of the machines is ex-
pected to start early next year.

The writing technique is similar
to the method used in Leeds &
Northrup Co.’s analog-to-decimal
recorder, which, like Varian’s ma-
chines, has no moving parts except
for the paper [Electronics, June 26,
p. 45]. The data is put on electro-
sensitive paper by a stylus system.
However, the data is a digital rep-
resentation of the input signal and
is broken up into decade segments.

Companies

Reshaping Fairchild

After five months as general man-
ager of the Semiconductor divi-
sion of Fairchild Camera & In-
strument, Thomas H. Bay made his
first big move last week: a whole-
sale recasting of the unit’s market-
ing and manufacturing structure
into something resembling that of
Texas Instruments.

The key change is that Fairchild
will divide its manufacturing oper-
ations into three main groupings—
integrated circuits, discrete com-
ponents, and special products—and
that each of these groups will carry
some marketing responsibility. The
division’s marketing manager, Don-
ald T. Valentine, resigned in pro-
test against the switch. Both Ben
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SENSITIVE
CONTROL

New Mercury Relay Applications
From Adlake

(OPTIONAL)

MERCURY
DISPLACEMENT
RELAYS

Small Currents Control
“Heavy Duty’’ Load Relay

In applications having extremely sensitive
controls, this circuit illustrates how very small
currents are capable of controlling an Adlake
“Heavy Duty” load relay. Resistive loads of
35, 50 or 75 amperes at 120 volts, 60 cycles,
are easily met up to 44 operations per minute.
100 ampere loads at the rate of 6 operations
per minute.

CONTACT UNBALANCE

=
1 (DISTORTION)

MERCURY
WETTED
CONTACT
RELAYS

N

Ideal for Data Transmission,
or Tele-Typing

Adlake Polar Relays—Form C—are ideal for
data transmission or tele-typewriting where
a series of equal length impulses represent
an alpha-numeric character or function. Baud
rates up to 120 are available with Contact Un-
balance —Distortion — of 19, or less including
transition. Transition time is normally 200
microseconds or less.

Backed by sound research and disciplined engineering, Adlake applies the industry’s broadest
line of mercury displacement and mercury wetted relays to the creative solution of design
circuit problems. However unique or special your application, Adlake can assist you in devel-
oping it. For prompt, personal and knowledgeable attention to your relay needs, contact the
one source that is the complete source in the mercury relay field. Contact Adlake today for

catalog and further information.

THE ADAMS & WESTLAKE company

w A sussipiaARy oF ALLIED ProDuUCTS COPORATION
ELKHART, INDIANA 46514 « AC 219 « 264-1141
TRANSPORTATION EQUIPMENT  ARCHITECTURAL PRODUCTS <« MERCURY RELAYS « DOORS AND ENTRANCES < CONTRACT MANUFACTURING
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T

| e
‘TororeL
INC.

MINI-L

SUBMINIATURE ENCAPSULATED
TOROIDAL
INDUCTORS

® DESIGNED TO MEET THE REGUlREMENTS OF MIL-C-15305 B,
GRADE 1, CLASS B (-55°C to + 125°C)

. RATEDD TEMPERATURE RISE: 35°C at an ambient temperature
of 90°C.

® DIELECTRIC WITHSTANDING VOLTAGE: 700 volts RMS,

® TERMINAL PULL: 5 pounds.

@ ALTITUDE: 70,000 feet.

©® OVERLOAD CURRENT: 1.4 times rated current.

FREQUENCY RANGE: 1 to 50 mc.

INDUCTANCE TOLERANCES: Less than 1.0 uh, + 10%.

Greater than or equal to 1.0 uh, + 5%. Closer tolerances available

by special request.

LEADS: 1 inch minimum AWG 24 tinned copper wire. Add suffix

“D" to part number for weldable gold plated Dumet leads.

METHOD OF ME. T: Apparent i measured on

Boonton 260-A “Q" Meter with leads connected % inch from in-

ductor body directly to Q" Meter terminals. Residual “Q" Meter

inductance of 0.01 uh should be subtracted from reading.

TA-SERIES

Min.
1.000 Max

210——

INDUCTANCE + 50 ppm/°C.
MAXIMUM DISSIPATION: 0.2 watt.

TB-SERIES

|
‘ |
| [ Max
+ IhE. - —4 160
— | |
| &
Min. |
1.000 Max. |
f——.280 ——

1ok

TD-SERIES

INDUCTANCE + 300 ppm/°C.
MAXIMUM DISSIPATION: .33 watt.

|
ERa o

MAXIMUM DISSIPATION: .50 mn
TOROTEL, Inc.

13402 SOUTH 71 HIGHWAY
GRANDVIEW, MO. 64030
PHONE 816 SO 1-6314 TWX 910-7777037 ‘
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Anixter, 1c marketing manager,
and Ward Gebhardt, his counter-
part in discrete components, will
continue to report to the new mar-
keting boss, 30-year-old Jerry Saun-
ders, but Bay explains that “some
of the functions that are now being
performed by product marketing
will be performed by the manu-
facturing division.” And some of
the personnel under Bay and Geb-
hardt will be shifted.

Fairchild Semiconductor, a de-
centralized outfit with plants all
over the world and tangled lines of
organization and communication,
will henceforth be split into three
smaller “companies.”

John Sentous, who is currently
1c manager, will retain responsi-
bility for that operation; Don Yost,
the over-all operations manager in
the old setup, will head discrete
components; and John Ready will
move from his post as high-relia-

bility chief to head the special

products section.

Switch in time. Although Fair-
child, like most semiconductor
companies, has been hit by the
drop in consumer purchases in the
first two quarters of 1967, the com-
pany is apparently in no serious
difficulties. Discrete-component
sales have been held at the pace
of the last half of 1966, but Fair-
child says that its percentage of
this market has increased. Inte-
grated-circuit sales have risen even
more than the company expected.

Some sort of change, however,
was brewing even before Bay took
over from Charles E. Sporck last
February [Electronics, March 6,
1966, p. 45]. Tt may have been ac-
celerated by the departure of four
key men with Sporck. The com-
pany had four main marketing
areas—consumer, computer, indus-
trial, and military—while its manu-
facturing operations were organ-
ized mainly along product lines.

Bay extended this manufactur-
ing system through the marketing
area. It was at this juncture that
his ideas clashed with Valentine’s
—although Valentine says there
was no rancor involved.

Getting tough. The first effect of
the reorganization on the industry,
Saunders says, will be “more agres-
sive new-product introduction” by

Fairchild. “We will put out more
advanced lines, rather than broader
ones.”

The effect on Fairchild itself is
likely to be profound. Bay says
that “there is no question of our
becoming a manufacturing-oriented
company.” In the past he has
stressed the partnership of engi-
neering, manufacturing, and mar-
keting,

For the record

It's always money. Nasa ner-
vously awaits final word from a
House-Senate conference commit-
tee on its fiscal 1968 budget. The
House has cut $309 million and the
Senate $248 million, hitting three
electronics-laden areas hard. Voy-
ager faces major changes—and
delay in its scheduled 1973 launch
to Mars—unless the House has its
way and $50 million is authorized.
The Senate eliminated the entire
$71.5 million request. The Apollo
Applications Program will be “sub-
stantially damaged,” Nnasa says, un-
less the $455 million request is
okayed. But the House says $375
million, the Senate $335 million.
Finally, elimination of the $6.2 mil-
lion sought for the Electronics Re-
search Center in Cambridge, Mass.,
would cause a nine-month construc-
tion delay.

Simulated zap. Investigators at

TRW Systems, Redondo Beach,
Calif., have discovered that cir-

cuits, zapped with either lasers or
gamma rays, fail in a similar way.
The discovery has immediate ap-
plication by designers of military
electronics, especially missile con-
trol systems. For example, power-
ful pulses of gamma rays. un-
leased by a high-altitude hydrogen
bomb, can sizzle a missile’s con-
trol circuits. The laser technique,
developed by Donald A. McWil-
liams, assistant head of the micro-
electronics R&D section, offers an
inexpensive and safe way to con-
duct research into the develop-
ment of circuits hardened against
gamma rays. In a related project,
TRW is studying the radiation hard-
ness of special metal oxide semi-
conductor structures,
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Name your need in
triggers, timers,
ring counters, and
oscillators

For aircraft and
ground power
applications:
thin-sintered plate
nickel-cadmium
batteries

Tiny

5-amp relay in
2-amp model
price range

Highest power
VIM’s in industry

A TECHNICAL DIGEST FOR INNOVATORS OF MILITARY EQUIPMENT

7 2

COMPONENT
CAPSULES

\N _)

Whatever your problem, GE's very broad line of small signal, regenerative switching semi-
conductors has at least one device that can solve it. Interested in developing a threshold
voltage proportional to the supply voltage? Specify a GE unijunction transistor (UJT). Or do
you need a device that gives you temperature and frequency stability with opposite polarity
from a regular UJT? Our newest innovation, the Complementary UJT, gives you this. Silicon
Unilateral Switches (SUS’s) and Silicon Bilateral Switches (SBS's) serve as exceptionally
stable low-voltage trigger diodes, compatible with integrated circuits. And GE Silicon
Controlled Switches (SCS’s) have achieved excellent results performing as 4-lead SCR’s
that feature high voltage capability and versatility.

All 5 of these GE types of devices are capable of generating an output current pulse in
excess of 1 ampere from an input signal as low as 1xA. Just name your triggering device
need, then circle magazine inquiry card Number 90 for GE's full line information.

e Extremely reliable over a very wide temperature range.

Quick, full recharge within one hour.

Long life—with constant, dependable service.

Peak power at level voltage rate.

Constant voltage output 90% of the time.

Operational in temperatures from sub-zero to tropic.

Many years' storage life without harm.

Up to two-thirds lighter than conventional lead-acid batteries.

Extremely rugged—proved in tests up to 5,000 G’s.

No modifications required with existing aircraft electrical
systems.

Economical in operation through long life, little maintenance,
and excellent performance.

Circle Number 91 for all the facts.

Meets military specifications

s 5 . . t i
Weight: just 0.7 ounce maximum. Now, the proven magnetic i) Sene

motor design of GE's 3SAF microminiature relay, featuring
all-welded construction, is combined with new, heavy-duty
contacts and terminal leads. Result: 5-amp switching capa-
bility in a microminiature gridspace package. We call it the
3SBK. Electron-beam welding eliminates the need for solder
flux, adding greater strength and delivering more trouble-free
performance. Circle magazine inquiry card Number 92.

GE Voltage Tunable Magnetrons—available at power levels of
100 watts and higher over electronically tuned bandwidths of 20%
in L, S, and C bands—meet system requirements from 1,000 to
6,000 mc in:

e noise generators for electronic countermeasure systems.

e drivers for frequency diversity transmitters.

e other applications requiring high-efficiency, self-excited

oscillators.

As developers of the VTM, GE engineers continually improve
their uniformity and quality in quantity production. And GE
integral isolator know-how helps alleviate tube-equipment inter-
face problems. These VTM’'s feature electronic tuning, linear
tuning characteristic, magnetic shielding, and rapid modulation.
Conversion efficiencies exceed 60% in many high-powered types.
Circle Number 93 for more details.

Electronicall
rates as hig
per microsecond.

tunable at
as 20,000 mc

COMING YOUR WAY—GE’s MICROWAVE TUBE VAN. CIRCLE NUMBER 94.

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE.

285-31
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How much isolation does your microwave system
need? How low must isolator insertion losses be?

Regardless of your answers, the right iso-
lator or circulator is most likely to come from
Sperry, no matter what frequency range you're
working in.

After all, the coaxial isolator was invented at
Sperry, and Sperry has set the pace in its devel-
opment. Today the Sperry line is unquestionably
the industry's most comprehensive.

You can get 217 models of standard Sperry
isolators and circulators. Frequencies range from
0.1 to 40 GHz. Isolation can be as high as 40 db;
insertion loss as low as 0.3 db. Remarkable
custom development capability is also available.

Write for our new catalog and look over the
line. Then, if you don't see exactly what you
want, ask for it. Ask your Cain & Co. man
or write Sperry Microwave Electronics Division,
Sperry Rand Corporation, Box 4648, Clearwater,
Florida 33518.

SPERRY MICROWAVE ELECTRONICS AND
SPERRY ELECTRONIC TUBE DIVISIONS
Sperry Rand Corporation

Clearwater and Gainesville, Florida

The world’s most comprehensive line of
microwave isolators/circulators is Sperry’s.
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Comsat eyes Hughes
as antenna woes
slow TRW craft. ..

... while antenna
TRW rejected
makes hit in space

Pentagon panel
to coordinate
navigation systems

Mississippi backs
automated shipyard
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The first satellite in Comsat’s global communications satellite system may
not be launched until 1969. Technical problems with the big 1,200-
channel Intelsat-3 satellite have delayed the project—perhaps as long as
a year beyond its scheduled launch date next spring.

The major hangup is in the satellite’s mechanically despun antenna
being developed by Sylvania. A half-dozen breadboards of the antenna,
which has never flown, have been built for TRW Systems, the prime
contractor, but tradeoffs to solve mechanical problems may drop the gain
to an unsatisfactory level.

Comsat is considering an option it holds to buy a beefed-up version of
Hughes’ Intelsat-2 satellite. Within a month, it will decide whether to
buy the Hughes craft and launch it ahead of Intelsat-3, or gamble on
TRW solving its problems. Hughes has said it could launch its satellite
in about 13 months, retrofitting a reserve Intelsat-2 to boost channels
from 240 to about 1,000. The upgraded satellite would probably use an
electronically despun antenna of Hughes™ design to increase effective
radiated power from 15.5 dbw to 25 dbw.

Ironically, an electronically despun antenna from Sylvania is working
well after being launched July 1 on an Air Force Despun Antenna Test
Satellite. It’s very similar to one TRW Systems had originally planned
for the Intelsat-3 satellite but dropped for the mechanically despun unit
now in trouble. Both Sylvania antennas are used to counteract spin-
stabilization to produce a pencil beam. Because the electronically despun
model wasn’t getting predicted gains in laboratory tests, TRW decided
to drop it.

The Air Force version of the antenna is working so well, however,
that when tests are completed, the Pentagon plans to add the satellite
to the 18 in the Initial Defense Communications Satellite (IDCSP) net-
work. Preliminary results indicate that the electronically despun antenna
is providing the predicted order-of-magnitude improvement in gain
over the operational IDCSP craft.

The Pentagon, worried about duplication of equipment and development
efforts by the three services, is setting up a permanent tri-service naviga-
tion-programs committee in the Office of the Director of Defense
Research and Engineering. The group will coordinate the development
of all types of navigation systems now on service drawing boards and
in prototype testing.

The Pentagon wants to get the services talking to each other on
expensive navigation programs so that the widest possible number of
military users can be included on each system. Donald Spencer, chief of
DDR&E’s avionics and guidance division, warns: “If we don’t work
together, navigation programs will advance at a much slower pace.”

The Navy’s hope that industry would build an automated shipyard
seemed doomed when Congress killed a Pentagon proposal for the
construction of 30 Fast Deployment Logistics ships. The picture has
changed now that the Mississippi legislature has approved a $130 million
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ATS is good bet
for Comsat’s
domestic system

Navy sees go-ahead
soon on seaborne
antimissile system

SST faces buffeting
before Senate okay

NIH proposes unit
for bioengineering
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bond issue to construct an automated yard at Pascagoula that Litton will
manage. There may be a second yard at Erie if Litton works out a deal
with the state of Pennsylvania; the yard would build Great Lakes ore
carriers. Although it’s academic now, General Dynamics is said to have
won the competition for the FDL ships, over Lockheed and Litton.

Comsat’s pilot domestic satellite communications system, scheduled to be
in operation over the U.S. by 1969 [Electronics, June 26, p. 59], is likely
to use a modified version of the Applications Technology Satellite
developed by Hughes for NASA. The stationary satellite will relay six
commercial and two educational television channels, plus 6,200 message
or voice circuits to an area stretching from western Kansas to California.

Major ground terminals will include two 85-foot antennas in Los
Angeles and New York, and two 42-footers in the Midwest. Thirty
receive-only stations—with either 32- or 25-foot-diameter antennas—will
be spotted through the western U.S. Comsat will foot the construction
and operating costs of the demonstration system until the FCC resolves
the question of ownership.

Navy officials, confident they now have a technically and economically
feasible system, expect a go-ahead this year to develop a sea-based anti-
ballistic missile. Based on Nike-X technology and designed to operate
from either surface ships or submarines, the antimissile system could be
on station by the mid-1970’s if work starts soon. The sea-based defensive
system would be as cheap as or cheaper than the limited Nike-X ground
deployment now being considered, the Navy claims. Ships could be taken
out of mothballs and early models of the Polaris missile, now being
retired, could be modified at relatively low cost.

Later this summer, the Navy will spend about $1 million for more
studies. Six contractors that have already done initial study work are
in the running: Aerojet-General, Boeing, Hughes, Martin Marietta,
McDonnell-Douglas, and Raytheon.

Expect to hear a great deal of opposition to the supersonic transport
when the program comes up for debate in the Senate. Despite the furor,
however, the Senate will probably approve prototype development with-
out cutting into the Administration’s request any more than the House
did. The House Appropriations Committee trimmed the fiscal 1968
request of $198 million to $142 million. Since the cut was made primarily
in a reserve fund, it won't affect the SST schedule; the plane is now in
the final design phase at Boeing. Only $1.4 million was pared from
research funds—money to take care of any contract underestimates by
contractors. The House figured this would spur firms to keep their costs
down.

Engineers will play a bigger role in medical research if, as insiders
predict, the President and Congress approve a National Institutes of
Health plan to establish a division of bioengineering. The division
would award contracts to industrial and research organizations to
develop such medical equipment as diagnostic and monitoring systems,
artificial organs, and automatic laboratory instruments.
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iIf Freon'is
the “high-priced”

cleaning agent
...how come it §

paid for itself
in one year
at Hazeltine?

Nearly all the printed circuits produced by
Hazeltine at its plant in Riverhead, New York,
go to customers in the space industry...who
demand flawless components in spotlessly
clean circuits.

Until two years ago, Hazeltine cleaned its
printed circuits manually in other solvents.
This system was effective, however, it was not
very efficient...too expensive and time-
consuming. In the spring of 1965, a new
Branson printed-circuit-board cleaning sys-
temusing FREON* TMC was installed. This new
system cleaned 50 pieces of equipment in the
same time it took the old system to clean one.
The total outlay for the new equipment was
less than $5,000. By the following spring it
was completely amortized. Since then, FREON
has been making money for Hazeltine.

The entire cleaning operation is done with
the dissipation of only three gallons of FREON
a day, compared with 28 gallons of the former
solvent, which had to be discarded daily be-
cause of contaminant buildup. The reason for
the better than nine-to-one advantage is that
FREON itself can be cleaned. A small distilling
and filtration tank reclaims FREON and re-
turns it to the vapor degreaser crystal-clear.

How fast can FREON the “high-priced”
cleaning agent, pay for itself in your opera-
tion? Your first step in finding out is to write:
Du Pont Company, Room 5264, Wilmington,
Delaware 19898. (In Europe, write: Du Pont de
Nemours International S.A., FREON Products

Division, 81 route de I'Aire, CH FREON®

1211 Geneva 24, Switzerland.) e lua e

Better Things for Better Living...through Chemistry
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These counters

will solve

your present
problems now...

SR ELECTROME SOURTER
SERLEST - pacrans

Model 5246L Counter with new 5254B Frequency Converter
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~...your future problems later.

HP counters will solve your present measurement
problems first, and they’ll be ready with the same
versatility and high performance far into the future.
They're always up to date, because their flexibility
and performance are always widening. A large team
of engineers is constantly working to keep the 5245L
Counter, the 5246L Counter and their plug-ins the
most advanced available. New accessories and plug-
ins are continually being introduced to give you more
versatility and protect your investment.

Latest examples of new plug-in versatility are shown
in the photo: the 5254B Frequency Converter (0.2 to
3.0 GHz) and the 5258A Sensitive Prescaler (1 mV
sensitivity from 1 to 200 MHz). Together, these two
plug-ins will extend counter range from DC to 3 GHz.
Or, if you like, you can cover DC to 12.4 GHz with
just two plug-ins, the 5254B (0.2 to 3 GHz) and
5255A (1 to 200 MHz and 3 to 12.4 GHz).

The 5245L Counter accurately measures frequency,
period, multiple period average, ratio and multiples
of ratio and can be used to scale a signal by decades.
Its time base aging rate is less than 3 parts in 107/
day, and a dual FET input amplifier provides 1 Meg/
25 pF input impedance, independent of attenuator
setting. Basic counting rate is DC to 50 MHz. BCD
output is standard. It accepts the exclusive Model
5255A 3 to 12.4 GHz Converter—no need to use
more than one module to measure in this range.
Price: Hewlett-Packard 5245L Counter, $2950.

HEWLETT |
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The economical 5246L Counter offers many of the
5245|’s advantages, and is a basic 50 MHz counter.
It measures frequency and frequency ratio, has dis-
play storage and 6-digit readout, and a time base
crystal aging rate of +2 x 1077 per month. It accepts
all accessories and plug-ins of the 5245L Counter.
Price: Hewlett-Packard 5246L Counter, $1850.

PLUG-INS TO USE WITH EITHER COUNTER:

5255A Heterodyne Converter, 3 GHz to 12.4 GHz
(and 1 to 200 MHz). Price: $1650.

5251A Plug-in Converter, 50 to 100 MHz. Price: $300.

5252A Prescaler, DC to 350 MHz. Price: $685.

5253B Plug-in Converter, 50 to 500 MHz. Price: $500.

5254B Plug-in Converter, 0.2 to 3 GHz. Price: $825.

5258A Prescaler, 1 to 200 MHz, 5 mV. Price: $825.

5261A Video Amplifier, 1 mV RMS, 10 Hz to 50 MHz.
Price: $325.

5262A Time Interval Plug-in. Price: $250.

5264A Preset Unit for normalized measurements.
Price: $650.

5265A Digital Voltmeter, 6-digit presentation of 10, 100 and
1000 V full-scale with 5% overrange capability.
Price: $575.

SOME OTHER ACCESSORIES:

5260A Automatic Frequency Divider for direct readout
0.3 to 12.4 MHz. Price: $3450.

2590B Microwave Frequency Converter (phase-locked
transfer oscillator), 0.5 to 15 GHz. Price: $2150.
(12-18 GHz optional).

5050A Printer, 20 lines/sec. Price: $1750 + $35/ column.

For more information call your local HP field engineer
or write Hewlett-Packard, Palo Alto, California 94304.
Europe: 54 Route des Acacias, Geneva.

i
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Since 1937, CEC has been the pioneer and recognized leader in data
instrumentation. The oscillographs and support equipment

described her e are the newest and most advanced available today.

Type 5-126 —the new “best buy” in
oscillography. At a price hundreds of
dollars less than any comparable instru-
ment, the 5-126 offers the basic capa-
bilities of a light beam oscillograph at a
cost approaching that of a thermal writ-
ing recorder. With CEC’s new 7-380
Galvanometer, this portable unit will re-
cord from dc to 1 KHz. Its tungsten light
source assures optimum trace quality and
lamp light, minimum cost and main-
tenance, instant operation with complete
safety. Nine channels produce vivid data
traces on 7-inch-wide paper. Records by
direct print-out upon exposure to ambient
light, thus eliminating the need for chemi-
cal processing. And, due to CEC’s auto-
matic front-loading system, no spooling or
threading is required.

Type DG 5511—-CEC’s unique, solid-state
DG 5511—the first low-cost, three-in-one
portable direct-writing recorder—provides
capabilities formerly achieved only through
multiple instruments. Plug-in signal con-
ditioners are available to accommodate a
wide range of voltage inputs. No preamp
is needed for high-level signals. Converts
from high-level to low-level inputs by a
simple change of plug-in attenuator/
amplifier units. The DG 5511 combines
ease of operation with a high degree of
resolution on heat-sensitive paper.

54

Type 5-124 —Shown with the DataFlash
Takeup Accessory which requires only 1
second to readout, the 5-124 has become
a new “must” for industry. Portable, easy
to operate, this instrument offers big re-
corder capability in a small-size, low-cost
package. The 5-124 provides up to 18-
channel print-out recording, 10 speed
ranges, and record-drive systems with 16
options from 0.25 ipm to 128 ips.
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Type 5-133 —This oscillograph is essen-
tially #wo instruments in one. Reason: the
5-133 utilizes two galvanometer magnet
assemblies. The galvo recording lamp- in-
tensity is individually controlled so as to
permit recording from either magnet
assembly, or both, as desired. Two data
setups can be made at one time and re-
corded simultaneously, or be made alter-
nately and recorded sequentially utilizing
full chart width for each. The 5-133 is
available in 12, 24, 36 and 52 channel con-
figurations. There are 5 recording modes
—3 direct writing and 2 develop-out. And
being of modular design, the unit is
readily adaptable to additional or future
instrumentation,

Type 5-119 — A truly universal oscillo-
graph, the 5-119 has become a popular,
proven performer for laboratory, mobile,
airborne and marine use. Both dc and ac
powered models are available. The 5-119
accepts all three types of record maga-
zines, DATAFLASH, DATARITE, and
conventional, making it possible to utilize
every known photographic technique on
either the 36- or 50-trace models.
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Type DG 5510—This 8-channel Thermal
Writing Recorder brings a significant
advance in performance and reliability to
direct-writing oscillography. The basic
5-510 recorder is a self-contained instru-
ment with driver amplifiers and power
supply capable of accepting a wide range
of high-level input signals. Interchange-
able plug-in attenuator/preamplifiers are
available to further extend the input range.
It employs a heated writing stylus to de-
liver sharp contrast rectilinear traces on
CEC’s DataTrace® Thermal-Sensitive
Paper.

Other outstanding features include:

Solid-state electronics « Immediate read-
out « Superior frequency response » Cali-
brated zero suppression « Cabinet mount-
ing, including dolly for complete mobility.
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CEC
Accessories,
Signal
Conditioning
and
Support
Equipment

CEC has a complete line of dc and ac
signal conditioning equipment specifi-
cally created to do the job at a realistic
price. Furthermore, this wide range of
instruments assures a compatible match
with virtually any transducer device
being used today.

DataDigittv — A4 wunique Datagraph®
Accessory. When used with any CEC
oscillograph, this accessory generates the
necessary waveforms to print decimal data
on standard photographic papers. Up to 26
columns can be printed at speeds to 1600
lines-per-second. Decimal data can be por-
trayed simultaneously with analog data.

8-108 Bridge Balance provides coupling
between as many as eight strain gages or
resistive-bridge-type pickups and any
suitable recording or indicating device.

1-162A Galvanometer Driver Amplifier
is a solid state, low-gain, wideband power
amplifier for driving high frequency light
beam galvanometers.

1-165 DC Amplifier is a differential, high-
gain, wideband instrument featuring four
terminals to provide isolation between in-
put and output and circuitry and ground.

1-118 3 KHz Carrier Amplifier is a self-
contained four-channel carrier amplifier
designed to amplify the output of strain
gages and other transducers.

1-163 DC Amplifier can match and de-
flect all CEC galvanometers to full scale
rated deflection, plus properly damp and
drive any other available recording galvo.

1-127 20 KHz Carrier Amplifier raises
the level of small signals produced by re-
sistance-bridge or variable-reluctance-type
transducers to a level suitable for opera-
tion of companion CEC galvanometers.

3-140 Voltage Supply—A solid-state, pre-.
cision power source specifically designed.

for excitation of strain gage transducers.
Can be housed in same assembly with
1-163 and 1-165 Amplifiers.

CEC Technical Supplies—CEC offers a
complete selection of supplies needed to
operate CEC DATAGRAPH oscillo-
graphs; print-out papers, recording papers
and developing solutions,

Electronics | July 24, 1967
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Building Block System

Dasiay

The DG 5000—new from CEC—is an assembly of standard product building blocks
systemized into a complete configuration, thus providing overall capability from
transducer to display. Since the DG 5000 will accept any CEC oscillograph, or any
of the accessories, it may be tailor-made to virtually any configuration—or eco-
nomically expanded to meet future configuration requirements. This fully flexible
system will deliver up to 52 recording channels with light-beam galvanometers or
8 channels for thermal writing. Applications include industry, aerospace and medi-
cal science, or any operation calling for the acquisition and precise measurement
of dynamic or static data.

For complete information about any of these products, call your nearest CEC
Field Office, or write Consolidated Electrodynamics, Pasadena, California 911009.
A subsidiary of Bell & Howell. Bulletin Kit 309-X3.

LEL

DATAGRAPH PRODUCTS

8 BELLHOWELL
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Nothing
makes

it work
better.

Our customers tell us nothing
makes their equipment work better
than our vacuum components!
That's because nothing else has
all the advantages of the vacuum
dielectric: high voltage ratings -
high rf current ratings « long con-
tact life - no contact maintenance -
impervious to environment - faster
operation « high capacity change
ratios - compact design...and
many others.

You just can’t compare anything
else with ITT Jennings vacuum

components for reliable solutions
to high-voltage switching and con-
trol applications. Moreover, ITT
Jennings offers industry the broad-
est range of vacuum products
available: Our new diaphragm
vacuum relays which ounce for
ounce control more power for more
applications than any other relays
in the world - Complete coaxial
switching matrices for communica-
tion control in satellite tracking
stations « The widest selection of
vacuum capacitors - Efficient,
compact vacuum contactors.

The nexttime you need a reliable
relaying or capacitive device for
controlling high voltage or current
let us show you how easily a
vacuum component will solve your
problem...even if you only have
a crowded corner to put it in.
Chances are our more than 24
years of experience with the
vacuum dielectric has already
provided an answer.

For information on any of the
products shown, or for our com-
plete catalog, write to ITT Jennings,
a division of International Tele-
phone and Telegraph Corporation,
970 McLaughlin Avenue, San Jose,
California 95108.

é?* o

Vacuum Relays for high-voltage switch-
ing applications in airborne, mobile, or
marine communication systems, and
many industrial and commercial appli-
cations.

Vacuum Capacitors for the utmost in
performance in rf generating devices
such as high power transmitters and
dielectric heating equipment.

Vacuum Contactors for the most reli-
able means available for the remote
control of high voltages from 60 cycle
through rf and in applications ranging
from antenna switching to motor con-
trols.

High Voltage Measuring Equipment for
the measuring and testing of high
voltage circuits from 60 cycle to rf
frequencies.

Vacuum Coaxial Relays for automatic,
remotely controlled coaxial switching
in antenna and transmitter equipment
for communication systems.

JENNINGS ITT

58
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A Solid-State Improvem'ent
For Electronic Tuning Of
Broadcast Band Receivers

New VVC Diodes Provide 10:1
Capacitance Tuning Ratio
and High Q!

At long last, it’s possible to say goodbye to
the old “mechanical monster.” Now, with Motorola’s
EPICAP : 10 — the first domestic VVC diode with
a 10 to 1 capacitance ratio — you can design tuning
circuits for broadcast band receivers where the tun-
ing capacitor is small, very lightweight, easy to wire
and inherently reliable.

Called the MV1403, Motorola’s new VVC and
versions thereof, offer the opportunity for remote
tuning of car radios, TV sets; and, TV or FM
preamps, located in the antenna but tuned from the
receiver. Since capacitance is varied by a dc voltage,
rather than a cumbersome linkage to a mechanical
capacitor, the stylist and the designer are freed from
layout limitations of the mechanical part.

~whene the priceles ingnedient & cane!

In addition to an “ideal” tuning ratio, the
MV1403 also offers a high Figure of Merit (Q) —
200 @ 1 MHz @ 2 Vdc, and a nominal capacitance
of 175 pF. As a result, this revolutionary device
also preserves the selectivity required by broadcast
band receivers.

Motorola’s Applications Engineering Depart-
ment has prepared three comprehensive notes on
the uses of tuning diodes. Subjects include: “EPI-
CAP Tuning of Resonant Circuits”; “FM Modula-
tion Capabilities of VVC’s”; and, “Designing Around
the Tuning Diode Inductance.” We’ll be happy to
send them to you, with the data sheet for the
MV1403.

M

* Trademark of Motorola Inc.

MOTOROLA

Semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC. / P. O. BOX 955 / PHOENIX, ARIZONA 85001
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You get all three
in Philco’s 9930 Series DTL.

Philco’s 9930 Series DTL: for military, commercial, and industrial
applications. In E-line epoxy dual inline packages, ceramic flat packs,
and ceramic dual inline packages. Broad range of circuit

functions. Temperature ranges: military and limited for ceramic flat
pack and ceramic dual inline; 0 to 75°C for E-line.

Philco’s 9930 meets the highest performance and reliability standards.
Order now. Immediate delivery in volume quantities.

Call the sales offices and representatives of Philco-Ford: Philco Sales Office, El Segundo, California (213) 772-6226 / Santa Clara, California (408) 245-2966 /
Philco Corp. of Canada, Ltd., Ontario, Canada (416) 44-2541 / Straube Associates, Boulder, Colorado (303) 443-8600 / J & J Associates, Hamden, Conn-
ecticut (203) 624-7800 / Philco Sales Office, Clearwater, Florida (813) 446-0124 / The John G. Twist Company, Chicago, lllinois (312) 777-2250 / R. O.
Whitesell & Associates, Indianapolis, Indiana (317) 359-5374 / Fort Wayne, Indiana (219) 743-4411 / R. O. Whitesell & Associates, Louisville, Kentucky
(502) 893-7303 / Philco Sales Office, Burlington, Massachusetts (617) 272-1600 / R. O. Whitesell & Associates, Detroit, Michigan (313) 862-2225 / Benton
Harbor, Michigan (616) 927-2041 / Technical Associates, Inc., Minneapolis, Minnesota (612) 929-6721 / Technical Marketing Associates, St. Louis, Mis-
souri (314) 427-3600 / Kansas City, Missouri (816) 523-7865 / Philco Sales Office, Ardsley, New York (914) 693-3700 / Graydon-Sherman Inc., Fayette-
ville, New York (315) 637-9611 / R. O. Whitesell & Associates, Cleveland, Ohio (216) 333-2585 / Dayton, Ohio (513) 298-9546 / Cincinnati, Ohio (513) 521-2290
Philco Sales Office, Blue Bell, Pennsylvania (215) 643-2280 / Phikadelphia line, Pennsylvania (215) 242-6420 / R. O. Whitesell & Associates, Pittsburgh,
Pennsylvania (412) 242-0100 / Dunbar Associates, Inc., Dallas, Texas (214) 363-2536 / Philco Sales Office, Bellevue, Washington (206) 454-5061 / Philco
Sales Office, Washington, D.C. (202) 298-7810.

PHILCO-FORD CORPORATION
PHILCO

Microelectronics Division
Santa Clara, California « 95051
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Now—the hroadest line of convection-cooled,

all silicon, .015% regulated power supplies
For test equipment and lab use 0-10,-20,-40;60,-120 VDC, from 0-.5ampto 0-66 amps

Features and Data

@ Rack or bench use

‘e Full five year guarantee °
on materials and labor

e Convection Cooled

o Remote Programing

® Regulation—.015% or
1 MV (Line or Load)

e Temp. Coef. .015%/°C .

e Completely Protected—
Short circuit proof—
Continpously adjustable
Automatic current limiting e

{

% RackLH Series

Remote Sensing
Constant I./Constant V.
by automatic crossover
Series/Parallel Operation
No Voitage Spikes or

Overshoot on “‘turn on”’,
‘turn off"” or power failure

Ripple—

LK models—500 uV RMS
LH models—250 uV RMS,
1 MV P-P

Meet MIL Environment Specs

3 Full-rack Models — Size 7” x 19” x 18'%"”

Y2 Rack LK Series-LH Series

®

Full Rack 5% LK Series

11 Half-rack Models — Size 5%,,”-x 8%" x 15%"”

A

CURRENT RANGE AT AMBIENT OF:! CURRENT RANGE AT AMBIENT OF:!
Model? v,;’a“n": Price? Model? v:"n“: Price?
& 40°C | 50°C 60°C 71°C ang 40°C | s0°C 60°C 71°¢
LK 360 FM | 0-20vDC 0-66A 0-59A 0-50A 0-40A $995 LK 340 0-20vDC 0O- BOA| O- 70A | O- 6.1A| 049A | $330
LK 361 FM | 0-36VDC | 0-48A | 0-43A | 0-36A 0-30A 950 LK 341 0-20vDC 0-13.5A | 0-11.0A | 0-10.0A | 0-7.7A 385
LK 362 FM | 0-60VDC 0-25A 0-24A 0-22A 0-19A 995 LK 342 0-36VDC 0- 52A| O0- 50A | 0- 45A | 0-3.7A 335
LK 343 | 0-36VDC 0- 90A| O- 85A | 0- 7.6A | 0-6.1A 395
3 Full-rack Models — Size 5%” x 19” x 16'2” LK 344 | 0-60VDC 0- 40A| O- 3.5A | 0- 3.0A | 0-25A 340
SN Voltage CURRENT RANGE AT AMBIENT OF: ! it LK 345 0-60VDC 0- 60A| O- 52A | 0- 45A | 04.0A 395
ode! rice
Range. [ 40°c | so0°c | eoc [ 71°c
st Voltage CURRENT RANGE AT AMBIENT OF:! ricas
ode ce
LK 350 0-20vDC 0-35A 0-31A 0-26A . 0-20A $675 Range 30°C 50°C 60°C 71°C
51 0-30VDE SO A R0 0ROl L0141 TS 640 LH119 | 0-10vDC | O- 9.0A| O- BOA| O- 69A| 0-58A| $289
LK 352 0-60vDC 0-15A 0-14A 0-12.5A 0-10A 650 LH 122 0-20VDC 0- 57A| 0- 4.7A| 0- 40A| 0-3.3A 260
LH 125 0-40vDC 0- 3.0A| 0- 27A | 0- 23A | 0-19A 269
5 Quarter-rack Models — Size 5¥,,” x 4%,,” x 152"
i, Jis” XA ; LH128 | 0-60VDC | 0- 24A| 0- 21A| O- 1.8A| 0-15A| 315
Modelz| ~Voltsge.| CURRENTRANGE AT AMBIENY OFt iy [i, s LM 131 | 0-120vDC| O- 1.2A| 0- 0.9A | 0- 0.8A | 0-06A| 320
Range o o o °
30°C 50°C 60°C 71°C ; .
! Current rating applies over entire voltage v?ngeA e URACOEN
2 Prices are for non-metered models (except for models thru
£H 118 | o=lovDE 0408 0=3:5A 0298 0=2.3A $175 LK362FM which are not available without meters). For metered models,
LH 121 | 0-20vDC 0-2.4A 0-2.2A 0-1.8A 0-1.5A 159 add suffix (FM) and add $25 to price of LH models; add $30 to price
of LK models.
LH 124 | 040VDC 1.3A 1.1A ; 7A 154 3 Overvoltage Protection: add suffix (OV) to model number and add
b ia 0:0.94 o0 > $60 to the price of LH models; add $70 to price of half-rack LK models;
LH 127 | o-60vDC 0-0.9A 0-0.7A 0-0.6A 0-0.5A 184 add $90 to price of 5%” full-rack LK models; add $120 to price of 7
full-rack LK models.
LH 130 | 0-120vDC | 0-0.50A | 0-0.40A | 0-0.35A | 0-0.25A| 225 4 Chassis Slides for full rack models: Add suffix (CS) to model number
and add $60 to the price.

L A M B DA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD « MELVILLE,LI,NEW YORK 11746 « (516) 694-4200 A @ SUBSIDIARY
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Humidity
can't faze this
electrode. al\

STEEL ELECTRODE BLADE

STEEL ELECTRODE BAN

Electrode: Whenever a warp yarn breaks,
its drop wire falls, closing the circuit

from electrode blade to the electrode bar

and stopping the loom.
It, . I t d (
Wi vlar.
MYLAR* replaced paper as insulation in replace heavier, bulkier insulation
this K-A Electrode Switch — avital part ~ materials such as rubber, paper and
of textile looms that prevents mis- resins with thinner, flexible MYLAR . . .
weaving by stopping the loom when a save on weight, size and cost of your
thread breaks. Paper was previously components, even make significant
used as insulation, but the required design improvements in your product.
high humidity in weaving rooms often MYLAR has paid off for Marion
caused electrical failures and needless Industries and the textile industry. Find
stoppages. Then Marion Industries, Inc., out how it can do the same for you.
a division of Draper Corporation, Mail the coupon today for a complete \J \
switched to insulation of MYLAR, and the  “Fact File” on MYLAR. Or write: Du Pont
electrical failures were practically Company, Room4992C, Wilmington,

eliminated. MYLAR offered a new kind of Delaware 19898.
reliability to Marion and its cus- S T e R R R

tomers. Specifically, better resistance
to moisture, abrasion and puncture, , MYLAR

plus improved dielectric strength.

ilm,

(MYLAR also resists most chemicals and Rgofn"%gggg”pa”y

withstands temperatures from Wilmington, Delaware 19898

—60°C. to ’150’C.) I'd like to know more about MYLAR. Please send
MYLAR may do even more for you. It Hig @ canplle race File,

can lower insulation costs because less Name

MYLAR is required for a given insulation

value. The high cut-through resistance sl
and lasting durability of MYLAR enable Company
you to use thinner gauges. You can City Stk Sis
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Investing in a Sweep Generator with a limited frequency range
can be an expensive purchase unless you're positive your
requirements won’'t change 6 months or a year later. To
avoid that embarrassing possibility, Telonic's SM-2000 is built
for non-obsolescence; it is actually

20 SWEEP GENERATORS

in one. The chassis will accept 20 different plug-in oscillators
spanning various segments of the spectrum from 20 Hz to
3000 MHz, in an area that just fits your application today, or
tomorrow, or in 6 months, or next year. And since it doesn’t
cost any more than most single-range units, why not be a
hero. Order one,

| BASIC SPECIFICATIONS®
Frequency Range 20 Hz to 3000 MHz
\ Impedance 50 or 75 ohms
- — Operating Modes Sweep, CW, 1 kHz
\ b 4 ) Modulated Sweep or CW
Attenuation 0-60dB in 1 dB steps
S i Output (Scope Horizontal) 15 voits P.P (approx.)
Frequenc arkers 8 Plug-in and /or Variable
I Sweep Width, Sweep Rate, Level Control, and Flatness will depend on
\ the Plug-in Oscillator used.
“Complete specifications on the SM-2000 and Plug-in Oscillators, plus an
\ extensive treatment of Sweep Frequency Measurement Applications are
\ covered in Catalog #70. Yours on request.
N\

L

it %, INSTRUMENTS

Division of Telonic Industries Inc.
\ 60 N. FIRST AVE., BEECH GROVE, INDIANA 46107, YEL. (317) 787-3231 TWX-810-341-3202
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Transistor
Mounting |,
Pads? %

64

Heat Sink
Adapters?

GUDEBROD is your new, reliable source

for this important circuit hardware.

Precision made with traditional English
craftsmanship—by JERMYN Industries.

Stocked and sold exclusively in the
United States by GUDEBROD.

Gudebrod is now exclusive U.S. distributor
You OUght to know more for the electronic products manufactured by
about these prOductS' Jermyn Industries of Kent, England. Gudebrod

feels it will be providing the industry with
electronic hardware consistent with the high
quality products manufactured by Gudebrod for
nearly 100 years. Gudebrod will extend the same
quality and depth of service it has become known

Send for catalog n0W! for in lacing tapes. Write for the Catalog GJ100.

Area Code 215, WA 2-1122

UDEBRDD BROS. SILK CO., INC.

FOUNDED IN 1870

12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
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Vector Impedance Meter makes measurements in seconds

MODEL 4815A OFFERS DIRECT READOUT OF
HIGH FREQUENCIES IN OPERATING CIRCUITS

The 4815A offers direct readout of
impedance and phase angle measure-
ments from 500 kHz to 108 MHz
with continuous tuning. Probe on five-
foot cable simplifies in-circuit measure-
ments. Price: $2,650.00. Complete
specifications are yours on request.

Now there’s no excuse for not making all the impedance measurements that
previously have been too bothersome to make. The Hewlett-Packard 4800A
Impedance Meter eliminates bridge balancing and nulling. It does for AC mea-
surement what the ohmmeter does for DC testing. Just plug it in and read it. The
4800A may be mechanically swept to produce measurements over its full fre-
quency range. You get direct readings of impedance and phase angle from 5 Hz
to 500 kHz. Analog outputs of frequency, impedance and phase are available for
X-Y recording.

The 4800A is an all solid-state integrated vector impedance system
that reads out directly in Z and 6. Low-level signal strength prevents
overloading of the test component. Price: $1,650.00. For complete speci-
fications, contact your local Hewlett- =

Packard field engineer or write:

Hewlett-Packard, Ggreen Pond Road, HEWLETT P. A.C .KARD
ROCkaWay, N.J. 07866. measuring instruments

for science and industry
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Readout —bright, legible, IEE readout —makes the difference when the data must be accurately
read at a glance, from any angle. That’s the case with Lloyd Isaacs, Resident Manager

of the Santa Monica office for Hornblower & Weeks — Hemphill, Noyes. On a busy trading

day his clients start ringing for immediate quotations on New York prices. In 3/10 of a second,
Isaacs gets and reads a crisp, brilliant figure from the IEE display on his electronic quoter.

The client says buy. Done. He answers another line. Another client, and another quick-glance
quotation goes out —accurately. IEE front-plane readouts assure that accuracy.

Whether your product is business machines, test equipment, or space instrumentation,

your customers demand the best readout available. Give it to them with

IEE rear-projection, front-plane readouts —your choice of sizes with

sl an unlimited selection of characters and colors. Send

now for your copy of the new IEE Readout Catalog.
| Illustrated: IEE Series 120 Readout—160° circular viewing
' angle; character boundaries 93” wide horizontal band
drawn through .800” D circle. Brightness to 100 F. L.
“I double-E,” the world’s Iargest manufacturer of rear projection readouts. [T 3
Industrial Electronic Engineers, Inc.; 7720 Lemona Ave., Van Nuys, Calif. 91405. m j

When big money rides on a stock guotation,
“readout” makes the difference!
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A-B ceramic magnets
used in the 500 Selektronic shaver

shown actual size.

CERAMIC MAGNETS

Remington takes advantage of the high energy of
Allen-Bradley ceramic permanent magnets to achieve
the small size required for the ideal performance

of their 500 Selektronic shaver

This custom designed ceramic magnet is the result of cooperative efforts by Rem-
ington and Allen-Bradley engineers. Despite the complex geometry of the mag-
nets, Allen-Bradley was able to achieve high volume production at reasonable cost.

Allen-Bradley MO5-C ceramic permanent magnets are radially oriented and
can be furnished in segments for d.c. motors measuring no more than 34" diameter
up to a maximum rating of 10 hp. Coordinated and adequate manufacturing
facilities at Allen-Bradley and tight quality control assure delivery in quantity
—on time!

Allen-Bradley application engineers will be pleased to cooperate in the design
of your motor magnets to obtain optimum performance. Allen-Bradley Company,
222 W. Greenfield Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradley
Canada Limited. Export Office: 630 Third Ave., New York, N. Y., U.S.A. 10017.

TYPE MO5-C CERAMIC PERMANENT MAGNETS Typical Characteristics—stated values have been determined at 25° C.

£

Property Unit Nominal Value
Residual Induction (Br) Gauss 3300

Coercive Force (Hc) Oersteds 2300

Intrinsic Coercive Force (Hci) Oersteds 2400

Peak Energy Product (BaHd max) Gauss-Oersteds 2.6 x 108
Reversible Permeability — 1.09

Curie Temperature +°C 450
Temperature Coefficient of Flux Density at Br %/°C —0.20
Specific Gravity — 4.85

Weight per Cu. In. Lb. 0.175

The 500 Selektronic shaver
features a unique dial which
adjusts the shaving heads to four
shaving positions for any combina-
tion of skin and beard, plus TRIM position for
sideburn trimming and CLEAN position for instant
cleaning. The shaver operates on its rechargeable
energy cells or from an electric cord.
RDRDANDII

ATT L'N_RRAI I L'V
29 W | N DNADLIL ]

QUALITY MOTOR CONTROL
QUALITY ELECTRONIC COMPONENTS




7 STANDARD single, dual, and triple units, including
units with concentric shaft and vernier operation.

1 6 STANDARD resistance values from 50 ohms to

5 meg.

2 STANDARD tolerances 10% and 20%.
5 STANDARD resistance tapers.
1 8 STANDARD electrical tap options.
46 STANDARD shatt lengths from 3/8" to 6.0".
3 STANDARD shatft endings.
O STANDARD variations of bushings.

4 STANDARD locating lug options.

4 STANDARD switch options with single and
double pole.

R—
Allen-Bradley Type J

hot molded variable resistors
rated 2.25 watts @ 70°C

These standard variations in the Allen-Bradley Type ]
hot molded potentiometer line eliminate the need for a
“special’ control. When you include the numerous special
resistance values and tapers in which the Type J can
be supplied, the variations become virtually infinite.
Yet, all of these Type ] variable resistors have one
thing in common—each and every one is made by the
same A-B hot molding process—your guarantee of “‘tops”
in quality. The solid hot molded resistance track assures
extremely long life—exceeding well beyond 100,000 com-
plete operations on accelerated tests with less than 109
resistance change. Control is always smooth and free
from the sudden turn-to-turn resistance changes of wire-

AB)

N/

m

h

Allen-Bradley offers a

1000001

standard variations of
Type J Potentiometers

wound units. And being essentially noninductive, Type ]
controls can be used at the higher frequencies—where
wire-wound units are totally impractical.

Let Allen-Bradley Type ] variable resistors be the
answer to your special requirements—it’s almost certain
there’s a “standard™ unit in the Type J line. And you
know you're obtaining the ultimate in reliability and
performance. For more complete information on Allen-
Bradley Type ] potentiometers, please write for Technical
Bulletin 5200: Allen-Bradley Co., 222 W. Greenfield
Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradley
Canada Limited. Export Office: 630 Third Ave., New
York, N.Y., US.A. 10017.

QUALITY ELECTRONIC COMPONENTS




- When cable jacket must resist

*135°C temperature

e mechanical stress

e corrosive fluids...

It had better be Kynar™!

Whether it's used in aircraft, down-well instru- chlorinated cleaning solvents and jet fuels.
ments, or computers, no other jacket material

fills the bill like Kynar...Pennsalt’s vinylidene When only the best cable jacket material is
fluoride resin! It stands up to temperatures good enough ...when you need one that's
from —80° to +300°F... has twice the me- tough . .. specify Kynar. For data, write or call:
chanical strength of other fluoroplastics. .. Plastics Department, Pennsalt Chemicals Cor-
withstands cut-through...resists acids, bases, poration, 3 Penn Center, Phila., Pa. 19102.

Kynar...the fluoroplastic that’s tough! /pENNSALT:
*Kynar is a registered trademark of Pennsalt Chemicals Corporation for its vinylidene fluoride resin. ;
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CLOSER SPACING board-to-board

SERIES 371 MOLDED CARBON POTENTIOMETER

”‘MAX‘
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ALl ,
EASIER ADJUSTMENTS at right angles...

SERIES 371RA1 FOR PRINTED CIRCUIT BOARDS

When it comes to resolving big pot problems and confining them to a small space, Clarostat has
the know-how. It brings them down to size.

In printed board applications where mounting is critical, the Clarostat 371 molded carbon
trimming potentiometer provides maximum unit surface economy and permits closest board-to-
board spacing. Elimination of the shaft and seal brings down costs as well as dimensions with
the entire potentiometer limited to a minimum number of parts including a hot molded carbon
element, carbon contact brush, pressure spring and cover.

Clarostat Series 371RA1 holder mounts are made of ‘“Zytel 101’ nylon with design rigidly en-
casing the leads at right angles to the pot even when mounted side-by-side on plug-in circuit
cards. This permits easy adjustment of the trim pot body. Ends protrude from the mount on
.1” grid centers. Since the Series 371RA1 is a bonded assembly, it should be specifically ordered.

SPECIFICATIONS
Series 371 & 371RA1 Molded Carbon Potentiometers
Resistance Range: 100( to 1 Megohm. Working Voltage: 350 Vac maximum.
Resistance Tolerance: *20% Standard, =10% Special. Mechanical Rotation: 290° =5°,
Power Rating: .375 watt @ 70°C, derated to 0 watt @ 120°C. Stop Torgue: 20 oz.in.
Taper: Linear. Operating Torque: 7.0 oz. in. maximum.

Dielectric Strength: Variable arm hot to case.

ELAROSTAT

CLAROSTAT MFG. CO., INC. DOVER, NEW HAMPSHIRE
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» When the heat’s on...
take the pressure off with Cannon® firewall plugs

Designed to increase maintainability
and dispatch-reliability, ITT
Cannon’s new high performance
FRF — firewall — connectors meet
tomorrow’s high temperature and
fluid resistance requirements...in
jet aircraft, missiles, and
propeller aircraft.

These lightweight connectors
exceed the requirements of
MIL-C-5015, Class K, and feature
front release, rear insertion,
crimp snap-in MIL-C-39029 type
contacts. They also operate

continuously in temperatures
from —55°F to +400°F

5 :
and up to 2000°F for short term.
Besides saving weight by 25%,
and assembly and servicing time
by 2009, ITT Cannon’s FRF plugs
offer superior environmental
sealing and feature high
temperature elastomers which are
compatible with aircraft fluids.
Other features? One-piece steel
shell and barrel hardware. ..
optional self-locking coupling nut...
rugged metal clip retention

system ... intermateability with
MIL-C-5015 connectors.
When the heat’s on (for any
connector application) let ITT
Cannon take the pressure off. For
our FRF catalog, write ITT Cannon
Electric, 3208 Humboldt Street,
Los Angeles, California 90031.
A division of International
TR ERR
Telephone and “CANNON

Telegraph
Corporation. ﬁ

cANNoN I T
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to produce
information

@ Burroughs Corporation

Burroughs has produced many complete

information display systems for a wide variety of industrial,

commercial and military applications.

T For application assistance or information write:
. T Burroughs Corporation, Electronic Components Division

, P.0. Box 1226, Department Al
' Plainfield, New Jersey 07061
' i Tel: (201) 757-5000
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July 24, 1967 | Highlights of this issue

Technical Articles

On the threshold of success:
glass semiconductor circuits
page 74

Digital filters
boost Q without inductors
page 91

Special report:
Medical electronics,
Part I,

page 103

Electronics The glass semiconductor switch has already

e carned a controversial reputation even
though it is very new. Few designers have
put it into circuits, primarily because there
have been doubts about its producibility
and its reliability. Despite these reserva-
tions, the glass switch is attractive: one
can do the work of two conventional semi-
conductors devices in some applications.
At the Applied Physics Laboratory of Johns Hopkins Uni-
versity, the glass switch has been designed into memory
addressing circuits and the early results indicate it will prove
valuable in memory systems for earth satellites. For the cover,
J. Edward Bailey photographed one step in the production
process: a technician assembling the switch so it can be
sealed to its leads. The operation takes place inside a plastic
bubble filled with an inert gas. He also photographed the
other important steps in production for the color display on
page 77, proof that the device can be mass produced.

Until inductors can be made reliably with integrated circuits,
another approach is required in building microelectronic band-
pass amplifiers. Although most engineers have relied on
inductance capacitance (LC) filters, a resistance-capacitance
(RC) filter may be more promising. In such a network, the
capacitors are connected sequentially into the circuit to pro-
duce a sharply tuned waveform. The RC filter eliminates the
inductor and achieves high values of Q.

Computers in medicine. The electronic computer can do
many jobs for doctors, from administrative chores to real-time
diagnoses.

3. The widening impact of computers (p. 103). The medical
profession first applied the computer to administrative and
accounting problems. Now the machine is becoming the center
of a variety of systems that monitor patients’ conditions,
analyze laboratory tests, schedule operations, and allocate
facilities,

4. Making informed decisions (p. 108). The doctor faces a
complex multiple-choice test—with as many as 100,000 pos-
sible answers—every time he examines a patient. A computer-
based system now under development will process stored
data to suggest costs, diagnoses, and treatments.

5. A total-systems approach (p. 111). The U.S. Public Health
Service has devised a system in which transducers are linked
to a diagnostic computer by telephone lines. It is an integrated
package that can handle routine jobs.

Coming
August 7

~<—Circle 238 on reader service card

= Linear integrated circuits—first of a series
= Laser interferometer
= Medical electronics: Part Il|
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Computers

On the threshold of success:
glass semiconductor circuits

They’re getting to look a lot better than conventional IC’s
as address decoders in satellite memory systems because
they’re much simpler and offer high radiation resistance

By James A. Perschy

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

Its alien structure has made the glass semiconduc-
tor threshold switch a controversial class of com-
ponent. It can do the work, in some applications,
of two conventional semiconductor devices, yet it is
merely an amorphous film between two electrodes.
Few designers have tried the component in prac-
tical circuits, or even considered its use,

At the Applied Physics Laboratory (aprL) of
Johns Hopkins University, the use of glass semi-
conductor switches as decoders and current steerers
in memory addressing circuits is being investi-
gated. Preliminary results indicate that this type of
switch may prove extremely valuable in memory
systems for earth satellites, The experimental cir-
cuits are much simpler than transistor or integrated
circuits and have high radiation resistance.

Because it appeirs feasible to batch-fabricate the
circuits as monolithic structures, with fewer
processing steps than ordinary semiconductor cir-
cuits, the glass semiconductors are potentially very
reliable. This stems from the nature of the glass
material, which is a bulk-effect semiconductor—the
operation of the switches doesn’t depend upon a
junction between dissimilar materials, so junction
diffusion steps are unnecessary. In addition, the

The author

James A. Perschy is the super-
visor of the memory design proj-
ect in the satellite digital
systems group at Johns Hopkins
University’s Applied Physics
Laboratory, where he has worked
since receiving his bachelor’s
degree in 1958.
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switches are bidirectional; only one switch is
needed where two unidirectional devices with ap-
propriate controls would otherwise be required.

The experimental circuits have been built with
commercially available discrete glass devices. Tests
show that at slow pulse rates, these circuits can
switch l-ampere currents billions of times without
signs of wear. Moreover, they dissipate very little
power, The characteristics appear to fit the appli-
cations being investigated—decoding and switch-
ing in sequential buffer storage circuits that tem-
porarily store data at the satellite end of a ground-
to-space communications link. These applications
require slow data rates, low power consumption,
and high reliability.

Experiments at ApL indicate that the data storage
portion of a satellite memory system can have half
the weight and velume if the address circuits are
built with two batch-fabricated threshold-switch
matrixes instead of 136 standard, commercially
available flatpacks containing integrated circuits, or
circuits made of transistors, diodes, and resistors.

The basic switch

The threshold switch is a thin film of amorphous
material, essentially a semiconducting glass, that
exhibits an avalanche effect when immersed in an
electric field whose intensity exceeds a certain
threshold.* Above this threshold, the field causes
electron multiplication, producing a high-conduct-
ance path between the electrodes. The electric field
is established by applying a voltage across the
glass film; field intensity depends on voltage magni-

“*The composition of a typical semiconducting glass in per-
centages of atomic weight is: tellurium 47.7%, arsenic 29.90%,
silicon 12.64%, germanium 9.76% .—W.B.R.
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Dual-polarity drivers. Partial internal decoding is possible when threshold switches
are applied as dual-polarity drivers. External decoding is still required
for switches at bottom. One complete loop for a half-select current is shown in color.

tude and film thickness. Since the thickness in a
particular device is fixed, the threshold is expressed
in volts rather than in units of field intensity.

The below-threshold resistance of a typical
switch may be as much as several hundred meg-
ohms. Capacitance is generally a few picofarads in
parallel with the resistance. The threshold is about
12 volts in both directions. When the switch is
conducting, it passes a current of 300 milliamperes
with less than a 2-volt drop in voltage, correspond-
ing to a resistance of about 6 ohms.

The switches are made by vacuum-depositing the
semiconducting glass on individual electrodes,
which are then fused to leads while the joint is en-
capsulated in an insulating glass package. Larger
arrays could easily be made by depositing several
dots of glass on a substrate and fusing electrodes
on top of the dots. For more complex devices, alter-
nate layers of metal and semiconducting glass could
be deposited on a substrate. Switching would take
place in the latter configuration wherever two layers
of metal were separated by a thin layer of glass. To
prevent switching, either a thick layer of semicon-
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ducting glass or a layer of insulating material
could be deposited between the two metal layers.

Memory addressing

At arn the switches are being used experimen-
tally in memory-addressing circuits to locate a
single ferrite core in a rectangular plane array,
which is threaded by wires—carrying half-select
currents—passing both horizontally and vertically.
Two intersecting half-select lines locate any one
core, and can reverse the direction of magnetization
around it. A single half-select current is in one di-
rection for a read or clear cycle, and in the opposite
direction for a restore or write cycle, In some mem-
ories a third set of wires detects the change in
magnetization when reading data out of the array.

The diagrams accompanying this article show
only one set of half-select lines for clarity, In an
actual memory, another set of lines at right angles
to the first, and a similar set of address circuits,
would supply the remaining current.

The organization can be either one of a series
of planes enabling parallel readout of several bits
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(either two-and-a-half- or three-dimensional) or a
single plane from which individual bits are read out
in sequence. The latter may be considered either a
one-bit-per-word 2%-D or 3-D system. In addition
to one or more such planes, a memory system also
includes address and data registers, address de-
coders, current drivers, and sense amplifiers. The
address register holds the address of the bit or
word being accessed at any particular moment. The
decoder translates the address, comprising only a
few bits, producing a signal on the required half-
select line. Since memories usually contain two
sets of half-select lines at right angles to one an-
other, they usually have two address decoders, each
processing about half of the address word.

The current drivers generate a pulse that is
routed by the decoder along the correct half-select
line. Sense amplifiers pick up voltage pulses gen-
erated when selected cores in the memory change
state; the pulses set bits into the data register,
where they are made available to the computer or
digital system that requires the data.

Replacing the junctions

Threshold switches can replace a memory sys-
tem’s decoders and current drivers in several dif-
ferent ways of increasing complexity, representing
increasing degrees of large-scale integration. They
can replace the isolating diodes directly, one switch
for two diodes; they can be used as dual-polarity
drivers; or they can be connected in a binary-
decoding matrix.

In conventional designs, a diode matrix iso-
lates the wires carrying half-select currents.! A
negative pulse on a voltage bus and a pulse that
opens a positive current gate pass a half-select
current through a diode and along a single half-
select line threading an array of cores. Reversed
diodes block parallel paths that exist for any
given combination of one bus and one gate. A re-
versed half-select current is passed through the
same wire with a positive pulse on the same volt-
age bus and a pulse that opens a different nega-
tive current gate.

This arrangement requires two diodes—two
semiconductor junctions—for each half-select line;
one passes positive current into the line and one
passes negative current out of it,

Half as many threshold switches with no junc-
tions can do the same job. One threshold switch
is connected in series with each half-select line.
Pulses on the voltage bus and the current gate
cause the voltage across the switch to exceed the
threshold, typically 12 volts. This turns on the
switch, which then passes the mnecessary half-
select current into the line through the cores—
typically 300 milliamperes. As in the diode array
parallel paths exist, but these paths all pass
through three switches, and the voltage across
each is well below the threshold, so that none
turns on. The threshold switch turns on and con-
ducts in either direction, depending on the polarity
of the voltage and current,

The designs require one pair of current gates for
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each group of half-select lines, where the number
of lines equals the number of voltage buses. The
addresses must be decoded by external circuits to
pick out one gate in the array. When threshold
switches are used as dual-polarity drivers, as in the
diagram on the preceding page, fewer gates are
necessary and the external address circuitry is
simpler because the address is partially decoded
in the array. In the diagram, the symbol for the
threshold switch is that adopted by Energy Con-
version Devices, Inc., manufacturer of the switches
used at apr. It is a stylized representation of the
switch’s voltage-current characteristic as seen on
an oscilloscope. Switches TSy, and TS;y; are func-
tionally equivalent to the voltage buses in the
simpler design; switches TSz, through TS, per-
form the task of the current gates. The product of
these two quantities determines the number of lines
that can be handled in combination. The current
sources are basically unchanged except that each
has an independent gate.

When a half-select current is to be driven through
one of the eight wires, a connection to ground is
established through two address gates. Gate S;
controls the four left-hand wires and gate S» con-
trols the four right-hand wires. The other four gates
each control one wire from each group. Thus to
select line 1, gates S; and S; are opened (R; and Rs
are shorted to ground); to select line 6, gates S» and
Sy are opened (R. and Ry are shorted to ground).
In the diagram, line 1 (color) has been selected.

One of the two current sources at the right side
of the diagram is connected to the memory array,
depending on whether a read or write cycle is being
initiated. When a read cycle is initiated, Sy shorts
to ground. The connection causes the voltage at
TS;x and TSy, to rise above the threshold. But only
TS;4 will turn on, because the other switch isn’t
grounded. Then current that passes through both
the switch and resistor to the address gate, S;,
causes the voltage to rise beyond the threshold of
the four switches immediately below. Of these, only
TS2x turns on because it is grounded through the
address gate S;. Voltage now rises past the
threshold at TS,,, and this switch turns on, com-
pleting the circuit to the current source.

Gates S; and S. can be controlled directly by one
address bit, without additional decoding circuitry.
Two more bits in the address must be decoded to
establish a ground connection through one of the
four address gates—Ss, Sy, S, or Sg. These three
bits are sufficient to address any one of the eight
half-select lines shown, because 2° — 8. In an 8-
by-8 array, three more bits would locate any one of
eight lines at right angles to those shown. Thus
six bits can locate any one of the 64 cores. In most
memories addresses are longer than six bits and
arrays are considerably larger than 8-by-8. The ad-
dress length equals the base-2 logarithm of the
number of cores.

The three switches—TS;4, TSoa, TS3;a—turned
on one after the other in rapid sequence because
they were connected in series to a common current
source, This is possible because each switch is indi-
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Instead of circuits
— a layer of glass

Electroluminescent displays, as well as
computer memories, may someday be
controlled by batch-fabricated glass
semiconductor arrays. This is an
experimental display in operation at
Energy Conversion Devices Inc.

The phosphor segments can be’
driven by a film of glass, applied tc the
back of the phosphor plate, instead of
by conventional discrete circuitry. Last
fall, the Air Force disclosed that it was
sponsoring research and development
of glass-controlied aircraft cockpit
displays [Electronics, Oct. 31,

1966, p. 37].

On the next three pages, photos
taken at the company’s plant in Troy,
Mich., show how threshold switches
are made for the Applied Physics
Laboratory’s prototype memory
addressing and decoding matrixes.
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In one vacuum and out another

Bomb fusing. Technician prepares bomb
by fusing the tube’s open end, which is
connected to a vacuum line to remove air.

Glass furnace. Semiconducting film's raw
materials are compounded by melting them
in evacuated glass tubes. Cooled, the

glass looks like a lump of coal.
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Carbon electrodes. Tiny carbon balls held in the fixture Glass deposition. Substrate heating lamp casts a
in front of a vacuum deposition chamber will become red glow as the semiconducting glass films
threshold switches when coated with glass film. are deposited onto the electrodes.
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Glass package for a glass switch

Package sealing. Resistance-heating coil
around the switch assembly fuses the glass
film to the upper lead and seals the switch.

Diode envelope. Since the switches need only
two leads, they are sealed in glass diode
packages. First sealing step is dropping
a coated carbon ball onto the lower diode lead.

Plastic bubble. During sealing,
plastic bubble (also shown on the
cover) maintains an inert atmosphere
around the switch. A diode envelope
is in the sealing nest. When the
operator lowers the sealer’s arm,

it will press the top lead into the
envelope and turn on a resistance
heating coil.
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Crooked cross marks a good switch

Burn-in test. Preliminary operation
for 12 hours weeds out switches
that don’t work properly.

Two symbols. Oscilloscope pattern
below is used as a schematic
symbol of the switch. It is the
current-voltage waveform produced
by cycling a switch with

60-hertz line power. The switch
generating the pattern is a symbol
of design simplicity — a lead

wire touching the glass coating

on a second wire.

Final test. Symmetrical scope

pattern tells the operator
that there is a good switch in
the test contacts on the table.
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Three-stage matrix. Full internal decoding is possible with threshold switches arranged as binary decoder. As
in simpler designs, lines are isolated from one another and all current is routed through‘th.e swltches, as
shown in color for one half-select line. Resistors are external; remainder may be a monolithic circuit.

vidually connected to ground through an address
gate, enabling the total threshold voltage to be ap-
plied to each switch in sequence. This can’t be
done in the previous circuit, because the three
blocking switches aren’t grounded and don’t re-
ceive the full applied voltage.

The dual-polarity drivers shown could be imple-
mented in the form of arrays of threshold switches,
but such small memory planes aren’t used and the
design calls for two different arrays, one with two
switches and one with four switches. A more prac-
tical arrangement would use 10 eight-output arrays
1.e the one shown at the top of the next page to
select one of 64 lines. The lines would be divided
into groups of eight lines. To each group would be
connected one array corresponding in function to
the switches TS,y through TS.p. A ninth array
would drive these eight arrays, just as TS;a and
TS, drive the switches below them. The 10th array
would correspond in function to TSsax through
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TS;p, returning the selected lines to the current
source. A six-bit address would be required for this
set of half-select lines; three bits would be de-
coded for the top array and three more for the ar-
ray at the bottom. Two three-bit decoders are less
complex than one six-bit decoder, so this arrange-
ment is simpler than the one-switch-for-two-diodes
replacement, which requires full decoding outside
the memory array.

Such an eight-output array could be easily pack-
aged on a chip about 30 mils square and mounted
in a standard flatpack or transistor can.

With and without resistors

Another design, requiring more threshold
switches, is capable of complete address decoding
and is still more suitable for batch fabrication. The
diagram shown above is of a three-stage binary
decoding matrix capable of selecting one of eight
lines.
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Multiple array. Proposed eight-output threshold
switch array could be batch-fabricated on a
single monolithic chip.

The first stage, the two switches at the top, se-
lects four of the eight lines; the second stage, the
next row of switches, selects two of these four; and
the third stage selects one of the two. Complemen-
tary address inputs are required to establish a
ground connection for one switch of each pair in
the matrix. A current source is connected to the first
stage, as in the circuit using dual-polarity drivers.
When the voltage at this point exceeds the
threshold, one switch in each stage turns on, three
in rapid succession as described previously, estab-
lishing a connection to one of the eight half-select
lines in the memory array.

The resistors in this design limit the current
when the switch turns on. They must either be ex-
ternal to the batch-fabricated array, or deposited

FROM CURRENT SOURCE

3— STAGE
DECODING
MATRIX

gl Fe g T i A e

EIGHT 8-0UTPUT ARRAYS

s SRR

3-STAGE
DECODING
MATRIX

TO CURRENT SINK

Double-ended decoder. Two 3-stage matrixes and eight 8-
output arrays can provide complete memory address
decoding and driving cheaply. All the stages shown

in color would be glass-switch arrays.
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in some kind of hybrid process separate from the
deposition of the metallic layers and the glass-
semiconductor material.

In the binary matrix, the input is initially at
ground. The address lines that will cause threshold
switches to turn on—A, B, and C in the diagram on
page Sl—are set at a negative voltage one-fourth of
the threshold voltage, or —V/4; complementary
address lines are set at +Vi/4. When current is
admitted to the input, the voltage at D increases.
When it reaches --3V/4, the threshold switch be-
gins to conduct. Its current is routed through the
resistor to the address gate at A, which is main-
tained at —V/4. The current through the resistor
raises the voltage at the output of the threshold
switch to a value slightly below the input, but the
switch stays on. The input must continue to in-
crease slightly after the threshold switch turns on
so that the thresholds of the switches at E and F
will be exceeded. Its final value is approximately
3V./4 4 V;, where V; is the voltage drop across
all the conducting threshold switches.

An alternative design for the three-stage decoder
requires twice as many threshold switches but no
resistors in the address lines, as shown on the op-
posite page. Although the absence of resistors
makes it suitable for complete batch fabrication
in monolithic form, this design requires two
switches in series to turn on in each stage of the
decoder. These switches must have closely matched
leakage currents near their threshold voltage in the
high-resistance state and matched dynamic switch-
ing characteristics.

The leakage current is normally only a few
microamperes. As the applied voltage increases, the
leakage current increases slowly; and as the voltage
approaches the threshold, the leakage current in-
creases more rapidly. Different switches with nomi-
nally equal threshold voltages may have different
threshold currents, and the way the leakage cur-
rent increases near the threshold may also differ.

The time required for the threshold switch to
become unstable and start changing from its high-
resistance to its low-resistance state is inversely
proportional to the difference between the pulsed
voltage and the d-c threshold voltage; that is, the
higher the pulse, the quicker the switching action.

If the threshold voltages and leakage currents of
the two series switches in the all-glass decoder are
not closely matched, one will start to turn on sooner
than the other. But very little current will be drawn
from the source and the following stages of the
decoding matrix won’t turn on until both switches
have turned on.

In the matrix that has resistors, the switches
needn’t have closely matched leakage characteris-
tics. The matrix also has more fanout—that is, it
can drive a longer half-select line—because per-
formance isn’t degraded by unmatched switches.

In the binary matrix built from threshold
switches only, the address lines must be set at
levels equal to the threshold voltage; the lines for
the switches at inputs P, Q and R are set to —Vy,
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Alternative design. Binary decoder that doesn’t require external resistors is made
with doubled number of threshold switches, still in single monolithic array. Again,
the first half-select line is picked by the switch routing shown in color.

and the others are set to +V. Then when the cur-
rent is applied, the input voltage at S increases to
~+V,. This makes the total voltage across the two
threshold switches in series equal to 2V, and both
of them turn on. This voltage increases still further
to turn on switches T and U. The final level is ap-
proximately Vi + Vi. The current through this
matrix is limited by the effective resistance of the
address input circuit, which is external to the de-
coder itself.

Eight by eight by eight by eight

Two of these three-stage matrixes—either design
—in conjunction with eight of the proposed eight-
output arrays can select one of 64 lines in a memory
array of 4,096 cores—a useful size for some satellite
applications. One matrix would decode three of six
address bits and drive the eight arrays. These, in
turn, would drive the lines through the memory, to
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another three-stage matrix, which decodes the other
three address bits. Because the configuration,
shown at left, has decoding matrixes at each end, it
is called a double-ended address decoder.

A larger version of this design could replace an
addressing scheme requiring 136 standard flat-
packs, used in a navigation satellite designed by
arL for the Navy. That memory contains a data
storage and addressing system that weighs 1.2
pounds, dissipates 6 milliwatts pulsed power and
150 milliwatts standby power, has a volume of 45
cubic inches, and a capacity of 25280 bits. The
pulsed power is dissipated by the integrated-circuit
sense amplifiers, current drivers, and power
switches. The 1¢’s include 84 flatpacks of two types
made by Texas Instruments Incorporated and 52
special flatpacks for the dual-polarity drivers, con-
taining six transistors and four resistors each.

Two batch-fabricated binary decoding matrixes
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Looped select lines. Three decoding matrixes (color) in a 21/5-dimensional memory provide all addressing capability

plus simple connections.

of eight stages each, capable of driving as many as
256 half-select lines (only 160 are needed in this
application) could replace the 136 flatpacks, halving
the weight and volume of the data storage portion
of the memory system. It would require no standby
power—only 6 milliwatts of pulsed power.

212-D memory

A single-ended decoder is equally feasible with
threshold switches. Single-ended addressing sim-
plifies the core array by permitting all the half-
select lines to have a common connection at one
end, but the addressing circuit is more complex. A
single-ended decoder capable of selecting one of 64
lines would be arranged just like the one-out-of-
eight decoder with six stages instead of three.

A modified version of the single-ended decoder
can be used in two-wire memory systems, in which
one of the two half-select windings doubles as a
sense winding. The double-duty winding loops
around to pass through two rows of cores, in op-
posite directions, an arrangement called 2%2-dimen-
sional organization, A half-select current in each of
the two windings selects two cores; but the two
currents pass through one core in the same direc-
tion and through the other in the opposite direction.
One core or the other is therefore selected by the
current direction in the looped half-select line.

In such an arrangement, one single-ended de-
coder addresses the straight-through half-select
lines and two parallel single-ended decoders ad-
dress the Jooped lines, which are grounded at their
center point, as shown above. The sense amplifier
is connected across the input of the two decoders.
The sense signal is a back voltage generated on the
looped line by the core that changes state. The
back voltage appears also at the inputs to the two

parallel encoders, where the sense amplifier picks
it up. If the core contains a binary 0 it neither
changes state nor generates a back voltage.

Driving test

A decoding matrix built only from threshold
switches has already been tested. It has three levels
of decoding and four outputs. The matrix steers
500-milliampere pulses 2 microseconds wide 1,000
times per second through an inductive load that
generates a 40-volt back voltage in much the same
way that a core matrix would. These pulses are
more than adequate to drive a typical core memory.

In the test set-up, the conduction path is estab-
lished with a 5-ma pulse before starting the 500-ma
pulse. This prevents the sudden drop in impedance
from affecting the leading edge of the big pulse,
and permits the address input to be removed as
soon as the conduction path is established.

Recovery time of the threshold switches is rela-
tively long, permitting the matrix to be pulsed with
a restoring signal of polarity opposite to that of
the initial signal, without again selecting the ad-
dressed line. The conduction path is still estab-
lished. The restoring or regenerating signal writes
data back into the memory after it is read out.
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Circuit design

Designer’s caseboo

Digital commands control
differential amplifier gain

By I.W. Salmon
Van Nuys, Calif.

Two gain levels selected by digital command are
available in the preamplifier shown below. The
unit is designed for use with the reap head of a
digital magnetic tape transport. Selection of the
high gain mode compensates for the reduced ampli-
tude of the meap-head output pulse when the
two-speed digital tape recorder is operated at its
slower speed. Commands from the recorder’s speed

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.

k

mode noise. Transistor Q; serves as a constant-
current source for the differential amplifier. The
state of digital gate Q4 controls diodes Dy, Do, Ds,
and Dy, and these diodes control the gain of the
differential amplifier by switching load resistors
Ry, Rs, Rs, and Ry into and out of the collector
networks of Q; and Q.. When the diodes conduct,
the resistors are switched into the collector net-
works and reduce the gain.

When the two-speed recorder is operating at low
speed, no command signals appear at diodes Dj
or Dg, and switching transistor Qs remains off.
With Q. off, the potential at point A is approxi-
mately equal to the positive supply voltage so
that diodes D;, Ds, D3, and Dy are reverse biased;
thus resistors Ry, Ro, Rs, and Ry, aren’t connected
to amplifier Q:-Q., and the preamplifier gain is

control logic automatically put the preamplifier A = Eour e T B 1
in its high gain mode at low speed. Eix Re \2jwRACi+1
The differential amplifier formed by transistors
Q; and Q. enables the preamplifier to handle rReap- _22( e o | I il e
head signals with peak-to-peak difference ampli- 1\ 2w (22) (120 X 1072) + 1
tudes as low as millivolts and to reject common- =22 £0° (1)
IHGV
Ry 41, Rs < Rg j. R3
43k o 24k $ 24k 2 43k
300 7
A T Aaiad (Eout,—Eour,)
A\ Eour — +110my
Eour, Ov
R, SRL, O™ 6AussIAN
Dy 0.047uf 0.047uf ¥ D3 150kJ'150k
CENTER-TAPPED L ==
READ HEAD =
D, D4
<R, Rg R
$43k 1k adk +25v
356k i; 22k
A I4Ng46 D +8
DV 5 v
Qq —— J—LOV
x 0 2N834 b 5
3 6 I | v
S = 39k _H"— Ov
-t Le . SIGNALS FROM
L ' ' SPEED LOGIC
alE UNMARKED DIODES {N914 —25v CONTROL
= , UNMARKED TRANSISTORS 2N930
T-12v WAVEFORMS SHOWN FOR HIGH GAIN MODE ONLY

Digital gain control. Positive signals at D; and Ds turn on Q., and forward bias diodes D., D., D;,

and D: so that resistors R;, R:, R;, and R: load the amplifier

and reduce its gain.
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where:
¢, = 120 pf
- RuBe, ¥
R = P W 22 kilohms
Rz = R; = Rs = 1 kilohm

R; = Ry = R; = Ry = 43 kilohms

The peak-to-peak amplitude of Eiy is about 10 milli-
volts when the recorder is operating at its slower
speed. The gain of 22 boosts the amplitude of the
output pulse to the desired level of approximately
220 millivolts.

If the recorder’s higher speed is selected, the
speed selector switch logic sends to diodes Dj
and D¢ a -+8-volt signal that turns on Qs The
potential at point A drops to ground when Qy is
on, forward biasing diodes D;, D., Ds, and Di.
With the diodes conducting, resistors Rj, Re, Rs,

and Ry load the output of amplifier Q;-Q- and the
gain drops to 11 as given by:

P S TR MR
Erx 2Ry \ jwRACi +1

22 1
2 jw (22) (120X10712)+1
= 11 20 (2)
where all parameters are those defined for equa-
tion 1.

At the high gain setting, the amplifier’s high-
frequency break point is half that of the point at
the low gain setting. The smaller passband in the
high gain mode cuts down high-frequency ampli-
fier and external noise, yet is wide enough to pass
the signals generated at the slower tape speed.

Low-cost digital IC
performs linear functions

By Robert Ricks

Fairchild Semiconductor Division of the Fairchild
Camera & Instrument Corp., Mountain View, Calif.

A digital integrated circuit, intended for switching
applications, can be operated as a linear amplifier.
The circuit consists of a Fairchild dual gate, the

nL 914, coupled to an epoxy encapsulated transistor
that serves as the amplifier’s output stage.

Depending on the components selected for in-
sertion at points A and B in the diagram, a number
of applications are possible. For example, to oper-
ate the circuit as a linear amplifier, resistor Rj
is removed and resistors are placed at A and B.
The resulting configuration gives an output signal
that is proportional to the input.

If resistor R; is retained, the positive feedback
introduced converts the amplifier into a versatile
snap-action switch. For example, a thermostatic
control switch can be obtained by placing a thermis-

+9v
8
Ry
BIAS ? 8
$640 b3 4.7k
$ s — M 2?43638
A 6
NS /
; R 4
L 27%% A K
INPUT 450 Q-Q, Q3-Qy 450 OUTPUT
L 1 8 -—
450 450
Rp<Q
6.2k3 ‘:ff
2 B
| |
%620
o i
Versa. . voltage at pin 1 turns on Q.-Q., turns off Q.-Qi, and saturates output transistor Q.
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tor at A and a relay at B. If, however, A is a
phototransistor and B a load resistor, the circuit
becomes a light-sensing preamplifier with a digital
readout.

The basic circuit consists of the pl. 914 in a
bridge circuit formed by R;, a transducer at A,
resistors Rs, R, and potentiometer R.. For opera-
tion as a thermostatic control switch, A is a 1-kil-
ohm thermistor with negative temperature coeffi-
cient and B is a 6-volt, 100-milliampere relay.

When the temperature increases, the thermistor’s
resistance drops and the potential at pin 1 of the
pl. 914 rises. As the voltage at pin 1 goes more
positive, the potential rises at the emitters of Q-Q-
and Q3-Q,. Since the voltage at the base input to
Q3-Q (pin 5) is held constant by R; and Ry, the
more positive potential at the Q;-Qy emitters drives
the pair into cutoff. The feedback supplied from
pin 6 to pin 1 via resistor R; assures a latching
turn-off for Q;-Q..

With Q:-Q. in saturation, the voltage at pin 7
drops to a potential near ground so that output

transistor Q; turns on and actuates the relay at B.
A light-sensing preamplifier with digital readout
is formed by placing an ¥pm 100 phototransistor at
A and a 330-ohm load resistor at B. An increased
light intensity on the phototransistor causes it to
conduct more heavily; this enhances the potential
at pin 1 of the pL 914. When the voltage at pin 1
becomes more positive, the circuit action described
above causes Qj; to turn on. With Q; on, the output
voltage (at the top of the 330-ohm load resistor)
increases, indicating greater light intensity.

The inherent matching of beta’s, input thresholds,
and resistors in the diffusion of a digital gate is
exploited when the pL 914 is used in the linear
applications described. The matching of parameters
is inherent because of the close proximity of the
transistor pair on each integrated circuit chip, and
the thermal tracking inherent in the closely-spaced
transistor pair is considerably better than that
attainable with devices in separate cans. The basic
circuit, including IC and discrete components, can
be built for about $1.50.

Negative impedance converter
does double duty

By Gilbert Marosi
CMC Systems !nc., Sunnyvale, Calif.

A simple two-transistor amplifier with both positive
and negative feedback functions as a Q multiplier
or an infinite impedance amplifier. The circuit is
basically a negative impedance converter.

When an inductor is used with the converter, the
inductor’s winding resistance is effectively can-
celled by the converter’s negative resistance so that
a nearly lossless inductor results. This character-
istic preduces a high Q which may be exploited
in tuned circuits,

Alternatively, the interstage feedback of the cir-
cuit can be adjusted to yield an infinite input im-
pedance.

Operation of the circuit may be readily explained
by substituting two operational amplifiers having
the same total gain as the converter. Amplifier A4,
togethor with resistors R; and R., is Cquivalent to
transistors Q;, Ry, and Rs in the negative converter
schematic. Similarly, amplifier A. with R; and Ry
is equivalent to Q., Rz and Ry. Resistor Ry corre-
sponds to potentiometer R; in the converter. The
input impedance may be derived in terms of the
gain of the equivalent operational amplifier circuit:

=20
> > 4
Rs 1ok Zask Qfa
0.5M < < < 3k
KA - OUTPUT
I 2R
TANK T . 3 60k P
CIRCUIT Ti i
pre= gy L e Q4
: y VWA 2N2635
| } R1 4:R7
| ! .80k $ 56k
= : AR'A‘A' ;:
2 sfs
: ! (L 18k 3 3k
I | 1.5k $
2| $s
| ' 3100
1 ' 1
Lhe o] "= All CAPACITORS ARE 0.1 pf

Impedance converter. Positive feedback through R; and
negative feedback through R. combine to give amplifier
Q:-Q: a negative input impedance.

VWA
vy vy
R R
1 3 E
L__JVVV——J»—{EZ:> AMA [EE>>——L_Q
Iy Iin

Equivalent circuit. Operational amplifier for negative
impedance converter replaces transistors Q: and Q-
in the original schematic with amplifiers A; and A..
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Zix = I—1 1)
1

I =Iin—Ir 2)
s El

Iin = R 3)

. KvE — E; @

Ry

where Ky is the total voltage gain of the circuit.
Substituting equations 2, 3, and 4 into 1:

. Ry
Tix = kR_P 3
I+ <= ~ Ky
1
» Ry ; y
If Ky is made equal to (1 + = ) the input im-
1

pedance becomes infinite, If Ky is larger than
<1 + %) the input impedance is negative.
1

The Q-multiplying capability of the circuit can

be represented by Q’, a new factor,
Qo

R
1—-Giny

Q=

where:

Qo is the Q of the uncompensated tank circuit.

Ry is the equivalent negative impedance of the
circuit.

Ry, is the winding resistance of the coil.

Potentiometer R, the equivalent of Ry, may be
varied so that Iy = Iix and 1; = O to achieve an
infinite impedance. When R; supplies more current
than R; can absorb, the direction of I; is reversed,
providing a negative impedance.

The d-c design of the circuit is conventional, and
the operating point of Q; is determined by

E, = (Vee = Vir — V) Bys (Vei+Vsr1)
(o4 R(; a
N Rs 4+ Rs
where: a =

(Rs + Rz + Rs)

MOS FET amplifier provides
almost infinite impedance

By Thomas H. Lynch
SDS Data Systems, Pomona, Calif.

A simple buffer amplifier for isolating high im-
pedance circuits is a direct-coupled source fol-
lower. It couples a junction field effect transistor,
Qy, to a bipolar transistor, Q.. However, this circuit
has one serious limitation—when source resist-
ances greater than 1 megohm are encountred, d-c
temperature drift may be unacceptable.

Temperature compensation is achieved by re-
placing the junction device with a dual stage mos
FET MEMS551, coupled to a complementary pair of
transistors, MD6100. The complementary tran-
sistors hold the temperature drift to less than 1
millivolt over a range of 0° to 40° and the ampli-
fier has an input resistance of greater than 10
ohms. The maximum input current for the mos
FET is less than 0.1 picoampere—1/10,000th of that
drawn by the uncompensated network.

Constant current is supplied to MEMS551 by lim-
iter diode, D;. Because D; requires only 1 to 1.5
volts of bias to produce a constant current, positive
and negative voltage swings as large as 5 volts at
the gates of Q; do not affect it.

l—‘lOv

OUTPUT

Q
2N2484

T+10v

Drift-prone. Simple buffer amplifier is a source
follower attached to a conventional emitter follower.

l—10v

<
;é.‘wk $100k
MD 6100
(MOTOROLA)
MEM 551
(GENERAL
INSTRUMENT)
D D \
:|_= T'-,
INFUT \I_ls—,_il_l/ OUTPUT
3 0y () IN5288 e -
?(CURRENT—LIMITING <100k
DIODE)

T+10v

Improvement. Modified MOS FET buffer achieves excellent
thermal stability with complementary output transistors.

J
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RESOLVER/SYNCHRO
INSTRUMENTATION

A very short course for engineers engaged in
testing and evaluation of resolvers and synchros

Selecting a resolver/synchro test
instrument for any engineering, pro-
duction or system requirement is re-
markably simple from North Atlantic’s
family of resolver and synchro instru-
mentation. Because this group has
been developed to cover every area of
need in both manual and automatic
testing, obtaining the desired combi-
nation of performance and package
configuration usually demands no
more than 1) determining what you
need and 2) asking for it.

Remote Readout of Angular Position
For remote indication of resolver
or synchro transmitters in system
testing, North Atlantic’s Angle Po-
sition Indicators (Figure 1) pro-
vide the advantages of low cost
and continuous counter or pointer
readout. These high-performance
instrument servos are accurate to
4 minutes of arc, with 30 arc sec-
onds repeatability and 25°/second
slew speed. Dual-mode capability,
multi-speed inputs, integral re-
transmit components and other op-
tional features are available to
match application needs. Priced
from $895.

Figure 1. Angle Position Indicators are avail-

able in half-rack, quarter-rack and 3-inch
round servo packages.

High-Accuracy Testing

Of Receivers And Transmitters
Measuring receiver and transmit-
ter performance to state-of-art ac-
curacy is readily accomplished with
North Atlantic’s Resolver/Synchro
Simulators and Bridges (Figure 2).
Each of these dual-mode instru-
ments tests both resolvers and syn-
chros, and provides direct in-line
readout of shaft angle, accurate to
2 arc seconds. Simulators supply
switch-selected line-line voltages

as components or as system transducers.

from 11.8 to 115 volts from either
26 or 115 volts excitation, and so
can be used to test any standard re-
ceivers. Bridges have constant null
voltage gradients, making them
ideally suited for rapid deviation
measurements. Simulators and
Bridges each occupy only 3% inches
of panel height and are available
in a choice of resolutions. They are
priced in the $1500 to $3000 range.

Figure 2. Resolver/Synchro Simulator pro-
vides ideal source for receiver testing.
Automatic Measurement And
Conversion

Where systems require continuous
or on-command conversion of re-
solver or synchro angles to digits,
North Atlantic’s Automatic Angle
Position Indicators (Figure 3)
handle the job without motors,
gears or relays. These solid-state
automatic bridges accommodate all
standard line-to-line voltages and
provide both Nixie display and
printer output, accurate to 0.01°
and with less than 1 second update
time. Many variations, including
10 arc second accuracy; binary,
BCD or decimal outputs; multi-
plexed channels and multispeed
operation, are available for specific
requirements. Ballpark price:
$5900.

Figure 3. Model 5450 Automatic Angle Posi-
tion Indicator. It measures shaft angles, con-
verts them to digital data.

Measuring Electrical Characteristics
Combine a Resolver/Synchro
Bridge and a Simulator with a
North Atlantic Ratio Box, a Phase
Angle Voltmeter and a test selec-
tion panel and you have an inte-
grated test facility for determin-
ing all electrical characteristics of
resolvers and synchros in com-
ponent production or Quality Con-
trol. An example is the North
Atlantic Resolver/Synchro Test
Console shown in Figure 4. It mea-
sures phasing, electrical zero, total
and fundamental nulls, phase shift
and input current, as well as an-
gular accuracy. Standard North
Atlantic instruments are used as
modules, making it a simple matter
to fill the exact need. The unit
shown sells for about $7500.

Figure 4. Model RTS-573 Test Console is a
complete facility for the production line or
in quality control.

If yourequire performance, relia-
bility and convenience in resolver
and synchro testing, we want to
send you detailed technical infor-
mation on these instruments (also
on related instruments for com-
puter system interface). Or, if you
prefer, we will arrange a compre-
hensive technical seminar at your
plant. Simply write to: North
Atlantic Industries, Inc., 200 Ter-
minal Drive, Plainview, N.Y.
11803 ¢« TWX 516-433-9271 ¢ Phone
(516) 681-8600.

PRECISION AC INSTRUMENTATION FOR TEST, MEASUREMENT AND DATA CONVERSION NORTH ATLANTIC

industries, inc.
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Buy this ten dollar
Philbrick
Operational

...and let everyone think
you paid twenty.

They’ll believe it,

when they see

its performance.

Plain language—our low prices come from volume-
production savings and new packaging efficiencies.
Others achieve them by cutting corners—thereby mak-
ing your design job more expensive, more difficult, and
more restricted.

Here’s what we mean— Economy-Grade Philbricks
give you design resilience the others don’t have. Things
like:

Safe, conservative operation at any supply voltage be-
tween £7.5V and =22 V; a full =11 V output swing
with a =15V supply (even more at higher supply
levels) ; gain to spare — enough to let you take full ad-
vantage of their low offset drifts; remarkably low
quiescent power; exceptionally wide stability margins.

We know—that nine times out of ten, you would save
money if you paid twenty dollars for a resilient Phil-
brick — but we don’t ask you to; just pay what you
would for a narrow-margin stiff one. Call us — we’ve

got what you want, at low prices you’ll be surprised
to find.

EXAMPLE: This new PF55AU preformed-case epoxy
encapsulated miniature has open-loop gain of 40,000
driving 10kQ, 1.5 MHz bandwidth, CMR of at least
1000:1, will slew at 1.5 V/usec, 20 wV/°C offset limit,
and all the resilience described above. It outperforms
the cut-spec cheapies, yet it’s a genuine Philbrick,
through and through. PF55AU price: In lots of 1,000
...310.00 (even less in larger quantities.)

Send for new Operational Amplifiers price list and 12
page brochure: Bulletin 6111. Philbrick Researches,
Inc.,22-Y Allied Drive at Rte.128, Dedham, Mass. 02026.

Phone: (617) 329-1600 TWX: (617) 326-5754.

b 2
k‘% GOING THE MICROCIRCUIT ROUTE?
There’s a resilient easy-to-stabilize Philbrick
in a modified TO-5 package, too — at only $6.95
(less in 100-lot quantities or more).

ELECTRONIC ANALOG COMPUTING EQUIPMENT for MODELLING, MEASURING, MANIPULATING and MUCH ELSE

™

PHILBRICK

A T ELEDYNE

90 Circle 239 on reader service card

cCoOMPANY
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Design theory

Digital filters with IC’s
boost Q without inductors

RC-switched networks can be built with IC’s to produce a bandpass response

resembling that of a single-section LC filter, but with greater values of Q

By William R. Harden
Chesapeake Systems Corp., Cockeysville, Md.

Until inductors can be reliably made with inte-
grated circuits, another approach must be used in
building microcircuit bandpass amplifiers. Most
engineers, confronted with the need for such an
audio-tuned circuit, rely on the conventional L.C
filter. But LC networks have their limitations. The
maximum obtainable Q is only about 100—and to
produce it, a large inductor is required.

What may be more promising is an RC digital
filter, in which capacitors are sequentially con-
nected into the circuit to produce a sharply tuned
bandpass response. It eliminates the inductor and
achieves high values of Q.

Unlike LC filters in which the inductive react-
ance determines the value of Q, in the digital filter
the values of R and C fix the bandwidth, and
the frequency of the applied input signal deter-
mines the center frequency; thus, control of these
parameters yields any desired value of Q. And with
integrated circuits, the designer has a wide variety
of reliable R and C values from which to choose.
Thus a digital filter may be designed with a Q
much greater than any possible from LC filters.

An additional advantage of a digital filter is that
it behaves in the same manner as a tunable filter.
Because the center frequency varies directly with

The author

William R. Harden designs and
develops electronic circuits

for communication and radar
systems. His education for his
master’s degree from Drexel
University in 1966 heavily
emphasized sophisticated signal
processing theory. While at the
Bendix Corp., Harden investigated
the capabilities of digital filters.
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the clock frequency, the filter can follow changes
in the input. A digital filter’s center frequency is
as stable as the input signal. In an LC filter, on
the other hand, the center frequency is dependent
upon the inductor’s stability.

Shape of the bandpass response is also deter-
mined by R and C, and is identical to that of an
LC filter. The response falls off from resonance at
a rate of 6 decibels per octave and is centered about
the clock frequency. An elaborate LC filter can be
synthesized by combining multisection RC net-
works. If a multistage RC network is applied, the
resulting bandpass response has an asymptotic
slope of 6N decibels per octave from resonance,
where N is the number of RC sections.

Maximum attainable attenuation is also fixed by
the response of the low-pass RC filter section. To
a lesser extent, attenuation is affected by the im-
perfections and saturation resistance of the tran-
sistors that switch the capacitors into the circuit.
If a greater attainable attenuation is desired, a
low-pass filter having a narrow bandwidth or a
sharp asymptotic skirt response is needed. This
can be achieved by increasing the number of RC
sections in a digital filter. For higher frequency
applications, the attainable attenuation becomes a
function of the input pulse rise time.

Digital filters can also generate a comb-filter
effect—a wave filter whose frequency spectrum
contains many equispaced elements that resemble
the teeth of a comb. This type of filter detects
individual signals within a band of frequencies or
locates all the harmonics of a signal.

Understanding digital filter operation

There are two types of digital filters—shunt- and
series-switched. Both produce a bandpass response
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Digital filter configurations

Mechanical equivalent

Shunt-switched filter

2 3
R Vout
@ Vin ) L

A simple shunt-switched digital filter is formed by connecting several capacitors in parallel to segments
of a rotary switch. The circuit is returned to ground through a series resistor, Rr, and the switch. Output is the
voltage developed across the grounded capacitor, Cs. Color indicates grounded capacitors in all diagrams.

Series-switched filter
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In the series-switched digital filter both the input and output signals are sampled by a pair of rotary switches
revolving at a frequency f.. Each time a pair of switches close, a quarter of a sine wave appears across the RC
filter arm of the circuit. The output is the voltage developed across the grounded capacitor, Ce..

Waveforms C, CONNECTED
Waveforms reveal the relationships between 4 INRUT
the input and output synchronous in-
phase, cut of phase, and nonsynchronous C, CONNECTED
signals. The output is the average : : ) C‘:«CON"“‘:CTEDf
value of the input voltage that appears T'/4 '
across each capacit r i

s capacitor connected to ground OUTPUT

C3CONNECTED SYNCHRONOUS SIGNALS IN PHASE
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Electrical equivalent

0.68uf - 0.68uf —~0.68uf
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Transistors replace the rotary-switch segments used in the mechanical arrangement, and the

switching is accomplished with a chain of delayed pulses. The output appears across the 0.68-microfarad capacitor.
Circuits on this page are for three-section filters; opposite page contains four-section filters.
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ALL TRANSISTORS ARE FN{034 N3 |

Two field effect transistors replace the pair of rotary switches used in the mechanical arrangemgnt.
Switching is controlied by a chain of delayed pulses applied to the coupled gates and the output is
taken across the grounded capacitor.

Cy CONNECTED

v sin (w-wp)t
INPUT C, CONNECTED sin [(w—wg)t+ §]
C, CONNECTED =
t t
s ' sin [(w—-wo)H%
sin [(w-wo)f+1r]
C, CONNECTED SYNCHRONOUS SIGNALS OUT OF PHASE

NONSYNCHRONOUS SIGNALS
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similar to that of a single-section LC filter. In its
simplest form, the shunt-switched filter is repre-
sented by several parallel capacitors connected to
segments of a rotary switch and returned to ground
through the switch contact. The switch, which
needn’t be mechanical, rotates at a commutating
frequency, f,.

If an input sine wave, Vi, is applied with a
frequency identical to f,, each capacitor becomes
exposed successively to a segment of the signal,
and the voltage on each capacitor ultimately reaches
the average value of the applied input waveshape.
For example, if four capacitors are connected to
four segments of a rotary switch, each element is
grounded for one-fourth of the time and left float-
ing for the remainder. The output at any given
time is the voltage across the capacitor that is
grounded at that time. Ideally, only when its
switch is closed can a capacitor lose or gain charge
or can the voltage on the capacitor change. At
frequencies greater than f,/2, the response of the
RC section should be negligible. This enables the
engineer to ignore the ripple voltages that are
present.

In normal operation, the capacitors are switched
at f,. However, if the input frequency differs from
f,, the average value of the input voltage will differ
for each successive time interval that the capacitor
is connected. Because of the lack of synchronism
between the input and switching frequencies, the
voltage across the capacitor varies at a rate equal
to the difference between the two. For large dif-
ferences the capacitors do not accumulate appreci-
able charge and the output voltage remains near
zero. Since the charging rate is limited by the RC
time constant—which is large compared to the time
that the switch is closed—the voltage across the
capacitor becomes smaller and smaller, aproaching
zero as the difference between signal frequency and
switching frequency becomes large. Thus the low-
pass characteristic is translated into a bandpass
characteristic centered about f,.

A series-switched filter, consisting of several
parallel branches with a series resistor and capac-

0 ) S g 0 1. e W I
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= A
S 6 db/oct
:20_ » oc
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© 30— -
=
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HERTZ FROM RESONANCE

Frequency-response. Shunt- and series-switched digital
filters with a single-section RC low-pass filter have
identical frequency-response curves. Both types yield a
response similar to that of an LC-tuned network.

1,000
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itor connected in each, operates in a similar manner
as a shunt-switched filter. Each branch is con-
nected to ganged segments of two rotary switches.
Unlike the shunt filter in which the input grounds
the capacitor, in the series filter both the input and
output signals are sampled by a rotary switch at
f,. Each time a pair of switches is closed, one-
fourth of a sine wave is impressed upon the RC
filter. After several cycles, the voltage on the
capacitor is at the average value of a quarter sine
wave. Since this happens to all four RC networks,
the output of the filter is similar to the input, but
somewhat truncated. When the input frequency
differs from f,, the accumulated charge or voltage
on the capacitor is less than for the synchronous
case. Because the capacitor voltage is determined
by the average value of the sampled sine wave, its
magnitude is independent of the relative difference
between the input signal frequency and f,. Thus,
the commutated filters have a symmetrical band-
pass characteristic.

Proving a concept

Both types of digital filters were investigated for
their performance capabilities with all-electronic
models. The mechanical switch contacts were re-
placed by transistors, and the rotation of the switch
synthesized by delayed-switching pulses. Each
type of digital filter is the equivalent of a single
LC-tuned network section. For example, a single
LC section having a Q of 71.5 at 1 kilohertz has the
same frequency response as that of the shunt and
series filters illustrated.

Frequency response of both types of filters were
measured and plotted as shown below. The fre-
quency-response curves for both are identical and
have asymptotic slopes of 6 db per octave when
measured from the center frequency, 1 khz, about
which they are symmetrical. An examination of the
plot indicates that the 3-db point or cutoff fre-
quency of the digital filter occurs at 7 hertz from
the center frequency, and the Q of the digital filter
is 71.5.

By reducing the number of sections of the low-
pass RC filter, it is possible to alter the cutoff
frequency. For example, in a three-section, shunt-
switched configuration, the cutoff frequency is re-
duced from 21 to 7 hz. The reduction is directly
related to the difference frequency and the time
that the capacitor is connected to ground.

To understand the relationship, consider a single
capacitor switched at a constant frequency. The
switch connects the capacitor to ground during
one-third of the period of f,. If the frequency of
the input signal differs from f,, the voltage across
the capacitor becomes a function of the difference
frequency. When the difference frequency is 21 hz,
the capacitor can only charge to one-third the
amplitude of the input signal. Because the period
of the difference frequency is short, the amplitude
of the output signal is low. If the difference fre-
quency is reduced from 21 to 7 hz, the period of
the difference frequency increases by three. Since
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the switching time remains constant, the capacitor
now has three times as long to charge and, hence,
the output voltage is three times larger. Therefore,
the digital filter’s half bandwidth is reduced by
three over that of the low-pass filter.

The change in the bandwidth could be con-
sidered as an increase in the size of the capacitor.
Since the bandwidth is now one-third the original,
an equivalent circuit can be derived with a capac-
itor whose value is three times larger than in the
original component. This increase in value is due
to the commutating action of the switch.

The transistorized shunt circuit acts as a switch
despite the fact that it has no d-c path between
the collector of the transistor and ground. Proper
operation requires current flowing in both directions
to charge and discharge the capacitor. Test results
based on the equivalent circuit of an a-c switch
indicate that the current through the transistor is in
the microampere range, but the saturation resist-
ance varies from 30 to 50 ohms even with a small
collector current.

To turn the transistor on, both the emitter-base
and collector-base diodes are driven from their
reversed-bias potentials to a forward bias. Because
a negligible quantity of charge is required from
the external collector circuit, most of the charge
needed to forward bias the collector junction is
supplied internally by transistor action. Positive
regions of the current versus time plot represent
the charge obtained from the external collector
circuit.

During the on time of the transistor switch, the
collector-to-emitter voltage assumes its saturated
value, Vi wi, and the collector current is given by

e ,YC,’,,E,j“t ok Vco
I = W ¢y

By removing the charge stored in the base and
reverse biasing both the collector and emitter, the
transistor is turned off. The emitter-base diode is
reverse biased first, and then the collector is turned
off by applying current from an external collector
circuit. This charge is represented by the area of
the negative-collector current spike in the current
versus time plot. The average charge removed from
the capacitor by the transistor during each switch-
ing cycle is 10 picocoulombs.! For a switching time
of 0.33 milliseconds, 10 picocoulombs represent an
average current flow of 10— picoamperes.

Series-switched digital filter

An alternate method of achieving a bandpass
response is to switch low-pass filter sections
with a series-switch arrangement. If both the
shunt-switched and series-switched digital filters
incorporate identical low-pass sections, the fre-
quency response is the same for each. This was
verified with metal oxide semiconductors (MOs) re-
placing the mechanical switches in the circuit.
Field effect transistors of the mos type were selec-
ted because they are bilateral and have the low on
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Switching function
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Circuit operation. An a-c switch requires current
flow in both directions to charge and discharge

the capacitor properly. When both the collector-
and emitter-base diodes are switched from reverse-
bias potentials to their forward-bias values the
transistor is turned on. To turn the transistor off,
the charged stored in the base is removed and both
the collector and emitter are reverse biased.
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COLLECTOR CURRENT (MICROAMPERES)

Voltage-current plot. Saturation resistance of the
transistor varies from 30 to 50 ohms as the collector-
to-emitter voltage is increased from 40 to 70 millivolts.
The collector current through the transistor is in

the microampere range.

A

4— TURN ON TRANSIENT

/TRANSISTOR ON TIME

TIME

COLLECTOR CURRENT

“~TURN OFF TRANSIENT

On-off plot. Positive regions of the current versus
time plot represent the charge obtained from the
external collector circuit of the switch. Charge
stored in the base of the transistor is represented
by the area of the negative-collector current spike.
Transistor turn on is abrupt but the turn off occurs
over a delayed period, needed to remove the charge.
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Switching capabilities. Plot of gate-to-source substrate
voltage versus resistance for an MOS field effect transistor
indicates a value of 200 ohms when Vgss equais 5 volts.
Resistance increases infinitely at Vass of 2 volts.

and high off resistance required for an ideal switch.

Switching capabilities of the FET were measured
and the results plotted directly above. These results
indicate that the high-resistance state occurs with
a gate-to-source substrate voltage of 2 volts. Also,
the on resistance is approximately 200 ohms with
a Vggs of 5 volts for a Raytheon Co. FN1034 tran-
sistor,

The frequency response of both types of digital
filters has the multiple bandpass responses shown
at the bottom left. Multiple responses are manifes-
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Harmonic response. Frequency spectrum of a three-
section digital filter (above) indicates that the bandpass
response at the third harmonic is zero. Plot (right) shows
how harmonic responses are attenuated with respect to
the fundamental frequency. Since the curves were
obtained for a three-section filter the value of

gain is zerc for every harmonic multiple of three.
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tations of the low-pass response of the low-pass
networks, replicas of the low-pass response imaged
about the clock frequency, f,, and the harmonics
of f,. For a three-section digital filter the bandpass
response centered at the third harmonic of the clock
frequency is zero, because the average value of the
input signal frequency over the sampling interval
is zero.

Calculations were performed to determine how
the peaks of the harmonic responses are attenuated
with respect to the fundamental frequency. These
are plotted at the bottom right. The relative ampli-
tude of the harmonic peaks as a function of the
harmonic number is obtained by evaluating the ex-
pression,

sin nry
T

A= . (2)

i

where y = sampling interval
T = sampling period
n = harmonic of clock frequency
A = amplitude of bandpass response
In a three-section digital filter, for example,
neglecting the effect of the switch’s rise and fall
times, equation 2 becomes

sin nrr
R - L 3)

nm

3

if /T = 1/3; A is 0 when sin n#/3 = 0 or when
o —t )

Therefore for all integral multiples of three, the
bandpass response is zero as verified by the mea-
sured data.

Series-switched two-section RC network

Unlike the shunt-switched filter whose bandpass
response shape is always identical to that of a L.C
tuned network, the series-switched filter response
may be changed by altering the low-pass filter
section. To demonstrate this feature the two-section
filter on the facing page replaced the single-
section low-pass filter, It was designed with the
same 3-db point as the one it replaced.
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Altering the response. By changing the number of RC sections in a series-switched digital filter the engineer
controls the shape of the frequency response. For a two-section filter the falloff is 12 decibels per octave.

Because a two-section RC filter (transfer function
is second order) was used, it was necessary to
establish the location of the 3-db point with re-
spect to the break frequency w,. The location is
determined by considering the expression for
attenuation versus frequency,

Attenuation in db = 20 log | a — jw |? 4)
where a = any frequency in the band; » = any

frequency other than a, o 4 a. Thus, this equation
can be written as

Attenuation = 20 log (a* + w?). 5)

Let v be some constant multiple of a, o = ka, then
equation 5 can be expressed as

Attenuation = 20 log [a® (1 + k?)] (6)
or finally

Attenuation = 40 log a + 20 log (1 + k?) (7
The term 40 log a is the high-frequency asymptote
when a > > o, and the term 20 log (1 + k?) is the
difference between the idealized and practical re-
sponse.

For the two-section RC filter of the series-
switched type, the second term on the right side
of equation 7 becomes

3 = 20 log (1 + k2

141 =1 -}k

k = 0.64
Therefore if a = waq, and

W = Wpreak then
Whreak = 0.64 W3db (8)

A filter designed using this equation exhibits a
3-db point located at 7 hz as predicted and veri-
fied in the plot at the right. Note that the maxi-
mum attenuation is 50 db because the skirt rolloft
is 12 db/octave with the two-section low-pass
filter as compared with 6 db/octave for the
single-section filter. However, when the network
was placed in the series-switched filter, the asymp-
tote slope becomes 10 db/octave. This reduction is
explained by recalling that each low-pass filter
is only switched into the circuit for one-third of
the switching period. Since a residual charge is
acquired by the capacitors when the filter is
switched in, opening the switch tends to equalize
the charge on the capacitor through the common
resistance. This discharge tends to broaden the
actual frequency response.
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Measuring maximum attenuation

The maximum out-of-the-band attenuation for
the shunt-switched and series-switched filters can
be increased by several methods. They are:

= Increase the clock frequency while holding
the R and C values constant. Since this increases
the Q, a greater attainable attenuation is possible.

= Decrease the low-pass cutoff frequency while
holding the clock frequency constant. In a shunt-
switched digital filter, this simply implies reducing
the value of the series resistor or increasing the
value of the capacitor. This method increases the
Q by reducing the bandwidth of the filter.

= Change the low-pass frequency response so
that the shape factor is reduced while holding the
clock frequency constant. For example, the attain-
able attenuation of the series-switched digital filter
made with a two-section RC network is 50 db with
a center frequency of 1 khz, The attainable atten-
uation of the series-switched digital filter using
a single-section RC network is 37 db with the
same center frequency. Changing the shape of
the frequency response of the low-pass filter sec-
tion could also be accomplished by inserting an
active low-pass filter having a Butterworth or

Chebyschev response into the series-switched
O N] TTT Il T  E 0 Vil [ 5 4§ [ ] T T A
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Slope variation. In the measured frequency response
of a two-section series-switched filter the asymptotic
slope is 10 decibels per octave instead of the
theoretical value of 12 db per octave. This is due to
a residual charge acquired by the network capacitors
when the filter is switched into the circuit.
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Limiting the attenuation. By including the transistor’'s saturation resistance into the equivalent circuit
of the digital filter, the designer obtains an additional break point in the filter's
response curve. Thus, he is able to limit the maximum attenuation.

digital filter. Although this makes the design more
complex, it is easier than cascading shunt-switched
filters.?

= Reduce the saturation resistance of the shunt
switch. The equivalent circuit of the digital filter
including the saturation resistance of the transistor
switches is shown above. The effect of the satu-
ration resistance is to add a break point to the
frequency response of the filter, which limits the
maximum attenuation of the filter section. The
maximum attenuation of the low-pass section is
given by the equation

VO RLI (9)

Vix ~ R + Rr + Ry)
where
Ryl = lej‘; E% anidl 5, u mealiaihin., Biice
L e T
| | |
0 t 2t f '
3 =

Voltage waveshape. Imperfection of transistor switches
are obtained from the filter output’s waveshape
when the input is zero.
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Balance network. To reduce zero-signal voltage
of a shunt-switched filter, a nulling
arrangement is applied.
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the saturation resistance, Reg cat, is much less than
the load resistance
then R = Rogsat

Vo 1{CE sat

d = .
o VIN RCE sat + (RF + Rg)

If (Rr + R,) is much greater than the saturation
resistance Rop sat, then equation 10 can be simpli-

fied to yield

(10)

Vo L RJCEsat (11)

Vin Rr

Since the saturation resistance is typically be-
tween 30 and 50 ohms, a filter resistance, Ry, of
30 to 50 kilohms is required for a maximum atten-
uation of 60 db.

» Reduce the zero-signal noise. The zero-signal
output noise, an indicator of the imperfection
of transistor switches, is measured at the output
of the filter when the input signal is zero. In a shunt-
switched filter the mnoise output, which has the
waveshape at the left, can be caused by the un-
equal saturation voltages of the transistor switches
and unequal stored charge on the capacitors.

The actual attenuation in any digital filter is
given by

fon = 90 op — Dpub stemal,
Attenuation = 20 log zero-signal voltages (12)

Using the value of maximum attainable attenu-
ation of 37 db, this equation shows the ratio of
input signal to zero-signal voltage for the shunt-
and series-switched filters should be aproximately
100:1. The actual measured ratio was approxi-
mately 1,250:1.

The zero-signal voltage of a shunt-switched
filter was measured with a wave analyzer and
found to be approximately 170 microvolts at 1 khz.
By balancing the voltages on the filter capacitors
with the circuit at the left, the zero-signal noise
was reduced from 170 to 100 microvolts. Charging
the filter capacitors through a l1-megohm potenti-
ometer during the off time adjusted the voltage
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Varying k. As the ratio of pulse time to rise time increases, the shape of the frequency-response
curve changes. Plots are obtained for a digital filter centered at 20 kilohertz.

on capacitor C. Since the charging resistor is much
larger than the filter resistor, bandpass character-
istics aren’t affected. The requirement for external
potentiometers, however, limits the usefulness of
this technique for integrated circuit applications.

Zero-signal noise also exists in the series-
switched filters. But here it's due to unequal chan-
nel resistance of the field effect transistors. The
zero-signal output voltage for this type of filter
is 170 microvolts. By balancing the voltages with
the circuit at the right the zero-signal output noise
is lowered to less than 50 microvolts. The potenti-
ometers are needed to balance the difference in
the channel resistance of the rer’s. However, the
maximum attenuation is limited by the zero-signal
output noise when low-pass filters having a greater
skirt rolloff than 6 db/octave are used.

At a center frequency of 1 khz, the zero-signal
output noise has little effect upon the maximum
attainable attenuation. However, as the center
frequency is increased, the zero-signal output noise
also increases as illustrated at the right. At high
center frequencies, the noise increases rapidly,
thereby directly influencing the attainable attenua-
tion. Because of the input-signal limitations, main-
taining large signal-to-noise ratio isn’t possible.
Thus the attainable attenuation is reduced.

The rapid increase in zero-signal noise with
increasing center frequency is due to the imper-
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Reducing noise. For the FET, a balance network
incorporating a potentiometer reduces the zero-signal
voltage to below 50 microvolts.
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Shifting center frequency. As f, increases, the
zero-signal noise increases rapidly.
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Image response. Relative location of the image
frequency is plotted with respect to the clock
frequency to enable the designer to locate

a third-order image response.
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Frequency hopping. Stages for a digitally controlled
system indicate the operation sequence. By regulating
the voltage-controlled oscillator from the phase
detector, the commutating frequency changes,
thereby retuning the digital filter.

fection of the transistor switches. Typical effects of
a variable pulse rise time on the attainable attenu-
ation are plotted on the previous page for a digital
filter centered at 20 khz. As the ratio, k, of pulse
on-time, t,, to pulse rise time, t,, is varied, the
frequency response curve changes.® It is necessary
to use a ratio of 50:1 or 60:1 to approach the ideal
asymptote, but it is difficult to maintain large
ratios in integrated digital circuits.

Image response

Although, ideally, it is assumed that both the
shunt- and series-switched filters have balanced
low-pass sections—i.e., they all have identical fre-
quency responses—this isn’t the case. The effects
of the unbalance can best be illustrated by measur-
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ing the frequency spectrum of each filter’s output
signal with a wave analyzer. The most significant
result is the appearance of a third-order image
response. If the digital filter is centered at f, and
the input signal is at a frequency f,, the differ-

ence frequency is f, — f,. If the difference fre-
quency is denoted as fg, the input signal would
be located at f, — f; and the image frequency

would be located at f, 4+ f;. This could be com-
pared to an intermediate frequency system with
the i-f at f;, the carrier at f,, and the local oscil-
lator at f,. To completely identify the image, the
plot at the left was developed. This plot illus-
trates the relative location of the image with re-
spect to the clock frequency.

The amplitude of the image frequency is a direct
function of unbalance in the low-pass filter sec-
tions. If one channel’s frequency response is 10%
greater than the other two channels, the amplitude
of the image will only be 20 db below that of the
input signal. Balance to within 1% was achieved
for the low-pass filters used. Hence, the amplitude
of the image was aproximately 40 db below that
of the input signal frequency. Therefore, it is im-
perative to achieve an accurate balance between
the low-pass filters. This is particularly true when
higher-order low-pass filters are used (such as
an active RC filter), because these present more
critical tolerance problems.

The zero-signal noise level, which is actually
a measure of the leakage of the clock signal
through the digital filter, is quite low compared
to the output signal. Although it can be reduced
by the methods previously outlined, this isn’t
necessary because it is already low, due to the can-
cellation of the clock frequency.

Analog signals introduce errors

Despite the many advantages of digital filters
they do suffer from one limitation, when an analog
signal is detected by a digital filter. Since an
image signal is added to the analog signal by
the digital filter, it can never be reduced. Hence,
the filter’s applications are limited to digital sys-
tems. One such application is a digitally controlled
frequency-hopping system that can be used in
jam-proof receivers.

The operation of the frequency hopping system is
based on the fact that the digital filter provides
a very narrow bandpass response centered about
the commutating frequency. By controlling the volt-
age of the oscillator from the phase detector, the
commutating frequency changes, thereby retuning
the digital filter. The phase detector is controlled
by a programed frequency control.
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10111 in Isolated packages. Designated the SDT 7470 and SDT 7B00 families,
these devices offer high performance and reliability, plus small size! The
(7/16" hex) TO-111 is the smallest stud package produced with 10-amp capability.

All of the units feature low leakage currents, a uniform gain over wide

- current ranges and low saturation voltages. Typical characteristic curves

30 W @ 100°C are similar to the widely accepted 2N2811-14 Series. These isolated

packaged devices may be utilized in many areas where the MHT 7400
Series and MHT 7000 Series are in use.

DESIGN LIMITS PERFORMANCE SPECIFICATIONS
Viericeo Veeo Vusm:so Vee (sat) Ve (sat) lcso fe
Type Type (sus)

Number Number Volts Volts Volts Volts Volts kA MH

TO-111 TO-5 le=104A le=0.1A le =10 kA lc=5A, Vee =5V le=5A, ls=05A | Ves=60V
Min. Min. Min. Min. Max. Max. Max. Max. Typ.
SDT 7B0O1 SDT 7471 80 60 5 40 120 0.6 | 15 1.0 50
SDT 7B02 SDT 7472 100 80 5 40 120 0.6 15 1.0 50
SDT 7B0O3 SDT 7473 120 100 5 40 120 0.6 15 1.0 50
SDT 7B04 SDT 7474 140 120 5 40 120 0.6 15 1.0 50
SDT 7B05 SDT 7475 80 60 5 20 — 0.6 15 1.0 50
SDT 7B0O6 SDT 7476 100 80 5 20 — 0.6 1.5 1.0 50
SDT 7B07 SDT 7477 120 100 5 20 — 06 15 1.0 50
SDT 7B0O8 SDT 7478 140 120 5 20 = 0.6 1.5 10 50

DIAL 1- 800-327-3243 FOR A NO CHARGE TELEPHONE CALL AND FURTHER INFORMATION

molitron DEVICES, INC.

1177 BLUE HERON BLVD./ RIVIERA BEACH, FLORIDA / (305) 848-4311 / TWX: (510) 952-6676

Leader in Germanium and Silicon Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated Zeners,
Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits, and Power-Sink Interconnection Systems.
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Medical electronics: 3

The widening impact of computers

Once simply an accounting tool at the hospital, the machine

is becoming the center of systems that monitor patients’ conditions,
analyze laboratory tests, schedule operations, and allocate facilities

By Evon C. Greanias

International Business Machines Corp., Yorktown Heights, N.Y.

The warning “low cardiac output suspected” flashes
across a television screen in a San Francisco hos-
pital, alerting physicians to a change in the con-
dition of a patient in an intensive-care unit. The
tv set is connected to a remotely located computer
that continuously monitors blood pressure, heart
action, respiration, and body temperature. In this
case, the computer has detected a decline in the
patient’s pressure and pulse, and the early-warning
system has signaled the change before the appear-
ance of any noticeable physical signs.

A Swedish surgeon enlists the aid of a computer
to conquer Parkinson’s disease. From X-ray plates
of a patient’s skull, the location of the diseased
brain tissue is programed into a computer; the
machine guides electrodes to the spot so that the
tissue can be destroyed by audio-frequency energy.

In a less dramatic application, a computer sys-
tem at a Texas hospital permits nurses to simul-
taneously order drugs from the hospital pharmacy
and note the transaction on the patients’ records.
Before the system was installed, filling a routine
medication order involved as many as 12 steps
and up to seven written records.

These examples only hint at the potential of
the computer in medicine. The machines are be-
coming indispensable in hospital administration
and management. They have an important role in

The author

Since joining the International
Business Machines Corp. in 1952,
Evon C. Greanias has been closely
associated with the development
of pattern-recognition equipment.
He currently manages the medical
information systems program of
the company’s Advanced Systems
Development division.
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the collection and storage of medical data and are
being used increasingly to analyze the information.
They also hold out great promise as aids to medical
education.

Labor savers

The field of health today ranks second only to
defense as a Federal budget item. This ranking
reflects an increasing demand for health services
[Electronics, July 10, p. 98], a demand that is
creating critical shortages of manpower and facili-
ties.

Current medical applications of data processing
demonstrate clearly that computers can help al-
leviate these shortages. Automated analytical in-
struments linked to computers can increase both
the quantity and quality of laboratory data and
can provide faster and more detailed diagnoses.
And automated monitoring of hospital patients
reduces the workload of doctors and nurses, and
provides new and perhaps better ways of evalu-
ating the condition of patients.

Not all medical data processing projects have
saved labor and dollars, or improved patient care.
But the instances of fruitless effort might have
been avoided by a more realistic analysis of tech-
nical feasibility and potential values.

The biggest payoff to date has come in the area
of hospital accounting and administration. Hospi-
tals must continuously collect, record, store, re-
trieve, interpret, summarize, transmit, display, and
follow up information about patients and about
over-all hospital operation. How well these func-
tions are performed can have a profound effect
on patient care.

Hospitals began using punched-card data process-
ing in the 1940’s, initially to produce bills and ac-
counts receivable. It soon became evident that
hospital administrators could get more information
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Wary eye. Doctor checks the condition of a cardiac patient by viewing data
flashed on the tv screen of a computerized monitoring system. Inputs come
from sensors attached to the patient. Factors relating to the patient’s
condition are calculated continually by the computer. Routine data displays
are interrupted by alert messages when significant changes occur.

from their punched-card files than just a record
of accounts receivable. For example, from X-ray
charges they could tell on a weekly, monthly, or
annual basis how much revenue was coming in
from this department, and which types of X-ray
procedures accounted for what portion of the
department’s income. They could also sort data to
determine such things as the makeup of the
hospital’s population, and the type and volume
of illnesses treated.

The advent of hospital computer systems didn’t
radically alter this approach to data. Charges were
fed into a computer instead of being entered onto
punched cards, but the results were basically an
invoice for the patient and a record on magnetic
tape or disks for use in statistical summaries. The
aim was better patient care through more efficient
administration. With improved management, it
was reasoned, the hospital could allocate more
resources—both dollars and personnel—to the
treatment of patients.

Extended system

The goal hasn’t changed since, but the drive
now is to extend computer control to other areas
of hospital operation—to establish a total hos-
pital information system. This network would tie
in accounting, service, and medical activities to a
central computer that would help control admis-
sions, allocate beds, order drugs, schedule X rays
and operations, report results of lab tests, plan
special diets, and furnish doctors with updated
records of patients’ treatment and progress. Such
a central information system is being installed in
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a remote computer terminal. The
request is simultaneously recorded
on the patient’s record.

Peoria, IlL, for use by 11 hospitals in three states.

The essentials for a central hospital information
system are high-speed central processing; open-
ended, direct-access storage; and fast communi-
cations—all features of third-generation compu-
ters. Another requirement is flexible, easy-to-use,

Automated lab. Experimental equipment demonstrates a
possible scheme for rapid analysis of blood samples.
Specimen is poured into a funnel and analyzed by
conventional laboratory instruments. Signals from

the instruments are converted by a control unit into
computer-readable form, and the computer then
caiculates test results and prepares a report.
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Key-punch order. Nurse requests med-
icine from a hospital pharmacy through



on-line data-transmission terminals to be located
at nursing stations, service departments, clinical
labs, operating rooms, and business offices.

An eye on the patient

One of the main jobs of such a system is patient
monitoring. As an example of this application, a
digital computer at the Institute for Medical Sci-
ences at the San Francisco Presbyterian Medical
Center can monitor more than 20 physiological
variables, including blood pressure, respiration rate,
heart rate, and body temperature, and can compute
from its measurements such things as the amount
of blood pumped with each heart beat and the
amount of lung movement with each breath.

Another promising application is computer an-
alysis of electrocardiograms [see story on page 111].
In an experimental system developed at Mount
Sinai Hospital in New York, a computer is used
to compare digitized ExG signals to previously
stored “normal-abnormal” patterns. This system
is immobile, though, and a portable unit is needed
to record ExG’s in the field and send the recording
to the computer.

Such a unit has been built. It contains a strip-
chart recorder, an Ekc preamplifier, Exc lead-
selector switches, pulse-generating circuits, a fre-
quency modulator, and an acoustical coupling
device that permits the transmission of EkG’s to
a remote computer over a standard telephone hand-
set. The frequency modulator converts the Exc
from low-frequency analog signals to frequency-
modulated signals at a portion of the spectrum
suitable for magnetic tape recording and telephone
transmission.

Still another computer application is a procedure
for displaying data from radioisotope scanning. At
the Mayo Clinic in Rochester, Minn., for example,
pulses are collected from a radiation detector as
it scans an area of a patient who has been fed or
injected with a radioactive substance, and these
pulses are recorded on multichannel digital mag-
netic tape. The tape is fed into a computer that
then produces a contour map of the scan, pin-
pointing significant accumulations of radioactivity.

Automating the lab

On-line data acquisition and analysis is also
proving extremely useful in the clinical laboratory.
The lab, where tests are performed on blood and
other material taken from patients, is usually di-
vided into such divisions as clinical chemistry,
clinical microbiology, clinical microscopy, and a
blood bank.

The clinical lab in a large medical center may
perform more than 700,000 tests a year. To ease
this workload, a system has been developed that
collects electrical signals from chemical analysis
instruments [Electronics, Oct. 31, 1966, p. 116]
and converts them into reports on the chemical
composition of the sample; this information is
stored in a computer for retrieval by doctors.
Critical time is thus saved in the actual analysis
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Bedside consultant. Portable electrocardiograph sends
EKG signals over a telephone line to a remote computer
for analysis. The signals are also recorded in the
conventional manner for immediate analysis by a doctor.

Locating tumors. Radioisotope scanner is positioned
over a patient. Unlike ordinary scanners, which
produce a paper chart or film image, this system
records all data on magnetic tape for computer
analysis. A new radiation pattern is recorded every
tenth of a second. Computer-processed scans have
better resolution than film records. Automatic

gain control eliminates the need for

extra scans and, perhaps, additional injections.
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Total hospital information system

Data inputs. Terminals like this

will permit personnel at hospital
stations to transmit data on

patients’ functions, such as pulse
rate, blood pressure, and
temperature, to the central computer.

Nucleus. Central processing unit
for information system being
installed in 11 hospitals in lllinois
and two other states is an IBM
System /360 model 50. Unit will
include an auxiliary disk storage
facility capable of holding more
than 200 million characters of
information.

Logging Rx. Terminals at such service areas as the
pharmacy will transmit to the computer records
of all drug dosages for entry into each patient’s file.

Recording tests. Data acquisition sets similar to

this IBM 1080 will automatically record for computer
processing the results of clinical tests made in

the hospitals’ laboratories.



operation, in the recording of data, and in the
reporting of results to physicians.

From these applications, it's only a small step
to the automated physical examination. Automated
checkups are routine now at the Kaiser Foundation
Medical Centers in California. With computer
analyses, doctors at the centers are able to detect
a wider range and a greater number of unsuspected
diseases among apparently healthy people.

The centers are operated for members of the
Kaiser Foundation Health Plan. About 4,000 pa-
tients are examined monthly; each examination
takes only two to three hours, roughly one-quarter
of the usual time.

When a plan member comes to one of the centers
for an examination, he is first given a medical
questionnaire and a deck of prepunched computer
cards used to enter test results into a computer.
The patient then proceeds through 19 test stations
in the center’s automated laboratory.

The tests include bodily measurements of muscle
tone, chest X rays, an EKG, an eye examination, a
hearing test, and an analysis of blood and urine.
The tests are organized in such a way that the re-
sults are entered in the computer before the
examination is finished. For example, glucose is
given the patient at station 4 so that a blood sample
can be taken for analysis at station 16 an hour later,

At the end of the examination, the computer
prints out preliminary advice based on previously
established norms programed into it by physicians.
If certain test results are abnormal, more tests may
be called for. Finally, a summary of all test reports
is provided for review.

No limits

These data storage, retrieval, and analysis jobs
don’t by any means exhaust the application possi-
bilities. Mathematical modeling and computer sim-
ulation are being used to gain a better understand-
ing of health problems. Models of biochemical
systems, for example, can help medical students
and researchers find out how various organs work.
And a digital computer at the University of Cali-
fornia at Los Angeles has been used to solve the
basic equations for the chemical and thermody-
namic equilibrium of blood.

These examples represent but a sampling of
the ways the medical world can put computers
to work. Here, as in other fields, the number and
kinds of computer applications depend mostly on
man’s immediate needs and the dimensions of his
imagination. As an increasing amount of clinical
work is mechanized, the computer will become a
familiar tool of medicine with an ever-expanding
role.

What do you think, doctor?

Doctors generally agree that the Dr.

Knowles, however,

sold on diagnostic computers. “Fu-
ture physicians,” says Dr. R. Eu-
gene Tolls, president of the Bay-
Area Pathologists Central Labora-

notes tory in San Francisco, “must be

computer can help them handle
routine jobs. Beyond that, they're
a bit leery of the machine.

Many are especially wary about
the use of the computer as a diag-
nostic tool. They feel that the
kind of information an experienced
physician can get out of a face-to-
face meeting with a patient will be
ignored.

“We need to observe things such
as the patient’s facial expression,”
says Dr. J.S. Denson of the Uni-
versity of Southern California’s
medical school. “Computers are
all right for a canned program,”
declares Dr. Harold M. Silver, an
associate professor of medicine at
George Washington University,
“but nearly impossible for any-
thing original.” Dr. John H.
Knowles, general director of Mas-
sachusetts General Hospital in
Boston, says he “would be very
wary of substituting a machine for
the direct confrontation between
doctor and patient. Attempts to
standardize history forms, stick
them in a machine, and come up
with a diagnosis can never replace
a direct meeting.”

that “diagnostic computers will be
helpful in teaching young doctors
how to diagnose.” He explains that
“in programing a diagnostic com-
puter, we have to study what al-
lows us to make a diagnosis.”

This question of data inputs
is the key to doctors’ reservations
about diagnostic computers. “A
diagnostic system is never going
to be better than the information
fed into it,” says Dr. Ronald H.
Selvester, a cardiologist at Rancho
Los Amigos Hospital, Downey,
Calif. “The range and variables
must be spelled out carefully,” he
adds. “Categories must be clearly
defined and screening must be ade-
quate. The system can’t be based
on a probabilistic model.”

Herbert Maisal, director of the
computation center at George
Washington University Hospital,
agrees that a great deal of infor-
mation must yet be processed be-
fore doctors fully trust computer
diagnoses. “Patient histories have
to be built up,” he says. “New
data may cause changes and re-
veal new associations.”

Of course, many doctors are

prepared to assume new roles when
computers undertake some of their
present tasks. Even so, somebody
has to put the data into the com-
puter, and it’s going to be a doc-
tor who makes the examination.”

Still, the question remains
whether an accurate patient history
and a complete physical examina-
tion are sufficient for a diagnosis.
How important are the intangibles
a doctor can work with but a com-
puter cannot? Behind this ques-
tion lurks the fear that computers
will usurp one of the doctor’s
main functions.

Regarding this fear, Dr. Charles
P. Lebo, director of the San Fran-
cisco Medical Society, says: “Any
physician who feels he’s going to
be replaced by the computer is
probably ready to be replaced any-
way. As long as the medical com-
munity makes intelligent applica-
tions of data processing techniques,
medicine can only advance.” How-
ever, Dr. Lebo warns against mov-
ing too fast. “We mustn’t try to
computerize things that shouldn’t
be computerized,” he says.

But where is the line drawn?
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Medical electronics: 4

Making informed decisions

Computer system under development will store medical data
and suggest examinations, diagnoses, and treatments to physicians

By Frederick J. Moore, M.D.

International Business Machines Corp., Yorktown Heights, N.Y.

The patient presenting himself for examination
may have one, or several, of 10,000 identifiable
diseases. These can manifest themselves in any
combination of 100,000 symptoms. And the exam-
ing physician can prescribe one, or several, of
some 100,000 treatments.

With this multiple-choice test facing him con-
stantly, the doctor obviously could use an infor-
mation system to support his decision-making.
A computer-based system for hospitals is now
being developed by the International Business
Machines Corp. to assure that informed decisions
will be made during examination, diagnosis, and
treatment.

Display station. Input-output
terminals for clinical decision
support system will be similar
to this IBM 2260. These units

will link doctors, nurses, and

medical technicians to the
centrally located computer.
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In its final form, the system is expected to re-
lease the physician from activities that can be
delegated to aides and technicians, increasing his
effectiveness by permitting him to concentrate on
those tasks requiring his unique insight, skill, and
understanding. In addition, the system will give a
physician access to all current medical information
related to the care of his patient and keep him
abreast of medical developments. It should also
make it possible for medical students to come to
grips with real medical problems rather than rely-
ing entirely on textbooks during their early years
of training, and may familiarize physicians with
diseases not frequently encountered.
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The medical knowledge stored in the computer
will be available to hospital doctors through a
keyboard-and-cathode-ray-tube arrangement or
typewriter readout. After a patient’s symptoms
have been matched to this stored data, the system
will display its diagnosis, any special tests re-
quired, and recommend treatment for the physi-
cian’s consideration.

Needed: information

Besides the computer-stored knowledge, the sys-
tem will include:

* On-line, input-output terminals for bedside
installation. They will have a keyboard for enter-
ing data and a crt display for the computer out-
puts.

* An off-line device to produce a printed record
at nursing or floor stations.

= A direct-access file to store all information on
each patient.

» Computer programs that will accept instruc-
tions in medical-oriented English.

Most, if not all, of this equipment and software
is available now. The main hurdle is the accumu-
lation of a body of medical knowledge.

The system’s logic process imposes three con-
straints. First, the question to be decided must
be unequivocally stated. This doesn’t mean that
the decision has to be based upon tested facts; it
could be just a question of whether or not to order
an upper gastrointestinal series depending on
whether the patient complains of a bloated feeling
after meals.

Second, the decision must be unequivocal—
capable of being stated in binary (yes or no) terms.

Third, factors leading to the decision and their
influence on the decision must be unequivocally
defined.

The factors determining the decision can be
either patient data or the results of prior decisions,
or both. A chain of small, clearly defined, micro-
decisions thus forms the decision process. Weights
are assigned to the factors, and a decision is made
when the sum of these weighted factors exceeds
a threshold. It often happens that a single inde-
pendent variable such as a symptom will throw
its weight behind several different decisions.

Question and answer

Only three kinds of decisions are made by the
system: A eliminates B, A incriminates B, or A
proves B. The input A may be a positive or nega-
tive response to a question from the machine. It
can be a Boolean set of factors that activate the
resultant B. And B can be almost anything—a suc-
ceeding question, a finding, a disease category, a
diagnosis, or an action by the system, such as the
printing of a drug requisition. Also, the resultant
B of one microdecision may become the input of
another, as the network of microdecisions con-
verges on a diagnosis.

The main elements of this process are: the
presentation of questions by the computer to ac-
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ROUTINE EXAMINATION
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Zeroing in. Decision support system asks hierarchically
arranged questions to converge on a diagnosis.
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New partnership. The clinical physician’s task is to
decide the necessary steps in examining a patient, and
diagnosing and treating illness. A decision support
system can perform those functions shown in color.

quire inputs to decision modules (these questions
are hierarchically arranged); the analysis of the
decision modules; and the output of results of
these analyses.

The questions put by the computer are either
aggregates concerning a major disease or symptom,

or components concerning specifics. The doctor
answers these questions by depressing the yes, no,
unknown (result not yet available), or blank (not
examined) response keys. A “no” response to an
aggregate question eliminates the need to ask its
components. Quantitative information—heart rate,
for example—is entered by numerical key.

An example

The system’s decision process is demonstrated
in the figure on page 109. The example is greatly
over-simplified, but illustrates the approach.

When results of the patient’s preliminary exam-
ination are fed in, the system responds to the
indication of low pulse rate by recommending
an electrocardiogram. At the same time, it searches
its memory and links the examination results to
two possible conditions—virus pneumonia and
typhoidal diseases.

The system next suggests a series of tests—
a bacteriological culture, serology tests, and visual
skin check. Some results of these tests eliminate
paratyphoid and diagnose typhoid. Virus pneu-
monia is eliminated as a possibility by such tests
as a chest X ray.

The computer recommends a check to determine
whether the patient is allergic to the preferred
antibiotic. He isn’t, and the drug is prescribed.
At the same time, a record of the case is printed.

The mM system under development has had built
into it about 2,500 decision nodes in the area of
diagnostic internal medicine. The clinical decision
process will soon be extended to pediatrics, sur-
gery, obstetrics, psychiatry, and other medical
fields. Preliminary studies indicate that the same
method covered here can be used to support prog-
noses, but that the amount of information required
may be huge.

Upgrading medical care

“Medical care depends on three
factors,” says the author, Dr.
Frederick J. Moore. “Two—facili-
ties and personnel—are easy to
control. New facilities can be built
and existing ones can be renovated.
More paramedical personnel can

Southern

Most

in 1964, he was a professor of
public health at the University of
California’s
school in Los Angeles and an as-
sociate in the university’s compu-
ter sciences laboratory.

computerized diagnostic

medical

be trained and kept in the field
by raising their wage scales. But
the third factor—the physician—
is the central element and the
most difficult to provide.”
Expansions of medical-education
facilities aren’t enough to meet the
rising demand for doctors in the
next decade, he continues. “Equip-
ment must be developed to im-
prove the quality and increase the
quantity of doctors’ patient care.”
Dr. Moore is familiar with at-
tempts to use the computer for
this purpose. Before joining 1Bm

systems are based on a statistical
approach. The computer calculates
the probability of the presence of
various diseases in patients with
certain  symptoms.  However,
probabilistic approaches require
an extensive body of data on the
frequency of the various findings,
Dr. Moore notes. “And assump-
tions must be made that can hold
only under very carefully selected
situations. Consequently,” he says,
“these studies were confined to
small groups of diseases and to
small sets of findings.”

On the other hand, at 1BM,
where Dr. Moore is manager of
clinical decision support systems
in the Advanced Systems Devel-
opment division, the computerized
system being developed is pat-
terned on the traditional doctor-
patient, question-answer relation-
ship.
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Medical electronics: 5

A total-systems approach

Transducers are linked to a diagnostic computer by phone lines
in a package developed and used by the Public Health Service

By C.A. Caceres, M.D.
U.S. Public Health Service, Washington, D.C.

An electrocardiogram was taken in a U.S. Senate
hearing room last fall and transmitted over a tele-
phone line to the Public Health Service’s Instru-
mentation Field Station several miles away. Within
seconds, the signal was analyzed by a computer
and the result was returned by teletype to the cham-
ber where a Senate subcommittee was considering
health programs for the elderly. The operation in-
corporated transducers, telemetry, and a computer,
and illustrated what can be done today and what
will be routine tomorrow.

It also highlighted what doctors most need from
engineers—an integrated package that can handle
routine medical jobs and can be used by doctors
without special engineering training.

The medical-systems concept dates from the
early 1900’s, when Willem Einthoven combined a
galvanometer with a photographic display to ana-
lyze heart signals, and used telephone lines to

Congressional witness

transmit EKG’s. Since his time, though, surprisingly
little has been done to link patients to remote
analyzing machines.

The system at the Public Health Service in Wash-
ington, D.C., uses a small-scale digital computer to
analyze heart rate and the amplitudes and durations
of Exc waveforms. The resulting diagnoses are de-
tailed and free of bias. Processed data is stored on
magnetic tape and can be used later for comparison,
follow-up, or statistical analysis.

It would take a researcher two hours to measure
point by point the waves from a single k¢ and
calculate the parameters with the accuracy of the
computer system. A clinical interpretation as de-
tailed as the computer’s analysis would take a
cardiologist at least 10 to 15 minutes.

With its telephone-transmission feature, the com-
puter can be made available to doctors anywhere.
The pHS system is now being used by Hartford Hos-

Photo courtesy of Newsweek magazine.
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Hookup. Medical systems link hospital, clinic, or patient’s home with a diagnostic computer. Tracings can be
taken by a technician with a portable electrocardiograph. The computer’s interpretation is then returned to the
physician for his analysis. Both the analog EKG trace and the interpretation are permanently recorded on tape

at the computer site.

pital in Hartford, Conn., and by several screening
clinics; more than a hundred hospitals have ex-
pressed an interest in being hooked into such a
setup.

The computer nsed by the rms, a Control Data
Corp. 160A, is a relatively fast data manipulator
but isn’t an arithmetic machine; multiplication and
division can be accomplished only with external
programing. The computer’s word size is only 12
bits, but even this allows precision that greatly ex-
ceeds the level required by clinical practice.

Over the past two years, the system has been
used to record and analyze 70,000 electrocardio-
grams from a number of hospitals and clinics. The
experience garnered in this period shows that rela-
tively elementary mathematical techniques can be
used to evaluate electrophysiologic waves without
human editing or selection. And if the pas machine
can do the job, so can a relatively slow, low-cost
arithmetic computer.

New breed

Linking the patient to the computer is a small,
portable electrocardiograph machine. Several mod-
els of this new breed of machines have been built to
pus specifications. Used with a special transmitter,
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the machine can send cardiographic signals over
any conventional telephone. By simply dialing a
special number, the technician transmits the signals
to the computer center for recording and analysis.
At the center, the telephone is answered automa-
tically and the computer sends answers back to the
originating station by telephone, teletype, or radio.

The new electrocardiographs, models for future
medical data-acquisition sets, record EKG’s on mag-
netic tape as well as on the familiar strip-chart.
They also incorporate special switches for encoding
the ExG’s with identifying information—recording
site, lead number, and patient’s age, sex, and weight.

Analog electrocardiograms are frequency modu-
lated for transmission over telephone lines. At the
receiving end, a specially designed telephone set
demodulates the tones.

The telephoned or taped playback is fed into an
analog-to-digital converter that samples the con-
tinuous ExG waveforms 500 times a second. Each
sample is tagged so the computer program can iden-
tify the peaks and valleys of the wave and
measure the amplitudes and durations. The process
is really a crude form of automatic pattern recogni-
tion.

Noisy tracings, with erratic baselines resulting
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from movement of the patient or poor electrode con-
tacts, are rejected by the program.

The logic required for the analysis is determined
by the structure of the waveform itself, Locations
of maximum and minimum points, baseline cross-
ings, and constant slopes are scrutinized. Computer
recognition programs at the Instrumentation Field
Station aim at first defining the variants and then
defining and measuring parameters.

Starting point

Because electrocardiograms vary from person to
person, the system must select a suitable reference
point before the computer begins its analysis.

To find this point, the Exc is split into two signals
before being fed to the analog-to-digital converter.
One signal is passed through a differentiating cir-
cuit and converted into an approximation of the
EKG’s first derivative. The maximum negative deriv-
ative, which invariably appears during the most
significant portion of the ExG complex on the de-
scending slope between the R- and S-wave peaks
[see diagram on page 114], is used to define the
starting point of the heart cycle.

Sequential logic computes the necessary parame-
ters by relating the maximums and minimums in
the original Exc with the pattern of its first deriva-
tive. For example, if the interval between peaks
varies by more than 25%, the disparity is recog-
nized as a rhythm alteration.

There are some instances, however, when the first
derivative alone isn’t sufficient to indicate the start
of a heart cycle. In these cases, when there is
plateauing, notching, and extremely gradual slopes
in the waveform, the maximum negative value of
the derivative is combined with another measure-
ment—a maximum or minimum value, or a baseline
crossing of the Ekc signal, for example—to deter-
mine the wave’s onset.

The computer accepts 12 segments of electro-
cardiograms. Within 15 seconds after the computer
has recognized the waveforms of all the accepted
segments, it associates the values derived from the
pattern-recognition logic and prints out the inter-
pretation in three steps.

The computer first selects the measured data re-
lating to the characteristics of the £xc wave, In the
second step, multiple combinations of this con-
densed data are compared with prestored criteria
corresponding to different diagnoses. Finally, a
tentative diagnosis is made and the data is reviewed
for redundant or secondary findings, which are
discarded.

Broad-based diagnosis

The computer’s diagnosis is based on criteria
abstracted from many and various physicians and
medical groups. New criteria arising from physio-
logical research, clinical discoveries, or revelations
of regional differences can easily be programed into
the machine.

Agreement between doctors’ interpretations of
ExG’s and the computer’s analyses have been close.
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Heart check-up results
Age No. Questionable EKG’s %
20-29 70 17 24.3
30-39 336 75 22.3
40-49 389 107 27.5
50-59 241 85 35.3
60-69 199 95 47.7
70-79 45 23 51.1
80-89 1 1 100.0
(Average)
Total 1,281 403 31.4

The computer system has incorrectly interpreted
less than 1% of the Exc’s analyzed. Moreover, the
computer has proven invaluable in giving physi-
cians access to all significant data.

One of the major contributions a medical com-
puter system can make is in the area of community
health services. It can greatly enhance the capa-
bility of a health department, clinic, or hospital to
handle mass screening for early detection and diag-
nosis of diseases. Easy recall and statistical analy-
sis of the measurements are a further advantage in
this area. The Instrumentation Field Station is cur-
rently working with local community health de-
partments to demonstrate the feasibility of

House call. An electrocardiograph records a patient’s
heart signals in her home and simultaneously transmits
them to a computer center for analysis.
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Starting line. Reference for the start of the heart cycle is the first derivative (lower curve) of the EKG
waveform. The maximum negative value is the starting point. Once this is established for the computer’s

program logic, the machine can identify the significant components in the cycle (upper curve).

applying computers to mass screening programs.

The puS computer interpreted more than 1,400
electrocardiograms recorded during the 106th an-
nual meeting of the American Dental Association.
As with the Senate demonstration, heart signals
from the dentists were transmitted over phone lines
to the Instrumentation Field Station and results
were returned automatically. The computer grouped
the EkG’s into normal and questionable categories;
32% of the participants had questionable electro-
cardiograms. The average age of the participants
was 46 years. As expected, the incidence of ab-
normalities rose with ‘age [see table on page 113].

The computer at the field station is also pro-
gramed to measure and interpret spirograms [trac-
ings of the behavior of the lungs], electroen-
cephalograms [brain waves], and dye-dilution
curves. In dilution studies, a dye is injected into
the blood stream and is measured after passing
through the heart. The computer can calculate
within seconds the blood volume output during
each phase of the heart cycle.

A pulmonary function curve such as a spirogram
is useful in screening or diagnosing emphysema—
inflammation of the airspaces in the lungs—and
bronchitis,

To record the curve, the subject blows forcibly
into a tube leading to a spirometer. This force is
converted to an electrical signal by a potentiometer
attached to a pulley on the spirometer, and the

114

signal is recorded on magnetic tape.

The first items entered on the tape are the pa-
tient’s code number, the calibration curve for the
pulmonary function being recorded, and a correc-
tion factor to compensate for possible signal non-
linearity. The analog-to-digital converter provides
numerical values of the spirometer voltage as the
tape is played back for analysis.

Because the curve contains no frequencies greater
than 30 hertz, a sampling rate of 200 points per
second is adequate to obtain all the necessary
information from the curve. However, a sampling
rate of 500 points per second is used because it is
more compatible with the field station’s processing
system. All the sampler points are stored in the
computer’s memory and all are inspected by the
computer.

Problems

In designing hardware for medical computer sys-
tems, a decision must be made as to what part
should be analog and what part digital. As yet there
are no compact, economical analog-to-digital con-
verters suitable for magnetic tape recorders used
in a hospital environment. But because the cost of
developing a digital system is regarded as pro-
hibitive, the pHs uses an analog system as a pro-
visional solution.

The tape recorder, which operates on command
from a standard Exc machine, has a sensitivity and
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LOCATION - U,S. NAVAL AVIATION MEDICAL CENTER, PENSACOLA, FLORIDA
PROCESSING DATE 10/08/65  CALIBRATION CONSTANT 1,083 ML

PATIENT NO, 0029-06  AGE: 24 YRS SEX: M HEIGHT: 74 IN
PREDICTED VITAL CAPACITY 4,689 ML
TRIAL 1 NORMAL
FORCED VITAL CAPACITY (ML) 4,614
PERCENTAGE OF PREDICTED VC 98 280
TIME OF FVC (SECONDS) 1.91
TIME OF MAX. INST. FLOWRATE  0.12
FORCED EXPIRATORY VOLUMES (ML)
ONE-HALF SECOND 2,662
PERCENTAGE OF FVC 57
THREE-FOURTH SECOND 3,385
PERCENTAGE OF FVC 73
ONE SECOND 3,867
PERCENTAGE OF FVC 83 275
TWO SECONDS 4,602
PERCENTAGE OF FVC % >94 5
THREE SECONDS 4,602 /»--’
PERCENTAGE OF FVC % 297 =
AT MAX. INST. FLOW 638 e
PERCENTAGE OF FVC 13 g
FLOW RATES (ML/SEC) bl
200-1200 ML 7,228 27,000
25%-75% FVC 3,967 23,400
25%-50% FVC 5,509 o
50%-75% FVC 3,091 S
.5-1SEC 2,410
1-25EC 735
2-3SEC 0
MAX, INSTANTANEOUS 7,417
MID-EXHALATION 4,431

INTERPRETATION -
ABOVE DATA WITHIN NORMAL LIMITS

frequency response comparable to the conventional
electrocardiograph also incorporated in the unit. A
binary pulse code identifies each electrocardiogram.

A serious hurdle to tape recording was presented
by the frequency spectrum of ExG’s, which can
range from d-c to about 200 hz. Response of the
circuits, electrodes, and transducers must be care-
fully tailored to the system. In a direct analog tape
recorder, amplitudes may vary as much as 1% and
frequency response doesn’t extend to d-c. Fre-
quency modulated carrier techniques are therefore
required.

Frequency modulation gives good amplitude re-
sponse, linearity, low dynamic distortion, and large
bandwidth. However, flutter produced by non-
linearities in the recording oscillator can be on the
order of 0.5 to 1%, with dynamic distortions rang-
ing from 1 to 2%.

This is intolerable in clinical electrocardiography,
where 0.5-millivolt signal variations are medically

0.1sec
|

-1

Spirogram. This processed sample was obtained within 10
seconds after a curve was presented to the computer.

significant. Most good tape recorders have a signal-
to-noisc ratio of around 40 decibels—implying a
noise level of about 0.105 millivolts. Thus, without
flutter compensation, most standard tape recorders
are inadequate for biological recordings.

his compensation is usually accomplished by
recording an f-m reference signal on a separate
track. On playback, gain and phase information
from the reference track permit the canceling of
the flutter component.

If a second channel is unavailable, the flutter-
compensation signal can be superimposed on the
data channel if the bandwidth is small; the Ekc
bandwidth is less than 200 hz.

The final part of this series, in the Aug. 7 issue, will
look at the role of electronics in prosthetics, monitor-
ing, and predictive medicine. Reprints of the entire
series will be available next month.

The author

Dr. C.A. Caceres has served since
1960 as chief of the Instrumenta-
tion Field Station of the Public
Health Service’s Heart Disease
Control Branch. His group does
original research and development
work in addition to evaluating
medical electronic equipment and
techniques.

As a consultant specializing in
the problems of electrophysiology
and the automation of medical sys-
tems, Dr. Caceres works with
health  departments, academic
groups, government agencies, hos-
pitals, private practitioners, and
industrial concerns. He directs the
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formulation, validation, and dem-
onstration of medical data-
signal-processing
works with new system designers
and with computer programers.

commercially

medical data-acquisition

have resulted from the efforts of
the field station, and a prototype
preprocessing computer console
has been built to put signals from
the data-acquisition carts into a
computer format.

Dr. Caceres is currently involved
in projects aimed at developing
special statistical studies, apply-
ing field testing, automating the
analysis of phonocardiograms and
respirograms, and designing equip-
ment to screen heart sounds.

The doctor is an associate pro-
fessor of medicine at George Wash-
ington University’s medical school
and a professorial lecturer in bio-
medical engineering at the uni-
versity’s engineering school.

and

systems, and

available
systems

116

Circle 117 on reader service card—>



——

gOne goodtune - |

ldeserves another, §
land another, \
land another

land anothegs \

e

land another,§  / \
land another,
land another.4

W

Case styles in Tuning Varactors are not your only ¢hoice. Microwave
Associates’ silicon epitaxial voltage variable capacj’iance diodes range in
capacitance from 1 to 100 pF, range in voltage from 15 to 150V
with figures of merit (Q) to 400 and higher.

But let’s talk about your choice of case styles. We have channel mounted
chips that go directly on substrates, all the standard glass and
ceramic styles including pills and tab leads, and, on the other extreme
molded encapsulations.
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All told, the line is the broadest in the industry.
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a TCXO that fits almost anywhere

and offers exceptional frequency stability between —55°C and +85°C

Only about %2 of a cubic inch in size, this
TCXO (temperature compensated crystal
oscillator) offers excellent frequency sta-
bility; 5 ppm over a temperature range of
—55°C to 485°C. It's one of four new
miniature TCXO’s from Motorola. The
slightly larger models offer stabilities as
low as =1 ppm. Zener diode regulated
compensating circuits provide on-
frequency operation the instant they're
turned on. All-silicon solid-state con-
struction provides exceptional reliability.
Take a look at these facts.

See it at Booths 3116 & 7 at WESCON

MOTOROLA
PRECISION

INSTRUMENT
PRODUCTS

118 Circle 118 on reader service card

SMALL SIZE: Sizes range from 0.58 cubic inch to 3.4 cubic inches.

WIDE TEMPERATURE RANGE: From —55°C to +85°C.

HIGH FREQUENCY STABILITY: Available as low as =1 ppm.

WIDE FREQUENCY RANGE: From 1 MHz to 30 MHz.

LOW POWER CONSUMPTION: As low as 100 milliwatts.

NO WARM-UP TIME: Adjusts instantly to temperature conditions.

FOR MORE INFORMATION contact your Motorola representative. Or write for
bulletin TIC-3213.

MOTOROLA COMMUNICATIONS AND ELECTRONICS INC.
Dept. EO, 4900 West Flournoy Street
Chicago, lllinois 60644. A subsidiary of Motorcla Inc.
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for high-speed molding
of electrical parts.
We have put all the
high-impact resist-
. ance, heat resistance, and
" dimensional stability of Durez
# 23639 phenolicmoldingcom-
pound into a new, nodular form.

Durez #23639 nodular is particularly
suited to the latest types of high-speed,
screw-type molding equipment, and also
greatly facilitates automatic preforming.

now
Durez’ 23639
is

nodular

We particularly recommend it for such
applications as automotive parts and
heavy-duty industrial switches.

If your job calls for brown parts, rather
than black, you can get the same high-
quality performance by specifying Durez
#23727 in nodular or flake form.

For complete data on these two members
of the Durez family of high-grade mold-
ing compounds, please write Durez Divi-
sion, Hooker Chemical Corporation, 9007
Walck Rd., No. Tonawanda, N.Y. 14120.

II Hooker

DUrezZ ...
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] No one hates Bill as much as H-P and Beckman.
And for that we love him.

“ Bill Busteed doesn’t
expect to be loved.

He's not obsolete. We need him. And you
need him. Bill's really a nice guy. Perhaps
he is too persnickety and too great a per-
fectionist to be lovable. But you really can't
expect a dedicated Quality Control Director
to be a living doll. Bill knows his job.

We know ours, too. That's why we have
people of Bill Busteed's character and com-
petence. And that's why CMC counters and
other instruments are the finest that our hu-
man ingenuity and technology can deliver.

In this business everybody talks about
quality and reliability. We, too, can talk
about our 48-hour aging at 55°C, vibration
testing, 100% electrical check-out (twice
on every instrument), meticulous supervi-
sion, materials inspection, all our space-
age instrumentation, and the only two
Mil Spec counters on government'’s Quali-
fied Products List. And we have a 52-man
QC staff headed by finicky ol’ Bill Busteed.

But in the end, the best judge of quality
and performance is you.So acceptour chal-
lenge, and earn a free Crusading Engineer
Medal in the process. Write for our Short
Form Catalog, or for complete data on any
CMC instrument that interests you. Then

“Check the Specs,’ and make up your own
mind. We're pretty sure of your decision.
. One last favor...Bill Busteed's birthday
is the 20th of this month. If you have a
moment, send him a little card. He needs
to feel appreciated.

12981 Bradley/San Fernando, California
Phone (213) 367-2161 / TWX 910-496-1487
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T0WATTS

TO-5

JOWATTS

TO-59

High current triple diffused planar NPN silicon power tran-
sistors are now available from Silicon Transistor- Corporation
in a choice of small packages. The STT2400—STT2406 25 MHz
series comes in a T0-5 case and is priced from $6.60 to
$21.40 per unit on orders of 100. The STT2800—STT2806
25 MHz series is in the T0-59 package and prices range from
$8 to $24 per unit on orders of 100. They have a voltage

TRIPLE DIFFUSED PLANAR—NPN

WESCON: Booths 5323, 5323A

A NEW CONCEPT IN POWER

range of 30V-150V, maximum T; is 200°C, C,, is 200 pf.
Typical applications include: high power, high frequency in-
verters and converters; switching type regulated power sup-
plies; power linear amplifiers; compact power circuitry; RF
power amplification. For more information, call or write today.
For immediate delivery, contact your representative or dis-
tributor.

Case Vceo(sus)VEo Icmax. Pmax.  hrE hre No.14, 27
(100°C) min.
Volts  Volts Amps Watts
STT2400  T05 5% 12 75 10 3090
STT2401  T0-5 120 12 75 10 3090 No.I4,7
STT2402 105 120 12 75 10  50-150 10 @6 Volts
STT2403  T0-5 100 12 75 10 3090
STT2404 105 8 12 75 10 3090
STT2405  T05 60 10 75 10 3090
STT2406  T0-5 30 10 75 10  25min.
STT2800  T0-59 150 12 75 40 3090 No.14,7
STT2801  T059 120 12 75 40  30-90
STT2802 71059 120 12 75 40 50150 10@5 Volts
STT2803  T0-59 100 12 75 40 3090
STT2804  T0-59 8 12 75 40 3090
STT2805  T0-59 60 10 75 40 3090
STT2806  T0-59 30 10 75 40  25min.
TEST Ic 200mA 2A 5A
CONDI- { 10mA
TIONS A Vce 15V

SIIICO" Transnstor Corporatlon produces the broadest Ime of snllcon p

Executive Offices and main plant:
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er tran5|stors in the md

SILICON TRANSISTOR CORPORATION

EAST GATE BLVD., GARDEN CITY, N.Y. 11530 (516) Ploneer 2-4100, TWX 510-222-8258
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Problem:

Get

faster,
more
efficient
“read in”’
of data.

A A A A
| 1 i

—

A .
TOJREED RELAYS

[
3

N ,.:‘mw g

FIBER OPTICS: Sense marks on papers‘f

DIFFUSE REFLECTION

Electro-optical systems incorporating fiber optics are
operating at up to four times the speed of electro-
mechanical systems. When a combination of fiber optics,
phototransistors, and reed relays is used, reading of
basic data is not controlled by mechanical limitations.
The use of fiber optics allows wide design freedom to
increase system operating speed.

In addition, electro-optical devices provide inherently
quieter operation. And the need for continual replace-
ment of expensive electromechanical components is
eliminated. The use of fiber-optic devices isolates heat
and eliminates friction, the major causes of wear and
failure. In most applications, both initial cost and use
cost can be reduced by design simplicity.

Solution from
American Optical:

Fast,

quiet,

reliable

fiber-optic
“readers’’ for

data processing.

FRZBER‘OPTICS: Sense holes in tapes

FLEXIBLE -
FIBER-

OPTIC

BUNDLE

§

FLEXIBLE
FIBER-OPTIC
BUNDLE :
PHOTOTRANSISTORS—~ CLAD ROD ASSEMBLY

TOYREED RELAYS

FIBER OPTICS: Sense holes in cards.

il

e T
JF .
(1
ghis 10
it * REED
gl ! = RELAYS

i

Y 1

FLEXIBLE % '

FIBER- : i

oPTIC > Z v
BUNDLE ] AD ROD ASSEMBLY TRANSISTORS

American Optical know-how makes such design sim-
plicity possible. AO pioneered fiber optics and today
produces the most widely used sensing devices. This
accumulated practical design and application experi-
ence, along with research and production capability, is
readily available to you.

Contact AO now and lessen the time and expense of
getting from exploration to application. Sorters and
collators, verifiers and key-punch equipment, printers
and readers, teletypes—most any data processing equip-
ment—can benefit from these American Optical fiber-
optic devices. Write American Optical Company, Fiber
Optics Department, Southbridge, Massachusetts 01550.
Or call 617-764-3211.

NEW FROM AMERICAN OPTICAL COMPANY

SPACE-DEFENSE DIVISION—SOUTHBRIDGE, MASSACHUSETTS
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An equally apt title for this 16 page
opus would be “Selecting Memory
Systems for Fun and Profit.” Be-
cause when you get it, you will be
able to select the most profitable
memory system for your needs. And
it ought to be fun compared to
those “memory dream-books”, full
of options that never were, model

numbers that are sheer fantasy,
and ghostly-vague “typical” specs.

Every system in this bulletin is
real, is completely and accurately
characterized, is priced, and is in
production, available on reason-
able, dependable delivery sched-

Now in Paperback

ules, ranging from in-stock to 90
days. And the prices are right.

Old-timer or tyro, end-user or OEM,
Bulletin MS670 is required read-
ing. Write for your free copy today.

Ferroxcube @

Systems Division Englewood, Colorado

Reveals all about 513 different standard
memory systems | “Unparalleled Diversity!”—Edwin L. Podsiadlo,
Product Manager, Ferroxcube Systems Division

Thrill to tantalizing trade-offs...stirring

savings...pulse-pounding performance!
“Couldn’t put it down!”—Robert Derschang, Marketing Manager,
Ferroxcube Systems Division _—

FERROXCUBE
CORPORATION
Systems Division
5455 S. Valentia Way
Englewood, Colorado
303-771-2000

Boston
617-899-3110
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Chicago
312-261-7880

Dallas
214-255-0441

Minneapolis
612-888-4681

Los Angeles
213-837-1484

Phoenix
602-265-1792

New York Area
201-964-1844

Philadelphia
215-927-6262
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p.  Operational

amplifiers

Check the specifications of our compensated
uA709’s, FET-IC’s and economy modules.

Check our prices: they start at $9.75.
Check with us for complete information and

applications assistance. Then check out one
of our modules. Try it on a small signal.
You'll make it big. m————
FAIRCHILD
== e

INSTRUMENTATION

Typical
Specifications

Economy
Solid-State Modules

. f.}’o'gge"s‘“e:'l\'f:g FET-IC Modules FET Input Modules

ADO-44 ADO-45 | ADO-49C | ADO-49A | ADO-29 | ADO-26 | ADO-25 | ADO-24
Open Loop Gain 10,000 100,000 40,000 40,000 140,000 140,000 50,000 50,000
Bandwidth 550KHz 1.5MHz 1MHz 1MHz 1.5MHz 1.5MHz 10MHz 10MHz
Slew Rate 0.2V/us 1.4V/us 0.2V/us:| 0.2V/pus 2V/us 2V/us 15V/us 15V/ us
Difference
bdanesi 10nA 10nA 100nA 100nA 10pA 10pA 10pA 10pA
,mggggg = 300Kohm | 300Kohm | 250Kohm | 250Kohm | 10''ohm | 10'20hm | 10'20hm | 10'20hm
Drift 20uV/°C | 10uv/eC | 5uv/eC | 5uv/°C | 25uv/°C | 1xV/°C | 10uV/°C | 10uv/°C
Output Voltage 10V 10V 10V 10V 10V 10V 10V 10V
Output Current 1mA 5mA 5mA 5mA 5mA 5mA 2.5mA 20mA
Price (1-9) $9.75 $15.00 $29.00 $80.00 $45.00 $98.00 $85.00 $105.00
(100 pcs) $9.00 $13.00 $18.00 $55.00 $37.00 $75.00 $69.00 $ 80.00

For the supplier nearest you, and/or for technical information and assistance, call Gaylon Patterson at Fairchild (415)
962-2030 or 962-2086, or TWX 910-379-6944.

FAIRCHILD INSTRUMENTATION /A Division of Fairchild Camera and Instrument Corporation ® 475 Ellis St., Mountain View, California 94040, (415) 962-2011 = TWX: 910-379-6944




Show us your designs for thin metal parts...
chances are we can show you cost-saving ideas.

We're specialists in making precision electronic
parts in volume. And doing it economically. Inte-
grated circuit frames and anything else you need.

Let us evaluate your designs and make cost-
saving suggestions on materials and production
methods. The end result will be parts that meet
your specifications, and at the right price.

We make our own dies and can form almost any
intricate shape to extremely close tolerances. In a
wide variety of dimensions, finishes and tempers
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in many different kinds of materials.

And our range of fabrication is not limited to
metal parts. We have plants for wire products,
plastic parts, and complete component assemblies.

Contact your nearest Sylvania Parts Division
sales office or write to us here at Warren. You may
find your parts cost will be a good deal less than if
you produced the parts yourself.

Sylvania Electric Products Inc., Parts Division,
Warren, Pennsylvania 16365.

SYLVANIA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS

T
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Did you ever reach the point where you'd like
to stuff something down a salesman’s throat?
We were in that situation, once. We bought a
highly touted heat-writing strip chart re-
corder. Although it worked well in the “‘spec”’
sheets, it failed miserably in our lab. We had
to design our own heat-writing system to get
the quality we demanded. It performed so
well, we've put it on the market. We wouldn’t
have done so if it didn’t come up to BLH
Electronics standards.

The heart of the system is the BLH
THERMOTIP™ STYLUS with its signal-regu-
lated automatic heat control. You set the heat
control and the system automatically adjusts
to changes in signal without manual readjust-
ments. Great for one-of-a-kind transients that
must be caught. Great for multichannel
applications where several different signals
(with individual variation characteristics) must
be handled.

Yes, BLH Electronics Recorders have a
variety of signal-matching plug-in preampli-
fiers. They fit ALL BLH Systems . .. 2, 4, 6
and 8 channels . . . portable, console or low-
boy configurations.

But the proof is in the “putting’’: putting
traces of your signals on chart paper in your

How would you like

to stuff ten feet

of Chart Paper

down Jack Joyce’s throat?

Circle 126 on reader service card

laboratory. If a BLH High Speed Strip Chart
Recorder doesn't surpass the others, instead
of you stuffing Jack, let Jack stuff you . . .
with a steak at your favorite restaurant. Could
anything be fairer than that?

To arrange for a demonstration in your
plant, or for information on this new THERMO-
TIP Stylus Recorder, call BLH Electronics or
your nearest BLH Representative. BLH Elec-
tronics, Inc. a Subsidiary of Baldwin-Lima-
Hamilton Corporation, Waltham, Mass. Plants
in Waltham, Mass., Pasadena, Calif., and
Darmstadt, West Germany.

BLH ELECTRONICS, INC.

A subsidiary of Baldwin » Lima « Hamilton Corporation

STRAIN GAGES e TEMPERATURE SENSORS e LOAD CELLS e PRESSURE CELLS e
TORQUE PICKUPS © RECORDERS e INSTRUMENTATION e INTEGRATED SYSTEMS
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“STACPAC”, New, High Current High Voltage Rectifier Stacks
Semtech has developed “STACPAC”, a new technique for high current, high voltage
rectifier stack applications. “STACPAC”, SCPH series, provides an average rectified
current of 5.5 amps at 55°C and is available in discrete voltages from 1kV to 25kV.

ﬂg SCPH series.

cool power

“STACPAC’ assemblies are extremely light weight. The aluminum discs provide cooling compensation and
corona protection. Easy-to-install mounts are provided on all assemblies. Height 3.5”, Width 3”, Length
0.66"” per kV per leg, plus 2.08" for 2 insulated mounts. Internally, g “STACPAC”
utilizes the Semtech double heat sink Tungstaloid pin rectifiers. ‘

Other assemblies are: “STACPAC” Single Phase Full Wave Bridges (SCPB series), that provide an aver-
age rectified current of 11 amps @ 55°C and discrete voltages from 0.5 to 6kV. “STACPAC” Three
Phase Half Wave and Full Wave Bridges can be assembled by utilizing the individual legs in the SCPH
series. “STACPAC” Power Center Taps and Doublers, (SCPP, SCPN, and SCPD series), provide an aver-
age rectified current of 11 amps in discrete voltages from 0.5 to12.5 kV.

All assemblies are available for immediate delivery.

SEMTECH%// CORPORATION

Western Offices: 652 Mitchell Rd., Newbury Park, California, 91320 (805) 498-2111/from L.A. (213) 628-5392 TWX: 910-336-1264
Central: 140 No. La Grange Rd., La Grange, Illinois, 60525 (312) 352-3227 TWX: 910-683-1896
Eastern: 116-55 Queens Blvd., Forest Hills, N.Y., N.Y. 11375 (212) 263-3115 TWX: 710-582-2959
European Sales: Bournes AG, Alpenstrasse 1, Zug, Switzerland (042) 4 82 72/73




Good marking . .. makes the difference

Don’t waste time improvising and experimenting. Call in a Markem man and get acquainted
with today’'s broadest line of marking equipment. Machines capable of putting several
bands on a miniature diode; combining sequential numbering with identification; printing
14 characters plus trademark in an area 0.125" in diameter; printing integrated circuits in
or out of carrier, registered to tab; and employing new techniques to meet severest dura-
bility specs. Whether your problem is size, speed or cost, we can help. Write Markem
Machine Company, 305 Congress Street, Keene, New Hampshire.

EQUIPMENT AND TECHNOLOGY TO HELP YOUR PRODUCT SPEAK FOR ITSELF
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Beckman EiD takes
a firm foothold in
Industrial counting.

Our new 200 kHz integrated
circuit counters put us a step
ahead of competitive models.

Seven compact counter/timer models
run the gamut of applications: preset
process control. . .frequency and nor-
malized rate measurements. . .down to
basic accumulation. Reliability? They
more than measure up due to design/
style factors like: Simplified front con-
trols. Easily readable in-line display. Low
(25W normal) power need. Closed-box,
drip-tight, dustproof design with no cool-
ing fan needed. High input sensitivity.
Built to take rough work environments.
And all-integrated circuits.

All models are available with data out-
put in 1-2-4-8 binary-coded decimal form.
Feeds directly into tape punchers or
digital printers. For a convincing demon-
stration, contact our nearest regional of-
fice, listed at right. You'll find EiD’s up
front with what counts.

EiD more than
measures up.

Beckman®

INSTRUMENTS, INC.
ELECTRONIC INSTRUMENTS
DIVISION

2400 Harbor Blvd., Fullerton, Calif. 92634,
(213) 691-0841

7360 N. Lincoln Ave., Lincolnwood, Ill.
60646, (312) 583-1020

12051 Tech Rd., Montgomery Ind. Park,
Silver Spring, Md. 20904, (301) 622-2500

International Subsidiaries: Geneva;
Munich; Glenrothes, Scotland; Tokyo; Paris;
Capetown; London; Mexico City
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If you want to see
as well as these eyes,
use the MTI Image Orth

Nocturnal animals see well in the
dark. MTI Image Orthicon televi-
sion cameras see almost as well.

We're specialists in low light level
television equipment. In fact, the
largest manufacturer in the world.
And our equipment will pick up an

image in near total darkness. A pin
hole of light is more than enough.
Or more specifically, at 1x107 foot
candles of ambient light (ap-
proaching total darkness) .

This is but one research applica-
tion. The possibilities in all fields

are endless, as research is discov-
ering every day. If you have need
—call us. We’'ll be there to help
. . . quickly with quality.

i MARYLAND TELECOMMUNICATIONS, INC.

York & Video Roads, Cockeysville, Md. 301-666-2727 World's largest manufacturer of low light level television cameras.

130

Circle 130 on reader service card

Circle 131 on reader service card—>-




Why do so many TV sets
NORYL co

THERMOPLASTIC RESIN

use o many

Self-Extinguishing, UL Group 1 Rating
High Strength at Elevated Temperatures

Economy, Easy Processing

Because it withstands higher tempera-
tures caused by miniaturization and
color, Noryl is being specified more and
more for TV parts like these tuner com-
ponents, deflection yoke and converg-
ence coil parts, tube sockets, high
voltage cups and control shafts.

No more need to choose between
premium priced plastics and lower cost
materials with only marginal perform-
ance. Noryl combines excellent physical
and electrical properties with easy pro-
cessing and economy; a low resin cost
with a specific gravity of only 1.06.
Nory!'s high heat deflection temperature
(265°F at 264 psi), low creep and high
modulus mean parts that remain dimen-
sionally stable under load at TV receiver
operating temperatures. Noryl also has

provisional UL rating for support of cur-
rent carrying parts at 212°F (100°C).

Parts can be precision molded eco-
nomically. Noryl offers low, predictable
mold shrinkage, tight tolerances are held
in thin sections and parts are ejected
easily for fast cycles.

Look into Noryl for an economical
answer to premium performance. It of-
fers the extra properties without the
extra cost.

For more information contact your GE
Chemical Materials Sales Representa-
tive, or write Polymer Products Opera-
tion, General Electric Company, One
Plastics Ave., Pittsfield, Mass. 01201. In
Europe, N. V. Polychemie AKU-GE, 76
Velperweg—Arnhem (The Netherlands).

mponents ?

Aging test for Noryl shows excellent perform-
ance at elevated temperatures. SE1 Noryl
maintains its impact and tensile strength after
thermal aging at 115°C (240°F).

z 80 T T 207
S TENSILE IMPACT o
2 60 g 15 E’._’-
Zz 4

&~ TENSILE STRENGTH 0
59 b
£E g
= =
o 0
z 0 1,000 2,000 3000

5

g

AGING TIME, HOURS

Leader in Engineering Plastics
PPO® ¢ LEXAN® ¢ NORYL® e PHENOLICS

GENERAL @D ELECTRIC



. i

We kept our promise.

A 15-inch transport is one of many options that permit you to tailor the Honeywell 7600 to your exact requirements.

We've kept busy delivering
/600 Series Tape Systems ever since.

We promised you the best value in the magnetic tape
industry, and that's just what the Honeywell 7600 Series
is. Its modular concept allows you to specify the exact
system you need — no more, no less — with your choice
of 10%"” or 15" transports, a wide selection of band-
widths and electronics, and many options for future
expansion without costly modifications.

Users report performance that exceeds specs. The
7600 delivers greater signal fidelity than any comparably
priced unit, thanks to high S/N ratios and extremely low
flutter, skew, and time base error. Price? A lot less than
you'd expect! And because it's mechanically simple (no
belts, pulleys, gears or pinchrollers), highly reliable, and

132 Circle 132 on reader service card

easily maintained due to plug-in electronics throughout,
7600 operating costs are low, too.

In every way, the 7600 Series is another example of
how Honeywell’s broad line, backed by local sales and
service, can provide the precise solution to your instru-
mentation problems. For an eye-opening demonstration,
call your local Honeywell Representative. He'll be glad
to put a 7600 through its paces for you. For technical
literature, write: Honeywell, Test Instruments Division,

4800 East Dry Creek Road,
Denver, Colorado 80217. Honeywell

Honeywell engineers sell solutions
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Exclusive insulation
developed for

Up to 50% greater

Longer lead path moisture barrier

through molded body

Fixed composition resistors offer

Greater moisture resistance

When tested to MIL-R-11 moisture resistance requirements, IRC’s ¥ and
1 watt fixed composition resistors exhibit resistance changes of less than
3%. Five times better than the 15% MIL allowance. Under more stringent
conditions of 75°C, 100% RH for 120 hours, resistance changes are typi-
cally less than 5%. Even IRC’s small 14 watt unit has moisture resistance
changes well within MIL limits.

Molding makes the difference. |RC's resistance element is a carbon
composition film that is thermally bonded to a glass body. This exclusive
IRC design permits up to 50% more molded protection completely around
the resistance element.

The molding material was developed by IRC specifically for superior mois-
ture, electrical, and mechanical characteristics. This exclusive molding
material, plus added insulation thickness, brings an extra measure of
moisture protection to your circuit design. Write for catalog, prices and
samples to: IRC, Inc., 401 North Broad Street, Philadelphia, Pa. 19108.

Electronics | July 24, 1967

greater moisture
protection.

o
IRC COMPOSITION
RESISTORS ALSO OFFER

o Lower operating temperature

o Better resistance-temperature
characteristics

o Superior high frequency
characteristics

» Qutstanding load life

o Stronger lead assembly

» Excellent solderability

o Values to 100,000 megohms

Circle 133 on reader service card
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Off the shelf?

This is not an irresponsible claim if your special requirement can be modified from
one of the thousands of enclosures we regularly make.

Many producers of instrumentation have found that a very minor revision of a standard
Bud product has suited their needs exactly and at the same time saved them consider-
able time and money.

If you have a housing problem that you think is special, talk to your Bud distributor
about it first or submit your problem direct to us.

BUD RADIO, INC.

WILLOUGHBY, OHIO
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an invitation from 5,200 Manufacturers:

5,200 manufacturers invite your judg-
ment of their products in Visual Search
Microfilm Files.

VSMF ... 1,500,000 catalog pages,
5,200 manufacturers, millions of com-
ponents and materials, indexed by
product for side-hy-side comparison.
The VSMF Defense Design File, alone,
contains over 250,000 pages from de-
fense manufacturers. And, there's a
file for OEM, too. In all, Information
Handling Services produces 6 dif-
ferent VSMF files for industry and
government.

We know that when you design a prod-
uct you want to use the best compo-
nents and materials. And, to do this,
you need to compare all that is avail-
able. VSMF can help you in this com-
parison hecause VSMF supplies the
data on all products. You supply the
judgment.

Manufacturers who place their data in
VSMF know this and invite compari-
son. The constantly changing ““state of
the art’" is reflected in the pages of
VSMF.

If you have VSMF in your company,
look into it. If you don’t, you might look

into that, too. Write for “’Looking in-
to VSMF.”

S35

Infor'mat:mn
HANDLING SERVICES, INC.
Dept. E-724

Denver Technological Center
Englewood, Colo. 80110

William H. B. Combs, Manager, Engineering Services, Relay Division, Leach Corporation, Los Angeles, uses the VSMF Defense Design File.
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Don’t try to sell her
on the challenging career
Hughes has offered you.

Just mention. ..

The climate. Often it's com-
pared with the Riviera’s. In
truth, Southern California’s
is better. Dryer in summer:
no mosquitos, little muggi-
ness. Balmy in winter: seven
hours of sunshine a day.
You'll save on galoshes!

About that challenging career . .. The Hughes Aerospace Divisions have
over 200 openings now for graduate engineers. Opportunities exist on
advanced projects and programs like ATS, VATE, TOW, PHOENIX,
Communications Satellites, and many others. Please send resume to:

136

Family fun. You literally can
ski and sunbathe the same
day here. Swimming pools
and ski runs are an hour
apart. The kids will love
mountain climbing, surfing,
sailing, desert rockhounding.
Every weekend’s a vacation.

Great schools. Some of
America’s most respected
school systems are in the
Los Angeles area. Also, many
fine city colleges; three
branches of California State;
U.C:L.A.; U.S:.C.; Caltech,
Occidental, Loyola, and more.

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS
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The good life. You can find
it in communities like West-
chester, Redondo, Playa del
Rey. Or Sherman Oaks, Ca-
noga Park or Pasadena. We
have literally scores of beau-
tiful residential areas within
easy reach of Hughes plants.

Mr. Robert A. Martin

Head of Employment, Dept. 30
Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City, California 90230






Chester’s growth through service

We can’t think of a more graphic way to portray “Growth Through Service”,
than the illustration on the preceding page. The dark roof area represents
Chester’s plant expansion during the past ten years . .. expansion made
necessary by the increasing requirements of our many valued customers in
the electrical and electronic industries.

Actually, though, it’s what’s under the roof that counts: — The newest and
most advanced production machinery . . . expanded research and test facilities
. .. exacting quality control techniques . . . modern materials handling |
systems . . . and most important — experienced people, skilled in the A ,
manufacture of Plasticote® Wire and Cable. '-\ | i
J
h f

Today . . . while we plan for the future . . . we still continue to meet industry’s ‘
present requirements with unequalled service. The ultimate ingredient of ’

this service is the most important facet of Chester’s story of growth . . .
the close, personal attention to each customer’s requirement. ”

CHESTER CABLE CO.

DIVISION TENNESSEE CORPORATION, CHESTER, NEW YORK 10918

A SUBSIDIARY OF CITIES SERVICE COMPANY
PHONE: (914) 469-2141 TWX (914) 469-9801

Printed in U.S.A.



Weston solid state relays
make electromagnetic relays
look like antiques

Now the “mechanics” has been taken out of adjustable
relays and replaced with rugged, reliable solid-state
circuitry. As a result, these three new Weston relays
not only look modern, they offer solid-state performance,
too...the kind that eliminates rejects and puts more
money in your pocket.

Model 1062 is fully adjustable over its entire 320° scale,
includes a trip indicator and zero adjustment on the
front panel, and features a self-contained differential
amplifier, power supply and SCR switching circuit.
Model 1066 is a Dual Set Point Relay with a synchroniz-
ing circuit for time-sharing between channels. Either

model can control a full amp at line voltage with %%
repeatability, 2% accuracy, and selectivity as low as 1 ua.

"“Value engineered,” low cost Model 1067 is designed
for 28-volt dcoperation and has a load rating of 500 ma
at 50 watts ac. All three relays are dust-free, vibration-
proof, and operate from 0° to 50°C.

Find out what solid-state technology has done for the
relay. Get complete details from your Weston distributor
today, or write: Weston Instruments, Inc., Weston-
Newark Division, 614 Frelinghuysen Avenue, Newark,
N.J. 07114, a Schiumberger company.

WESTON® prime source for precision...since 1888

WESTON-ARCHBALD + WESTON-HATBORO » WESTON:NEWARK * WESTON-POUGHKEEPSIE

~— Circle 138 on reader service card

WESTON-LEXINGTON + WESTON-TRANSICOIL + WESTON-GARWIN CARRUTH « WESTON-CANADA

Circle 139 on reader service card 139



6 WEEKS DELIVERY...NEW LOWER PRICES... —

due to CTS automated production techniques
and the industry’s biggest output.

Consider these CTS Cermet Pot characteristics:
1. 20 Q to 5 megohms resistance range.
2. Greater power/size ratio. (See captions.)

Series 400
1-3/64" dia.

r___-—m 3 watts @85°C
Series 500 2

3/4" dia.

1-1/2 watts @85°C

Series 600

1/2" dia.
3/4 watt @85°C

3. The environmental stability & higher wattage rating of wirewound.

X

4. The wide resistance range & infinite resolution of carbon. Series 550

5. Extremely high temperature capabilities.

6. Stability under extreme humidity.

7. No catastrophic failures. w“'
8. Low noise. Long life.

3/4" dia. s :
o Series 2-500
2 watts @70°C 3/4 " dia.
1-1/2 watts @85°C

Series 385 .
11/32" dia. Tandem Series 500

1/8 watt @125°C

For P.C. applications
Series 600PC
1/2" dia.

9. Exceed MIL-R-23285 (Navy) metal film; far exceed MIL-R-94B. = 3/4 watt @85°C

Specify from the broadest line
of thick film controls available.

For P.C. applications
3/8" dia.
1/4 watt @125°C

Series 630
1/2" dia.

New low prices begin at $1.35 each in large quantities. 1/2 watt @85°C°

Circle 140 on reader service card

Request Cermet Catalog.
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Probing the News

Air traffic control

FAA lies low as aerial jam worsens

Agency plods ahead with a semiautomatic system for enroute control,
but largely ignores the increasingly dangerous snarls above airports

Air traffic control is apparently like
the weather: everybody talks about
it, but nobody can do much about
it—least of all the Federal Aviation
Administration, the Government
agency charged with the responsi-
bility.

Over the next five years, the raa
will sink an estimated $500 mil-
lion into hardware for air traffic
control, but this vast outlay won’t
go very far toward relieving air-
lane congestion around airports.
The agency is concentrating its re-
sources on the semiautomatic Na-
tional Airspace Svstem of enroute
centers where there are relatively
few difficulties, and is neglecting
the more critical problems of ter-
minal control.

Some aviation experts go so far
as to label the alphanumeric dis-
play, which is the heart of the Na-
tional Airspace System, “a hoax”
on technical grounds.

Lost in the stars. As any sea-
soned air traveler will attest, air-
space around metropolitan airports
is jammed intolerably close to ca-
pacity. “The most respected seers
predict that air traffic delays in the
New York area will approach in-

finity sometime between January
1969 and 1973, says Horace E.
Wood, president of the National
Business Aircraft Association.

There is some evidence that even
raa officials are catching on, if not
up, to the implications of their pre-
dictions for a continuing boom in
air traffic. “If we had the National
Airspace System implemented to-
day, it wouldnt seem too soon,”
says James H. Mollenaur, deputy
associate administrator for devel-
opment at the Faa.

But barring a public outcry over
a series of disastrous crashes or un-
bearable jam-ups, it seems unlikely
that the agency will move with
anything more than its customarily
deliberate speed in dealing with
traffic control problems.

1. Bill of particulars

Industry has long. been sharply,
if discreetly, critical of the raA’s
meager efforts in this area. Many
electronics concerns assert, with
considerable justification, that an
efficient, automatic, and safe ter-
minal system could have been im-
plemented years ago. But, a num-
ber of manufacturers that have de-

First aid

Next month, the Federal Aviation Administration will hold
conference with electronics firms to brief them on requirements for
terminal air traffic control. No date has yet been set for the day-long
conclave, which will take place in Washington under the aegis of the
procurement division of the National Airspace System Program office.

In the past, the ¥aa has held a number of prebidding conferences.
However, these meetings covered extremely broad areas and were at-
tended by representatives of many industries. The August briefing will
concentrate on the automation of air terminals and be directed specifi-
cally at the electronics field. The raa’s aim is to help companies plan
their future bidding before requests for proposals are published.

its first
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signed or developed systems claim
it'’s virtually impossible to sell the
Faa a new idea of any kind—much
less one involving air traffic con-
trol. Among the more serious
charges from the private sector:

= The raa has developed an in-
house capability it believes can
solve all of its problems.

= Inadequate projects like the
National Airspace System absorb
an inordinate amount of research
and development funds.

=The agency’s rule against sin-
gle-source procurement discrimi-
nates against those who have de-
veloped proprietary systems.

= Manufacturers cannot afford to
do business with the agency be-
cause of the possibly exorbitant
penalties involved.

Rebuttal.  Answering  these
charges, Mollenaur says, “I don’t

know of any Government agency
more receptive to ideas than the
FAA. If industry can develop a sys-
tem on its own, we'd rather have
it do it. As a matter of policy,
the raa does applied research but
no fabrication.”

But a West Coast electronics ex-
ecutive says: “The Faa is the
toughest Government agency to do
business with. Their inspectors are
nitpickers and just unreasonable in
general. Other agencies don’t hesi-
tate to put the pressure on, but the
raa will go farther in forcing a firm
to meet the letter of a contract. I
have seen the raa actually force
several small companies out of
business.”

Another  electronics  official,
whose company refused to deal
with the raa after suffering through
some contract problems a few
years back, notes that raa agree-
ments always include an unlimited
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...the NAS s essentially the same as
systems that were used 30 years ago...

“liquidated damage clause.” By
contrast, Pentagon damage provi-
sions are limited to 25% of the
contract’s value.

Some companies stand up for
the raa, albeit obliquely. “Devel-
oping air traffic control systems and
techniques is necessarily a slow
process because the raa has a very
responsible and  wide-reaching
job,” says Michael Nothman, senior
technical specialist at ITT Gilfil-
lan Inc., a subsidiary of the Inter-
national Telephone & Telegraph
Corp.

Wide reaching or not, the raa
has little to show for 16 vears of
effort in the field of air traffic con-
trol. Moreover, its record for avail-
ing itself of practical technology
isn’t inspiring.

The sins of the fathers. In 1951,
the Civil Aeronautics Administra-
tion, the raA’s predecessor, began
studying the possibility of auto-
mating air traffic control. By 1956,
the caa had installed a computer
at its Indianapolis ATCc center to
provide printouts of flight data.
Nothing much came of this project.

Government officials blame a
“wrong approach” for “eating up”
the 1957-61 period. Incredibly,
however, approximately the same
procedure—automation of only one
part of the control system—has
been adopted to implement the
National Airspace System. Though
the raa is fond of lauding the “au-
tomation” of Nas, the system is ac-
tually semiautomatic. And with the
exception of some data stored by
computers and displayed automat-
ically on radar scopes, it is essen-
tially like the atc systems used 30
years ago.

Explaining its decision to con-
centrate on enroute, rather than
terminal, Atc problems, the raa
says that vears ago it did more
development work on the former.
As a result, the agency felt the
National Airspace System would
be simpler to implement. This sort
of rationalization makes at least as
much sense as looking for a lost
coin where the light is best.

Screen test. The raa has thrown
its resources behind a system that
displays luminous blocks of data
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on aircraft flying between U.S.
cities. The data blocks, called al-
phanumeric tags and displayed on
controllers” radar scopes, automat-
ically follow the correct radar blips
until the planes are through the
area covered by the center. The
system was designed to reduce
controllers’ workloads, but many
observers feel that radar screens
will be cluttered and that blips will
merge when aircraft are stacked
one above the other.

If, as some observers charge, al-
phanumerics are a hoax, they're go-
ing to be a costly one. The Faa
recently awarded a $22 million
contract to the Burroughs Corp.
for 177 digitizers to convert radar
signals into computer data, and a
$44 million contract to the Ray-
theon Co. for computer display
channel gear.

I1. Leadoff

The enroute Atc center in Jack-
sonville, Fla., is scheduled to be-
come the first operational semiau-
tomatic station in the U.S. some
time next year, and the first of 20
continental centers, each costing
between $12 and $18 million, in
the National Airspace System. In
the unlikely event that everything
goes as planned, the network will
be completed in 1972.

One hitch has already developed.
Two of the first four common digi-
tizers earmarked for Jacksonville
were preempted by the military and
shipped to Vietnam. The diversion

will limit the Florida facility’s ca-
pacity until as late as December
1968 [Electronics, May 15, p. 51].
A duplicate of the Jacksonville
center is being installed at the Na-
tional Aviation Facilities Experi-
mental Center (Nafec) in Atlantic
City, N.J., for the purpose of test-
ing systems, developing proce-
dures, and training controllers.
Overhaul. Some of the system’s
components at Jacksonville are
what the raa describes as “interim”
or “stopgap” hardware. A number
of subsystems, including radar-
bright display equipment, alpha-
numeric generators, computer en-
try and readout equipment, and
the data filter apparatus, will even-
tually be replaced by a single com-
puter display channel unit. The
retrofit will not, however, occur
before 1975 at the earliest.
While the raa plugs away at its
semiautomatic enroute centers, ter-
minal problems are becoming criti-
cal. High on airports’ shopping
lists are: navigation systems, ac-
curate to within 200 feet, that can
guide aircraft through the crazy-
quilt noise-abatement patterns near
runways. But the agency has no
continuing program to devc]op a
ground-air terminal navigation sys-
tem. The standard very-high-fre-
quency omnirange tactical air navi-
gation (vortac) systems at airports
are simply not precise enough to
assure either efficiency or safety.
Incorporation of distance-measur-
ing equipment at a vortac site adds
little in the way of accuracy. Traf-
fic controllers must still tell pilots
by radio when to turn, hold posi-
tion, and proceed; and, often, the
pilots don’t know just where in the

False starts

During the period from April 19, 1965 through April 28, 1966, the
Federal Aviation Administration set some sort of record for confusion
by issuing three requests for quotes for an air traffic control system.
The first was canceled less than two months after issue because the
specifications were too vague. Since nobody knew what was called for,

the agency didn’t get any bids.

On its second try, which attracted a flock of eager bidders, the Faa
was only slightly more successful. Finally, the agency had to issue
a revised request—the third in the cycle—because it discovered the
equipment it sought on its second go-around was too expensive for

its budget.

Raytheon eventually got a $44 million contract for computer display
channel equipment. But by the time the prize was finally won, at least
four of the front runners in the second-stage bidding had withdrawn

from competition for the third.
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Now, your Babcock 10 amp. full size crystal
can relay will also switch dry circuit with the
same set of contacts. These exclusive universal
contacts have greatly simplified your relay
stocking requirements. You can order one
model to meet a given set of performance pa-
rameters without concern for load requirement
—at no cost premium. Get complete informa-
tion about this versatile relay, and the entire
Babcock line, all with universal contacts.

Write Babcock Relays, Division
of Babcock Electronics Corpo-
ration, 3501 Harbor Boulevard,
Costa Mesa, California 92626;
or telephone (714) 540-1234.

o

with the
same contact set

The Babcock Model BR7 relay
will perform from dry circuit to
10 amps., with universal contacts,

PRTK~3008 1. 55y

A and is designed to meet critical
ey aerospace applications.
SPECIFICATIONS
SIZES PULL-IN POWER!:
1.300” h. x 1.075” 1. x .515” w Low as 80 mw.

WEIGHT: LIFE:
Approx. 1.0 oz. 100,000 operations, min.

CONTACT ARRANGEMENTS: TEMP. RANGE:
SPDT and DPDT —65°C to +125°C

FROM THE BABCOCK FAMILY OF CRYSTAL CAN RELAYS

<
2

R A8

TWICE SIZE FULL SIZE HALF SIZE SIXTH SIZE
4PDY DPDT SPDT & DPDT | SPDT & DPDT
dc to 10 Amps. | dc to 10 Amps. | dc to 2 Amps. de to 1 Amp.

WATCH FOR BABCOCK RELAYS ON THE EDN MOBILE DISPLAY — SOON IN YOUR AREA.
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when
special
cables

short-
circuit
your
production

call
Columbia
Wire?Y

When immediate delivery
of special cables—any type
up to 2” in diameter—

will keep your production
running smoothly and
profitably, call Columbia
Wire. Chances are we have
the know-how and
facilities for producing it

for you . . . fast!

Try us and see.

Write for our
fully illustrated
. catalog

WIRE PRODUCTS COMPANY
2850 Irving Park Rd. * Chicago, Ill. 60618
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. . . the FAA won’t admit that 3-D radar
could serve as a backup for beacons . ..

air they are.

Federal safety regulations spec-
ify that aircraft be three miles
apart when landing and 30 sec-
onds apart when taking off. But
this rule is often bent by the con-
troller when traffic loads become
heavy. A computerized system
would permit the raa to reduce
minimums and enable air traffic
controllers to get planes up and
down faster.

The Airborne Instrumentation
Laboratory, a division of the Cut-
ler-Hammer Corp., developed one
such system for the raa. It had a
general-purpose  digital computer
for mathematical calculations and
data storage; input equipment to
put the controller’s requests into
a computer format, as well as out-
put equipment to convert the com-
puterized data to a form suitable
for display; and command and con-
trol displays for the controller’s use
in directing aircraft off runways.

Computerized systems that could
automatically control the move-
ment of aircraft on and off a run-
way were available in 1963. They
were evaluated but discarded by
FAA engineers.

Alphanumeric techniques have

been available since 1957. But it
wasn’'t until 1961 and the Project
Beacon report that such methods
were taken seriously. The first
units installed at Kennedy Inter-
national Airport in New York aren’t
scheduled to be operational until
late this vear. Chicago, Los An-
geles, and the Oakland-San Fran-
cisco airports won't have working
svstems until 1971.

Gremlins. An raa-approved al-
phanumeric system is operating at
the enroute traffic control center
in Lake Ronkonkoma, N.Y. There
are still a few bugs—aircraft re-
sponding to interrogation signals
from the ground open electronic-
ally controlled garage doors and
cause clutter on radar scopes.

Low- and medium-density air-
ports may one day be equipped
with the an/Trx-42, a beacon in-
terrogator being developed bv the
Whittaker Corp. Nine of the radar
processing and display svstems,
called Direct Altitude and Iden-
tity Readout, or pam, have been
funded under a joint Pentagon-
FAA contract.

The pamr system, though less
claborate than the beacon video
processor at the Faa’s enroute cen-

Faint praise

Lack of an effective and articulate advocate on Capitol Hill has been a
problem for the Federal Aviation Administration. Mike Monroney (D.
Okla.), chairman of the Senate’s aviation subcommittee, comes closest
to filling the bill. But he often proves an embarrassingly equivocal
champion.

Monroney believes the raa is “moving as fast as it can” in getting
an automated air traffic control system into operation. He feels, how-
ever, there has been a lag in putting older equipment into service while
waiting for a new system to be perfected and produced. Nonetheless,
says Monroney, the agency is getting as much money as it can use
effectively.

That sum is no small amount. The raa is down for $894.7 million
in the fiscal 1968 budget. But its research and development outlav is
$1 million below the fiscal 1967 level, which, in turn, was off $10
million from the prior vear.

On the other hand, the agency has no particularly virulent critics on
the Hill. One reason for this is the raa-administered aid-to-airports
program. This lucrative pork-barrel is anathema to the Aircraft Owners
and Pilots Association, which claims that most of the $890 million
expended under the plan during the past 20 vears has benefited the
commercial airlines rather than general aviation.

“The raa’s airport program has gone berserk during the last couple
of vears,” says ].B. Hartranft Jr., association president. “Scandal is
probably too strong a word to use, but disgraceful is too weak.”
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POSITIVE
BOWRENERGY

SWITGHING
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Mechanically actuated reed switch ... combines reed reliability with snap switch utility

All these features in one switch:
® long life*

® high operation rate (60 per second)

® low bounce time (300 microsec., typical on single throw)

® precise operating points (.165 + .015)
® low movement differential (.010 typical)

A completely new concept in switching low energy circuits,
Cherry’'s ‘‘snap/reed’ switch utilizes proven coil spring
snap-action movement to position magnets, providing a
positive push/pull drive of reed to open or closed position.

SWITCH CHARACTERISTICS

Operating Point

Pretravel. .

Overtravel

Insertion Resistance................. ... .. ... ..150 milliohms max.
Maximum D.C. Resistive Loads.. .. ... .3 Watts, 28 Volts, 110 M.A.
Maximum Sinusoidal Mechanical Operation Rate ... 60 per second
*Expected electrical life at 25% of full load—20 million operations on |
single throw—10 million operations on double throw.

BOUNCE TIME —M
S.P.N.O. S.P.N.C. S.P.D.T:
1.0 msec. max.

1.0 msec. max.
0.3 msec. typ. 0.3 msec. typ.

1.0 msec. max. | 3.0 msec. max.
0.3 msec. typ. | 1.0 msec. typ.
WRITE for detailed brochure on this new Cherry ‘‘snap/reed'" Switch
—today.

Open Contact

Closed Contact

CHERRY ELECTRICAL PRODUCTS CORP. ¢ 1656 Old Deerfield Road e Highland Park, lllinois 60035




TRANSISTORIZED

ALL MODELS: Full 4 Quadrant « =10V In and Out « =15 VDC
Supply * .5% FS Linearity (Max.) « Flatpack ¢ No External Amplifiers

SIZE: %" X 24" X 3%”

BANDWIDTH: 3 DB AT 100 Hz

STABILITY: 1% FS

TEMP RANGE: —25°C TO +85°C

IMPEDANCE: INPUT: 100K
OUTPUT: 5000

GAIN: FLAT TO %% DC — 15 KHz
PHASE: <1° AT 15 KHz
BANDWIDTH: 3 DB AT 30 KHz
SIZE: %" X 3%" X 3%"

STABILITY: (200 PPM =+0.5 MV)/°C
TEMP RANGE: 0°C TO +70°C

ULTRA-MINIATURE MULTIPLIERS
2.6 CU. IN. MODELS —55°C TO +85°C
MODELS 350MP4, 9380MP4

ALSO AVAILABLE N
MODELS 9743CP5 \}xz 4+ Y MODELS 9752CP2 SQUARER
9742CP5 ROOT MEAN 9748CP2 SQUARE ROOTER
SQUARER 9749CP5 Y XI —Y

9480CP5 DIVIDER
NEW CATALOG 675 NOW AVAILABLE SEE OUR PRODUCTS IN EEM

TRANSMAGNETICS inc.

134-25 Northern Bivd., Flushing, New York

Tel.: 212 539-2750 TWX 710 582-2472 j
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ter in Lake Ronkonkoma, operates
along the same lines. It processes
beacon radar data and paints
electronically generated alphanu-
meric tags next to the target
blips on the radar scope. The tags
have numerals to show which
transponder code the plane is
using, and can call out its altitude
if the plane has an automatic alti-
tude reporting capability.

In many ways the an/Tpx-42
interrogator will be similar to a
beacon data display system Whit-
taker tried unsuccessfully to sell
the Faa more than four vears ago.
The system was sold to West Ger-
many and several other European
countries, giving their aTc systems
an altitude-determination capabil-
ity that has yet to be achieved in
the U.S.

Safety valve. A three-dimen-
sional radar system could serve as
a backup for the beacons, feeding
radar-derived altitude and azimuth
information to the Atc computer
for storage and comparison with
beacon data. In the event of gar-
bled, overlapping, or unsvnchro-
nized returns, the computer would
display the radar data to the traffic
controller. It would automatically
display azimuth and altitude in-
formation on all aircraft in the
area, including private and busi-
ness planes, which don’t carry bea-
con transponders.

Three-dimensional radars suita-
ble for airport traflic control have
been built by the Maxson Elec-
tronics Corp., the Hughes Aircraft
Co., Avco Corp., and ITT Gilfillan.
Any of these companies could in-
stall a complete 3-D radar backup
system at a major U.S. airport for
less than $2 million.

Perhaps the most neglected arca
of air traffic control is ground con-
trol. Systems to guide a plane
quickly and safely from the land-
ing strip to the terminal don’t exist,
and the raa has no program to de-
velop any. Meanwhile, the traffic
jams around taxiways continue to
cause maddening delays.

A system for the detection and
control of aircraft on the runways
was developed in 1960 by the Air-
borne Instrumentation Laboratory,
and more recently, by the E.W.
Bliss Co. [Electronics, May 30,
1966, p. 38]. Both systems eliminate
the cacaphony of radio transmis-
sion between ground controllers
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Readouts clear up problems.

AR 9,0000000006 01

M END OF MOVE

" Polaroid c1rcular polarlzers clear up readouts.

It's never a problem to read read-
outs if they’'re equipped with Polaroid
circular polarizers. Our polarizers im-
prove readability from every angle by
increasing contrast. In daylight. Or
even in brightly lighted rooms.

Polaroid®

But now you don't have to take
our word for it. Send for our new bro-
chure, and we'll include 3 samples of
ourcircular polarizers (amber, neutral,
and green). They'll help you see very
clearly why many major display and

instrument manufacturers are now
using Polaroid circular polarizers.
Write Polaroid Corporation, Po-
larizer Sales, Department 59, Cam-
bridge, Massachusetts 02139.
Polaroid Circular Polarizers.




(Both are rugged, reliable and ready NOW for Advanced Aerospace Systems)

These new Bourns Power Supplies are not only the small-
est available, they are the toughest! Both are specifically
designed for advanced instrumentation systems where min-
iature size and exceptional environmental performance are
mandatory. The 14 cubic inch Model 3960, with an output
of 5VDC and 0-100mA, is ideal for multiple transducer excita-
tion; while the even tinier Model 3965 (5VDC, 0-5mA) is suit-
able for single transducer use.

Both models feature a completely isolated and regulated
DC output. Carefully designed circuits insure protection from
reverse polarity, short circuits, and overvoltage. Bourns
extensive experience in molding of plastics has resulted in
sealed modules impervious to moisture and salt spray. Other
outstanding environmental characteristics are wide tempera-
ture range of —55 to +100°C, 100 G shock and 20 G
vibration. High quality microminiature components are used
throughout the modules. Bourns Model 4210 Microtrans-
former is used in the converter circuits and a small TRIMPOT®
potentiometer adjusts the output voltage.

Bourns famous Reliability Assurance Program guarantees
performance by thorough inspection and test of each unit
and by periodic requalification to all published specifications.
All units receive a 100-hour burn-in prior to shipment for
added reliability.

As for delivery, these units are SHELF STOCKED. Con-
vince yourself how good these power supplies are. Send for
detailed technical data. Certified test data is available on
request.

SPECIFICATIONS Model 3960 Model 3965
Input Voltage Range 24-32 VDC 24-32 VDC
Nominal Output Voltage 5.000 vDC 5.000 vDC
Adjustment Range 4.9 to 5.2 VDC 4.8 to 5.2 VDC
Load Current 100 mA 5 mA
Line Regulation, 2432V 0.1% 0.3%
Load Regulation 1.0% Not applicable
Temperature Shift, max.

—55 to +100°C 0.01%/°C 0.01%/°C

Output Isolation at 100V 1000 megohms
Size T2 % 1% % B0*
Weight 0.60 oz.

1000 megohms
J3Y % B K S
0.24 oz.

BOURNS, INC., TRIMPOT DIVISION - 1200 COLUMBIA AVE. RIVERSIDE, CALIF.
PHONE (714) 684-1700 - TWX: 714-682 9582 - CABLE: BOURNSINC

TRIMPOT® AND PRECISION POTENTIOMETERS—RELAYS—MICROCOMPONENTS: TRANSFORMERS, INDUCTORS, RESISTORS AND CAPACITORS
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. . . powerful special-interest groups
exert opposing pressures on the FAA ...

and pilots by displaying surface
aircraft movements on a panel in
the control tower. Pilots get direc-
tions from lights at runway inter-
section.

111. Political pros and cons

The problem of air traffic con-
trol is closely linked with politics
and the bureaucratic nature of the
raA. “This is the price we pay for
democracy,” says one critic of the
agency.

Right now, it doesn’t look as if
this situation will change soon. Sev-
eral months ago, the Faa was
merged into the new Department
of Transportation, and the union
is off to a rocky start. Transporta-
tion Secretary Alan S. Boyd has
clashed with raa Administrator
William F. McKee over minor ad-
ministrative matters, and there is

minimum cooperation between the
agencies’ officials on the lower level.

Sunny side. Some optimists like
Mollenauer feel that the raa’s new
status will help aviation generally.
“One basic effect of our being
the Department of Transportation”
Mollenauer says, “will be the re-
quirement to interface our own re-
search and development activities
with other transportation activities,
such as airport-to-city communica-
tion.”

Air traffic woes are further ex-
acerbated by the often opposing
pressures exerted by powerful spe-
cial-interest groups. For example,
the Aircraft Owners and Pilots As-
sociation, with 138,000 members
operating some 80,000 private air-
craft, has a smoothly functioning
lobby in Washington. This group,
although in favor .of modernizing

ATc techniques, is against what it
terms “unwarranted” control. It op-
poses any moves that would re-
quire plane owners to install ex-
pensive equipment to fit in with
sophisticated control systems.

On the other hand, the Air
Transport Association of America,
the airlines’ trade association, is
backing the “secondary radar”
plan, which would involve the in-
stallation of costly transponders in
all aircraft.

“All in all, the matter of crowded
skyways is grossly exaggerated,”
says Victor J. Kayne, vice president
for policy and technical planning
of the Aircraft Owners and Pilots
Association. “Yes, there is conges-
tion at terminals, but a lot of it is
the result of airlines’ scheduling
flight departures at the same time.”

Kayne points out that the raa’s
computerized system isn’t fail-safe.
He claims that at least 15% of the
flight plans which are fed into
traffic control computers are “lost
somewhere.”

Editorial

FAA: the worst agency

The Federal Aviation Agency was

expectations, noisy fanfare, and
an atmosphere of crisis. The crisis
had arisen two years before when
a Twa airliner crashed into a
United Air Lines plane over the
Grand Canyon, killing all aboard
both planes. The accident brought
home the fact that crowded air-
lanes were becoming as hazardous
as the highways.

The new agency replaced the
Civil

age in which it ranked as the larg-

T. Pyle, an energetic

ineptitude, and stolidity,

his ineffectual agency.
The caa was beyond rehabili-

born on Jan. 1, 1959 amid great

Aeronautics Administration,
which had shepherded commer-
cial aviation from the era of barn-
storming over cow pastures to an

est commercial carrier of travelers
in the U.S. But in the process, the
caa had worn out. Its staff was
exhausted from battling bureauc-
racy and lobbies, and was steeped
in the attitudes of the Depression
years. Its last administrator, James
executive
frustrated by the staff’s lethargy,
com-
plained bitterly in 1958 that he had
tried unsuccessfully for two years
to fire one incompetent employee
as a first step toward overhauling

tation. A new agency had to be
created to tackle the critical prob-
lem of air traffic control with fresh
people, bright ideas, new technol-
ogy—and big money.

Its predecessor had been a poor-
relation kind of agency. Most of
its equipment was hand-me-downs
from the military services, or out-
right rejects. caa staff members
had found that innovation meant
trouble: every “new” piece of
equipment the agency’s air traffic
controllers received usually meant
that another piece of junk had
been unloaded on them.

The new raa would be different.
It would be technically oriented,
have its own strong development
staff, and operate its own research
facilities.

With the formation of the raa
came a giant blueprint to control
air space automatically. But barely
had the blueprint been drawn up
than the critics took aim at it.
Controllers thought it would un-
dermine their traditional king-pin
role; commercial airline pilots felt
it didn’t recognize that the real
kingpin was the man flying the
plane; private plane owners ral-
lied to battle any proposal that e
might weaken freedom of the air

—their freedom to go anywhere,
anytime,

Although the infant Faa made
an effort to recruit some talented
and dedicated staffers—and did in
fact hire a few such people—it
also took on large numbers of old
caa personnel. Outnumbered, the
new people were unable to offset
the torpor of the oldsters, and their
spirit soon wilted.

The new people might have had
a chance if the raa had ever had
aggressive management. But its
top staff has always been more in-
terested in politics, placating pres-
sure groups, and not rocking boats
than in air safety or technical ac-
complishment. The good people
spin their wheels.

Of all the thousands of Govern-
ment agencies, it would seem al-
most impossible to rate one as the
worst. Yet technical men who have
studied the air traffic control prob-
lem are willing to give that malod-
orous distinction to the raa. The
agency, born to perform great feats
of technical innovation, has turned
out to be weak, ineffectual, unim-
aginative, and apathetic.

The threat of mid-air collision
hanging over the U.S. when the
FAA was formed is still with us
—only worse than ever. And the
FAA is as far from coping with
this threat as it was on the day
it was founded.
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Space electronics

Bird in a gilded cage

Earthbound until its design accommodates sponsors’ diverse objectives,
multipurpose navigation satellite could open lush electronics markets

By Paul Dickson

Washington regional editor

Although the need for navigation/
traffic control satellites has been
clearly established and preliminary
technical objectives appear within
reach, the program may never get
off the ground. A lot of give-and-
take will be necessary to reconcile
the widely variant aims of special-
interest groups that will be using
the system.

To a great extent, the fate of the
system depends on the ability of

prospective users to agree on com-
mon goals. While there are no out-
spoken critics, there are those who
offer earlier, single-purpose alterna-
tives. It could well be that U.S.
sponsors could wrangle so long that
attractive substitutes will be de-
veloped. Already, the Communica-
tions Satellite Corp., for one, is
pushing hard for a division of la-
bor. It is studying the possibility
of launching a satellite to provide

surveillance of aircraft for air-
traffic control. In addition, although
twice rebuffed, Comsat plans on
renewing its pitch to the Federal
Aviation Administration for a very-
high-frequency communications
satellite that would link aircraft,
around stations, and the spacecraft.
“Should nothing be done with
aircraft communications until posi-
tioning techniques are estab-
lished?” asks E.J. Martin, manager

UNEXCELLED QUALITY
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AND CSA approval.

® 7960 slide switch combinations — 23
basic types.

o New rugged solder lug terminal, de-
signed for use with quick connectors.
e Uniform quality assured by automated
assembly.

e Electro-silver plated terminals and
contacts—shorting and non-shorting.

® Phenolic or nylon triggers in a variety
of colors.

e Write for engineering bulletin.
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of advanced systems analysis at
Comsat. “The answer is that we
should get c¢ommunications up
there as soon as we can get the
birds.”

Nonetheless, within the next few
weeks the National Aeronautics and
Space Administration will let a
mission-study contract that it hopes
will lead to the launching of multi-
purpose satellites by the mid-
1970’s. Such a system, which would
be designed to meet the require-
ments of commercial concerns,
Government agencies, and the mili-
tary, could prove a bonanza for the
electronics industry.

Old hat. Single-purpose navi-
gation satellites—earth-orbiting

spacecraft from which radio dop-
pler shikt measurements can be
made under all weather conditions
to pinpoint the position of a ship
or aircraft—aren’t new. The Transit
system that the Navy implemented
in 1959 can fix the positions of air-
craft carriers, submarines, and
oceanographic vessels within a few
meters. Now, the Navy plans to

expand Transit applications; it will
install satellite receivers aboard
more warships. In addition, the sys-
tem has been successfully tested
for use in aircraft and is now being
studied for use in civilian maritime
installations. And the Army Corps
of Engineers is evaluating a man-
pack system that receives signals
from Transit satellites with an eye

toward using the equipment to sur-
vey uncharted land areas.

However, a need still exists for
a universal system to handle the
staggering number of navigation
and traffic control jobs that will
have to be done during the next
decade and beyond. A satellite sys-
tem is the obvious choice. But un-
like Transit, which performs only

Getting the word from Sputnik :'

Ten years ago, when Sputnik 1 became the first orbiting satellite, two

scientists at the Johns Hopkins University’s Applied Physics Laboratory
devised a makeshift monitoring station to track the Soviet spacecraft.
During the three weeks Sputnik was on the air, the two-man team
plotted the signals and realized that the curve they were getting from
the doppler shift of the transmissions described the satellite’s orbit.
Atter further study, they concluded that by monitoring one pass of an
active satellite, orbital parameters could be accurately determined.

The findings of the two scientists, G.C. Weiffenbach and W.H. Guier, |
were examined by a colleague, F.T.
| process could be reversed and that the location of an earth station could
be fixed if the satellite’s orbit was known. Less than two years after
their jury-rigged tracking station had been set up, the Navy’s Transit
1-B was orbited at an altitude of 500 miles, confirming the hypothesis
that an accurate positioning system based on satellite signals was feasible.

McClure, who suggested that the |
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e Available in rods, sleeves, rings, spe-
cial shapes, up to 15” in length and 5”
in diameter.
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GUARANTEED UNIFORMITY
IN ELECTRICAL, PHYSICAL
CHARACTERISTICS

® Available in 2, 1, %2 and ¥ watt sizes.
® Uniform from resistor to resistor,
order to order. .

e 100% tested for resistance value.

e Same day shipment on 9 orders out
of 10.

e Solderability, load life and humidity-
temperature characteristic checked.

® |mpregnated to assure moisture resist-
ance.

o Write for literature.
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IS AMONSTER FEEDING YOUR BABY?

If “baby’” is a modern IC package, then it's all too likely that the associated
power supply is a big, old-fashioned monster. This needn’t be so — because now
you can re-fashion baby’'s power source to Technipower's new family of state-of-
the-art power modules! High frequency power transformation puts efficiency 'way
up around 809% — in dwarf-size packages — priced to fit your budget!

DESIGNED AND BUILT AS THE POWER SUPPLIES FOR MODERN MICRO MODULAR SYSTEMS
HF-80 Series: 30 Models, AC to DC, 4 to 60 VDC and up to 30 Amps. 0.1%
line and 0.39% load regulation, 0.3% rms ripple, 2:1 adjustment range.
Power to 360 Watts, Package densities in the order of 1.5 watts/in3, and
prices start at just $100.
HFT-SO'Series: 4 Models, AC to DC, 2.5-10.5 VDC and up to 100 Amps.
0.1% line and 0.39% load regulation, less than 30 mv rms ripple, 2:1 ad-
;bustttment range. Size for 100-Amp models is no larger than the average car
attery.
CF-80 Series: 18 models, DC to DC, 4 to 60 VDC and up to 6 Amps. 0.1%
line and 0.3% load regulation, 0.3% rms ripple, 2:1 adjustment range, full
input to output isolation. Unique flat-pack cases for chassis or card bin
mounting.
CM-95 Series: 14 models for DC to DC point of load regulation, up to 24
VDC and 1.5 Amps. These ice-cube size modules offer 0.5%, reguiation with
200:1 input ripple reduction, adjustable output voltage, short circuit pro-
ﬁe(;tnon, with either positive or negative output available. Best of all the price
is just $30 for any model, and much less in quantity.

Complete description, specifications, and prices are in the new 60 Page Techni-
power Catalog #671, available now. Ask your rep for a copy or write direct.

The catalog also gives you a complete fill-in on about 4000 power modules —
none by any means out-of-date.

TECHNIPOWER

A BENRUS SUBSIDIARY
RIDGEFIELD, CONNECTICUT 06877 PHONE 203-853-1201
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. .. aviation services
are most urgent ...

a single task for a single agency,
it will have to be a jack-of-all-
trades.

. Multifunctional

The space agency is overseeing
the early stages of the navigation/
traffic control satellite program.
Eugene Ehrlich, program manager,
says the system’s general mission
will be to provide useful services
for ships and aircraft moving from
one point to another. Although sub-
ject to additions and deletions, his
list of specific system capabilities
now includes:

= Position determination to an
accuracy of one mile or better de-
pending on users’ needs.

= Communications between air-
craft and ground stations and, pos-
sibly, open channels for passenger
use.

= Traffic control; a combination
of position fixing and communica-
tions services to enable ground-
based controllers to space aircraft
closer together.

= Collision-avoidance provisions
for aircraft; a central station to
monitor satellite data on positions
and to caution planes using the
same airspace via the satellite.

= Scarch and rescue; a central
station to get an accurate fix on
disasters and dispatch the ships or
aircraft nearest the scene.

= Radiation warning for super-
sonic transports; solar cosmic ray
detectors to transmit a signal from
the satellite whenever the energy
of incoming particles exceeds a cer-
tain level.

= Weather watch; sensors in-
stalled on aircraft to receive data
and transmit it to ground con-
trollers who would then use it as
an aid in suggesting routes for both
planes and ships.

Crowded skies. Generally ac-
knowledged as the most urgent
services, however, are those per-
taining to aviation—specifically, air
traffic control and communciation.
A 1964 raa report on air traffic con-
trol over the North Atlantic warned
that existing systems are inefficient,
unwieldy, and would reach satura-
tion within a few years. Rules call-
ing for 120-mile and 2,000-foot sep-
aration between aircraft—necessary
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because of inadequacies in the
present system—cannot be eased
until better means of navigation
are developed. The advent of
jumbo and supersonic transports
and the over-all growth rate of avi-
ation compound the problems.

The Philco-Ford Corp. is con-
ducting an aeronautical systems-
engineering study for Comsat.
Among other things, the report—
due in November—will include the
results of a computer analysis of
flight scheduling. Barry Mendoza,
who is directing this work, says
the number of flights daily across
the Atlantic will double by 1975
as will those across the Pacific.
In what Mendoza calls the vhf
gap—the area outside the 300-mile
effective range of vhf stations—
trafic density is an increasingly
acute problem. Planes operating in
these dead areas are forced to rely
on high-frequency radio—a notori-
ously unreliable communication
medium,.

I1. Preliminaries

In view of the critical nature of
the problems involved, NasA is con-
sidering requesting funds for its
fiscal 1969 budget to underwrite
the satellite program. But the first
step is the awarding of the eight-
month mission-study contract. “The
contractor, or contractors, will iden-
tify and evaluate various types of
systems and determine which con-
figuration has the best prospects,”
says Ernest Steele, project man-
ager at NasA’s Electronic Research
Center. “They will point out de-
ficiencies in existing technology
and define what should be devel-
oped to implement the most prom-
ising approach.”

Roster. There are 12 contenders
for the contract, including the Ad-
com Corp., Communications Sys-
tems Inc.,, Cornell Aeronautical
Laboratory, the Cubic Corp., the
General Electric Corp., the Hughes
Aircraft Co., the International Tele-
phone & Telegraph Corp., the
Lockheed Aircraft Co., the Martin
Marietta Co., the Radio Corp. of
America, TRW Inc., and the West-
inghouse Electric Corp.

Ehrlich is hopeful there will be
a national policy on the satellite
program the following summer.
Among those scrutinizing the study
will be representatives from the
Pentagon, the Department  of
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Something new under the sun!

Bissett-Berman E-CELL® Timers

pWATT ‘Time SINK" CIRGUIT
GIVES SUBTOTALS anD T0TALS

Problem: measure the operating time of major components of a system, while
also summing the operating time of the system. The old way: use two parallel
meters, with their readout gears. The new way: use the Bissett-Berman E-CELL*
“‘time sink’’ circuit below for a total up to 1000 hours (which can be read out in
30 minutes), in a matchbox-size package that: uses only 1/100 watt-hour; has
no moving parts; withstands mil spec shock and vibration; and is directly com-
patible with solid-state circuitry. Cost? a fraction of just one of the meters. Try

it yourself!

SUBTOTAL

E-CELL TYPE
400002

* The Bissett-Berman E-CELL™ is
a unique ‘‘liquid state''electrochemi-
cal timing and integrating component
now being manufactured in high vol-
ume on fully automatic production
lines. E-CELLs are designed for single
use or re-cycling, can be set or re-set
in the field, and are furnished in wire-
lead or plug-in versions. A multiple-
electrode E-CELL enables complex
functions such as two-phase timing
— or subtotaling and totaling — with
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VOLTAGE DROP ACROSS E-CELL (MILLIVOLTS)
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signal outputs at each step E-CELLs
can generate accurate time delays
ranging from a fraction of one sec-
ond to months; can integrate events

in the nanowatt range. Operating/
storage temperature is —55°C to

3
g from one to infinity; and can operate
x

» 75°C. E-CELLs have been tested and

approved by users for severe shock
and vibration tolerance in accordance
with military specifications. Patents

Actual size applied for.

For technical information and application notes, contact:

Components Division. The Bissett-Berman Corporation, B I SSE l l

3860 Centinela Avenue, Los Angeles, California 90066;
Telephone: Area Code 213, 390-3585.
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mary allce just turned (en

...0ul she fakes periect 3-dioil
polentiometric readings in seven seconds!

READ OUT RESULT
Only properly balanced digits will light.
Typical balancing time, 6-7 seconds!

THEN—BALANCE DIGITS
Arrows show you how, digit by digit,
up or down.

THEN—SET RANGE
If necessary . . . just follow the arrow.
Decimal point lights automatically.

FIRST—SET POLARITY
If necessary .. .the arrow tells you!

Child Prodigy? No, Mary Alice is a darling, but her mind’s
just average. However—she’s using a Biddle MENTOR™
Logic-Assisted Potentiometer, the world’s first and only
decision-free, error-prohibiting differential voltmeter.

All she does is to follow the lighted arrows (see film
strip). Until she balances a digit correctly, it won't light
up. If she goofs, an arrow guides her back on the track.
Which arrow? No problem—only one lights at a time!

What we did was to take one of our modern standards-
lab potentiometers, peel off the sixth digit, and add a sim-
ple (but fairly clever) logic circuit for the arrows...so that

Mary Alice could read to 100PPM as easily as an engineer.

It took Mary Alice less than two minutes to become a
zero-defects potentiometrist. We think the grown-up girls
on your production test line might do even better. Follow-
ing the arrow is really child’s play.

Biddle MENTOR instruments will restore your faith in
the human eye, hand, and brain . . . save you thousands
of dollars per test position per year . . . and return “confi-
dence,” “speed” and “efficiency” to your production-test
vocabulary. Call or write for literature . . . or for a com-
pletely convincing demonstration.

“MENTOR" is a trademark of the James G. Biddle Co. for certain of its

A

MENTOR

\ 4

electronic instruments, for which patent applications have been made.

JAMES G. BIDDLE CO. / PLYMOUTH MEETING, PENNSYLVANIA 19462

(Area Code 215) 646-9200
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...each agency sees the project
in asomewhat different light...

Transportation, the Treasury, the
Department of the Interior, and the
Commerce Department,

The interagency group will also
have at its disposal the results of
a two-year study of navigation
satellites now being conducted by
the National Academy of Sciences.
Heading the study is Peter San-
dretto, director of engineering con-
trols at rr&T. He says, “The naviga-
tion and traffic control needs of
three eras will be studied and re-
lated to satellite programs.” Pe-
riods to be reported on are the
present through 1975, 1975 to 1982,
and 1982 and beyond.

Diversity. Keeping a close watch
on the program’s progress is David
Rose, technical director of display
and navigation systems at West-
inghouse’s Baltimore, Md., opera-

tion. “Each agency sees this proj-
ect in a different light,” he says.
“The raa, for example, is looking
for a traffic control setup that will
tell it everything, while the mili-
tary wants a system in which no-
body knows the position of its
ships and planes.”

Guidelines. The agencies seeking
to establish a national policy on
navigation/traffic control satellite
systems will—at least to an extent
have their own precepts as guide-
lines. In May 1966, after two years
of deliberation, the Ad Hoc Joint
Navigation Satellite Committee re-
ported aviation needs were press-
ing and certain marine services de-
sirable.

Rejecting the idea of a satellite
solely for position determination as
too costly, the committee did rec-

Looking up. The Army is evaluating a manpack system that receives signals
from the Navy’'s Transit satellites, hoping to develop surveying equipment.
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Riding herd. Eugene Ehrlich manages
NASA'’s navigation satellite program.

ommend that a “system utilizing
satellites combining communica-
tion, air traffic control, and naviga-
tion functions—either separately or
in combination with nonsatellite
techniques—should be investigated
further.” The group also recom-
mended Nasa as the focal point for
future requirements in this area.
According to Ehrlich, the needs of
the various agencies have been con-
sidered in framing proposals for
the program.

I111. Perfect attendance

After a national policy is deter-
mined, attention must be given to
including private industry, foreign
nations, and international organiza-
tions, Says Ehrlich: “We will have
to have all or nearly all peoples
cooperating in the project. For
search and rescue we must have
all or nearly all ships in the system
and, of course, the same goes for
air-traffic control. It would just
about be impossible to have only
some aircraft involved in such a
program.”

The political factors aren’t lost
on industry. Comsat’s Martin is
particularly concerned about par-
ticipation: “If we are to introduce
a system for air traffic control in
which separation standards are
changed we must have 100% par-
ticipation. Even if the decision to
go ahead were given tomorrow and
the designs were complete, a sys-
tem couldn’t be operative until
1975.” Ehrlich is optimistic, how-
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Victoreen high-voltage vacuum tubes make ideal components
for switching circuits. . . as series or shunt regulators. .. as deflection
amplifiers .. .. or as inputs to pulse forming networks. Other uses
which can capitalize on their superior performance, longer life,
and compactness include — dunking, clamping, and crowbar circuits
Tube illustrated above, the Victoreen 6842 pentode with plate
voltages to 4 kV, is shown in a typical shunt regulator circuit
with two Victoreen Corotron corona type voltage regulators.
Other tubes in the Victoreen line include —

7683 — Triode or pentode with plate voltages to 1 kV

VX-80 —Triode with plate voltages to 4 kV

VX-76 — Pentode with plate voltages to 5 kV

7235 —Triode with plate voltages to 10 kV

7234 — Pentode with plate voltages to 10 kV

VX-707 — Beam pentode with plate voltages to 15 kV

VX-68 — Vacuum high-voltage rectifier with 28,000 PIV;
application as rectifier or clipper
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ever, and sees no reason why the
international part of the program
could not be worked out by the
United Nations, Comsat, or by
treaty. He does concede that the
difficulties involved in international
cooperation are greater than the
technical hurdles.

1V. Practically there

Ehrlich feels that with funding,
practical techniques and technol-
ogyv could be demonstrated within
three years. The feasibility of both
communications and position find-
ing by satellite have already been
determined. Earlier studies for
Nasa by  Westinghouse, Philco-
Ford, and cE indicated that ship
and aircraft positions could be
fixed by satellite on a worldwide
basis [Electronics, Feb. 8, 1965,
p- 79].

With position-location
developed, the problem becomes
one of choosing among available
techniques. Synchronous clocks in
the satellite could transmit a rang-
ing pulse at known intervals to a
craft, enabling it to fix its position.
Alternatively, fan-shaped signals
could be beamed from the space-
craft. Position could then be de-
termined by measuring the time in-
terval between signals. In addition,
interferometric antennas and a
range transponder installed aboard
the satellite could be used to deter-
mine longitude and latitude. A
transponder on the satellite could
also relay a craft’s signal to a com-
puting ground station, then return
a position fix provided by conven-
tional radio navigation aids.

But Ehrlich believes a ranging
scheme employing synchronous
satellites in an equatorial, or in-
clined, orbit holds the most prom-
ise. He hopes to see tests of rang-
ing techniques which will use Ap-
plications Technology Satellite-1
and the aTts-c, scheduled for launch
in November. Transponders in the
two spacecraft will transmit sig-
nals to a ship or plane. By clocking
the time the signals need to travel
from point to point, position can
be determined.

Numbers game. Another problem
will be deciding on the technique
that provides the most service to
the greatest number of users—eco-
nomically. There is, for example,
no consensus on just how many
satellites should be employed. Ini-
tially, ce proposed 24 for world-

concepts
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wide coverage; Westinghouse rec-
ommended eight. The Navy’s Tran-
sit system operates with three.
The practicality of communica-
tion satellites and aircraft has been
demonstrated in experiments with
Syncom-3 and ats-1. Ehrlich says
the navigation traffic control proj-
ect will use the ultra-high-fre-
quency L. band—1,540-1,660 mega-
hertz—because it is an available
area of the spectrum, will not in-
terfere with existing vhf operations,
and utilizes high-gain satellite an-
tennas. Electronics in general and
the aircraft antenna in particular
are hurdles that must be overcome
in developing an L-band system.
“Gain estimates for an L-band
antenna fall in the 12- to 25-decibel
range,” says Raymond Spence, the
raA’s chief of voice communica-
tions systems. “This necessitates a
steerable, directional array on the
aircraft. There is simply no such
animal today and while we have
no doubt that one can be produced,
there will be some fairly ticklish
technical considerations in getting
one that will ride on an aircraft.”
Once developed, the equipment
must be retrofitted on existing air-
craft. Philco-Ford’s Mendoza says:
“Even if design problems were at-
tacked immediately and there were
an acceptable design by 1971, it
would take from four to five years
for retrofit.” According to Mendoza,
aircraft manufacturers want to
know now what kind of harnesses
to design for the communications
equipment in future aircraft.
Within reach. The raa will ask
for funds in its fiscal 1969 budget
for an L-band system, and accord-
ing to Spence, Nasa may help in
the development of a communica-
tions system. The Faa is now en-
couraging several electronics firms
—including Texas Instruments In-
corporated, Westinghouse, and Syl-
vania Electric Products Inc., a sub-
sidiary of the General Telephone &
Electronics Corp.—to work on L-
band projects on an in-house basis.
Satellites for the program are en-
visioned by Ehrlich as ones which
will either be stabilized by a three-
axis gravity subsystem, to be tested
on the ats-p that is scheduled for
launch in 1968, or by an active con-
trol system of the kind used on the
Nimbus 2. Solar cells will provide
the power required for the electri-
cal system.
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We've got
ood connections in
high places

Surveyor, Mariner, F-111, OGO, X-15, Apollo, LEM, and most other
high flying programs rely on Cinch-Graphik printed circuitry for
dependable electronic interconnections. The lunar surface, or 6000
miles above Mars, isn’t the place to find out that circuitry doesn’t per-
form to specs. That's why Cinch-Graphik maintains complete in-house
facilities for NASA and MIL Spec testing. Cinch-Graphik’s unequalled
competence in producing single and multilayer printed circuits to
these stringent requirements uniquely qualifies them to produce
circuits for applications where “it has to be right”

CINCH-GRAPHIK

MEMBER
200 South Turnbull Canyon Road, City of Industry (Los Angeles), Calif. 91744 - Phone (213) ED 3-1201. Sales
THE CINCH| offices in 33 principal cities throughout the United States, Great Britain, Canada, Australia and West Germany,

(LECTRONICS |

CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONADNOCK, CINCH-NULINE, UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT,
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Go modular
the easy way

This entirely new approach to modularization is the AMPMODU* Interconnection
System. It permits almost unlimited design flexibility, high production speed, and
economies resulting from automation and low per line cost.

Specifically designed for modular applications using printed circuit boards, it
enables mounting module cards at 90° to a mother board, stacking them, or
putting them end to end. The female contacts may be staked directly to a printed
circuit board or enclosed in molded housings. Male contacts may be staked
directly to a printed circuit board, used in nylon incremental connectors, or
mounted with nylon bushings in aluminum grid plates. Two sizes of contacts are
available: the standard size, which uses .031 x .062” posts for mounting on .156”
centers, and the miniature size, which uses .025 x .025” posts for mounting as
dense as .100”. Electrical and mechanical efficiency are enhanced by the simplic-
ity of the female contact design, which includes dual cantilever-beam springs for
redundant contact action and anti-overstress devices to ensure reliability. The
long life of the phosphor bronze contacts is a result of AMP’s special gold plating.
New modular ideas don't have to dead-end at the design stage. For information

on how you might use the AMPMODU Interconnection System to modularize your
product and lower your costs, write us today.




Automatic machines can stake contacts to
printed circuit boards at rates of up to
1800 an hour

Miniature AMPMODU contacts may be
mounted ten to the inch

The AMPMODU female contacts may be
mounted in one of three ways for modular
connection versatility

A. AMPMODU Male Incremental
Connectors

B. Miniature AMPMODU Female
Contacts in strip form

C. Standard AMPMODU Female
Contacts in strip form

D. Miniature contacts in two-row
housings

E. Grid Plate Header

F. Horizontally staked AMPMODU
Contacts with incremental
connectors

G. Vertically staked AMPMODU Contacts
H. Flexible tape cable AMPMODU
Connectors

I. Molded-in AMPMODU Pin
Header and printed circuit board

connector

J. Miniature Crimp-Barrel

AMPMODU Female Contacts

K. Individual Standard AMPMODU INCORPORATED
Female Contacts Harrisburg, Pennsylvania

A-MP+ products and engineering assi are available through y ies in: Australia - Canada « England « France « Holland - Italy - Japan « Mexico - Spain « West Germany  *Trademark of AMP Incorporated



Here’s the new printed circuit;
manufacturing process’
that eliminates costly
through-hole electroplatin

...and opens the way to

- denser
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patterns for your
circuit boards...and
reliable IC packaging.




*We call it NT-1.

And the process is as simple as:
a. A catalytic copper-clad laminate.
b. Electroless deposited copper.
c. A permanent non-registered solder mask.

These are the three unique Photocircuits’
developments which, when combined with

conventional manufacturing techniques, provide

circuit boards that satisfy the denser packaging
requirements of integrated circuits. Now you
can have highly reliable plated-through circuit
boards without the need—and expense—

of electroplating.

For example: fine line patterns and small
diameter plated-through holes (down to 20 mils
on 50-mil centers) can now be produced at
much lower cost.

That’s not all. Problems which might occur in
conventional plated-through boards, such as
solder bridging, undercut, and slivers from

Photocircuits:

CORPORATION

Glen Cove, New York 11542
Phone: (516) 676-8000

@

* NT-1
Patent and Patents Pending

Electronics | July 24, 1967

plating overhang, are completely eliminated
by NT-1.

Find out more about the new process that
satisfies present IC packaging requirements,
and anticipated future needs as well. Mail the
attached coupon today for complete
information on NT-1.

(b) Typical section of an NT-1
plated hole with uniform electro-
less deposition of copper.

(a) Typical section of an electro-
plated hole, showing heavy build-
up of metal plating at the orifice.

1. Transparent solder mask.

2. Foil clad copper.

3. Catalytic laminate.

4. Electroless deposited copper.

Photocircuits Corporation
31 Sea CIiff Avenue

Glen Cove, N.Y. 11542
Attn: Dept. 107

Pleasc send me literature on your NT-1 process..

Name

Company

Address

City State Zip Code
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23 new TTL
circuits from TI

Series 54/74 features three levels of speed and power dissipation

Typical Characteristics Gate Flip Flop Typical Characteristics Gate  Flip Flop Typical Characteristics Gate  Flip Flop |
Propagation delay 6 nser 17 nsec Propagation delay 13 nsec 40 nsec Propagation delay 33 nsec 47 nsec
Power dissipation 22mW 80 mW Power dissipation 10mW 60 mW Power dissipation 1mW 3.8 mW
Noise immunity 1y 1V Noise immunity 1V 1V Noise immunity 1V 1v
Fan-out Fan-out 10 10 Fan-out [
Standard loads 12 12 Standard loads 1 1 |
High-speed loads 10 10 Lower-power loads 10 10 1
i

16 Series 54H/74H high speed
circuits feature 6 nsec
propagation delay

This line offers the highest speed
available in saturated logic. .. six
nanoseconds per gate. Applications
include critical portions of digital
systems such as high speed compu-
tation and data processing sections.

Series 54H/T4H circuits may also
be combined with standard and low-
power TTL circuits in a single sys-
tem ... giving you the advantage of
speed where it is required while
keeping system power consumption
low.

Sixteen circuit functions include
AND gates as well as NAND so
vou can design simpler less costly
systems.

Circle 210 for data sheets.

162

27 standard Series 54 /74
circuits include 3 new devices
for added versatility

Standard Series 54/74 integrated
circuits offer a combination of speed
and power dissipation best suited
for most applications. When used
with the new high-speed and low-
power circuits, they provide today’s
system designer with unprecedented
flexibility ... in selecting speed and
power requirements.

Twenty-seven circuits are offered
in the standard line, including manyv
complex-function devices that per-
form up to forty gate functions.
These complex-function circuits
enable you to cut costs while sim-
plifying system design and improv-
ing reliability.

Circle 211 for data sheets.

New series 54L low-power
circuits feature 1 mW per gate
power drain

This line of four circuits features
power requirements less than one-
tenth that of standard circuits...
vet speeds are approximately twice
as fast as other circuits with similar
power dissipation.
TI’s Series 54L/74L
specifically designed for space sys-
tems, avionic

circuits are
systems and other
applications where power consump-
tion and heat dissipation are crit-
ical. They may be combined with
standard and high-speed Series 54
74 circuits to provide almost any
desired speed/power dissipation
combination the
requires.

Circle 212 for data sheets.

system designer
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New standard-line additions
reduce cost, improve performance
of systems using Series 54/74 TTL

With three speed ranges, three
power dissipation levels, two lead
arrangements, two packages, and
two temperature ranges, TI’s Series
54/74 family of 47 TTL integrated
circuits is industry’s most versatile
and complete logic line. All circuits
use the same 5 Volt supply voltage
and all use the same familiar TTL
design rules.

Here are three new additions to
the standard line that open the way
to further cost reductions and im-
provements in performance.

SN7475 quadruple bistable latch
replaces four flip flops

_ CLoCK Q)
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B s e
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o | o |

wc

Q Qe 0
D _CLOCK]| | |cLock D
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1 1 c'gocT( Ve 3 4 4
4

This specialized circuit was de-
signed for readout tube applica-
tions. When used with the SN7490
decade counter and the SN7441
decoder/driver, the SN7475 will en-
able you to realize substantial sav-
ings in overall system costs.

This latest addition to TI's grow-
ing group of complex-function cir-
cuits features a propagation delay
of 30 nanoseconds. Power dissipa-
tion is 40 milliwatts per latch.

Circle 213 for data sheet,

SN5401 NAND gaie features
open collector output for
“Wire-OR” logic

This circuit enables designers to
employ the economical “Wire-OR”
logic function to simplify system
designs. With the open collector out-
put, the “collector-OR” function is
built-in, permitting outputs to be
connected directly.

o —0
Vee Vec
$
b3
<
Standard Ope%gt%lllﬁctor

Jefore this circuit was developed,
“Wire-OR” logic could only be used
with DTL and RTL circuits. Now
system designers can take advan-
tage of this simplification and still
benefit from the speed, economy and
noise immunity of TTL.

Circle 214 for data sheet.

SN5402 NOR gate reduces
package count and

propagation delays

Here is a quadruple 2 input NOR
gate that performs the “Not-OR”
logic function directly. It eliminates
the need for three or four NAND
gates, making possible a 100 per-
cent speed improvement as well as a
67 percent reduction in gate count.

Y=a+8 =

Designers may use the SN5402
with other Series 54/74 circuits. ..
including complex- function types
...to reduce overall system costs
significantly below that possible
with any other logic types.

Circle 215 for data sheet.

No other high-performance 1C
family is as complete, versatile and
economical as Series 54/74 TTL
from Texas Instruments. For more
information, contact your nearest
TI field sales engineer o
or authorized distribu- 0
tor, or write P. O. Box
5012, Dallas, Texas 75222.

TEXAS INSTRUMENTS
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An APL Circuit Protector-

will rupture a fault of 5,000 amperes at 240 volts!

SRR e

provides a time delay for every demand!

\"\.

is entirely magnetic — no heater elements!

B

Tripping coils can be completely isolated!

Pwml .

Gang every circuit together!

T

)[R
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PROTECTOR TO HARDWARE
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AIRPAX ELECTRONICS

CAMBRIDGE, MARYLAND ® 301-228-4600
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New Products

New instruments

Digitizing synchro data
faster, more accurately

Inductive dividers are used by solid state converter

to maintain stability and reliability over long periods

When selecting a synchro-to-digital
converter, an engineer has had to
make a compromise: if he wanted
great accuracy he sacrificed speed;
it he wanted speed, he sacrificed
accuracy.

Such a compromise is no longer
required with a new synchro-to-
digital converter whose speed is
100 times faster than any other on
the market. By making the conver-
ter electronic, with unusual solid
state circuitry instead of synchro
motors, North Atlantic Industries
Inc. has built an instrument that,
if it were mechanical, would have

That means the device can run at
very high speeds and still maintain
great accuracy: 0.01° at a tracking
rate of 2,000° per second in model
545. Other models have even
greater accuracies and higher
speeds: up to 0.001° resolution and
tracking rates of 5,000° per second.

The new unit will be used in a
variety of military and industrial
applications where accurate infor-
mation has to be fed speedily into
a computer for real time or near
real-time processing. It will trans-
late analog position information
from machine tools, radar antennas,

the same inertia as a pinhead. telescopes, gyroscopes, and air-
______ =0
_ ["36,000 RATIOS ™ |
|
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| Y b Ty il |
BRIDGE T0 UP/ DOWN ) MEMORY
DIGITAL— OUNTER AND PULSE
DISPLAY GENERATOR

TO

DIGITAL COMPUTER

Imbalance at work. Error voltage caused by bridge imbalance drives pulse
generator. Output pulses feed an up-down counter to advance digital display.
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Solid state. Synchro-to-digital conver-
ter undergoing evaluation. Use of
IC’s minimizes size and weight.

craft and satellite simulators into
digital format. Or it can be used on
a test bench to read shaft angles
accurately just as a digital volt-
meter reads voltages.

Inductive networks. In addition
to the solid state circuitry, North
Atlantic’s new design incorporates
inductive voltage dividers instead
of traditional resistive networks.
Any synchro-to-digital converter
that is to have high accuracy oper-
ates on a null-balancing principle;
data from the resolver is fed
through a Scott-Tee transformer to
a bridge circuit. Accuracy depends
on the stability of the dividers and
the null-sensing circuit that fol-
lows.

Since the accuracy of inductive
dividers depends solely on turns
ratio, it isn’t affected by age or
temperature—a common failing of
resistive networks. In addition, the
high input and output impedances
of inductive dividers help reduce
loading errors. Over-all, compared
to resistive dividers, the inductive
dividers can improve accuracy and

165



Introducing
the D-ranoed

0.01% DUM.

r fges-gate
-0 & s.0 § Li A ‘

Floses =

the onlv crazv thing
about it is the price.

Trymetrics' D-ranged DVM has true
.01% accuracy with sensitivities to
10 microvolts and a choice of 9 plug-
in heads starting as low as $640.

$6407?
$640! with 103 plug-in head!
Basic units start at $595.

»

And that’s not all. Check these Try-
metrics features ® Full 4 digit reso-
lution plus overranging. ® Resolution
to 10xV. ® Accuracy +0.01 of reading
*=1 count. Automatic polarity and
overscale indicator. ® High common
mode rejection. ®* Manual and Auto-
matic Ranging plug-in heads. = All
silicon solid state circuitry. ® Opera-
tion up to 50°C. ® Sampling speeds
up to (10) samples/second. * BCD
printer output (optional).

CHOOSE FROM 9 PLUG-IN HEADS

R

DELIVERY FROM STOCK
e ON MOST MODELS

(Q\} Models 103—104—105

L Single range plug-in heads
10V, 1V, 100MV
L 1 1]
-

%

PIS
Yy
Models 300A-400A-500A \O
3, 4 and 5 automatic range -
plug-ins; 10uV—1000VDC -

Models 300M—
400M—500M

s g 3, 4 and 5 manual
range plug-ins;

10 #V—1000VDC

Prices Higher in Europe
If you'd like to be considered crazy
(like a fox), write now for specifica»
tions or a demonstration.

TRYMETRICS

Corporation

204 Babylon Tpke., Roosevelt, L.I., N.Y.
Phone 516—378-2800 11575
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... capacitive memory operates counter, assuming
next error won’t differ from the previous one. ..

stability 10 times—and at the same

cost,

1. Dissecting the circuit

When the bridge of North At-
lantic’s instrument is unbalanced
by an input signal. the error volt-
age is demodulated so that a con-
trol pulse is generated. To bring
the bridge back to balance, the
pulses are stored in an up-down
counter that issues switching com-
mands to the divider advancing the
bridge ratios onc step for each
count.

When the error voltage drops to
and the bridge is balanced—
the counter reads out the digital
value of the synchro angle. Since
the bridge arms have sine and
cosine ratios instead of linear out-
put taps, the synchro output under-
trigonometric conversion
from voltage ratios to angles.

Capacitive memory. The counter
has a capacitive memory which
operates with the counter on the
assumption that the next error will
not differ from the previous one—
so it anticipates the next error volt-
age value, sending a signal to step
towards null as if it were already
received. Compensating networks
prevent overshooting the null point.

Thus, North Atlantic does not
use the cycle-then-step procedure
that slows down other converters.
In fact, the memory-counter combi-

7ero

goes  a

nation can step hundreds of times
per cycle.

Other converters are limited to
one or, at most, two steps per
supply voltage cycle because they
have to go through a cycle before
the bridge takes one step toward
null. The rate of change of readout
is strictly limited. For example, in a
device whose resolution is 0.01°
and which operates on a 400 hertz
power supply, the maximum angu-
lar rate of change is 8° per second
(2 x 400 x 0.01). That means the
converter can handle data only
from shafts moving slower than 1
2/3 revolutions per minute, making
it unusable in many radars, satel-
lite trackers, and machine tools.

In contrast, North Atlantic’s new
converter can digitize information
from shafts rotating at speeds up
to 300 rpm.

Specifications (Model 545)

Signal input 19:8" Ao 90y,
(standard)

60 hz to 5 khz (optional)
300,000 ohms (min.)
0.01° or 0.001° * 1 digit
0.01° or 0.001°

000.00° through 359.99°
or 359.999°

2,000° /second

5 decimal digits for 0.01°

400 hz

Input impedance
Angular accuracy
Repeatability
Range

Track speed
Digital readout

Resolution 0.01° or 0.001°

Power 115 volts *= 10% or 230 v
+ 10% or 250 v = 10%
all from 45 hz to 440 hz

Price: From $6,000

North Atlantic Industries Inc., Plainview,
N.Y. [338]

165 Digitizing synchro data faster,
more accurately

Components

168 New components review

168 A power transistor to compete
with scr's

Instruments

172 New instruments review

172 High-speed converter costs
$750

Subassemblies

180 New subassemblies review

New products in this issue

180 Tv makers offered a tuner
package
182 Data retrieval in sharp focus

Microwaves

186 New microwave review

186 Military mixer invades civilian
market

188 Cutting costs of tv relay

Semiconductors

193 New semiconductor review

193 DTL that fits TTL pins

196 IC’s call the tune in electric
organ

200 Linear IC's take consumer
spotlight
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You can tell
Celanese Nylon

nylons

by the label.

Not at all. Celanese Nylon is fully competitive. In
quality. In physical properties. In molding
characteristics. In meeting established specifica-
tions. Customers who have been using Celanese
Nylon resin since the first of the year agree.

And isn't it nice to have another completely de-
pendable source of type 6/6 nylon!

Celanese Plastics Company—and the entire
Celanese Corporation—is committed to volume
production of the best possible nylon resins. We
offer them in quantity right now. Including glass-
reinforced Celanese Nylon grades. And a general-
purpose black resin. There will be even more in the

Electronics | July 24, 1967

00

from other

25 LBS. NET

/NCRED/EBLE!

O
(o)

Moy Be faay EpISIE
CELANESE PLASTICS COMPANY
A DIVISION OF CELANESE CORRORATION

DEER PARK, TEXAS

near future. More resins. More advanced nylon
technology. More molding and marketing
assistance.

But you'd expect that from Celanese, a leader in
the development of engineering resins. Remember
Celcon. And, of course, we do have some twenty-
five years of nylon technology behind us.

Let us give you all the facts about
Celanese Nylon. Write to: Celanese
Plastics Company, Dept. 133-G, P.O.
Box 629, Linden, New Jersey 07036. cgLANESE

Celanese® Celcon® PLASTICS COMPANY

Celanese Plastics Company is a division of Celanese Corporation.
Canadian Affiliate: Canadian Chemical Company, a division of Chemcell (1963), Limited.
Export Sales: Amcel Co,, Inc., and Pan Amcel Co,, Inc,, 522 Fifth Ave., New York 10036.
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New Components Review

Precision connectors assure rated Miniature, metalized polycarbon- Enclosed in a clear, plastic dust Each unit of the type 4610 pho-
voltage standoff in mated or un- ate capacitors are for wuse in cover, a 1.281 x 1.109 x 0.859- tocells has 2 independent, iso-
mated condition. Recessed center transistorized circuits requiring in., 4-pole relay is available in lated photoconductors. Use of 1
contacts and precontact ground- low-loss components. The 50-v a-c and d-c versions. Model KHU enclosure assures equal illumina-
ing are for safe handling. Maxi- devices need no voltage derating has gold-plated silver contacts tion for the 2 elements. Both ele-
mum leakage across the interface from —55°¢ to .125°:C, They rated 3 amps 120 v a-c, 3 amps ments are processed at the same
is less than 1 pa at 20 kv d-c exhibit a dissipation factor of less 28 v d-c, and %io hp 120 v a-c. time on a single substrate to
and sea level pressures. The rated than 0.3% and an insulation re- Coil ratings are to 120 v 60 hz, yield equal response characteris-
voltage is for limited pulse use. sistance of 100,000 megohms at and to 120 v d-c. The relays have tics. Lighted resistance changes
Reynolds Industries Inc., 2105 room temperature. Marshall In- computer and switching applica- less than 1.5 from 25° to 65° C.
Colorado Ave., Santa Monica, dustries, 1960 Walker Ave., Mon- tions. American Machine & Foun- Hewlett-Packard Co., 1501 Page
Calif. [3411 rovia, Calif. [342] dry Co., Princeton, Ind. [343] Mill Rd., Palo Alto, Calif. [344]

|

| -

| o
Resistors with 0.1-in. diameter, Custom-engineered pots made of Half-size crystal can relays incor- Epoxy-encased metalized mylar ca-

range in values from 10 to 5,000
megohms in the l4-watt size, type

HACW, and 10 to 10,000 mego- their operational range, tapering reducing leakage and coil
hms in the Y-watt size, type | to 0.15% in their end regions. requirements for switching. Units
HADW. They are rated at 1,000 | Model 14C-1 offers a resistance designated BR17

v and 5,000 v maximum, respec-

tively. Both are terminated with power capability, 1.3 w at 25° C;

1'2-in.,, No. 20 tinned-copper ‘ torque, 0.2 oz maximum; minimum to switch any load from dry cir-
leads. Prices start at $2.50. Re- life, 5 million cycles. Gamewell cuit to 2 amps. Babcock Electron-
sistance Products Co., Harrisburg, ‘ division, E. W. Bliss Co.,, 1238 ics Corp., 3501 Harbor

Pa. [345] Chestnut St., Newton, Mass. [346] Costa Mesa, Calif

conductive plastic
solute linearity in the centers of |

of 100 to 20,000 ohms £10%;

have 0.5% ab-

| porate a magnetic circuit that lo- |
cates the armature inside the coil,

and BR1le for
latching and nonlatching versions
require only 175 mw pull-in power

[3471

pacitors in a molded thin-rec-
| tangular configuration with radial
| leads are designed for high-density
circuits. Series 17N is available in
100-, 200-, 400-, and 600-v sizes
in capacitance values from 0.001
to 5 uf with 20% to 1% tol-
erances. Operating temperature is
from —55° to +125° C. SEI Mfg
Co., 18800 Parthenia St., North-
ridge, Calif. 91324. [348]

power

Blvd.,

New components

A power transistor to compete with scr’s

Device that handles 250 amps, 625 watts ends paralleling

smaller transistors or silicon controlled rectifiers

In the race to build electronic con-
trols for big industrial machinery,
the biggest stumbling block is still
the component: fabricating semi-
ductors powerful enough to han-
dle the giant currents and powers
that course through such equip-
ment. The problem moved closer

168

to solution last month when the
Westinghouse  Electric  Corp.’s
semiconductor division introduced
a new power transistor that can
handle 250 amps continuously and
can dissipate 625 watts.
Designated type 1401  the new
transistor is for switching control

amplifiers, series regulators, invert-
ers or converters. And it may
replace some silicon controlled rec-
tifiers that the company also makes
for power switching applications.

Using scr techniques. In breach-
ing the limits on power transistors,
Westinghouse borrowed a lot of
manufacturing know-how from its
scr - operation. For example, a
method of encapsulation, devel-
oped in 1961 for power scr’s, solved
the major cause of power transistor
failure that can be attributed to
manufacturing (the other two
sources of failure are excessive
voltage and excessive current ap-
plied to the device). The new man-
ufacturing process is called com-
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Trans-0-Netic time-delay relay
has an interval repeatability of
2% at 70° F and 115-v a-c
that isn't affected by line varia-
tions from 100- to 135-v a-c.
Standard time for the delay-on-
make model is 1 to 60 sec; for
the delay-on-break unit, 1 to 30
sec. Prices range from $20 to
$26 for sample units. Heinemann
Electric Co., 252 Magnetic Dr.,
Trenton, N.J. 08602. [349]

A six-pole quartz filter for use at
or above 8 Mhz is contained in
an HC 6/U package. The filter
network is prepared using vacuum
deposition with all resonators on
a single quartz wafer. Foil leads
are attached to the wafer and
these leads, in turn, to the ter-
minals of a p-c board. This allows
2 half-lattice sections on the
wafer. Clevite Corp., 232 Forbes
Rd., Bedford, Ohio. [353]

ACTUAL
SIZE

Fast-switching, Microreed relay,
model 8021, with a coil drive
rated 9 to 12 v, 60 ma, is de-
signed to be driven by transistors.
Encapsulation provides high en-
vironmental protection. The sin-
gle-pole, single-throw unit has a
10-million-cycle life. Contact re-
sistance is 0.15 ohm d-c max.
Price is $48 each. Solid State
Electronics Corp., 15321 Rayen
St., Sepulveda, Calif. [3501]

A solid state voltage switch, model
RT-128-3, closes when a-c input
voltage reaches 30 v rms *=10%,
400 hz or more. With max input
voltage of 45 v rms for 5 msec,
it can be used in 28-v d-c gyro
systems. It has 5 or 7 pins, 2-
and 4-pole contacts, rated for 2
and 10 amps resistive. Betamite
Electronic Devices, 6321 W. Slau-
son Ave., Culver City, Calif.
90230. [354]

Side-viewing numerical indicator
tube CK8650 has conventionally
shaped 7&-in. numerals from 0 to
9 that can be read from distances
up to 30 ft and at angles up to
60° from horizontal. Tube diame-
ter is 7/s of an inch. Seated height
is 1.8 inches maximum. The in-
dicator tubes are available from
stock. Raytheon Co., Industrial
Components Operation, 465 Cen-
tre St., Quincy, Mass. [351]

i

An electromagnetic switch pro-
vides a sharply rising electrical
output voltage at a specified core
position. It may be used to ener-
gize an indicator light at the
switching point directly, to ac-
tuate a relay, or to trigger an
electronic switch. Input is 26 v,
400 hz; output 6 v, 400 hz. Kav-
lico Electronics Inc., 20869 Plum-
mer St., Chatsworth, Calif. 91311.
[355]

Core memory storage planes called
Platrices can be used in memory
systems for digital instrumenta-
tion and control equipment. A
stack of Platrices is mounted on
a p-c board through connection
pins at the bottom of the stack.
Units are available in 8 standard
configurations with bit capacities
ranging from 256 to 1,024. Fer-
roxcube Corp., Saugerties, N.Y.
12477. [352]

Standard resistance range of the
models 3012 and 3052 Palirium
cermet adjustment pots have been
expanded from 10 ohms to 1
megohm. Operating temperature
range is —65° to 4-175° C;
contact resistance variation,
2.5%; and power rating, 1 w at
70° C. The Palirium cermet pro-
vides infinite resolution. Bourns
Inc., 1200 Columbia Ave., River-
side, Calif. 92507. [3561

Borrowing. New transistor
uses scr-type package.
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pression bond encapsulation.
Mechanical pressure instead of
soft solder (used prior to 1958) or

hard solder (used after 1959)
makes connections, holding the
semiconductor chip against the

case and the lead. Thus, the semi-
conductor chip isn’t subjected to
repeated heating and cooling dur-
ing the bonding process that used
to be done by welding equipment.
Instead, four belleville washers,
which are usually slightly warped,
and a circlip press the junction to
the base of the case and against
the lead. Westinghouse uses this
method in the manufacture of 70%
of its scr’s rated over 35 amperes.

Bigger junctions. Since the semi-

conductor chip isn’t exposed to
thermal stresses, Westinghouse has
been able to make junctions of
larger diameters. And the power
capability of a transistor depends
directly on wafer diameter. In the
1401, the silicon wafer is 0.9 inches
in diameter.

The wafer, in what Westinghouse
calls a sunburst design, is fabri-
cated by a single diffusion process
that is proprietary. But the com-
pany is likely to produce an alloy
junction since it has stayed with
this technology longer than other
semiconductor companies.

I. Fewer components
At the start, the 1401 will cost
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To turn off rejects of 3rd
generation circuits:

Turn on Barnstead’s
New Micro-Cleaner

There’s no better way to make micro-circuits come clean!

Barnstead’s new microelectronic cleaning station provides
an ultra-pure final rinse — in a totally clean environment —
at minimum cost.

Write for Bulletin 211, describing this 3rd generation
cleaning station.

B arnstead

Subsidiary of Ritter Pfaudler Corp.
461 Lanesville Terrace
Boston, Massachusetts 02131

Positive-pressure hood
keeps work area free of
airborne contaminants,
with absolute air filter;
quiet, spark-free blower.
Meets or exceeds applic-
able MIL SPECS.

Five hot, cascading pure
water rinses in tinlined
monel tanks do a

thorough cleaning job.
Final rinse, measuring 18
megohms/cm @ 25°C

and free of organics,
gases, biologicals — is
much purer than deminera-
lized water.

Purity meter checks
quality of rinse water,
both “upstream’’ and
‘‘downstream’’ from
final rinse.

To make a few gallons

do the work of thousands,
water is continuously
recirculated, repurified.
System includes . . .

Demineralizer. Automatic
still. Organic removal
bed. 0.1 micron particle
filter. Sump, protected
by ultraviolet unit,
Ventgard® air filter.
Regenerative heat
exchanger. Cuts
electrical load by more
than 50%
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... need only one-tenth
as many components. ..

$500, only $400 in quantities more
than 100. But for engineers who are
committed to electronic control of
high powers, the new transistor
makes possible a large reduction
in the number of components. For
example, compared to a circuit that
uses scr’s or 30-amp transistors in
parallel to handle the large power,
a circuit with the 1401 would need
only one-fifth as many heat sinks,
one-tenth as many components,
simpler wiring, and can squeeze
into a volume one-eighth as large.
Normally, paralleling is the only
way large powers can be handled.

Instrument dilemma. As West-
inghouse started production of the
new power transistor it ran into a
number of obstacles. One was a
traditional difficulty in semicon-
ductor production: getting yields
to an economic point. The large
diameter junction complicates this
problem.

But even harder to solve has
been the testing of finished tran-
sistors. No commercially available
instrument can handle the 250-amp
rating. Westinghouse found a Tek-
tronix laboratory-type curve tracer
would work up to 200 amps, but
it had to design and build its own
device to go beyond that—to 300
amps.

Possibility for autos. Although
the company is predicting the big-
gest use of the new devices will
be in industrial circuits, one in-
triguing application is the control
of drive motors for the electric
automobile. At a division in Red-
lands, Calif., Westinghouse is
readying a small electric car for
production. Initial plans call for
using a rheostat control—not un-
like that used in electric street
cars. But engineers at Redlands
are now evaluating the 1401 tran-
sistor as an electronic control. The
decision will be made on the ba-
sis of economics; the old-fashioned
street-car control is relatively in-
expensive.

The 1401 is the first in what is
to be a family of power transistors.
Soon to be announced will be ad-
ditional units, some with lower rat-
ings and some with higher.

Westinghouse Electric Corp., Semicon-
ductor Division, Youngwood, Pa. [357]
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.~ MEC’s new C band 7 kilowatt, cw, travellng wave tube, *
powers the world s most advanced, high'quality, commercnal
satellite commumcatnons system. It handles hiindreds of

voice and several TV channels simultaneously over the 5, 925 to

-, 6.425 GHz frequency range. Major deS|gn features include: .

: O 7 kW (min.) at 37 db gain O] Gain’ stablllty *+0.25 db -
+ after warmup (max.)’ 0 0.05 db/MHz gain slope (max.).
. [0 6° Phase change/db change in drive level @ 7 kW (max.)®
. . [0 0.2°/volt phase modulation factor (max.) :
Dévelopment of this tube.is a natural extension of MEC’s. -
capability. After all, MEC was the first'to deliver 12 kW cw :
traveling wave tubes for X band satellite ground stations; firstto ® .
, develop a complete family of 20, 50, 100, and 200 watt cw tu'bes
for military ECM and data systems; and the first, ¢ -
and only, independent supplier to deliver C band high
.power TWTs for commercial satellite ground stations.

. So when you’re con3|der|ng hlgh average power TWTs for
telemetry, commumcatlons data links or ECM.. .. think hrst of MEC.
Complete specifications and performance data are available on
. all MEC high average power TWTs. For detailed.information,

: wnte us at 3165 Porter Drlve *Palo Alto, Cahforma 94304

? ‘MICROWAVE ELECTRONICS |
. - T A TELEDYNE COMPANY - "E C

The two foot tube with the 20,000 mile reach
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New Instrument Review

Suited for the chemical and aero-
space fields where high pressures
are to be monitored, series 250
transducers are available in 6
ranges from 0 to 5,000 to 0 to
20,000 psig. Housing and pressure
cavity are of stainless steel and
electrical components are sealed
from the pressure media by stain-
less steel diaphragms. Taber In-
struments, 455 Bryant St., North
Tonawanda, N.Y. [361]

Twenty-seven controls and a crt
provide versatility and ease of
balance on the 2702 inductance
bridge. The unit has a range from
0.3 #h to 21,000 henrys, with
internal frequencies of 10 khz,
1 khz, and 60 hz. The crt display
indicates direction of inductor
balance and reports at test fre-
auency. Marconi Instruments, 111
Cedar Lane, Englewood, N.J.
[365]

Transistor curve tracer CTA-2 dis-
plays a family of curves for both
bipolar and field effect devices
when used with any general pur-
pose d-c scope. Base current steps
of 20, 100, and 200 na are pro-
vided with 4 ranges of sweep
voltage to 240 v. Voltage steps
for FET testing are continuously
adjustable. Price is $435. Rameco
Corp., Box 580, Deerfield Beach,
Fla. [362]

Potentiometric transducer 2101
operates in the ranges of 0 to
350 through 0 to 20,000 psi. It
has an over-all accuracy of *=1%
at vibrations of 50 g. Normally
used for control and telemetry,
the unit will measure and moni-
tor air, fuel, lubricants, and hy-
draulic fluids. It weighs 2 oz. and
measures 0.75 x 1.5 in. Servonic
Instruments Inc., 1644 Whittier
Ave., Costa Mesa, Calif. [366]

Hall-effect transducers measure
steady-state, pulse, or transient
currents without connection to the
conductor under test. The CT-7W
offers a rise time less than 1 usec,
dynamic range of less than 1 ma
to 30 amps peak, and frequency
response flat to over 1 Mhz. It
measures 1% x s in. with a
#6-in.-diameter opening. Ohio
Semitronics Inc., 1205 Chesapeake
Ave., Columbus, Ohio. [3631]

made
IC's automatically by

Analog measurements are
of digital
instrument 133. ‘It can do up
to 10,000 parameter measure-
ments in 1,000 steps in Y100 sec.
Up to 15 readings can be made
at a 10-usec logical step. Pro-
graming is by two 5 x 6 in.
circuit cards; one covering all de-
vices in a family, the other the
type to be tested. Teradyne Inc.,
183 Essex St., Boston. [3671]

Transportable resistance standard
SR104 establishes a reference
level at 10 kilohms instead of
the traditional 1 ohm. Virtually
immune to thermal and mechani-
cal shock, its accuracy is 5 ppm
with a stability of 1 ppm
achieved without a temperature-
regulated oil bath. Price is $550.
Electro Scientific Industries Inc.
13900 N.W. Science Park Drive
Portland, Ore. [364]

A spectrum analyzer designed for
the community-antenna tv industry
covers a range of 1 to 300 Mhz.
A sensitivity of —90 dbm, fiat
responses, high stability, and spur-
ious-free displays characterize its
design. The Mark | analyzer has
a 60-db display dynamic range
and a 46-db distortion dynamic
range. Price is $1,500. Nelson-
Ross Electronics Inc., 5-05 Burns
Ave., Hicksville, N.Y. [368]

New instruments

High-speed converter costs $750

Integrated circuits and machine assembly help

reduce cost of unit that has medium accuracy

In the course of its regular business
of building general-purpose com-
puters for the engineering and
scientific  community, Digital
Equipment Corp. has designed a
lot of analog-to-digital converters
that are incorporated into the com-
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pany’s machines. Scrutinizing the
converter field, company engineers
were struck with the need by others
besides computer makers for a
small. high-speed instrument that
would be capable of medium ac-
curacy and cost under $1,000. With

such specifications as a goal—a
speed of 100,000 samples per sec-
ond, an accuracy of 0.1%, and a
size of 5 by 5 by % inch—the
company launched a product de-
velopment program last year.
This month the resultant prod-
uct goes on sale. It meets or bet-
ters the goal, selling for $750. \Vith
this kind of cost and performance.
the company sees its model A-S01
converter winning a wide market of
users needing an uncomplicated
link between measuring equipment
and computing machines. It should
encourage the use of computerized
systems in experiments where time
is now lost correlating information
and predicting results manually.
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Panel-mounted potentiometers
feature central readout window
and an 11-position switch for
selecting inputs. Two models are
3-dial instruments with a limit-
of-error of *£0.03°% of reading.
Others have one decade switch
plus a 27.5-in. calibrated slide-
wire scale with a limit-of-error
of either *0.1% or *0.2%.
Leeds & Northrup Co., 4901 Sten-
ton Ave., Philadelphia. [369]

Charge detector CM467 measures
electrostatic fields. Two inter-
changeable sensor probes are avail-
able. One measures charges in the
10" coulomb range by direct con-
tact. The other measures charges
as low as 107'% coulombs, and is
used for remote monitoring. Price
of the Coulometer, with either
probe is $195. Metronics Asso-
ciates Inc., 3201 Porter Drive,
Palo Alto, Calif. [3731]

Ceramic-encapsulated platinum
temperature transducer 5001-19
is designed for surface measure-
ment over a range of —260° to
+400°C. Resistance at 32°C is
500 ohms %1%, and resistance-
vs.-temperature relationship is lin-
ear over the entire temperature
range. Time constant is 250 msec;
repeatability, =0.1°C. Thermal
Systems Inc., 13920 S. Broadway,
Gardena, Calif. [3701

Operation from any source resist-
ance, without changes in response
or damping, is featured in model
900 nanovolt galvanometer. The
multirange unit has 120-db a-c
rejection and infinite common-
mode rejection. It measures from
10 nv (10 picoamps) to 3 mv
(3 npa). Noise is less than 2 nv.
Electro Scientific Industries Inc.,
13900 N.W. Science Park Dr.,
Portland, Ore. [374]

The Helmer gauge measures pres-
sures obtained by vacuum equip-
ment accurately down to 1 x 10°'*
torr because the ion collector is
optically shielded from the main
source of X-ray current with no
sacrifice in gauge sensitivity. Pres-
sure is displayed on a single meter
with a one-cycle logarithmic scale.
Vacuum division, Varian Associ-
ates, 611 Hansen Way, Palo Alto,
Calif. [3711

f
I
i
i

Model 15-400 aircraft transducer
is a quick-reacting sensor that
determines rate of altitude change
and provides a linear d-c output
voltage proportional to the rate
of climb or dive at rates up to
6,000 ft/minute over an altitude
range from sea level to 70,000
ft. Accuracy is *=5% to 50,000
ft and =10% to 70,000 ft. Ed-
cliff Instruments, 1711 Mountain
Blvd., Monrovia, Calif. [3751

Infrared detector QKN1304 is for
airborne and lab use. It uses an
N-type indium-antimonide detec-
tor element that is sensitive in
the 300-micron to 8-mm-long
wavelength region, with 250-nsec
response time. Standard aperture
area is 4-mm diameter. Price is
$5,590; delivery time, from 30
to 60 days. Raytheon Co., 130
Second Ave., Waltham, Mass.
02154. [372]

Ohmmeters for production lines
have easy-to-read linear meters.
Operational amplifier circuitry al-
lows full-scale accuracy of 0.5%.
Current through the item under
test is 3 ma max on the 0-to-1-
ohm scale. Model 40 has resist-
ance scales of 0 to 1, 0 to 10,
0 to 100, 0 to 1,000, 0 to 10,000,
and 0 to 100,000 ohms. Price is
$245. Faradan Corp., 4130 Men-
nes Ave., Riverside, Calif. [376]

Shrinking.

and the comparator.

I. Successive approximation
Looking for the optimum trade-

off between speed, circuit sim-

plicity, and number of components,

Integrated
and machine assembly are the main
reasons for the low cost. The 1c’s
also helped shrink the size of the
device. Off-the-shelf 1c’s, already
purchased in large volume for
other purposes, are used
control logic, the digital register,

in the

circuits

proach, the digital output is ob-
tained one bit at a time in a num-

scale

ber of successive steps.

First, the unknown analog volt-
age is compared with a half-scale
value. If the analog value is greater,
the most significant bit is set to
a binary 1; if not, the bit becomes
0. Next, a quarter or three-quarter
applied, depending on
whether the first estimate was too
big or too small.

Step per digit. As each significant
bit is introduced, the digital ap-

the designers chose successive ap-
proximation as the method of an-
alog-to-digital  conversion  most
likely to allow them to meet the
required objectives. In this ap-

proximation moves closer to the
real value of the analog input. The
method requires only one step per
bit to convert any number, so that
after three approximations, for ex-

Machine built. Entire A/D converter
is built on a double-sided board,
using plated-through holes. Most
components are inserted by machine.
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A FREE RELAY IS YOURS. ... to run your own relay race (evaluation test)
in your own plant . . . under your own conditions.

YOU BE THE OFFICIAL JUDGE! You’ll find out what we already know
(see our race results below). Eagle Relays run longer . . . and better.
There’s no premium in cost . . . and they’re readily available.

YOU’LL BE A WINNER EVERY TIME! Send for your Official Judge's Entry
Blank now by contacting: R. W. Emelander, Eagle Signal Division,
E. W. Bliss Company, 736 Federal Street, Davenport, Iowa, 52808 or
circle reader service number below.

COMPETITIVE BRANDS EAGLE
CONTACTS “A? “B" He» “D"” ET upr RELAYS
Arrangement 3PDT 3PDT 3 PDT 3 PDT 3 PDT 3PDT 3 PDT
Rating 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp.
LIFE
Mechanical 15,061,261 | 14,077,866 | 28,808,000 | 21,625,333 | 16,923,133 | 29,433,600 § 34,492,950
Operations | Operations | Operations | Operations | Operations | Operations J Operations
ELECTRICAL
5 Amp. Resistive | 295,466 490,433 129,600 235,700 778,200 921,400 948,675
Operations | Operations | Operations| Operations | Operations | Operations § Operations
1.6 Amp Inductive| 488,666 | 1,071,666 | 496,000 284,333 | 3,529,466 | 1,842,000 3,102,200
Operations | Operations | Operations | Operations | Operations | Operations Operations

FOR A FAST START in Eagle’s ‘““Great Relay
Race’ see us at the Wescon Show, San Fran-
cisco Cow Palace, Aug. 22-25. Booth No. 3401.

[T [+[EAGLE SIGNAL

A DIVISION OF THE E. W. BLISS COMPANY
At Wescon, stop at Eagle’s booth No. 3401 for the latest ““race results.”
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... each bitis changed into
a binary-weighted current. ..

ample, a three-bit digit results.
An initial input pulse into the
converter causes the control logic
to set the most significant bit of
the digital register to the 1 state
and the other registers to the 0
state. Each bit is then transformed -
to a binary-weighted current: the
first bit to a half-scale value, the
second to a quarter, and so on.
Comparison. The D/A signal,
which is the sum of all these cur-
rents, is compared against the an-
alog input current in the compara-
tor. If the output is too large, the
control logic resets the correspond-
ing bit in the register to 0 and sets
the next bit. If it’s too small, the
associated bit is kept, and the next
bit is set. When the D/A output
equals the input, the corresponding
bit may or may not be retained. If
kept, all successive lower-order
bits are rejected because they will
unbalance the comparator input. If
the bit is discarded, then all lower-
order bits will be retained because
their sum is less than the rejected
bit by the resolution of the con-
verter. For an accuracy of 0.1%. a
minimum of 10 bits is required.

11. Current vs. voltage summing

Two different circuit approaches
were considered—current summing
and voltage summing—during the
design of the converter. Current
summing was chosen because it
requires half as many parts, can be
driven from a simpler drive circuit,
and is faster—the result of operat-

ANALOG Lip
INPUT f—————

— COMPARATOR Egg‘ll;:ROL -

A/D
DONE
I PULSE
ADC

DTOA le—{DiGITAL b—
CONVERTER[ |ReGISTER DIGITAL
OuTPUT

REFERENCE

Comparison made. An input pulse
triggers the control logic to set

the most significant bit of the digital
register. The bit is changed to a
binary-weighted current in the
digital-to-analog converter. The D/A
current is then compared to the analog
input, and the bit is either kept or
rejected, depending on its size

relative to the input current.
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Will the capacitor
you take for granted

take out your
entire system?

Specify CORNING"® Capacitors for confidence.

Considering the finality of capacitor
failure, anything less than the reliability
of glass is false economy.

Protect all the critical design work you
put into your active circuits.

Back them up with the documented
reliability of glass dielectric capacitance in
the vital roles of coupling, bypass, filtering.
Corning offers this confidence in a full
range of types, sizes, values and costs.

CORNING® CYFR Capacitors, from

.5 to 10,000 pf, substantially exceed the
requirements of Mil-C-11272,

including environmental performance
and Quality/Reliability Assurance,
and are backed by a heritage that
includes use in Surveyor,

Minuteman, Gemini, among others.

CORNING"® CYFM Capacitors offer low cost,
high reliability, from .5 to 10,000 pf.

Give you CYFR-type environment-proof
performance at substantial savings.

CORNING" TYO Capacitors from 1 to 2700 pf,
radial leads, precision case for snug, upright
mounting. Dense circuitry without

doubts. Meet or exceed all performance
requirements of Mil-C-11272.

CORNING® Glass-K Capacitors cram from
1000 to 100,000 pf in a quarter-inch case
size with a new dielectric material for
guaranteed reliability.

In all types, standard items are shipped
in two weeks or less. Tell us what

you want in capacitance; we’ll tell you
which CORNING®™ Capacitor

will give you the confidence you need.
For complete specs, write to:

Corning Glass Works,

Electronic Products Division,

3913 Electronics Drive, Raleigh, N.C.

CORNING

ELECTRONITS



7;y/or’s rotal reliability plen:

Glass-Enoxy

in sheets, panels or punched blanks to your
specifications and reliability requirements

A\

\[7/ -

<

Accepted by an increasing number
of major OEMs and commercial
etchers who give their stamp of ap-
proval, because . . .

. in atmosphere-controlled white
rooms, under extremely tight quality
control procedures, to produce cop-
per—clad . . .

. . . then deliver when promised, or
in an emergency, from plant or ware-
house stocks in special packages.

. they get highest quality level
assurance from two fully-equipped
copper-clad plants using white-glove
techniques . . .

. . . to specifications and established
reliability requirements in standard
sheets, ultra-thin sheets and multi-
layer prepregs . . .

Let us prove the advantages of
Taylor's TOTAL RELIABILITY
PLAN to you! Ask for a demonstra-
tion today. Write for a sample (give
grade designation and copper com-
bination) and Bulletin GB-2,

T 3 Jaylor copper-clad

TAYLOR CORPORATION ¢ Valley Forge, Pa. 19481

e..your assurances
of quality

Phone: 215-666-0300

TWX: 215-666-0659

West Coast Plant: La Verne, Calif.

Also manufacturer of Taylor laminated plastics, Taylorite® vulcanized fibre and Tayloron® prepregs
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... single current-summing
needs fewer components...

ing with less charge transfer.

In the single current-summing
state, one transistor, Q,, amplifies
the output of the digital register
to operate a second transistor, Q.,
serving as a switch. Precision re-
sistor R; ensures a precise current
flow to the summing junction when
Q. is closed. Resistor R. has two
main functions—it provides a low-
impedance path for the discharge
of stray capacitance, and it shunts
much of the leakage current to
ground, minimizing leakage-cur-
rent errors.

More complicated. The voltage
summing network is much more
complicated. It requires a two-
transistor switch and two precision

TO SUMMING JUNCTION

=Vep
Ry
Q2 R
Q -10v REF
DIGITAL
INPUT =

Sums current. A single current-sum-
ming stage consists of amplifying tran-
sistor Q. driving switch Q.. Resistor Rz
shunts Q.'s leakage current and is a
low-impedance path for the discharge
of stray capacitance. R, is a

precision resistor.

resistors, Capacitance must be dis-
charged at all nodes in the circuit
before a comparison can be made.
This is most critical at the output,
which must be able to move over
the whole signal range.

To provide a low-cost switch for
the current summer, a number of
transistors used in high volume at
Digital Equipment were evaluated.
The collector-to-emitter voltages of
transistors of the type chosen can
be matched to within one millivolt
with a yield of 15%. More than 10
times the number of devices needed
for one year are therefore avail-
able.

Checking results. In addition to
the usual engineering tests per-
formed on A/D converters, Digital
Equipment has added two for im-
plementation by computer, to sup-
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Air safety recently took a giant step forward. A light
plane was lost in the fog over rugged Alaskan ter-
rain miles from Kenai airport. Fuel was running low.
The pilot came in for a 3-point landing. How? With

ADF. And laurels go to a Servo Corporation VHF-
UHF direction finder system. These Doppler-effect
units will soon be installed throughout the U.S.
The Servoflight® Model 5000 VHF/UHF Doppler
Direction Finder is pictured above. Frequency cov-
erage is 118 to 160 MHz and 225 to 400 MHz. It has

CI\ o

isa

- sate
landing

' Ry ;
> |

10 preset channels on VHF and 10 on UHF. Servo-
flight offers a bearing accuracy of == 1°, and a sen-
sitivity of 10 uV/Meter on VHF and 20 pV/Meter
on UHF.

This is one of the many sophisticated systems pro-
duced by Servo’s Communications & Navigation
Division. Other Servo divisions produce unique
products which daily serve safety through science:
the Servodynamics Division, the Infrared & Electro-
Optics Division, and the Railroad Products Division.

servo corporation of america

hicksville, L.i., new york 11802

/
/ / 111 new south road
j 516 938-9700
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... over half a million
measurements to test ...

ply a clearer picture of the unit’s
performance.

Ill. Computer tests

The first is a measure of the con-
verter’s differential linearity. A spe-
cial 15-bit digital-to-analog con-
verter is used in the evaluation.

The computer sends static volt-
age signals to the equipment under
test through the D/A converter.
For each voltage selected, 64 con-
versions are made and stored in its
memory and checked. As a decision
zone is reached and passed, the
value of the conversions increases
by one, and when more than half
the conversions result in the next
higher number, the switching point
is assumed to be located.

Keeping track. By keeping track
of the number of incremented volt-
ages required to get from one
switching point to the next, the
computer is able to measure the
variations in step size of the differ-
ent states of the converter. The
results are retained in the memory
and finally printed out as a histo-
gram, summarizing the measure-
ments made. The histogram pre-
sents a clearer picture of the unit’s
performance than listing 1,024
separate measurements.

In a second test, the computer
prints out a summary of the tests
made to spotlight potential trouble
areas. This evaluation again incre-
ments the voltage input to the con-
verter under test. Sixty-four trials
and checks are also made to see
they are all within one count. If not,
a summary of the tests taken and
the results is printed. Narrow states
are also checked for and revealed.
In the 1% minutes required to ex-
amine each converter, more than
500.000 measurements are made.

Specifications

Input Uni-polar
Voltage 0 to +10v
Impedance 1 Kohm

Output format Parallel binary uni-polar

Digital output Logical “0" +40.4v max.
Logical “1" +2.4 min.
Output “0” 16.0 ma max.
Output “1” —0.4 ma min.

Resolution 10 bits

Accuracy 0.1% of full scale
Conversion rate 100 khz max.
Power +15v *=1%, 20 ma

—15v *=19%,, 160 ma
+10v *=19%, 300 ma

Digital Equipment Corp., 146 Main St.,
Maynard, Mass. [377]
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The Hewlett-Packard 4204A Digital Oscillator in one
instrument gives you an accurate frequency source of
measured amplitude. It provides 0.2% frequency
accuracy in highly stable test signals for both lab
and production applications. Low distortion, 0.01%
frequency repeatability and a flat frequency response
of 0.3% variation add to your dollar value.

The 4204A allows you to select any frequency between
10.0 Hz and 999.9 kHz to four significant figures...
36,900 discrete frequencies are available. One vernier

Stable
and repeatable

signal accuracy

Electronics | July 24, 1967

control provides infinite resolution and extends the up-
per frequency limit of the 4204A Oscillator to 1 MHz.

This oscillator also has a built-in impedance voltmeter
to measure output. It is calibrated to read volts or dBm
into a matched 600 ohm load. The output attenuator
has an 80 dB range and is adjustable in 10 dB steps
with a 20 dB vernier. Price is $695.

Call your local HP field engineer for more information,
or write Hewlett-Packard, Palo Alto, California
94304. Europe: 54 Route des Acacias, Geneva.

HEWLETT ‘hﬁ, PACKARD

SIGNAL BOURCES
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New Subassemblies Review

Laser system K-MV will vaporize
minute portions of any material
for spectrographic analysis with-
out damaging the remaining ma-
terial. It consists of laser head,
power supply, and optical stage.
The laser head, mounted on the
optical stage, contains a neo-
dymium-doped glass rod with
emission at 1.06 microns. Korad
Corp., 2520 Colorado Ave., Santa
Monica, Calif. [3811]

Regulated supply model 630 is
suited for aoolications involving
digita! or linear IC's. It provides
a continuously adjustable output
voltage from 0 to 6 v at a maxi-
mum current of 3 amps. Dual
concentric coarse and fine volt-
age controls enable voltage ad-
justment resolution of better than
1 mv. Power Designs Inc., 1700
Shames Dr., Westbury, N.Y.
[3851

Fully compatible with IC’s, the
RZ-90 recirculating memory mod-
ule accepts a variety of delay
lines to provide storage capabil-
ities between 20 and 10,000 bits
and delays between 20 and 15,000
usec. Applications include sequen-
tial information storage for crt
displays and programing for nu-
merically-controlled machines.
Sealectro Corp., 225 Hoyt St.,
Mamaroneck, N.Y. 10543. [382]
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Model 8806B is a phase-sensitive
demodulator. It is a solid state
plug-in preamp for acquiring ac-
curate amplitude and phase in-
formation. It has a carrier fre-
quency range of 50 hz to 40 khz,
gain stability of better than
0.25%/10° from 0° to 40° C,
and response 3 db down at 1/5th
of reference frequency. Hewlett-
Packard Co., 175 Wyman St,,
Waltham, Mass. [386]

Video amplifier VA1367 is a d-c
coupled, 10 Mhz, solid state plug-
in unit featuring a gamma-cor-
rected transfer function to pro-
duce a linear relationship between
crt light output and input-video
drive. It employs feedback and
temperature compensation to pro-
vide optimum gain stability and
temperature independence. Beta
Instrument Corp., 377 Elliot St.,
Newton Upper Falls, Mass. [383]

High-voltage d-c power supply
modules include units to 410 v.
Voltage regulation of 0.01% is
provided in the BX series and
0.5% in the BC series. Both have
plug-in p-c board construction,

automatic overload and short-
circuit protection, remote sensing,
and remote voltage adjustment or
programing. ACDC Electronics,
2979 N. Ontario St., Burbank,
Calif. [387]

Portable a-c field demagnetizers
are designed and built to user’s
specifications. The laminated core
structure permits continuous-duty
operation without heating. Peak
field strengths are from 0 to
10,000 oersteds, infinitely adjust-
able. Units are available for 115-v
or 230-v operation. Instrumenta-
tion division, Thomas & Skinner
Inc., 1120 E. 23rd St., Indianapo-
lis 46207. [3841]

Protection of electronic systems
against damage from power
surges up to 12 kw is achieved
with solid state transient sup-
pressors. The devices use matched
silicon-zener diodes to achieve the
required power ratings. They
maintain zener breakdown volt-
age levels constant from .—65°
to +175° C. Motorola Semicon-
ductor Products Inc., Box 955,
Phoenix, Ariz. [388]

New subassembly

Tv makers offered a t

Cramming additional functions

uner package

into an assembly, at a cost less

than tuners alone, Oak hopes to steal a march on other makers

Normally, a television-set maker
buys a tuner and then worries
about matching it to an intermedi-
ate-frequency strip he designs him-
self. Now, for the first time, a set
maker can buy a tuner package that
includes an already matched i-f
strip—and pay less for the package

180

than he would for a tuner alone.
That’s a neat trick and the Oak
Electro/Netics Corp. has done it
by cramming more functions into
a subassembly and then building it
in Hong Kong. The package con-
tains separate vhf and uhf tuners—
both solid state—and the comple-

mentary strip, which is a three-
stage video i-f amplifier. It is in-
tended primarily for the portable
tv market. Priced at $10 f.o.b. Hong
Kong, it is $2 less than the cost of
a tuner set alone.

Sharp competition. With this
ploy, Oak expects to gain an edge
on other tuner makers and increase
its share of the market. Because
sales of both color and black and
white tv sets have been slumping.
the tuner business has become in-
creasingly competitive. Many set
makers have excess capacity be-
cause they geared up for the big
production year expected in 1967
and all the suppliers are anxious
to boost their sagging volume.
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Precision resistor networks de-
signed for plug-in to p-c boards
cover a range from 10 ohms to
1 megohm. The line is available
in accuracies from 0.0005% to
0.1% absolute and =*0.0002%
to =*£0.1% ratio. Stability is
*+0.0015% per year absolute and
#0.0002% ratio. Price varies
from $20 to $200. Julie Research
Laboratories Inc., 211 W. 61st
St., New York. [389]
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A digital-to-synchro converter ac-
cepts a parallel 10-bit binary an-
gle and delivers a synchro signal
equal to the digital input. Inputs
of the DS800 are compatible with
IC logic levels at updating speeds
to 10,000 words/sec. Accuracy,
no load to full load, is better
than 0.5°. The unit's front panel
is 5% x 3'2 x 8 in. Astrosystems
Inc., 6 Nevada Dr., New Hyde
Park, N.Y. [393]

Model 15 shaft-angle encoder uses
low-voltage light sources and wide-
aperture optics. Standard units
can be supplied with resolutions
up to 6,000 counts per shaft
revolution. Starting torque is 0.02
oz-in. Voltage levels are 200 mv
peak-to-peak minimum into a
2,000-ohm load. Options include
an internal amplifier shaper. Dy-
namics Research Corp., 38 Mont-
vale Ave., Stoneham, Mass. [390]

A solid state pulser provides up
to 250 amps for driving laser
diodes at room temperature. It
uses avalanche-transistor tech-
niques to produce 70-nsec pulses
with 7- to 10-nsec rise times.
Pulse repetition is adjustable from
300 hz to 10 khz. Volume of a
150-amp unit with a 10-khz driv-
ing oscillator is 1 cu. in. Austron
Inc., 10214 N. Interregional High-
way, Austin, Texas. [394]

Portable active delay lines, called
Delay Long, have applications in
low-frequency signal-processing
fields. Model APD 120 provides
a delay of 120 msec. Delay to
rise time ratio is 5:1. Input im-
pedance is 1 megohm; output im-
pedance, 4,000 ohms; maximum
signal level, +=4 v. Size is 458 X
513 x 658 in.; price, $650. A.P.
Circuit Corp., 865 West End Ave.,
New York. [391]

FET input operational amplifier
QFT-5 provides 10 ohms differ-
ential and common mode impe-
dances, less than 1 nanoamp of
input offset current, 6 db/octave
roll-off and high tolerance to ca-
pacitive loads. Output voltage is
*+11 v at *5.5 ma. Frequency
(full output) is 50 khz. Price (1
to 9) is $29 each. Nexus Research
Laboratory Inc., 480 Neponset
St., Canton, Mass. [395]

Compatible with most data re-
cording systems, model SC1100
solid state bridge amplifier fea-
tures a voltage output of 10 v
full scale. Its 5-ma output cur-
rent can drive most galvanometers
directly without additional ampli-
fication. Continuously adjustable
linear gain is +0.5% from 0 to
10 v. Price is $95. Statham In-
struments Inc., 12401 W. Olympic
Bivd., Los Angeles. [3921]

Compact closed-circuit tv cameras,
called the S/40 series, offer solid
state reliability, 800-line resolu-
tion, temperature tolerance from
—22° to +140°F, high signal-to-
noise ratio, and easy maintenance.
Design enables placement of the
camera in formerly inaccessible
areas. Net weight reduction from
earlier models is 7 Ibs. Motorola
Inc., 4501 W. Augusta Blvd., Chi-
cago 60651. [396]

Although Oak integrated several
functions into one package, per-
formance of the individual parts of
the package isn’t exceptional.

The transistorized vhf tuner has
a standard 300-ohm balanced an-
tenna input, and operates on 12
volts at 17 milliamperes. Torque
required to turn the channel se-
lector is 68 in. per ounce; torque to

Matched set. Package is supplied
prealigned and matched to perform as
a unit, so customer invests no
engineering time designing and
testing the i-f amplifier or tracking
and aligning time on the assembly line.
The i-f strip is normally mounted

on the vhf tuner (far right), but can be
supplied with matching connecting
cables for mounting anywhere in the
receiver.
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Solution to
a high-voltage
capacitor
design
probiem

This designed-to-order capacitor was engineered for a missile applica-
tion. It has an energy density of .42 Joules/cu. in. and is molded in a
circular shape to save space in the missile, Look at these specifications:

@ 6,000 Volit DC operation

® No derating between +-125°C and —65°C
o Takes 73 g’s shock, 45 g’s acceleration
e Capacitance .525 uf

@ Only 22.4 cu. in. and 26.4 oz.

u‘un( ‘

We can supply units rated from 4,000 to 60,000 Volts DC with capaci-
tance ranges from 100 uuf to 1.0 uf; open construction units available
with energy densities up to 0.8 Joules/cu. in. Ask us to build you a high
energy density capacitor that makes the best use of your available
space. Call or write, today.

AMP

INCORPORATED

CAPITRON DIVISION
155 Park Street « Elizabethtown, Pa. «+ 717-367-1105
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turn the fine tuning shaft is 3 to 5
in. per ounce.

Output of the uhf tuner is
matched to that of the vhf unit.
Driven by a planetary drive with a
10:1 ratio, the tuner covers uht
channels continuously.

Gain bandwidth. The video am-
plifier has a 70-decibel gain, a
bandwidth of 3 megahertz at 6 db
down, and an r-f and i-f gain re-
duction greater than 90 db.

Not included in the packages are
the interconnecting coaxial cables.
Oak supplies them to user speci-
fications on request.

Oak Manufacturing Co., division of

Oak Electro/Netics Corp., Crystal Lake,
1. [397]

New systems

Data retrieval
in sharp focus

Kalvar scroll is used
in automatic storage
and retrieval system

In almost every company, files pro-
liferate at an alarming rate. Even
scarier. however, is the difficulty
most people have finding specific
documents in those files. One an-
swer for those who can afford it is
a new automatic storage and re-
trieval system introduced by Litton
Industries.

The Command Retrieval Infor-
mation System (Cris) can store
500,000 documents. And it can re-
trieve and display any one at ran-
dom in 20 seconds. It is compatible
with a wide variety of indexing
hardware and can be computer
operated.

A user has a choice of outputs:
electronic on a television monitor,
or as hard copy printed on 81} by
11-in. paper, or reduced to the size
of 35-mm film and mounted on an
aperture card.

Kalvar storage. First step in stor-
ing a document is to photograph
it on microfilm, a standard pro-
cedure. Then the film is contact-
printed onto a Kalvar scroll that be-
comes the storage medium. Kalvar
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SCIENCE SCOPE

A new communications satellite for use in 1969 by the International Telecommun-
ications Satellite (Intelsat) Consortium is now in the design-study stage at
Hughes, under contract with Comsat. The new Intelsat IV would have 10 times
greater capacity than the Intelsat III generation scheduled for 1968, and would
he employed for intercontinental telephone and TV traffic.

Advanced naval combat data systems will give commanders of 30 NATO ships a
complete picture of the combat situation -- enemy and friendly aircraft, surface
ships, submarines -- enabling them to make quick, sound decisions and suggest-
ing countermeasures. Hughes has licensed SEMS (Societe Europeene de Materials
Speciaux) to produce the computer-displays for the French and Federal Republic
of Germany Navies, and Selenia S.p.A. for the Italian Navy.

A communications experiment with the ATS-1 satellite recently demonstrated the
practicability of VHF communications via synchronous satellite for commercial
ships and airliners. Using a simple, compact terminal Hughes developed for the
experiment, the crew of a Coast Guard cutter 1200 miles off the Pacific Coast
talked by two-way radio with NASA ground stations in North Carolina and Calif-
ornia and with airliners over the mid-Pacific. Entire terminal fit into a
standard six-foot rack and utilized slightly modified VHF equipment,

The brilliant white paint on Surveyor spacecraft is so stable it retains its re-
flectance through the intense heat and ultraviolet radiation of the lunar day. The
best white house paint would soon have turned dark brown, subjecting the TV camera
and shovel to such high temperatures their success would have been endangered.

The Navy's new air-to-air Phoenix missile has scored a hit in every airborne
test, and Hughes engineers feel that its on-board telemetry equipment deserves
some of the credit. It enables them to monitor the missile's condition prior
to launch and its performance throughout flight, resulting in significant time
and cost savings over conventional test bench methods.

If micrometeroids puncture a manned spacecraft during lunar or interplanetary
journeys, the holes could be plugged instantly by a new self-sealant developed
by Hughes. The single-component chemical material, put between the spacecraft's
double walls, would provide thermal insulation as well as protecting against
penetration by micrometeroids. It worked perfectly when tested in a space-
simulating vacuum, sealing holes made in a variety of materials by 1/8-inch
projectiles traveling 22,000 feet per second.

Logic designers, digital circuit designers: Hughes now has substantial opportun=-
ities for well-qualified men. We also need several project engineers. Other
openings for weapon system design, aeronautical systems, and electro-optical
engineers. Requirements: at least two years of applicable experience, an
accredited engineering or scientific degree, and U.S. citizenship. Please send
your resume to: Mr. J.C. Cox, Hughes Aircraft Company, Culver City, California.
Hughes is an equal opportunity employer.

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY
Circle 183 on reader service card
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2-CHANNEL
MONOPULSE TRACKING
RECEIVER SYSTEM

m FOR TWO-CHANNEL (SUM AND m PLUG-IN FILTER/DEMODULATOR
COMPOSITE DIFFERENCE UNITS
CHANNELS) MONOPULSE SYSTEMS

® PLUG-IN RF TUNERS FROM 55 MHz

m CORRELATION AND PHASE-LOCK TO 2300 MHz

TRACKING MODES

= FM, PM, AND AM DATA m PLUG-IN SPECTRUM DISPLAY UNIT

DEMODULATION WITH A WIDE

RANGE OF BANDWIDTHS m SOLID STATE DESIGN

The Nems-Clarke Two-Channel Monopulse Tracking Receiver sys-
tem uses azimuth and elevation (X and Y) RF error voltages which
are added in phase quadrature to form a composite RF error volt-
age. The system consists of a modified Nems-Clarke type 2074
Dual-Channel Telemetry Receiver, and a type MDM-1000 Mono-
pulse Demodulator Unit. The X and Y error voltages are separated
at the error detectors by a compensating quadrature network, and
applied to the antenna servo system. Couplers for combining the
azimuth and elevation RF error voltages can be supplied if re-
quired. An alternate two-channel system, in which the difference
channel is time-shared between azimuth and elevation error volt-
ages, may also be employed. v-51

710 L ecTRONICS

PRODUCERS OF NEMS-CLARKE EQUIPMENT

VITRO CORPORATION OF AMERICA

919 Jesup-Blair Drive « Silver Spring, Maryland (301) 585-1000
2301 Pontius Avenue s Los Angeles 64, California (213) 477-6717
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. ..acomputer can
run the system. ..

is a film that is sensitive only to
ultraviolet light; it is developed by
the application of heat.

A typical roll of Kalvar in the
system is about 500-feet long and
17-inches wide. On this are 11 rows
of images, each 35 mm in size:
from 2,500 to 5,500 images per row.

Because exposure is by ultra-
violet and development is by heat,
new documents can be added to
unused portions of the scroll at
anytime, The entire film is not sen-
sitized at one time.

Coded papers. Each document is
coded by an x and y coordinate. To
retrieve a specific document, the
operator punches in its digital code
using a keyboard. A computer
could supply a digital output to
run the information retrieval sys-
tem automatically.

Longitudinal locations are
printed on the top of the Kalvar
scroll. Vertical position information
is attached to the carriage of the
machine.

As the machine searches, the
scroll moves both horizontally and
vertically until it places the desired
document image in position for
viewing, reproduction, or conver-
sion to a tv signal.

Protecting secrets. One interest-
ing application of the system may
be to safeguard classified docn-
ments because papers can be
viewed without removing them
from the files. Because the system
is capable of high resolution it can
be used to view documents such as
aerial photographs or X-ray pic-
tures.

Litton Industries, Beverly Hills,
Calif, [398]

11 ROWS OF 35 mm IMAGES
2,500 TO 5500 IMAGES EACH ROW

TRAVERSE
ACTION =
5

SCROLL-430 ft. TO
1000 ft. LONG

ROTARY
ACTION

“SCROLL
77in. WIDE

CODE TRACK—

Kalvar scroll. Data can be retrieved
from storage in about 20 seconds.
Putting an image on the scroll
costs about one cent.
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New Microwave Review

Mechanically tuned, coaxial mag-
netron model 304 is for use in
airborne and ground-based radar
systems. It develops 250 kw peak
power across the 8.5- to 9.6-
Ghz range. The 19-lb, air-cooled
tube can be used in existing sys-
tems using the 6249 family of
tubes. Dimensions are 93 x
10%a x 41/ in. SFD Laboratories
Inc., 800 Rahway Ave., Union,
N.J. [4011

Eight compact, direct-reading at-
tenuators span 7.05 to 90 Ghz.
Attenuation range of each unit is
0 to 50 db. Vswr of 1.15, accur-
acies to *=0.5 db, and maximum
insertion losses of 0.5 db are
attained. The wunits, all panel-
mountable, range in price from
$350 to $700. DeMornay-Bonardi
division, Datapulse Inc., 1313 N.
Lincoln Ave., Pasadena, Calif.
91103. [4051
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Two 50-ohm feed units provide a
means of separating the d-c bias
circuit from the r-f measuring
circuit. Maximum bias current is
2.5 amps with voltage across the
capacitor limited to 150 v d-c.
The BN35616/6N/50 spans 30 to
100 Mhz, with vswr of 1.04:1;
the 7N, 300 to 3,000 Mhz, with
vswr of 1.06:1 at 3 Ghz. Rohde &
Schwarz Sales Co., 111 Lexington
Ave., Passaic, N.J. [402]
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Phase measurements and imped-
ance plots can be made with
pulsed r-f signals using the model
306 pulse adapter. Among the
applications is testing phase shift
through microwave tubes with
pulses as short as 0.2 ysec and
having a phase resolution of bet-
ter than 1° from 2 Mhz to 40
Ghz. Wiltron Co., 930 East
Meadow Dr., Palo Alto, Calif.
[4061]

Power tetrodes 4CW800B and
4CWB800F, designed for distributed
amplifier applications, feature 4
individual circuit connectors to the
active part of the grid. Filament
voltage ratings are 6 v and 26.5
v, respectively. Units are capable
of 1,000-w output. Minimum self-
resonant frequency is over 900
Mhz. Eimac division, Varian As-
sociates, 301 Industrial Way, San
Carlos, Calif. [403]

flexible microwave ab-

A thin,
sorber based on silicone rubber,
Eccosorb FGM has an average
reflectivity of 12 db down from
2 to 12 Ghz over a wide range
of incidence angles. It is usable
up to 425°F continuously, and up

to 500°F for short times. It
weighs less than 2 Ibs per sq ft.
Price is in the $50 per sq ft
range. Emerson & Cuming Inc.,
Canton, Mass. [407]

Voltage-tunable over half an oc-
tave, the ETS3152 is a 1.2- to
1.8-Ghz fundamental oscillator
that offers greater than 50 mw
of output power. Control voltage
is 0 to 20 v. The unit measures
1x 1'% x 2% in. It will meet its
specifications in —50° to +70°C
environments. Delivery takes about
45 days. Consolidated Airborne
Systems Inc., 115 Old Country
Rd., Carle Place, N.Y. [404]

Double-balanced mixer 10514B,
measuring 1.63 x 0.70 x 0.43 in.,
mounts on p-c boards. Range is
0.2 to 500 Mhz at l-o and signal
ports; third port is d-c coupled.
Conversion loss is less than 9 db
over full range. Uses include pulse
modulators, and current-controlled
attenuators. Price is $150. Deliv-
ery is from stock. Hewlett-Pack-
ard Co., 1501 Page Mill Rd., Palo
Alto, Calif. [4081]

New microwave

Military mixer invades civilian market

Designed for a missile project, a mixer fits

neatly into commercial communications

Rarely does a product developed
for a military project ever find its
way into civilian equipment. One
exception may be a double-bal-
anced mixer that was designed
for the radar system of the Short
Range Attack Missile (sranm). Now
Relcom, a small manufacturer in

186

Mountain View, Calif., says the
same mixer can be used in a variety
of commercial applications—as an
r-f modulator, a pulse-code modu-
lator, or a phase detector in a-m
and f-m communications, and in
telemetry equipment operating be-
tween d-c and 500 megahertz. The

company also has introduced a low-
frequency version for 50-kilohertz
to 200-Mhz operation.

Both models are priced at $50,
well under the $150 to $200 range
of other double-balanced mixers.

Crammed full. For some time the
company had been making a type
M5B vhf/uhf mixer, but the device
was bulky and relatively expen-
sive. Then the military came along
and wanted the M5B mixer
crammed into a tiny package be-
cause of the SRAM receiver’s space
limitations. Relcom redesigned the
mixer to fit into a hermetically-
sealed can having a volume of only
0.064 cu. in. Now called the M6E,
the mixer has eight leads, each 30
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An L-band transistor amplifier is
stable in an airborne rocket en-
vironment under all conditions of
vswr and phase at the input and
output. It has a gain of 17 db,
3-db bandwidht of 40 Mhz, and
dynamic range of 60 db. With a
center frequency of 1 Ghz, it in-
cludes a 10-db image reject filter
at 1,120 Mhz. Micro State Elec-
tronics Corp., 152 Floral Ave.,
Murray Hill, N.J. [409]

Solid state switch S001350, sin-
gle pole, double throw, has a
switching speed of 100 nsec. Its
guaranteed high isolation value is
50 db to 2 Ghz, 46 db to 4 Ghz
and low insertion loss of a maxi-
mum of 2 db to 2 Ghz, 2.8 db
to 4 Ghz. R-f handling capacity
is 2 w c-w. The switch weighs
under 2 oz. Price is $375 each.
American Electronic Laboratories
Inc., Colmar, Pa. [413]

G

Frequency converter CX-7 has 8
to 12 Ghz (r-f) and 2 to 6 Ghz
(i-f) bandwidths. Noise figure is
8 db; conversion loss, 7 db aver-
age. Harmonically related spurs
are 30 db, other spurs 70 db
below desired output for an input
level of 3 mw or less. An |-0 de-
livering 3 mw for low level and
20 mw for high level use at 14
Ghz is required. Spacekom Inc.,
Box 235, Goleta, Calif. [4101]

Pulse-amplifier  cavity model
11026 can be used in phased-
array and broadband-radar sys-
tems. It is rated at 10-kw out-
put and operates in L band. Basic
frequency is 425 Mhz and it is
tuned manually. Bandwidth is 50
Mhz at 1.0-db points. Power in-
put is 2.5 kw peak; maximum in-
put vswr, 1.5:1. Microwave Cavity
Laboratories Inc., 10 North Beach
Ave., LaGrange, IIl. [414]

Monopulse  tracking receivers
handle standard frequency bands
including 225 to 260, 1,700 to
1,800, and 2,200 to 2,300 Mhz,
and will track all IRIG frequen-
cies. They use synchronous cross-
correlation and phase-lock-loop
error detection techniques to de-
rive d-c error voltage for con-
trolling servosystems. Canoga Elec-
tronics Corp., 8966 Comanche
Ave., Chatsworth, Calif. [411]

Precision 7-mm coaxial slotted
line type 2852-05 is equipped
with an APC-7 connector. It uses
compensated dielectric pins in-
stead of a conventional bead to
support the inner conductor. Rated
residual swr is under 1.025
up to 18 Ghz. Over-all dimensions
are 2.7 x 3.6 x 10.6 in. Weight
is 2.7 lbs. Price is $1,140. Alford
Manufacturing €o., 120 Cross St.,
Winchester, Mass. [415]

Coaxial latching switches of the
MA-7524 series are for channel
selection in military and commer-
cial communications and radar
equipment where space is limited.
They feature 60-db interposition
isolation from d-c to 12.4 Ghz
and vswr of 1.5. Maximum inser-
tion loss at 11 Ghz is 0.5 db.
Maximum switching time is 0.015
sec. Microwave Associates Inc.,
Burlington, Mass. [412]

Model 410-A09 automatic fre-
quency control and monitor cavity
has a stability of +1 Mhz from
—30° to 75° C. It can be used
to stabilize klystrons in discrim-
inator circuits. The cavity offers
a tuning resolution of +0.5 Mhz
from 5.9 to 7.4 Ghz. A locking
device protects the frequency set-
ting against accidental change.
Microlab/FXR, 10 Microlab Rd.,
Livingston, N.J. [416]

mils in diameter, positioned on
0.2 in. centers for plug-in mounting
on printed-circuit boards.

Input and output coils of the

mixer are precisely wound and
tapped. The coils are coupled by
a balanced bridge that uses hot
diode carriers to obtain turn-off

R-F INPUT

i s £

PULSE INPUT

A

MODULATED OUTPUT

Power saver. Bridge of hot carrier diodes needs no power supply.
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and turn-on times in the nanosec-
ond range.

Unlike conventional transistor
mixers, the diode bridge is a pas-
sive device, which doesn’t require
a power source. But the greatest
advantages are in performance.
The device has excellent cross-
modulation characteristics, wide
dynamic range, and good image
rejection and carrier suppression.
Of equal importance is its ex-
tremely low noise level, so low that
a preamplifier isn’'t needed at
times.

I. Applications
Although the new device is de-
signed primarily to extract the
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Tiny package. Mixer is squeezed
into volume only 0.064 cu. in.

sum or difference of two input fre-
quencies in superhot receivers, it is
also used as a pulse modulator in
radar systems.

In such a circuit, an r-f signal
applied to the local oscillator ter-
minal is amplitude- or pulse-mod-
ulated by the signal applied to the
r-f terminal. The output is a dou-
ble-sideband suppressed carrier
signal. In this process, the pulse
can be of any duration and either
positive or negative to shift phases
180°.

Attenuator or detector. If the
modulating pulse is replaced by a
variable d-c¢ source, the mixer be-
comes a signal attenuator with a
range of —3 to —50 decibels. In ;
another application, the mixer can Here’s the new, single

i

work as a phase detector because source for all your

its characteristics are so well-bal- power needs.

anced, it needs no null-balance ad-

justments. As a result, interactions e Certified Mil Spec

between signal sources are mini- Transpac® DC Modules
M Measures 3-terminal capacitance from mized. ok

Fesoatin, GHT B o 1 Relcom, 2164 E. Middlefield Rd., Moun- e New Low-Cost Silicon

W Measures 2-terminal inductance from tain View, Caiif. [417] Transpac DC Modules

0 to 1000 yH; basic accuracy, 1%;
resolution, 0.01 ,H

B !deal for semiconductors

e Full-Range Variable

* DC bias to —+200V Supp”es
* 1 Mc/s crystal controlled test frequency ]
* 15 mV test level New microwave e Inverters, Frequency
A dat both high
15 cgocrlr;r‘:}ge: es bo igh and low Changers

W DC analog output; linearity, 0.1%

The Model 71A provides Continuous Meas-

Cuttlng COStS e High-Voltage Supplies
urement of C and L with the speed and con-

venience of a VTVM. DC analog output is Of tv rEIay nc lo nc o nc to nc
capable of at least 4-digit resolution with
appropriate DVM; permits rapid plots of such
functions as capacitance vs. voltage of var- Ac to nc L) nc to nc

actor diodes or linearity of variable capaci- Operating a-t FCC minimums
tors on X-Y plotter. Also useful for auto- !
matic go/no-go testing, sorting, batching, or Send for Your Free Copy TODAY!

matching. new system fills needs of
e industrial users

Full technical details on request. 12

Does a microwave system that re-
lays closed-circuit television re- ELECTRONIC RESEARCH
quire the same resolution as a sys- ASSOCIATES,INC.
tem needed by network broadcast- Dept. E-7 67 Sand Park Road

ers? No, say engineers at Varian Cedar Grove, N. J. 07009  (201) 239-3000

5 3 5 : . Subsidiaries: ERA Electric Co. » ERA Acoustics Corp.
Micro-Link Systems in Copiague, ERA Dynamics Corp. * ERA Pacific. Inc.
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Just a few of the
hundreds of answers
Aerovox has to

your RFl problems

MINIATURE CERAMIC
LOW PASS RFl FILTERS

T}pical Insertion Loss Curves
Measurements per Mil-Std-220

Present military specifications require that electronic equip-
ment be kept free of interference from 150 KHz to 10 GHz.
Aerovox type FC low pass, miniature ceramic RF| suppres-
sion filters will meet or exceed the applicable requirements
of MIL-F-15733. These new units have been life tested for 250
hours at 1'/2 times the working voltage. After test, insulation
resistance of units is greater than 50 megohms.

All FC units are hermetically-sealed in silver plated cases
and have been tested for moisture resistance, temperature
cycling and immersion and vibration under MIL-STD-202. Six
standard ratings are available depending on minimum inser-
tion loss, maximum DC resistance and maximum DC current
or low frequency AC. Operating temperature is-55°C to
+125°C. Our filter application engineering department will
work with you to design and manufacture the exact filter for
your specific application requirement.

RO

el
ATTACK %

INDIVIDUAL
MISTAKES

CERO DUFECTS FROGAAM

RFI FEED-THROUGH
SUPPRESSION CAPACITORS

TYPICAL
CONVENTIONAL CAPACITOR
2.0 mfd

AT il o 0] e IIII!’
Designed for applications in aircraft, industrial and vehicular
equipment these new Aerovox feed-through suppression
capacitors will hold effective series inductance to an ab-
solute minimum and effectively filter broadband interfer-
ence. Series P340 and P341 units have been specifically
engineered for through chassis or through panel mounting.
Three terminal design — case serves as actual ground term-
ination and the through input-output line for DC or low
frequency AC appears at the remaining two terminals.

These capacitors are available in 5 DC voltage ratings
from 100 to 600 VDC and 10 capacitance ranges from .001
to 2.0 uf. They are hermetically sealed with glass-to-metal
end seals for maximum performance in all environments.
Aerovox types P340 and P341 meet or exceed the require-
ments of MIL-C-11693. Write today for complete descriptive
literature.

-~ AEROVOX

Ni-O.

CORPORATION

OLEAN, NEW YORK
NEW BEDFORD, MASS,

@

Selected commercial and military products are available off-the-shelf from Authorized Aerovox Distributors.
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Cinch
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’In

fh

nn"'""'"

,lh n’l

E J ﬂ"““‘mdﬂlm :

Mm"
..ul

I\ (e '
mmuh U
TR

\ :: e
!Iu ’ m"'\ il

L ' i

| [
il

II

b

MEMBER

CONSISTING OF CINCH MA

for the mos
uraely plated _t:nmi _

I
Il
|

H[““

e
lﬂl ““!”M

il

*'u

f//ﬂ///ll/l

i N

il ,Ay’ i

mumm" "”“,“m,m Il

X 20 §

' ™
by i

n”"{_«

[

Consistently high levels of quality control for precious
metal plating requires measurement of plating thick-
ness—in microinches—with reproducible results!

To be sure that Cinch equipment would produce
contacts meeting even the most rigid plating specifi-
cations, an elaborate, continuing program of quality
control was developed. Based on beta ray backscatter
measurements, it involved —

a

1. Devising a new BetaScope calibration system
traceable to the Bureau of Standards.

2. Designing new methods for consistent contact
alignment in the BetaScope.

3. Establishing new procedures for the statistical
analysis of data obtained from plating thickness
measurements.

30 L
¢ ’ il .‘];w‘ﬁ el ﬂl /!

NUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONAD

]l

\ ,//h//hz

A

(G technig

RESULT: Cinch can provide the exact plating thick-
ness required at any point, or at all points, on a contact.
Plating processes can be controlled to guarantee
minimum plating depth because variations can be
detected immediately.

At Cinch, the Quality Control Director reports
directly to the President. Cinch is the only connector
manufacturer whose products are accepted without
incoming inspection by one of the nation’s leading
communications equipment manufacturers.

This sophisticated approach to quality control is
another example of the extra dimension in Cinch’s
capabilities. Beyond the ability to develop fine prod-
ucts, we also offer in-depth production engineering,
and tool, die, mold and equipment design and
fabrication.

CINCH

UNITED-CARR

DIVISION OF

NOCK, CINCH-NULINE, UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT.



Our skills and services are available
to you. For Cinch creative problem
soiving assistance contact Cinch
Manufacturing Company,

1501 Morse Avenue

Elk Grove Village,

Illinois, 60007

Circle 191 on reader service card

Four-foot dish. Mounted behind
antenna is transmitter sending to.. ..

N.Y. They believe an industrial
user can get by with a relay sys-
tem that operates at the minimum
standards set by the Federal Com-
munications Commission.

Varian has come up with a relay
system selling for $4,060—about
half the price of others on the mar-
ket. Transmitting over a 4-mile dis-
tance in the 2.5-gigahertz band, the
new system has a carrier-to-noise
ratio of 37 decibels. Although this
performance is borderline for com-
mercial color transmission, Vari-
an’s engineers say it is more than
adequate for most industrial or
education applications. An im-
provement of about 7 db is pos-
sible if the system’s standard 4-

60 ] T T
=
—
5
< 551 -
o
-
<t
& 501 -
>
>
e
ey G -
o
i SIX FOOT
= ANTENNAS
= |
= 40+
w
w
A SO,
= 351
o
[ MINIMUM
@ RECOMMENDED
R {
= FOUR FOOT
S ANTENNAS
oK ! | | |
5 2 4 6 8 10

DISTANCE IN MILES

Minimums. Relay can operate
at distances above the red area.

. . . Receiver dish. Receiver converter
is also mounted right behind dish.

foot antennas are replaced by 6-
foot dishes.

The system includes an exciter,
transmitter, transmitting antenna,
receiving antenna, and receiving
converter. Electronic portions are
solid state. All a user needs to go
on the air is a tv camera and mon-
itor.

Channel choice. The exciter ac-
cepts a composite video signal and
associated audio, then generates
a vhf signal on channel 7. 9, 11,
or 13 and sends it to the transmit-
ter, which is mounted directly be-
hind the transmitting antenna. One
transmitter can accept the output
of one or more exciters, converting
it—or them—to the 2.5-Ghz car-
rier frequencies.

Mounted behind the receiving
antenna is a receiver converter,
which changes the 2.5-Ghz signal
back to channel 7, 9, 11, or 13.

Up to four tv signals can be
transmitted  simultaneously  and
color can be transmitted by adding
exciter units.

Specifications
Transmitter Model CU-1A

Power input
Frequency range

117 v ac, 12 w
2,500 to 2,686 Mhz
Power output 2 mw peak visual
Type of emission visual A5, aural F3
Temperature range 40 to +140°F
Exciter Model EE-2
Power input
Frequency range

117 v a-c, 100 w
168 to 222 Mhz

Bandwidth 4.2 Mhz
Input 0.75 v pp video, 10
db audio

Receiver converter Model CE-5C

Power input 20 vdc, 4 w

Power gain 16 db minimum
Noise figure 8.5 db nominal
Output frequency 168 to 222 Mhz
Temperature range 40 to +140°F
Varian Micro-Link Systems, Copiague,
N.Y. 11726 [418]



RECORD DATA IN
INK ON Z-FOLD
PAPER AND READ IT
LIKE A BOOK

The new Hewlett-Packard 7850
Series Rectilinear Fluid-Process
Recorder produces ultra-clear
traces on Z-fold paper or rolls.
The numbered Z-fold pages offer
more convenient access to re-
corded data. Contactless pen tip
sensing and a low-pressure ink
system produce traces of constant
width throughout the recorder's

variable speed ranges of .025 to
200 mm. per second. Designed
with modular, solid-state elec-
tronics, the 7850 Series Recorder
provides high-resolution, perma-
nent, rectilinear recording of up to
eight variables from dc to 160 Hz.

A wide selection of 8800 Series
Preamplifiers provides signal con-
ditioning to the driver-amplifiers
which drive the recording pens
of the recorder.

The 7850 Series system includes
a preamplifier power supply, a
driver amplifier power supply and
a cabinet to house the complete
unit. The frequency response of
the recorder is 160 Hz for 10 div
p-p deflection and 60 Hertz max-
imum for full scale deflection.
Maximum ac or dc non-linearity
is 0.5% full scale. Additional fea-
tures include: 14 electrically-con-

trolled chart speeds; built-in
paper take-up; low ink supply
warning light; plug-in ink supply
cartridge that may be replaced
while the recorder is in operation
and complete modular construc-
tion of all components for easy
=mmmmm=  maintenance:

For complete infor-
mation on the 7850
system, optional and
related equipment,
contact your local HP
Field Office or write
Hewlett-Packard Com-
pany, 175 Wyman St.,
Waltham, Mass. 02154.

HEWLETT PACKARD




New Semiconductor Review

Designed for a-d converters, Six pnp
threshold logic gates, and voltage
comparators, an operational am-

plifier uses a circuit with inherent

6 db/octave rolloff and a through a 200 VCEO(sus), the 300-v
units have a 325VCEO(sus), and

delay of less than 6 nsec to

silicon transistors are
available at 200, 300, and 400
VCER, with either 1- or 2-amp

erational amplifiers

High-frequency, hybrid
desig- transistors,
nated types ATF406 and ATF-
beta ratings. The 200-v units have 408. The thin-film circuits are
fully frequency compensated at
25 khz for 6 db/octave rolloff.

-

op- Triple-diffused, planar npn silicon
designated 2400-6
(TO-5 case) anl 2800-6 (T0-59
case), are rated 7.5 amps. They
range from 30 to 150 v with a
typical frequency of 25 Mhz. The

achieve unconditional stability. In-
put offset voltage is under 3 mv;
offset temperature coefficient, un-
der 10 wmv/° C. Bunker-Ramo
Corp., 8433 Fallbrook Ave., Can-
oga Park, Calif. [436]

[

.
e o

Hot-carrier diodes are packaged
to permit use in circuits operat-
ing at frequencies up to 12.4
Ghz. Model 2701 has a single
sideband noise figure of less than
6 db with a carrier frequency of
9.375 Ghz (local oscillator power,
1 mw). Model 2702 has a noise
figure of 6.5 db; and model 2703,
7 db. Hewlett-Packard Co., 1501
Page Mill Rd., Palo Alto, Calif.
[440]

the 400-v units have a 400VCEQ
(sus). The entire line of triple-
diffused devices has a power rat-
ing of 75 watts. Industro Transis-
tor Corp., 35-10 36th Ave., Long
Island City, N.Y. [4371

Silicon planar IC operational am-
plifier UC4000 has an offset volt-
age adjustable to 0 with external
pot. Common mode voltage is
=+10 v; differential input offset
current, 15 nanoamps; differen-
tial input offset current drift,
175 picoamps/° C; and input off-
set voltage drift, 10 uv/°C. Prices
start at $17. Union Carbide Elec-
tronics, 365 Middlefield Rd.,
Mountain View, Calif. [441]

Open-loop gain is 100,000. Gain
bandwidth product is 5 Mhaz.
Noise voltage is 10 uv maxi-
mum. Micro-electronics division,
Amperex Electronic Corp., Slaters-
ville, R.I. [438]

Fast-recovery rectifiers IN4942,
-4, -6, -7, and -8 are suited for
use in high-reliability airborne-
and missile-power supplies. Typi-
cal reverse recovery is 100 nsec
up to 600 v, and 250 nsec up
to 1,000 v piv. Units handle 1-
amp average rectified current at
55° C, with low leakage current
of 0.1 ra at rated piv, 25° C.
Semtech Corp., 652 Mitchell Rd.,
Newbury Park, Calif. [442]

TO-5 units, at 10 w, cost from
$6.60 to $21.40 each on orders
of 100. Prices of the T0-59's
range from $8 to $24. Silicon
Transistor Corp., East Gate Blvd.,
Garden City, N.Y. [439]

Whiskerless, voltage-variable ca-
pacitance diodes cover 3 to 18 pf.
The Q's exceed 500 at 50 Mhz.
Inductance is less than 0.5 nh;
package capacitance, 0.2 pf. The
diffused planar silicon units offer
leakage under 100 na at 20-v
reverse voltage. Double-plug con-
struction gives reliability; the
D0-35 package, high density. MSI
Electronics Inc., 34-32 57th St.,
Woodside, N.Y. [443]

New semiconductors

DTL that fits TTL pins

Two new dual J-K flip-flops are part of a holding

action fought against the onrush of TTL

With the proliferation of integrated
circuits has come what marketing
men call the pin game—the tend-
ency, cither accidental or delib-
crate, of a semiconductor manufac-
turer to design a wunique pin
configuration for its line of digital
logic. Although the individuality

Electronics | July 24, 1967

makes a  manufacturer’s  line
unique, it wreaks havoc on a user
who may end up married to a cer-
tain line of 1c’s solely because of
the location of the connector pins.
To make a change could mean re-
designing everything else,

Four new flip-flops, introduced

Compatikle. DTL flip-flop fits TTL pins.

193




NEW!
Push-Button Bridge

Measures Impedance to 0.1% Accuracy

WwESTON

Once the Bridge is trimmed, a series of front-panel range push-buttons are sup-
pressed in sequence until a reading is obtained on the meter. Setting up the first
one or two digits of this reading on push-button decade controls gives the
final reading.

No Manual Balancing with New Wayne Kerr
B641 Universal Impedance Bridge

Now, batch testing of components or the observation of changing values under
laboratory conditions are made simpler and faster by the new Wayne Kerr B641
Universal Impedance Bridge. ) _

Designed for the continuous measurement of any type of impedance or admit-
tance, at audio frequencies, as low as 1 picofarad — to an accuracy of 0.1% — the
B641 eliminates manual balancing, makes readout virtually automatic.

Operation is simple: once the Bridge is trimmed, it is necessary only to depress
a series of front-panel range push-buttons in sequence until a reading is obtained
on the electronically-balanced meters. Setting up the first one or two digits of
this reading on push-button decade controls
makes the balancing automatic; the meters can
read the first, second, third or fourth digits.

The Bridge produces analog voltage propor-
tional to the meter readings and BCD (in a 1248
code), for the nixie readout.

The B641 is based on the transformer-ratio-
arm principle, giving stable performance even
when components under test form part of a
sub-assembly (such as a printed board or an
encapsulated unit) or when long measurement
leads must be used.

SPECIFICATIONS

Accuracy: 0.1% from 1pF to 10uF
10n3 to 100mMs
1mH to 10kH
10Q to 100MQ
Price: $1,700 FOB Montclair, New Jersey

Overall Ranges: 0.002pF — 50,000 F

20p U — 5000

200nH — 5MH

2nQ — 50,000M2
Discrimination: 0.01% of max. on all ranges

For literature and detailed specifications, write:

Wayne Kerr corporarion

18B Frink Street, Montclair, N.J. 07042 » Phone 201 746-2438

INNOVATIONS IN INSTRUMENTATION
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. .. the speed of TTL has
blinded some engineers. ..

by Stewart-Warner Microcircuits
Inc., gives that company a small
gain in the pin game. The devices,
which are dual J-K clocked flip-
flops, fill out Stewart-Warner’s prL
line, which is the same logic Fair-
child Semiconductor calls the 930
line. But if a different final mask is
used for metalization, the pin con-
figuration will be identical to that
of the sunrL 2 tru dual flip-flops
made by Sylvania Electric Prod-
ucts Inc., a subsidiary of the Gen-
eral Telephone & Electronics Corp.

Fighting back. The move also re-
flects the great inroads that tran-
sistor-transistor logic has made into
the sales of diode transistor logic.
Edward Farrell, marketing man-
ager of Stewart-Warner Microcir-
cuits, believes that Tt has been
oversold for some applications. He
thinks that some engineers have
been blinded by its speed superi-
ority over prL and have designed
TTL into systems where such speed
isn’t needed. The move creates
other problems, such as power and
noise.

If TTL proves unsatisfactory, or
suppliers can’t meet demands, says
Farrell, the engineer can replace it
with a Stewart-Warner prL circuit
that is compatible. No physical de-
sign changes are required because
the pin connectors are in the same
place in both families.

Initially, Stewart-Warner had
hoped to make the new circuits also
compatible with the Tt line of-
fered by Texas Instruments Incor-
porated, but the layout problems
were so complex the objective had
to be dropped. Farrell explains,
“We would have to bring the same
set of output and inputs to three
different kinds of pin configura-
tions. It could be done, but not on
a chip 56 mils square.”

Pairs of circuits. The new cir-
cuits come in pairs: the SW 705
and SW 706 are of the Fairchild
945 type; the SW 708 and SW 709
correspond to Fairchild’s 948. In
each set, the first is a circuit with
separate clock inputs and the sec-
ond has a common clock and reset,
By interchanging connections—the
Q with the Not Q and the ] with
the K—the designer can use asyn-
chronous inputs for clearing in-
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New CVC AutoMate...The Decision Maker

Just Touch The Control...
AutoMate Does The Rest

An AutoMate™ control system will
handle your vacuum cycle for produc-
tion—and do it automatically. Auto-
Mate is engineered to make human
decisions without human errors.
Think what this means:

Finger-tip control on the AutoMate
Decision Control Center . .. relieves
operators from further machine at-
tendance.

Automatic sequence operation . . .
the cycling decision is made and
carried out in response to actual
pressure in the system.

Repeatable performance . . . get ex-
actly the same results every time.

So let AutoMate make the vacuum
decisions to free your operator for
more important tasks in your produc-
tion process. Use AutoMate in elec-
tronics, optics, ceramics, metallurgy. cvE-164

AutoMate gives you a complete sys-
tem with automatic control center,
chamber, pumping system, and gauge.
These elements have been human-
engineered into a new design that
makes AutoMate stand for the latest
technological advances in high-vac-
uum automation. Write for details.
Consolidated Vacuum Corporation,
Rochester, N.Y. 14603. Subsidiary
of Bell & Howell.

AutoMate Automatic Control Center as in-
stalled on CV(C’s new systems. Just
touch the control—AutoMate does the
rest. This Control Center introduces a
whole new era of automated high-vac-
uum systems. Watch for more . .. from

CVC.

Circle 195 on reader service card



Sample and hold.

Sample and hold.

Do dah. Do dah.

The closed-loop performance of
Redcor/Modules’ new Sample-and-
Hold will put a smile on your face and
a spring in your step. The 770-715
has an accuracy of 0.01%. If that
don’t get you, try a settling time of 5
microseconds for 20V step input, Or
how about an input impedance of 10
megohms at 1 kc? Maybe a frequency
response of DC to over 50 kHz? This
performance, friends, is yours for a
mere $250 in quantities of 50. Redcor
makesequallyappealing comparators,

dynamic bridge and buffer amplifiers,
8-channel multiplexers, plus 0.1%
Sample-and-Holds. They all have a
great new pin layout that for the first
time lets you easily interconnect
modules with dual in-lines. So quit
clapping your hands long enough to
request complete data.

REDCOR CORPORATION

7800 DEERING AVENUE
v  CANOGA PARK, CALIFORNIA 91304
(213) 348-5892 + TWX 213-348-2573

Circle 241 on reader service card

Capacitors and Resistors

Connectors
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Producers of all types of electronic
components have their reasons for
relying on Volkert Stampings. It
comes outinthe extra things Volkert
does. Like converting a multi-piece
design to a single stamping. Or con-
sistently using high-speed equip-
ment to reduce per-part costs.

Write or call Volkert Stampings,
Inc., 222-35 96th Avenue, Queens
Village, L.Il., New York 11429.
Telephone 212-464-8400.

yﬂ/"t’l’f STAMPINGS, INC.

Subsidiary of The Stanley Works

stead of setting, reversing functions.

The new circuits are available in
flatpack or dual in-line ceramic
packages. Prices in lots of 100:
$10.10 per circuit with a military
rating (—55° to 4-125°C).

Specifications

Model 945

Internal power dissipation

at 25°C ambient 500 mw

Typical power dissipation

at Vee-5 v 82 mw
Operating temperature

range —55° to +125°C
Fan-out 10

75 ns max turn-on
75 ns max turn-off
55 ns typ turn-on
40 ns typ turn-off

Propagation delay time

Model 948
Internal power dissipation

at 25°C ambient 500 mw

Typical power dissipation

at Vee-5 v 100 mw
Operating temperature

range —55° to +125°C
Fan-out 9

75 ns max turn-on
65 ns max turn-off
55 ns typ turn-on
40 ns typ turn-off

Propagation delay time

Stewart-Warner Microcircuits, Inc., 730
Evelyn Ave., Sunnyvale, Calif. 94086
[444]

New semiconductors

IC’s call the tune
in electronic organ

Two new MOS circuits are
created for the consumer
electronics industry

A rock 'n’ roll band would be the
first to appreciate two complex in-
tegrated circuits introduced by the
Semiconductor Products division
of Motorola Inc. The units, fabri-
cated with metal-oxide-semiconduc-
tor (nmos) technology to reduce
their costs, are for inclusion in
small portable electronic organs
that can be moved about by such
musical groups. The circuits—a
frequency divider designated MC-
1124P and a dual-keyer. gate desig-
nated MC1120P—are the first 1c’s
made especially for the consumer
electronics industry with yos tech-
nology. They cost $2 each in large
volume purchases.
Although Motorola is

aiming
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ELECTRICAL ALLOY
TRANSFORMER LAMINATIONS

Our transformer laminations are used in every conceivable application from
toys to sophisticated military space equipment.

We stock standard sizes in DU, E, EE, EI, F, LE, L, Ul. We also have facilities
for custom designs to your specifications. Chemically milled ultra-thin
laminations and parts are also available. Silicon laminations only available
west of the Rocky Mountains. Write for Catalog PD-122A.

Arnold is also @ Permanent Magnets 8 Tape Wound Cores g MPP Cores
B Magnetic Shielding @ Transformer Cans and Hardware g Bobbin Cores

B Silectron Cores @ Special Magnetic Materials.
#H ARNOLD

SPECIALISTS in MAGNETIC MATERIALS

THE ARNOLD ENGINEERING COMPANY, Man Offce MARENGO, ILL
BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL CITIES
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it costs you nothing

to call on experience:

Reeves-Hoffman design and manufacture
is 100% custom . . .
let us quote your needs!

* quartz crystals

* crystal filters

* oscillators
* discriminators
* standards
* ovens
REEVES- [\ ,

saes HOFFMAN Bca,
#I™ DIVISION OF DCA “\‘;?

400 WEST NORTH STREET, CARLISLE, PENNSYLVANIA 17013

L Telephone 717-243-5929

Md,, Del., D.C., Va.,, W.Va, N.C.
Valley Electronics, Inc
Baltimore, Maryland
(301)668-4900; (202)659-1760

New England
Howard Jappe Company
Wakefield, Mass
(617)245-9359

Pa. (except Pittsburgh), So.N.J.
Eastern Components, Inc.
Philadelphia, Pa
(215)927-6262

New York (except N.Y.C.)

Midstate Research Sales Co.

Syracuse, New York
(315)478-8314; (315)478-0715
New York City, No.N.J.
G. M. Moch Company
Ridgefield, New Jersey
(201)945-0080; (212)279-6758
So. California
Ash M. Wood Company
Arcadia, California
(213)283-1201; (213)287-0449
No. California
L & M Engineering
Santa Clara, Cal
(408)243-6661
1ll., Ind., Wisc., Minn.
PGM Sales, Inc
Chicago, lllinois
(312)622-8183
Ohio, W.Pa., Mich., Ky.
Tri-State Marketing, Inc.
Cincinnati, Ohio
(513)631-5060
Texas, Okla., Ark.
Carter Associates, Inc
Garland, Texas
(214)276-7151
Ariz., N.M., Las Vegas
Carter Associates, Inc
Scottsdale, Arizona
(602)947-4355

e
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GUIDE to better

printed circut
drafting

which include standard sizes

as specified in MS 16912,
(NORD) conforming to MIL-P-
55110A...&its FREE

cuit Drafting and Masking Aids.
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Circle 198 on reader service card

No Engineer or Draftsman
should be without the BY-BUK
handy CROSS REFERENCE

I

BY-By

PRINTED pippy
ORAFTING ojps

et the upy. 7
oot for h’mun

PP Ciocuit g

The booklet features over 3000 sizes of tapes, pads
and shapes for FASTER MORE ACCURATE DISTOR-

TION-FREE PRINTED CIRCUIT MASTER DRAWINGS.

Write today for FREE handy cross-reference guide, price list and
FREE samples from the most complete supplier of Printed Cir-

BY-BUK COMPANY

4326 West Pico Blvd., Los Angeles, Calif. 90019 « Phone (213) 937-3511

... 1C’s eliminate 80%
of the assembly work. ..

On the inside. Motorola engineers built
this organ with a 5-octave, 61-note
keyboard, and 18 function and voicing
stops, to demonstrate what its new
MOS IC’s could do.

these new devices at a specific
market, the company feels the func-
tions have use in other applications,
particularly home appliances, auto-
motive, and industrial control.

Both circuits are monolithic de-
vices. The frequency divider has
four flip-flops, so it’s really four
dividers in one; the keyer has two
gates. In the new 1C’s, each tran-
sistor is a field-effect device with
an insulated gate.

Using the 1c’s, an electronic-
organ manufacturer  eliminates
80% of the assembly work required
with discrete bipolar transistors
and diodes.

1. Making Music

The keys of the organ operate
switches that turn electronic oscil-
lators on or off. When a key is
depressed, a keyer gate is closed
selecting the proper frequency di-
viders to produce the desired tone.
Motorola’s new circuits do this
switching. Since a square wave is
required, a digital flip-flop makes
a good frequency divider.

Bright note. Motorola’s applica-
tions engineers see the organ as an
ideal application for integrated cir-
cuits because it uses large num-
bers of the same kinds of circuits.
The divider chain of a typical
organ has 44 frequency dividers,
but can vary from 25 in small in-
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Tubes, ETC.

ETC. means many
things. In cathode
ray tubes, £17.
means everything
from design
leadership to
volume manu-
facturing.

Write for more information.

GENERAL

TRDNIER

GENERAL ATRONICS

ELECTRONIC TUBE DIVISION
PHILADELPHIA o PENNSYLVANIA 19118

Circle 243 on reader service card

MINIATURE

PUSH BUTTON SWITCHES.
WIPING, SNAP ACTION
and BUTT CONTACTS.
SPST. SPDT. DPST. DPDT.
PUSH-PULL. LIGHTED.
25,000t01,000,000
OPERATIONS.

Gaghill

...the Difference Between
Excellent and Adequate

Select Materials

¢ Contacts—Fine Silver

* Springs — Tinned Music
Wire

* Housing — Molded Phe-
nolic per MIL-M-14

* Shorting Bar & Terminals
— Fine Silver or Silver
Plated Copper Alloy

Typical Specifications

* Y Amp.to 10 Amps., 115
VAC Resistive

* Contact Resistance 10
Milliohms

* Insulation Resistance —
25,000 to 200,000
Megohms

All fully described
in Engineering Catalog G304

Write

; —

/\‘ o 23 Hill Avenuve

,«ag‘;/[ Rttt A 4
i v LaGrange, lllinois 5

Area Code 312, Phone 354-1040

=

5 B, @&
g el
Ue

“PIONEERS IN MINIATURIZATION"
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Simplicity in IC’s. Subsystem (right)
built with MOS IC’s, which are packaged
in plastic, takes only one-tenth the
a space of an equivalent unit (left) built
I : t : : I I E . struments to 60 in large ones.
Since each part of a divider

with discrete devices.

Clairex Type 7H cells offer .0006 sec. at 100 ft-c chain can be formed by using flip-
flops from one or several packages
of MC1124P circuits, an organ with
a good range can be built with as
few as 12 of the frequency divider
Mos circuits, And all 12 packages
can be mounted on a single printed-
circuit board.

cum[l The keyer section is also repet-

[l[clﬂnmns D AR itive. The MC1120P circuit chan-
®

In addition to fast decay time,

Clairex Type 7H photocells also provide
240 ohms @100 ft-c and CdS stability.
They are available in TO-18 and TO-5
cases and in 6 resistance ranges.

nels several notes at each keying
position, supplying better than 70
decibels isolation.

Circle 244 on reader service card Semiconductor Products Division, Mo-
torola Inc., Phoenix, Ariz. [445]

New semiconductors
MILLIAMPERES (o] .
we have experience

with Linear IC’s take

y consumer spotlight

1'/2 in. AM-1 (actual size) 4 S I M M S
DiStinCtively ' /’;}IL-M-24100A

Three circuits for audio
applications aimed at

Styled high torque, | Y& = = entertainment market
self-shielded panel meters

Smart, sophisticated styling . . . easy and can hClP you To the makers of integrated cir-
reading scale . . . sizes 1'/2 to 4'/2” with ’ cuits these days, no buyer looks as

Rugged, high torque mechanism : : T
ffere19%, ﬁnml.i[l, DBE kit stad CUMPUSITIUNARTWORK PR'N“NE attractive as the one who works
sensitivity to 20 ua. Completely ‘ for a consumer electronics com-

shielded to eliminate error from A ZERO DEFECTS PLANT
magnetic panels. Mounts bezel- ment electronic firms gathered at

to-bezel on any material without BRACELAN’D annual meetings in Chicago and

interaction or effect on calibration

P enresenta-
o bbb v wiadl i BROTHERSINC New York last month, representa

dials — ASA/MIL 4-stud mounting tives of semiconductor companies
) 141 EAST HUNTING PARK AVENUE, were bustling about showing oft

PHILA., PA. 19124 — 215 GLS 4400 ;
new 1c¢ products designed espe-
AMMON cially for consumer equipment.
Texas Instrument Incorporated
AMMON INSTRUMENTS, INC : Sl 2 01 .
345 Kelley St., Manchester, N.H. 03105 is making its big play with hybrid

pany. As engineers from entertain-
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chains you
to your desk a much
shorter time.

Somethings must be done at the desk. But as quickly
and accurately as possible. Sharp’s electronic desk
calculator, Compet-30, is the answer to cutting calcula-
tion time.

Two new features on the face of Model CS-30B
really save time. The yellow one is the “memory
register’— which stores intermediate answers for
continuing calculation. The red one attempts to
prevent human error by warning of overflow. Together
they free you from the desk much faster.

And quietly. The boss can’t hear if you are working
or not! The CS-30B has no moving parts. Leave the
desk and check the Compet-30 now.

A

AT oSl * Easy to operate and maintain

= * Impossible to double set keys

* Fraction round-off key

* Decimal, plus, minus automatically
displayed

* 14 digit display

COMPET Model CS-30B

> SHARP

HAYAKAWA ELECTRIC CO., LTD. 0sata. Japan
U. S. Subsidiary: SHARP ELECTRONICS CORP. 178 Commerce Road Carlstadt, New Jersey

Circle 246 on reader service card

sessamv”

® ...

and everything
mn beteen

=

Quik
SOCKETS
CARRIERS and GOHTAGTORSf

' DEVELOPMENT COMPANY

LANSDOWNE, PA. 19050 M (215) MA 21525
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Meet
The Dividers!

[CD SERIES INTEGRATED CIRCUIT DIVIDERS

They are new from International. Use them for crystal controlled time
bases, scope calibrators, and clock sources.

International ICD units are totally integrated circuit frequency dividers.
They are smaller than a pack of cigarettes (17 x 2Va” x 238”). All have
two separate outputs. They are packaged in nine types providing divide
ratios 2 thru 10. No tuning or adjustment is required. The output pulse has
the same stability as the driving pulse. Voltage required, 3.6 vdc = 10%.

FREQUENCY RANGE

ICD-10 to 10 MHz $19.95 ea.
ICD-2 thru ICD-9 to
2 MHz $19.95 ea.

ICD Buffer (for feeding
more than one circuit) $ 9.95 ea.

WRITE FOR COMPLETE CATALOG.

202 Circle 202 on reader service card
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CRYSTAL MFG. CO, INC.
10 NO. LEE ® OKLA. CITY, OKLA. 73102

... packaged in plastic
toreduce costs...

ic’s [Electronics, June 26, p. 163];
Motorola has the first consumer-
oriented 1C’s built with metal oxide
semiconductor technology  [sec
p. 198]: and General Electric is ex-
panding its bridgehead into the
consumer marketplace with three
additional linear integrated circuits.

Three more. At the top of cg’s
new line is a 2-watt audio am-
plifier for phonographs, tape-car-
tridge playbacks, sound projectors.
television sets, f-m receivers, or any
high-quality reproduction. It has
the equivalent of seven transistors,
five diodes, and four resistors. Two
of the units can be used to obtain
stereophonic reproduction. Called
the PA237, the new circuit comple-
ments GE’s first 1c product, which
was introduced several months ago:
the l-watt audio amplifier PA222.
The comany’s new amplifier will
cost $2.38, compared to $2.20 for
the smaller device.

For a variety of functions in tv
and f-m receivers, a combination
amplifier-discriminator circuit has
been packaged as the PA189. One
of its most useful characteristics
is high voltage gain, 70 decibels.
Price is $2.186.

The third product is a small
signal amplifier for general-purpose
service, the PA230. Its output is
protected against short circuit.

In-line package. All of GE’s 1C’s
are—like Motorola’s—packaged in
dual in-line units made of plastic
to reduce cost and facilitate han-
dling on the customer’s assembly
line. A metal tab built into the
plastic package transfers heat from
the 1c to the circuit board.

Before ce developed its new 1C’s,
it sent a team of engineers around
the country to question circuit en-
gineers at consumer companies
about their needs. The three new
products were those most often
mentioned. Still, there hasn’t been
any rush to buy the 1¢’s as vet.
Most consumer companies are still
figuring how big—if any—the sav-
ings might be if they switched to
integrated circuits. GE’s own radio
and television division is not yet
committed to using them,

General Electric Semiconductor,
Syracuse, N.Y. [475]
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Cimron’s Fast-Track DVM gives you
the whole ball of wax—speed and accuracy!

Some DVM’s are fast. Some are more accurate
than others. Cimron’s Fast-Track is something
else—the perfect balance between the increased
speed and accuracy you need for systems work.
The 5-digit Fast-Track achieves its speed with a
new solid state logic that can “change its mind”
as the unknown voltage changes. You get this per-

A o vy

l' "l cine

P e LR

b S T g,
8

n

SENSITIVITY

e e [ g e 8 VOLT-RATIOMETER MODE L

fect balance, plus all of Cimron’s customer concern
extras—like the calibration procedure printed on
the guard shield. 5-digits plus overrange; 100
millisecond maximum balance time; accuracy of
.001% F.S. + .005% of reading. Model 4600 Series,
from $4390. For details, write Cimron, Dept.
A-104, 1152 Morena, San Diego, California 92110.

cCimMmzOoN

A Division of
Lear Siegler, Inc

a6 51

m——

TS
SIMEEEON /z\],ﬁ[)

INPUY

REFERENCE REFERENCE

-
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PUT YOUR FINGER
ON REAL
MINIATURIZATION

It’s one thing to build small connectors. It’'s some-
thing else again to make them tiny and reliable. Like
BRM, designed and developed by BENDIX/DAGE. BRM
is one-fourth the size and weight of standard BNC and
TNC, yet is loaded with quality features such as her-
metic sealing, captive contacts, gold-over-silver plat-
ing ... and low, low VSWR. That's real miniaturization.
BENDIX/DAGE engineering contributes to the state of
the art by helping you move forward to greater capabili-
ties in your field.

Write for BRM/BRMM brochure and Engineering
Qualification Test Reports. If you have a special prob-
lem, call. Call today!

Bendixg DAGE ELECTRIC COMPANY

a subsidiary of the Bendix Corporation
Hurricane Road * Franklin, Ind. - Phone 317/736-6136

FIRST WITH IDEAS * FIRST WITH QUALITY * FIRST WITH SERVICE
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Good, old-fashioned, Scottish thrift.

We've become so thrifty at Honey-
well that we've pared the prices of
taut-band meters down even lower
than the prices of pivot-and-jewel
meters. (About 109, lower, on the
average.)

Now, if your shrewd business sense
tells you we’'ve left something out,
you're right. | . i

We'veleft out half = 7

the parts. (All the unneces-
sary ones.) Which doesn’t
make the meter less sophisti-
cated. Just less complicated.

This taut-band meter is so
ingeniously simple, there’s hardly
anything to go wrong.

There’s no friction in the moving
system, so the pointer doesn’t stick.
(Better readout accuracy and repeat-
ability.) And themeter’s self-shielded.

What’s the secret of

The low-cost taut-band meter
from Honeywell. It comes in just
about any style you’d like. Write
Honeywell Precision Meter Divi-
sion in Manchester, N.H. 03105 and
we’ll send you a brochure with all the
sizes, styles and prices.

40 50 6o %
%0

Y

%
4, 4
%

D.C. MILLIAMPERES

Honeywell’s taut-band meter success?




among other things. .. |

This PeB relay
can save you up

to $2.40° per relay
installed

*Compared with ordinary 3-pole dust-covered relays using an octal socket.

The KU series is available
in many variations

y The KUP can save you up to $2.40 (including
tO f lt y our socket costs) over similar relays with factory
wired octal plugs. A true 10 ampere nylon
socket can be supplied to receive the quick-
connect terminals. Standard KU/KUP relays
are covered by Underwriters’ Laboratories

requirements

Component Recognition Program.

lation on your production line .

solder connections.

day, or get in touch with us direct.

GENERAL:

between all elements;

CONTACTS:
Arrangements: Up to 3 Form C.

COILS:

Voltage: DC to 110V; AC to 240V 60 Hz.

Open relays can be mounted 3  Built-in push-to-test button is Power: DC 1.2 W; AC 1 and 2 poles 2.0 VA;
with stud and locating tab, available. AC 3 poles 2.7 VA.
tapped core or bracket as shown. : g

PP . High impact polycarbonate Resistance: 16,500 ohms max.
Five or ten ampere contact dust cover. MOUNTING:

ings. DC. :
ratings. AC or DC 5 Optional neon lamp shows if (open7 re”Iay) 6-32 mtg. stud, _7/32” locating tab
.187" quick connect/solder power is reaching coil. on 7se" centers. Socket available.
terminals standard (.205" .
available). g Flanged dust covers for direct

chassis mounting are available.

Stud and locating tab on top of

cover may be ordered. 7 True 10 ampere nylon socket.

LEADING ELECTRONIC PARTS DISTRIBUTORS

Quick-connect terminals mean faster instal-

replacement in the field. Standard models have
187" terminals, but .205” may be ordered. All
terminals are punched for those who prefer

Long life, improved reliability, exceptional
versatility and, in the case of covered relays,
substantially lower costs are all part of the KU
Series. Call your P&B sales representative to-

KU SERIES SPECIFICATIONS

Description: 5 or 10 amp. General Purpose Relay.
Expected Life: 10,000,000 cycles, Mech.
Breakdown Voltage: 1,500V rms 60 Hz

500V rms 60 Hz between open contacts.

Rating: 5 or 10 amps @ 28V DC or 120V AC.

POTTER s BRUMFIELD

Division of American Machine & Foundry Company. Princeton, Indiana

STANDARD P&B RELAYS ARE AVAlLABLE AT A 4 Export: AMF International, 261 Madison Avenue, New York, New York



New Books

Unfinished story

Theory of Semiconductor Devices
J.H. Leck
Pergamon Press, 164 pp., $4.75

This conventional treatment of the
subject is not much different than
many works published on semicon-
ductor device theory over the past
10 years. In a book of this modest
size, perhaps not too much should
be expected. But there are some
oddities that must be mentioned.

First, the author quotes carrier
concentrations in terms of carriers
per cubic meter, instead of the con-
ventional units—carriers per cubic
centimeter. Thus for the reader who
is accustomed to the usual prac-
tice, all the numbers given for this
parameter in the book must be
scaled down by 10— Similarly,
electric fields within the semicon-
ductor are given in volts per meter
rather than volts per centimeter.

Another oddity is the statement
on the opening page: “At the pres-
ent time the most important semi-
conductors commercially are ele-
ments from group IV of the pe-
riodic table—carbon (diamond),
silicon, germanium, and, grey tin.”
The 11-V and II-VI compounds are
said to be “obviously interesting
and important but quite outside
the scope of this text.” With all the
interest, energy, and money being
expended on light detectors and
emitters and bulk effect devices
made from these compounds, it
would have been worth while to
widen the scope a little to include
these other important materials.
The full chapter devoted to the
pnpn controlled rectifier could have
been replaced with such a discus-
sion.

Field effect transistors are al-
lotted only seven pages. The metal
oxide semiconductor version gets
only one and a half pages, while
integrated circuits get nothing. The
book also is not particularly strong
on processing techniques, which
are now being pushed to the limits,
and make the difference between
success and failure with many of
today’s devices.

The book is intended as a text
for senior undergraduates and cer-
tainly any undergraduate who ab-

<—Circle 206 on reader service card

sorbs all the material would be do-
ing well. But regardless of the low
price, a practicing engineer would
be better advised to invest his
money in a book with a wider
scope. In such a volume, the con-
tents of Mr. Leck’s book would
only take up the first few chapters
while the remaining material could
be devoted to the details of such
topics as radiation damage, surface
effects, processing techniques, and
photoelectronics and bulk effects.

Chosen few

Basic Switching Circuit Theory
Moshe Krieger
The MacMillan Co., 256 pp., $9.95

This work does not deal with the
basic concepts of reliability of
switching circuits, iterative circuits,
speed independence, nor, to any
extent, threshold circuits. Instead,
the author has zeroed in on certain
restricted areas of circuit theory,
treating the material carefully and
thoroughly. The book is therefore
most suitable for a short introduc-
tory course on switching circuits.
It is also valuable for those who
wish to find out what a central seg-
ment of switching circuit theory is
about without having to struggle
with many unfamiliar notations and
definitions.

Of the four chapters, the first
two act as an elementary introduc-
tion to such basic concepts as
n-cubes and Boolean algebra. They
can be understood by almost any
interested reader. The last two
chapters, however, deal with the
advanced topics and also some of
the more interesting aspects of the
design of asynchronous and syn-
chronous sequential circuits.

Chester Lee
Bell Telephone Laboratories
Holmdel, N.J.

Lasers for learners

Gas Lasers

C.G.B. Garrett
McGraw-Hill Book Co.
144 pp., $10.95

Trying to cover the topic of gas
lasers in a 144-page text aimed at

A dry reed
relay makes this
memory circuit
do double duty...

faster,
cheaper, longer

. RESET !
PUSHBUTTON N.O. e ue
SWITCHING
e CONTACT

e

Ki

—o 0—

TE O—O

T

PUSHBUTTON N.O.

This double-duty circuit provides (1)
memory and (2) switching from low
level to 50 watts. Specify an inex-
pensive P&B dry reed relay and get
high speed (in the low millisecond
range), extremely long life (20 mil-
lion operations) and compact size.
Metal enclosures provide electrical
shielding as well as physical protec-
tion for the coils and capsules.

Full line—up to
5 reeds per module

JR standard size and JRM miniature
reed relays are available in assemblies
of 1 to 5 switches. Both sizes come in
a complete range of coil voltages and
various combinations of Forms A, B
and C contact arrangement.

Capsule seals are
stress-protected
Bobbin flange extensions support the
terminal pins, providing stress pro-
tection of the capsule seals.

Send for a catalog giving complete
specifications. Contactyourlocal P&B
representative or the factory direct
for complete information.

P&B Dry Reed Relays are now
available from authorized electronic
parts distributors.

oA

POTTER & BRUMFIELD
Division of American Machine & Foundry Co.
Princeton, Indiana 47570
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ROTARY
RELAYS

Gramped forsnace?

Use Couch 1/7-size Relays

Space /weight problem? The new
Couch 2X 1 /7-size crystal can relay
gives you tremendous savings in
space and weight. 01" ¢
grid — plus many out-
standing specs —allin mi-
crominiature. Thoroughly
field-provenin electronics
and space applications.

4

ACTUAL SIZE

2X (DPDT) 1X (SPDT)

Size 0.2"x 04" x 0.5" same
Contacts 0.5 amp @ 30 VDC same

Coil Operating Power 100 mw 150 mw 70 mw 100 mw
Coil Resistance 60 to 4000 ohms 125 to 4000 ohms
Temperature —65°C to 125°C same
Vibration 206G same

Shock 75G same

Meets Mil-R-5757D

Broad choice of terminals, coil resistances,
mounting styles. Write for detailed data sheets.

/o]
RUGGED ROTARY RELAYS hg Dynamically and Statically Balanced

COUCH ORDNANCE INC.

3 Arlington St., North Quincy, Mass. 02171, Area Code 617,
CYpress 8-4147 « A subsidiary of S. H. COUCH COMPANY, INC.
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New Books

research people working on or with
the devices is like writing the great
American novel on an index card,
you can’t cover the material in
depth. The author’s hopes that the
book will prove useful to re-
searchers and also to students in-
terested in the borderline between
physics and technology are in vain.
Neither of these groups would
greatly benefit from studying this
text. Rather it is an appropriate in-
troductory text for those who are
not in the field of laser physics but
who have had sufficient exposure
to modern physics and have the
interest to learn what is involved.

By limiting himself to gas lasers
the author has simplified the de-
scription of such topics as energy
levels, lifetimes, spectroscopy, op-
tical properties, and cavity modes.
The reader is further helped by a
table of symbols and an adequate
bibliography to lead him to more
detailed information. Topics such
as stabilization, modulation, and Q
switching are mentioned with ref-
erences made to the most recent
results.

The book, which is not up to the
technical level of others in Mec-
Graw-Hill's  Advanced Physics
Monograph Series, has a minimum
number of equations and can easily
be read in one evening.

David R. Whitehouse
Raytheon Co.
Waltham, Mass.

Recently published

Residue Arithmetic and its Applications to
Computer Technoloay, Nicholas S. Szabo and
Richard I. Tanaka, McGraw-Hill Book Co., 236
pp., $12.50

All of the known work in the field has been
reduced and unified by the authors in this
summary. Basic principles, fundamental
theorems, and specific examples are offered
in a tutorial description of the residue num-
ber system. Several methods of implement-
ing residue arithmetic techniques with com-
puters are described.

Radioisotope Measurement Applications in
Engineering, Robin P. Gardner and Ralph L.
Ely Jr., Reinhold Publishing Corp., 483 pp.,
$16

A text-reference in radio-isotope methods,
covering the basic physics of nuclear radia-
tion, instrumentation, radiation safety tech-
niques, radiotracing and radiography. An ap-
pendix describes 15 laboratory experiments
that illustrate the principles presented and
can be performed with simple, inexpensive
equipment.

TIGHT DEADLINES?

SYNGHRON.

MOTORS
CAN HELP YOU

MEET THEM

You can schedule hot action display
deliveries confidently, knowing that
Hansen will back you wup with
SYNCHRON Motors. Consistently
finer performance in displays, and ex-
cellent delivery service, have built the
biggest demand in our history.

To meet this demand and to help you
meet your fast deadlines, production
capacity has been nearly doubled and
our precision-trained work force in-
creased. Any reasonable schedule can
be met with the finest synchronous
hysteresis motor made. 8, 20 and 30
oz.-in. torques; 220, 110 and 24 volts;
60, 50 and 25 cps. 168 speeds, over 300
drives. Write or call us, or your near-
est Hansen Mfg. Co. representative,

HANSEN

MANUFACTURING COMPANY,INC.
pOY

PRINCETON,

éh‘i" INDIANA

HANSEN REPRESENTATIVES: CAREY & ASSOCIATES,
Houston and Dallas, Texas; R. S. HOPKINS CO.,
Sherman Ocks, Calif.; MELCHIOR & MacPHERSON,
INC., San Carlos, Calif.; THE FROMM CO., Eim-
wood Park, Ill.; H. C. JOHNSON AGENCY, INC.,
Rochester, N.Y.; WINSLOW ELECTRIC CO., Essex,
Conn., Narberth Pa., and New York, N.Y.

EXPORT DEPARTMENT: 64-14 Woodside Ave., Wood-
side, N.Y.
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AC OR DC SMALLEST
VANEAXIAL BLOWERS

Only 1¥8” in diameter, these smallest blowers deliver 4 times
as much air as other comparable size blowers, 15,000 times
their own volume per hour. Use these rugged sub-miniature
blowers for spot cooling of critical components where space is
cramped and weight is important. A.C. units exceed 1000 hour
life. Designed to meet MIL-E-5272. Globe makes larger blowers,
too. Some units available for 24-hour delivery. Request Bulletin
XAV. Globe Industries, Inc., 2275 Stanley Ave., Dayton, Ohio
45404.

VAX-1-AC 26 v.a.c. (115 v.a.c.
w/1.2 MFD capacitor in
series), 400 cps, 320 MA,
2.0 MFD phasing capacitor
1%4” dia.x1)4” long. 1.5 oz.

VAX-1-DC 26 v.d.c., 250 MA,
114”7 dia.x1'%¢” long. 1.4 oz.

@

@

®

STATIC PRESSURE IN. H,0
Y
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TERMINAL

NEW, INFORMATIVE SELECTION GUIDE

A new, 24-page, completely illustrated catalog contains
photos, descriptions, ratings, engineering drawings, and
prices of the complete line of Curtis terminal blocks.
Included are printed circuit, insulated
feed-thru, quick disconnect, track type,
and high current terminal blocks.

Send today for your free copy.

CURTIS DEVELOPMENT & MFG. CO.

3203 N. 33rd Street « Milwaukee, Wisconsin 53216

e

SEE US AT WESCON, BOOTH 1013
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PINS
as short as this

i

LEAD WIRES
as long as this

BASES VIOLDED
toany
specs

”,

The Tung-Sol method of molding subminiature lamp bases permits
meeting almost limitless mounting specifications—long lead wires —
short pins—and base configurations in a great variety of forms.
Molded bases achieve mounting simplicity that sharply reduces pro-
duction costs. There is no mounting receptacle to install. Elimination
of the cemented-on metal bases insures improved reliability. Har-
nessing can be to your specs. Let one of our idea men suggest how
Tung-Sol molded base lamps can help you produce a better product
at a saving. Write, without obligation. Tung-Sol Division, Wagner
Electric Corporation, One Summer Avenue, Newark, N.J. 07104.

TUNG-SOL

WHERE BIG THINGS ARE DONE
WITH SMALL LAMPS

*REGISTERED TRADEMARK WAGNER ELECTRIC CORPORATION
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Gota 30 MHz
counter

headache?

speedy
relief!

If your counter instrument or system
designs have been a bit sluggish and
out of spec, lately, you may have a
30 MHz Counter Headache! Reach
for a Janus UC-300 Series 30 MHz
BCD Counter-Display, WITH TTL, and
get speedy relief! This Series accepts
periodic and aperiodic signals to 30
MHz. Important features: BCD out-
puts, preset to non-zero numbers,
external count control and bright in-
line display. Input and output levels
are compatible with DTL and TTL
integrated circuit logic levels. Also
available with latch storage for “‘blur-
free'’ display and BCD data storage.
For slower-speed headaches use
Janus 5 MHz Counter-Display
Modules.

See your local Janus Representative
or write for clinical data.

JANUS CONTROL DIVISION | tyCO
N

296 Newton St., Waltham, Mass. 02154
Phone (617) 891-4700

210 Circle 252 on reader service card

Technical Abstracts

On and off sputtering

Pulse plasma sputtering

J.G. Froemel and M. Sapoff,

Victory Engineering Co.,

Springfield, N.J.

Sputtered microcircuits, from the lab
to production

John Hall,

Union Carbide Corp.,

Mountain View, Calif.

An efficient electrode for

forward and reverse sputtering

R.R. Rodite and R.E. Dreikorn,
International Business Machine Corp.,
Endicott, N.Y.

Vacuum evaporation is still the
workhorse thin-film deposition tech-
nique, but sputtering is winning
the hurdle-jumping honors these
days. Specialists have been mixing
the three basic sputtering meth-
ods — direct-current, radio-fre-
quency, and reactive—in a score of
ways that make practical the depo-
sition of such exotic materials as
compound semiconductors, as well
as dielectrics, metal alloys, and
mixtures of metals and dielectrics.

Now, the number of possible
combinations has been raised by a
fourth sputtering technique, re-
ported by J.G. Froemel. Called
pulsed sputtering, the technique al-
lowed Victory Engineering Co. to
develop a new line of thermistors
made with multiple-oxide thin films
[Electronics, March 6, p. 125].

As in triode sputtering systems,
a glow discharge is set up in a gas
between two electrodes. Tons from
the plasma bombard a target of the
material to be deposited, dislodg-
ing atoms that settle onto the ther-
mistor substrate near the target.

In the new system, the plasma is
generated by applying pulses at
negative potential to a field-emis-
sion cathode and positive pulses to
an anode. The target is pulsed
negative or is supplied r-f energy,
depending on the material being
sputtered. Pulse rates range from
10 hertz to 1.2 Mhz and potentials
range up to 23 kilovolts.

Pulse generation of the plasma
gives very close control over sput-
tering action, essential to prevent
changes in properties of complex
compounds. In addition, the tar-
gets are cooled to prevent their
degradation—and in some cases,

thermal disintegration. The pulses
also made ion action livelier, boost-
ing deposition rates. A speed rec-
ord of 800 angstroms a second was
set during the deposition of cop-
per, with the target cooled below
90°C.

John Hall told how a combina-
tion of several tricks of the trade
enable Union Carbide Corp. to
sputter thin-film resistors onto
monolithic 1¢’s at a rate of 25,000
circuits an hour. This, he pointed
out, represents a reduction in proc-
essing cost allowing, at long last,
film resistors to be made as cheaply
as diffused resistors. The bonus is
higher precision and fewer per-
formance limitatons, such as the
substrate parasitics of diffused re-
sistors. The film resistors equal the
diffused ones in power dissipation
—up to 5 watts per resistor, or 100
watts a square inch, at which point
the contact materials diffuse into
the 1c.

The basic machine is a conven-
tional bell-jar sputterer. R-f coils
and ring magnets whose polarities
are periodically reversed were
added to help make the sputtering
action more even. Fringes of the
atomic flow are masked off by a
glass shield around the plasma and
target. The substrates are on a re-
volving drum behind a window in
the shield and are heated to pro-
mote sticking of the sputtered
atoms.

Net effect of the modifications is
that films are deposited more uni-
formly over an unusually large area
of substrates, more than 25 square
inches, allowing many silicon slices
to be processed in batches.

Another cost cutter is elimina-
tion of the film-etching step nor-
mally used to pattern the resistor.
The pattern is developed in photo-
resist, before the substrates go into
the vacuum chamber. The depos-
ited film sticks only to the sub-
strate areas bared by the resist pat-
tern.

R.R. Rodite has been experiment-
ing with reverse sputtering in
hopes of making printed circuits
by a cleaner, simpler process than
chemical etching. The ions will re-
move copper from a substrate if
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illuminated
panel

switch

e UL LISTED
2 amps 115 V a-c

e Combination Light
and Switch

e Low Cost per unit

Designed for functional beauty
—uwith unlimited button and trim
ring color combinations. Unique
snap-in mounting available for
panel installations from 1/32" to
7/18" thickness. Diffused lens.
Legend identification on button
available. Switch is available in
push-on-push-off and momentary
contact units. 115 V a-c (neon)
6 thru 28 V (incandescent). Spe-
cials up o 8.5 amp. rating.

NEON BULB
® For complete details . . . write to

~ What
price performance

In a quality filter?

less than $15
with Clevite’s compact

ceramic ladder filter.

MOLEX®*PRODUCTS CO.
5241 Katrine Ave., (312) 969-4550
Downers Grove, Ill. 60515 TWX 910 695-3533
Engineers and draftsmen should use
pare any symbol, diagram, spec, de-
m tail, title block, or any other drawing
that appears in your tracings repeti-
drawing. It will be accurate. .. permanent. .. perfectly repro-
ducible . . . and you will gain more creative time!
Drawing-board time should be used for creative problem-solv-
used elements. STANPAT changes draftsmen from drawing-
machines to creative assets. But it has to be sTANPAT if you
want STANPAT's advantages: pre-printing on finest
microfilm, matte surface that thrives on era-
sures; flat-lying, easy-storing sheets; complete
freedom from ‘“‘ghosting’’
faithfully serving the engineer for a quarter century
‘ Covert and Main Street, Dept.

Circle 250 on reader service card
their time creatively. Let STANPAT pre-
tively. Simply apply the sTANPAT in seconds directly to your
ing ... not for repeated and re-repeated rendering of often-
tri-acetate; crisp, clean reproduction even with
Send for literature and samples today.
Port Washington, N.Y. 11050

Telephone: 516 883-8400
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Here’s the smallest (less than 0.07 cu. in.), most rugged
fixed-tuned filter on the market today!

Clevite's 9-disc miniature filter is packaged in a hermetically-
sealed cylinder, exceeds all military environmental specifications,
is ideal for transistorized i-f amplifier circuitry in AM and FM sets
plus many other applications that call for a fixed-tuned filter.
Stop band rejection: 50 db. Center frequency tolerance : = 3kHz.
Stability : within 4+ 0.2% for 5 years; within 0.2% from —40°C to
+85°C. Impedance (in and out) 2000 ohms for B/W less than
12 kHz; 1000 ohms for broader bandwidths.

Following models standard at 455 kHz (A) or 500 kHz (C)
(custom models on special order) :

Model Number min. @ 6db e max. @ 60 dh
TL10D9-20 (A or C) 10 kHz 20 kHz
TL16D9-32 (A or C) 16 kHz 32 kHz
TL20D9-38 (A or C) 20 kHz 38 kHz
TL30D9-57 (A or C) 30 kHz 57 kHz
TL40D9-72 (A or C) 40 kHz 72 kHz

*PRICES: 1—$25 ea; 256—5%20 ea; 100—$17.50 ea; 500—$15 ea;

1000—$13.75 ea; 2500—%$12 ea.

(Prices subject to change without notice)

Send order or request for Bulletin 94021 to : Clevite Corporation
Piezoelectric Div., 232 Forbes Rd., Bedford, Ohio 44014, U.S.A.
Or: Brush Clevite Company, Limited, Southampton, England.

CLEVITE
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Specify
PERMACOR’

where iron cores
is our one and
only business

Hlustrated: flexible
shielding and threaded
iron cores

In this age of specialists,
PERMACOR stands above all
others in the production and
design of powdered iron cores.
This is our sole business and our
cord specialists can solve any
problem. We have a full line of
stock cores and unexcelled facili-
ties for manufacturing any cus-
tom cores.

IRON CORES...Plain, Hollow,
Threaded, Insert, Tuning, Cup,
and Toroidal Iron Cores, Iron Coil
Forms, Sleeves, Flexible Magnetic
Shielding, Bobbins and special
‘ shapes...our only business and
i  we're the world's largest. We
invite your inquiry.

PERMACOR"

A Division of Radio Cores, Inc.

9540 Tufley Ave., Oak Lawn, I, 60454
Phone; 312422-3353 |
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the circuit board is used as the
target in an r-f type of system. He
has not yet determined the etch-
ing resolution, but says the process
is reliable.

Copper was removed at a rate of
700 angstroms a minute from 5-
inch disks masked by photoresist
so that lines on a half-inch grid
were etched. Switched-polarity
magnetic fields and an ion shield
around the target solved two prob-
lems that cropped up, the tendency
of the system to etch one side of
the target faster than the other and
to etch through the copper into
the substrate along the edge of the
conductor pattern.

No special fixturing is needed.
The disks are simply placed on
the horizontal anode surface and
held there by gravity.

Papers presented at the Symposium on the

Deposition of Thin Films by Sputtering,
University of Rochester, N.Y., June 6-7.

Cool component

A low loss S-band circulator for
operation at 77°K

W.C. Heithaus, J.W. McManus
Sperry Microwave Electronics Co.
Clearwater, Fla.

Properties of microwave ferrites
vary widely as temperature is re-
duced to the cryogenic level. If not
magnetically compensated, the
changing ferrite parameters can
severely degrade the performance
of a microwave component used at
low temperatures. In a cooled par-
ametric amplifier for the 2.2 to 2.3
Ghz telemetry band, a combination
of permanent magnets and special
alloys was found to stabilize a
stripline four-port circulator’s prop-
erties and thus produce the same
performance at low temperatures
as at room temperature.

The ferrite,  polycrystalline
yttrium iron garnet, exhibits higher
saturation magnetization at 77°K
than at 300°K. Without compensa-
tion, the higher saturation level
would produce 20 decibels less iso-
lation and about 0.7 db more inser-
tion loss at low temperature. How-
ever, with a combination of ori-
ented barium-ferrite magnets, Al-
nico VIII magnets and Carpenter
temperature-compensating alloy in

Now Available...
Power Supply Manual
From

Transformer Electronics
Company

B0 T0 DC POWER SUPPLIES :E222

(OB BREAKERS
(8106 T0 DG CONVERTERS :

(CRHGH VOLTAGE SUPPUES _

(o e R, ESUMILD A

Bissmbagmetm e

Imaginative engineering, a
proven record of reliability and
dependability, plus a dedica-
tion to customer service have
given T.E.C. an international
reputation in the design and
manufacture of miniature reg-
ulated DC to DC converters and
associated solid state products
for aerospace, military and
commercial systems. Now, for
the first time in one easy-to-
use catalog . . . the details, the
specifications, the technical
data and the prices, all pack-
aged for your convenience. For
your copy, write or call . ..

TRANSFORMER
ELECTRONICS
— COMPANY

BOULDER INDUSTRIAL PARK
BOULDER, COLORADO
TWX 910-940-3246 PHONE (303) 442-3837

POWER SUPPLIES « INVERTERS
CONVERTERS « TRANSFORMERS
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/design the most
intricate thin metal
part you can
design.........

...for immediate need!

Tech-Etch photoetching technology turns
out thin, intricate metal parts

impossible to produce using

mechanical methods.

Without costly dies

or high tooling

charges. Parts with

close tolerances. 5

Perfect flatness. J
Free of burrs,

distortion and

stresses. Thin parts

of hardened or dead

soft metals.

Design changes? Fast,
easy and inexpensive. Fast
delivery from prototype to
production in large or small
quantities, too! That's what we

mean when we say, for immediate need......

turn to
E recH-eTCH, inc.

3
n

quality custom-producers of chemically etched parts
10 INDUSTRIAL PARK ROAD, HINGHAM, MASS. 02043/(617) 749-0993
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Monitor lets you choose

No restrictions when you choose MONILOGIC™ IC circuit
cards. Select from TTL or DTL types in dual in-line con-
figuration. All are electrically, logically, and physically
compatible with each other.

Take your pick from more than 140 different cards, the
widest selection in the field. You get important systems-
oriented extras with every card. Features like high fan-in
and fan-out capacity, built-in auxiliary functions, top-
mounted test points and Elco Varicon connectors.

Full specs are in our latest bulletin, which is yours for
the a\sking.

4
NIONITOR

e Fort Washington, Pa. 19034 A Subsidiary of Epsco, Inc.
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SAGE Resistors
Travel 22,300 Miles
to Start a New Job

The “job” of course, was to work in unison with
thousands of other components which make up
the Early Bird Satellite. Perched high in a hover-
ing orbit over the Atlantic since April 6, 1965, this
marvel of the electronic age provides a direct link
for both visual and audio communication between
Europe and North America.

Sage was selected to produce the special high
reliability resistors used in this complex assembly
which was built by the Hughes Aircraft Company
for the Communications Satellite Corporation
(COMSAT).

Needless to say, we are proud of our significant
contribution to the success of this undertaking
which has opened a new and exciting chapter in
world-wide communications.

Your resistor requirements may not be as “far
out” as this particular application. However, it
could be to your advantage to consult us—
whatever they may be. You'll find us most
cooperative.

Catalog R-66 gives detailed in-
formation about the complete <%
Sage Resistor line. A request

on your company letterhead 4
will bring you a copy.

PECIFICAY,
) $ loyg.
K4

&
e W™
Menorm g

SAGE ELECTRONICS CORP.
BOX 3926 « ROCHESTER, N. Y. 14610
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That’s right! Concealed within this
rugged rear view mirror is an omni-
directional V.H.F. antenna for the
148-174 Mc band. The Sinclair Mo-
bile Mirror Antenna defies detection
...prevents vandalism ... eliminates
special antenna mounting. Inde-
pendent tests prove efficiency equal
to — or better than a 14 wave whip.
V.S.W.R. is less than 1.5 to 1 at
design frequency. Clip the coupon
for FREE literature, including test
data and prices.

It looks — and mounts—like a
standard car radio antenna,
Yet it conceals a rugged V.H.F.
two-way radio antenna for the
148-174 Mc band. Each Sinclair
Disguised Whip Antenna is
perfectly ‘“matched’ to your
specific frequency. This exact
matching, combined with a 2.5
db gain, insures greater effi-
ciency than any other disguised
antenna now on the market.
Clip the coupon for FREE
literature, test data and prices.

sincLailr raoio

LaBoraTtTories

FREE LITERATURE

| T0: SINCLAIR RADIO LABORATORIES, INC. |
: Dept. 101K 523 Fillmore Avenue :
I Tonawanda, New York 14152 I
| Name: |
| Title: |
I Company: :
| Address: |
| City: |
| State: Zip: |

B ol i G
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series with the magnetic circuit,
isolation can be held within 3 db
of the room temperature value and

additional insertion loss can be
held to less than 0.2 db.
Magnetic compensation auto-

matically increases the bias from
2,000 oersteds at room tempera-
ture to 2,600 oersteds at 77°K to
accommodate changes in ferrite
properties. At first, the parameters
were adjustable so that the small
impedance drift which remains de-
spite magnetic field compensation
could be matched by a variable
shunt capacitance placed at a con-
venient point in the line. This
proved unnecessary in the final ver-
sion, however, because magnetic
field compensation alone holds the
change in reflection coefficient to
less than 0.05. Although designed
for 77°K, the device performs
equally well at 20°K.

Presented at the IEEE International

Conference on Communication, Minneapolis,
June 12-14.

Avoiding traps

High performance CdSe thin-film
transistor

Richard C. Smith

National Cash Register Co.
Dayton, Ohio

In the operation of a cadmium-
selenide thin-film transistor, two
types of short-term switching in-
stabilities have been observed: a
slow increase and a slow decrease
in drain current in response to a
step d-c voltage applied to the
gate. In each type of instability,
the response of the drain current
to a stepped d-c voltage on the gate
consists of an initial fast com-
ponent followed by one of the two
types of slow components. These
slow responses, which are related
to the traps in the insulator-semi-
conductor system, can be elimin-
ated by removing absorbed oxygen
from the surface.

A model is proposed in which
the two types of instability for
CdSe thin-film transistors are re-
lated to two distinct trapping
levels, one empty and the other
occupied, in the insulator. The slow
response is believed to be the re-
sult of slow filling and emptying
of these trapping levels across a

Reed Relay
Problems?

A special
hi-reliability
relay for
the Hawk
Missile.

Gan We Solve Your Problem?

Operating Inputs: low as 1mA. and 15mW.

Standard Coil Voltages: 6, 12, 24, 32, 48V in stock
for immediate delivery.

Special Voltage or Resistance, multiple windings for
flip flop, memory and crosspoint selection appli-
cations — to customer specifications.

Relay Contacts in Form A, B, C and latching. Also
high vacuum type 5000V Form A.

Write for catalog and prices of our standard line
of magnetic reed relays. For special requirements,
give complete details for quotation.

ool =

61 Pavilion Ave.
Providence, R. 1. 02905
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Phone: (401) 941-3355

WOW FLUTTER
METER

Model MK-6658

A solid state sensitive and compact
instrument for rapid and accurate de-
termination of wow and flutter in
sound recorders and reproducers.

SPECIFICATIONS:
Center Frequency -- 3kc and lkc
IAPULS s wosasaismivasnas ...30mV to3V
Wow Flutter Range « 1, 3% f.s.d.

Weighting Characteristics ----ccooomeeeeinenns
as per JIS C5551 specs.
Wow: 0.5 to 6¢c/s
Flutter: 6 to 250c/s

Calib, OSC.-wcovmrerinearnieniannns 3kc and lkc

@ Catalog sheet on request

MEGURO DENPA SOKKI K.K.

(Meguro Electronic Instrument Co., Ltd.)
No. 5, 1, 2-chome, Chuo-cho, Meguro-ku, Tokyo, Japan
TEL: 711-7191 ~7 Cobles: MEGURODENPA TOKYO
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pr1c1 4 Ec digital LINE VOLTAGE MONITOR

Accuracy: +0.1% of Mid-
scale reading with
Sinewave input

NEW!
Series 350

Reading Ease: Illuminated
Digital display provides

resolution better than

100 MV.

Reading Speed: Instrument
tracks line fluctuations

smoothly and accurately to
rates of 20 volts/sec.

Size: 6.75”L x 4.94”W x
2.59”"H

Weight: Less than 4
pounds

MODEL 351 shown

Optional Retransmitting

Potentiometer: 1000 OHM
retransmitting potentiom-
eter (1/4% linearity) is an

The series 350 Digital Line Voltage available option—S$65.00.

Monitors are used to accurately

e AC line voltages. Model 351
(shown) is designed to monitor the
range of voltages from 85 to 135 volts.
Model 352 will monitor voltages with-
in the range of 170 to 270 volts. Panel
adaptors furnished with instruments at
no additional cost.

Model 351 with panel mounting
adapter flange

L s ee———
DIGIJEC, by UNITED SYSTEMS CORPORATION

Stocking Representatives

] 918 Woodley Road Dayton, Ohio 45403
Throughout the World 20IEY 4 .

3

Circle 263 on reader service card

103,

CCTV Cameras work best

S

witt COSMICAR 1xsks

Superior cameras deserve superior lenses. COSMICAR's proven precision performance

is the combined result of advanced optical engineering and exquisite workmanship. l C H l z U K A

Now widely used, COSMICAR LENSES come in 23 models for focal lengths ranging from

12.5 mm to 500 mm, and in 3 zoom models including a remote control zoom. OPTICAL co'l LTD°

Your CCTV camera and COSMICAR LENSES will make an unbeatable team. For tech- 568, Shimoochiai, 2-chome, Shinjuku-ku, Tkoyo
nical data and other particulars, please write. CABLE ADDRESS: ‘““MOVIEKINO TOKYO"
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Expanded
versatility
in reversible
counters

Now two new options for the
Hewlett-Packard 5280A Reversible
Counter add to its measurement
capabilities:

1. An internal time base permits pre-
cise setting of gating period in dis-
crete increments as small as 1 msec,
with front-panel setting. This means
that besides straight totalizing, you
can now measure frequency or nor-
malize your readings.

2. A special “Readout on the Fly”
feature allows you to record meas-
urements at any instant without
interrupting the count. This is
achieved by transferring your count
to an internal storage register. Time
between recording commands can
be as short as 1 msec, making the
5280A useful in information or con-
trol system work without retarding
system speed.

These new options PLUS:

—six operating modes, including
modes for interferometer fringe
counting;

—2 MHz counting rate, up or down;

—reversal in 0.25 psec;

—adds or subtracts (1 MHz rate for
each channel);

—stable, wide-range trigger input
level controls.

The standard 5280A with the 5285A

Universal Plug-in costs $1900. Op-
tions are extra.

A 40-page Application Note (AN
#85) is now available without
charge—*“Using A Reversible
Counter.” Call your local HP field
engineer or write Hewlett-Packard,
Palo Alto, Calif. 94304. Europe:
54 Route des Acacias, Geneva.

HEWLETT w PACKARD

02708A
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potential barrier established by an
oxygen layer on the surface of the
CdSe film. In one portion of the
insulator, the Fermi level is held
fixed and in the other portion the
Fermi level shifts, establishing the
potential barrier related to the dif-
ference in Fermi levels.

The occupied trapping levels act
as donor levels and are associated
with the weakly bound oxygen
molecules which are farthest re-
moved from the oxygen layer. A
large concentration of occupied
trapping levels in the insulator
clamps the Fermi level to this trap-
ping level. The bands cannot bend
with an applied field until electrons
are exchanged between the traps
and the conduction band.

The empty trapping levels act as
acceptor levels and are associated
with the dbsorbed oxygen which is
closest to the oxygen layer. Since
these levels are for the most part
empty, the Fermi level is not
clamped. Bands can bend instan-
taneously with an applied electric
field and exchange of electrons be-
tween the traps and the conduc-
tion band will follow. Because it
is further from the semiconductor
surface, the donor trapping level
takes longer to empty and fill than
the acceptor level. When the
absorbed oxygen species are re-
moved from CdSe surface, the slow
response is elminated and a high
performance device can be fabri-
cated.

Eliminating the traps and their
associated slow responses mini-
mizes the capacitance and reduces
the rise and fall times for a square
wave input to the gate. Reducing
the capacitance also increases the
gain-bandwidth product.

A high-performance transistor
was fabricated and had the follow-
ing properties: transconductance.
5 millimhos; capacitance 3.5 pico-
farads; calculated gain-bandwidth
product 280 Mhz. Rise and fall
times to a square-wave input volt-
age were 20 nanoseconds and 15
nsec, respectively. Thus the output
voltage will not be time dependent
and the device may be used in
digital applications.

Presented at the Microelectronics
Symposium, St. Louis, June 19-21.

Continuous Refrigeration

~[UG-{00

;>I<; ? Tempera tures

STORAGE FREEZER
For storing frozen sealants, adhesives,
encapsulating compounds, medical and
research specimens, pharmaceuticals,
hospital supplies and other substances
requiring continuous refrigeration at
low temperatures.

Down to —45F (—43C), —100F
(—74C) or —120F (—85C) available
on order. Full 4.5 cu. ft. storage space.
Plug into 115 VAC. No CO. required.

MISSIMERS

Incorporated

3737 San Fernando Rd., Glendale, Calif. 31204
(213) 245-8471 TWX 213-240-2187
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[ New! From MESON! New!

ELEGTRONIC
TIME

DELAY
RELAY

High Accuracy, + 109%,
Repeatability, -+ 3%

Fast recycling time — .05 sec. max.
Input — 115 VAC

Up to 180 sec. delay, fixed or vari-
able with external variable resistor.

SgR91

0n|y in 100 lots
IMMEDIATE DELIVERY!

Order one for test at $8.80. Your
MONEY BACK if not satisfied!

ELECTRONICS CO. INC.

380 Cottage St., Rochester, N.Y. 14611
Phone (716) 235-7070 4
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New Transicoil position servo assembly  «itou §

Weston-Transicoil built this position servo assembly for an Increased
Maneuverability Kit used on the BMQ-34A Firebee target drone.
Designed with provision for hermetic sealing, it provides accurate and
constant error voltages per degree of bank angle, guaranteeing precision
control of the Firebee during high g maneuvers. Synchro output closely follows cmcxlog
voltage input with the 10-turn potentiometer connected by precision gearing to a size 10 motor generator
driven by a standard size 11 amplifier. Typical of Transicoil engineered servo packages, all components
in the position servo are supplied by Weston and the entire assembly is designed for plug-in installation.

PERFORMANCE: Feedback Potentiometer: 1K 10-turn size 5 « Output: Size 8 control transformer « Slew
Speed: 1 Rad/sec » Accuracy: 1° (over range of —90° to +90° at synchro) « Power Required: 26V, 400
CPS; 28V DC s Size: 2%" dia. x 3%" length.

Weston Instruments, Inc., Weston-Transicoil Division, Worcester, Pa. 19490, a Schlumberger company

WESTON"® prime source for precision. .. since 1888
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New from Helipot

First *1° cermet trimmer
sealed for board washing

New Helitrim Model 77:

) only trimmer in its price class made fail-safe
: for solvent washing on the board...and
offering essentially infinite resolution,
10 ohm — 2 megohm resistance range and
105°C. max. operating temp. No general
purpose adjustment potentiometer has
wider performance parameters. Directly
interchangeable with competitive
models 3067, 3068. $1.10 in quantity
— ask your Helipot rep for
a free sample.

IT'S NEW!

New folder on Synthane metal-clad laminates contains
latest information on Synthane copper-clad grades, sizes,
foils, trademark identification, typical and guaranteed
property values, thin laminates and pre-preg materials.
Write for your copy to Synthane Corporation, 36
River Road, Oaks, Pa. 19456.

Beckman®

INSTRUMENTS, INC.

HELIPOT DIVISION

FULLERTON, CALIFORNIA » 92634

CORPORATION OAKS, PA 19456 &y

Laminated Plastic Sheets, Rods, Tubes and Fabricated Parts &
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HIGH RESOLUTION

SERVO / DIFFERENTIAL RELAY

REQUIRES NO
EXTERNAL
AMPLIFICATION

Can be used over a dynamic
operating range of up to
2000/1. Here are a few of
the many applications:

REPEAT

AAAAA 2 <) G
SENSITAK
AAAA r—’ e
Y ———
SET 4 5

Servo
105135V,
60-400-
#
2 == N
sensiake | ¢
7 |MODEL 14 .
———
4 5
105-138V
Differential 60-400~

Thermistor (temperature controller)
Photo resistor
Strain gauge

Lvor

I
SENSITAK
7 |MODEL 14
——t—

« s
Phase Detector

~—w @mo

IE_]

Go-No-Go S05- 1340
60- 400«
CONDENSED SPECIFICATIONS
Model Number 14 715
Input Z 50K 20K
Signal Sensitivity 500 mv. r.m.s. 5 mv. r.m.s.
Resolution
Capability 1/100=1% 1/2000=.05%

Signal Overvoltage 150 r.m.s. 10 r.m.s.
Unit Price $21.75* $31.75*

*Quantity Prices Available

Consult us for relay technology
to meet individual requirements.

For additional information, contact
e oo al

SENQ%AK@

531 Front Street
Manchester, New Hampshire 03102

\ Phone (603) 627-1432 /
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New Literature

Reed relays. General Reed Co., P.O. Box
858, Clark, N.J., 07066. Technical bul-
letin GR-8 gives complete information
on the series 200 plastic-cased, minia-
ture reed relays.

Circle 446 on reader service card

Capacitor conversion chart. Union Car-
bide Corp., 30-20 Thomson Ave., Long
Island City, N.Y. 11101. An eight-page
brochure compares the electrical char-
acteristics, acceptance inspection tests,
and marking requirements of Mil-C-
26655B and Mil-C-39003A solid tan-
talum capacitor established reliability
specifications. [447]

Multiuse computer. Scientific Data Sys-
tems, 1649 Seventeenth St., Santa
Monica, Calif. 90404. A multiuse com-
puter with nanosecond hardware is de-
scribed in 20-page brochure 64-06-01B.
[448]

Trimming potentiometers. Amphenol
Controls Division, Amphenol Corp., 120
S. Main St., Janesville, Wisc. 53545,
offers the company’s entire line of wire-
wound and metal-film trimmers in slide-
rule form for easy selection. [449]

Motor reference chart. Globe Industries
Inc., 2275 Stanley Ave., Dayton, Ohio
45404. Bulletin R-1 gives speed-torque
curves for units from 0.001 h-p to 0.25
h-p at speeds from 100 to 20,000 rpm.
[450]

N/C zig-zag systems. Farrand Controls
Inc., 99 Wall St., Valhalla, N.Y. 10595.
A six-page brochure describes the Oli-
vetti-Farrand numerical control zig-zag
system. [451]

Precision potentiometers. Beckman In-
struments Inc., 2500 Harbor Blvd.,
Fullerten, Calif. 92634, has released
data sheet 67724 on 3- and 5-turn
precision pots designated series 7360
and 7460. [452]

Optical mark readers. National Com-
puter Systems, 1015 S. 6th St., Minne-
apolis, Minn. 55415. Advantages of
optical mark reading equipment—a new
approach to the computer input of
source data—are shown in a four-page
brochure. [453]

Matrix program boards. Co-Ord Switch,
Division of LVC Industries Inc., 102-48
43rd Ave., Corona, N.Y. 11368. A bro-
chure provides a compilation of actual
matrix program board uses to aid sys-
tems and design engineers. [454]

Machinable ceramics. Aremco Products
Inc., P.O. 145, Briarcliff Manor, N.Y.
10510. Product bulletin 502 describes
a variety of high-temperature machin-
able ceramics. [455]

Storage drum subsystems. Bryant Com-
puter Products, 850 Ladd Road, Walled
Lake, Mich. 48088, offers a data sheet
that discusses servo-mechanism-con-
trolled, data storage drum subsystems.
[456]

Solid state choppers. Solid State Elec-
tronics Corp., 15321 Rayen St., Sepul-
veda, Calif. A comparative data profile
covers 20 models of microminiature,
solid state electronic choppers. [457]

Modular core memories. Ampex Corp.,
401 Broadway, Redwood City, Calif.
94063. Brochure CO30 describes per-
formance, operation, and interface of a
family of modular core memories for
computers. [458]

Capacitors. Transitron Electronic Corp.,
168 Albion St., Wakefield, Mass., has
available a selection guide and data
hand book on its line of Lemco capaci-
tors. [459]

Silicon transistor oscillator. Solid State
Electronics Corp., 15321 Rayen St.,
Sepulveda, Calif., 91343. A data sheet
covers model C-110 crystal and heater
controlled silicon transistor oscillator.
[460]

Power supplies. NJE Corp., 20 Boright
Ave., Kenilworth, N.J., 07033, offers a
22-page illustrated catalog entitled
“Power Supplies Unlimited.”” [451]

Ceramic capacitors. Vitramon Inc., P.O.
Box 544, Bridgeport, Conn. 06601. The
CKRO5 ceramic capacitors, which
demonstrate low failure rates of 1%
or less, are described in data sheet
C19. [462]

Instrumentation. Dranetz Engineering
Labs Inc., 1233 North Ave., Plainfield,
N.J. 07062. An eight-page brochure
gives details on a family of integrated
instruments for complex impedance,
admittance, and transfer function. [463]

Portable oscilloscope. Measurement
Control Devices, Inc., 2445 Emerald St.,
Philadelphia, Pa. 19125, has published
a two-page bulletin on the model 300
featherweight Transi-Scope that offers
a sensitivity of better than 10 mv

Electronics | July 24, 1967



Not much
of a plot,but
a great

cast of
characters.

The characters are 6,000 manufacturers and
more than 4,000 product listings. Even if
you’re not the literary type, you’ll be
interested in the unprecedented opportunity
the Electronics Buyers’ Guide affords you to
reach readers. Over 445,000 engineer users
go to EBG year round as a one-stop shopping
center for all their electronic needs.

Electronics Buyers’ Guide

A McGraw-Hill Market Directed Publication,
330 West 42nd Street, New York, N.Y. 10036
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Big performance
in small space /

Up to 24.5 pf,
0.2 sq. in. mtg. area

TYPE W
Up to 54 pf,
0.62 sqg. in. mtg. area

Johnson increases U capacitor plate
area, keeps same overall dimensions

Sub-miniature Type U capacitors now provide 289
more capacitance in the same compact package that
takes less than 0.2 square inches of mounting area.
Type V miniature and Type W capacitors, available
in higher capacities, are also unusually compact.

Unique Johnson milling technique permits ma-
chining each rotor and stator from a single piece of
solid brass. This provides exceptional uniformity
and stability, both mechanically and electrically.
“Q” is greater than 1500 at 1 MHz. Temperature
coefficients are typically plus 45 = 15 PPM/°C.
Breakdown ratings 650 volts DC.

Johnson Type U, V, and W capacitors are avail-
able from stock in a wide range of sizes. Type U
single section in PC, panel, or two-hole mounting.
Type U butterfly and differential in PC mounting.
U-LC tuners in PC or panel. Type V and Type W
single section in PC or panel mounting.

FREE CATALOG includes complete information
on these and other Johnson quality electronic com-
ponents. See your Johnson representative or write
for your copy today.

ummu
I

E.F. JOHNSON COMPANY

3017 Tenth Ave. S.W., Waseca, Minn. 56093
Providing nearly a half-century of communications leadership
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COMPUTER TALK
by W. Henry du Pont, President
SCI-TEK
COMPUTER CENTER, INC.

ENGINEERING OR ACCOUNTING
WHICH COMES FIRST?

Does your computer still wear a
green eyeshade and paper cuffs?
Does it belong to the accounting
department? Do your important en-
gineers have to wait for free time
after the payroll is run? Maybe
you've thought of getting a com-
puter of your own for the exclusive
use of the engineering department,
or research and development group.
If we've hit home with these
thoughts, let us at SCI-TEK help you
solve your problem inexpensively.

Give the engineers and scientists
of your company one of the largest
computers in the country to use as
and when they need it. This com-
puter may be remote controlled
from a desk in your engineering
department.

This problem solving capability of
the SCI-TEK COMPUTER SYSTEM
is the reason why more and more
of the leading chemical, electronic
and aerospace companies are turn-
ing to SCI-TEK for the low cost fast
solution to technical work. How
SCI-TEK can aid your engineering
and technical people is best ex-
plained in our brochure ‘‘SATEL-
LITE SERVICE". To obtain a copy,
contact:

SCI-TEK
COMPUTER CENTER, INC.
1707 GILPIN AVENUE
WILMINGTON, DELAWARE 19806
Phone: (302) 652-3967
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New Literature

peak-to-peak on both the horizontal and
vertical axes. [464]

Incremental shaft encoders. Disc In-
struments Inc., 2701 S. Halladay St.,
Santa Ana, Calif. 92705, offers bulletin
400 describing its line of Rotaswitch
incremental shaft encoders. [465]

Indicating devices. A. W. Haydon Co.,
232 N. EIm St., Waterbury, Conn.
06720. Four-page bulletin MR102 illus-
trates and describes 16 models of in-
dicating devices. [466]

Microwave components. Sperry Micro-
wave Electronics Co., Box 4648, Clear-
water, Fla. A 24-page illustrated catalog
contains specifications and performance
data on a full line of microwave com-
ponents. [467]

General purpose relays. General Elec-
tric Co., Schenectady, N.Y., 12305.
Technical data sheet GEA-7906 de-
scribes the CR2790 type E, long-life,
general purpose relays. [468]

Process instrumentation. Barber-Col-
man Co., Rockford, Ill. 61101. Bro-
chure 1700 ML1, a functional guide for
process instrumentation, illustrates all
major system components. [469]

Microwave products. Weinschel Engi-
neering, Gaithersburg, Md. Short form

catalog No. 4 describes a line of pre-

cision microwave components, instru-
ments, and systems. [470]

Reed-relay circuit. Win-Elco, 799 Main
St., Half Moon Bay, San Mateo, Calif.
94019, has available a specification

sheet for the Ampl-Switch, model
28-2-C, sensitive reed-relay circuit.
[471]

Disk storage unit. Systems Engineering
Laboratories Inc., 6901 W. Sunrise
Blvd., Fort Lauderdale, Fla. 33310, has
issued an illustrated specification sheet
on the model 81-654-A fixed-head disk
storage unit. [472]

Weldable laminates. The Mica Corp.,
4031 Elenda St., Culver City, Calif.,
90230, has available a data sheet of
high-reliability Micaply weldable glass-
epoxy laminates for printed circuits.
[473]

Operational amplifier. Solid State Elec-
tronics Corp., 15321 Rayen St., Sepul-
veda, Calif. 91343, has released a four-
page bulletin describing the model
3001 differential operational d-c ampli-
fier. [474]

ECCOMOLD*
EPOXY MOLDING
COMPOUNDS

Dmoig

FREE CHART
NEW

Comparative physical, electri-
cal and processing properties
of Eccomold transfer molding
compounds are in colorful
chart. Typical applications are
indicated.

NEW

This Valuable Chart is Yours
Write or Use Reader Service Card

Emerson & Cuming, Inc.

CANTON, MASS.
GARDENA, CALIF.

NORTHBROOK, ILL.
Sales Offices
in Principal Cities

EMERSON & CUMING EUROPE N.V., Oevel, Belgium
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THIS SPACE CONTRIBUTED BY THE PUBLISHER
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The Voice. Anybody’s voice. Your
voice. It has a special quality and tim-
bre all its own. But.

If it should become hoarse or if a
cough should persist, find out what the
reason is. Promptly. It could be a warn-
ing signal of cancer. And cancer is eas-
ier to cure when it’s detected early.

Frank Sinatra knows the seven warn-
ing signals of cancer. Do you? 1. Un-
usual bleeding or discharge. 2. A lump
or thickening in the breast or else-
where. 3. A sore that does not heal.
4. Change in bowel or bladder habits.
5. Hoarseness or cough. 6. Indigestion
or difficulty in swallowing. 7. Change
in a wart or mole.

If a signal lasts longer than two
weeks, see your doctor without delay.

It makes sense to know the seven
warning signals of cancer.

It makes sense to give to the
American Cancer Society.
.
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YOU'RE
WHISTLING
IN THE
DARK ...

. . . if you think that heart disease and stroke hit only

the other fellow's family. No one is immune. Protect
the hearts you love. For authoritative information, ask your
Heart Association. For medical advice see your doctor. To

safeguard your family . . .
GIVE...

so more will live

HEART
FUND

Contributed by the Publisher ®
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PROFESSIONAL
SERVICES

Donald C. Harder., Inc.

Magnetic Component Engineers

Reactors—Transformers—Filters
Serving the Research Laboratory

2580 K Street, San Diego, Calif. 92102
Phone (714) 239-8021

—SEARCHLIGHT SECTION—

RADAR AUTO-TRACK & TELEMETRY ANTENNA PEDESTALS
3 & 10 CM. SCR 584 AUTOTRACK RADARS. M-33 RADAR
TPS-1D SEARCH. APS-45TPS-10D HT. FINDERS. WX RADARS.
FPN-32GCA. APS-10 APS-15B APS-27 (AMTI) SEARCH. R B
APN-102 DOPPLER. DOZENS MORE. CARCINOTRONS. PFN’S.
-25-5-1-2-3-6 MEGAWATT PULSE MODULATORS. CAVITIES.

PULSE TRANSFORMERS. IF STRIPS. WAVEGUIDE. BENDS
200 MC. 1 KMC. 3 KMC. 6 KMC. 9 KMC. 24 KMC. RF PKGS.

RADIO RESEARCH INSTRUMENT CO.

550 5TH AVE., NEW YORK 36, N.Y. JU 6-4691

CIRCLE 967 ON READER SERVICE CARD

S EMPLOYMENT

| OPPORTUNITIES |
|

{DDRESS BOX NO. REPLIES TO: Box No.
Classified Adv. Div. of this publication.

Send to office nearest you.

NEW YORK, N. Y. 10036: P, O. Box 12
CHICAGO, 111, 60611: 645 N. Michigan Ave,

SAN FRANCISCO, Cal. 94111: 255 California St.

POSITION VACANT

U.S. Government Career Opportunities in
commodity standardization for electrical en-
gineers and quality control electronies spe-

cialists. Beginning salary range $9,221 to
$10,927 for engineers depending upon ex-
perience; $12,873 for Q.C. specialists. An-
nual increases, liberal Civil Service benefits.
Jobs in Washington, D. C., fast-growing
| scientific and technical center, with GSA,
| nation’s largest purchaser. Send resume or
Gov’'t Form 57 (avail. at Post Offices) to
Richard Cullen, Rm. 1105, General Services
Administration, Wash., D.C. 20405,

ELECTRONICS ENGINEER
INSTRUMENTATION

Transistor circuit design experience

Firm manufactures electro-optical instruments for
medical and chemical analysis. Initial assignment
will include service of installations in major labo-
ratories to gain insight into applications

Our goal To develop a Project Engineer for new
instrumentation who can also serve as a specialist
in cirenit design

No military contraects, An eaual opportunity em
ployer. Excellent fringe benefits, Salary open. Send

esume to:

G. K. TURNER ASSOCIATES

Subsidiary of American Sterilizer

2524 Pulgas Ave.
Palo Alto, Calif. 94303

3
EEXEs
For FEE PAID positions
throughout U.S.
SEND RESUME TODAY
(if none, send coupon for
confidential application.)
ATOMIC PERSONNEL, INC.
Suite L, 1518 Walnut St., Phila., Pa.
Experienced Engineers
Working Full Time for You!

*

Name.

Address

o
<

State.

AN EMPLOYMENT AGENGY FOR ALL TECHNICAL FIELDS
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Winchester: the word for pc connectors.

Winchester Electronics offers printed circuit connectors for every
TTIIIIT99 1559171 application: card edge, right angle, board center, two-piece, NAS,

ST wire wrap, flexible cable, crimp-removable contact, test points, Mil
Spec (including MIL C 21097), microminiature and many more.
All assure you quality, reliability and economy. Get the word on
printed circuit connectors today: Write: Winchester Electronics,
Main Street & Hillside WINCHESTER ELECTRONICS
Ave., Oakville, Conn, DIVISION OF LITTON INDUSTRIES




Hong Kong plants
keep output high
despite Red riots

Brazil opts for PAL
—but with a twist

France and Germany
find junior partners
for satellite project

Newsletter from Abroad

July 24, 1967

Continuing Communist-led riots, curfews and a serious water shortage
have had surprisingly little effect so far on production at the plants of
U.S. electronics companies in Hong Kong. Most now think they can
weather several months more of unrest if the rioting doesn’t get com-
pletely out of hand. But the riots, coupled with rising labor rates, have
ended the rush of electronics firms to the Crown Colony [Electronics,
May 29, p. 209].

Transport strikes have not hit U.S. companies hard. Their plants are
located mainly in Kowloon, the mainland sector of the colony, and most
workers live nearby. Plant managers have coped with curfews by calling
in second-shift workers early. Water is supplied four to five hours a day
and has been adequate, although plants with extensive plating operations
are beginning to feel the pinch.

Despite the riots, plant managers say, production has been on the rise
during the troubled summer. Arvin Industries added 500 workers to its
staff after the demonstrations started in May and since has kept its output
30% or more above the April level. Wireless Products Ltd., a subsidiary
of the General Telephone & Electronics Corp., also has boosted its staff
and its production since the troubles began. Ampex Ferrotec Ltd., after
a slight dip in May, started to climb again in June and this month expects
output will run between 10% and 15% above April.

Although still queasy about their Hong Kong investments, U.S. firms
expect to hang on. And skilled Hong Kong electronics workers apparently
intend to stick it out, too. Only a couple of dozen responded to a recent
Philco-Ford Corp. recruiting drive to lure people to its Taiwan plant.

Brazilian telecommunications officials have tentatively decided to adopt
—in their own fashion—AEG-Telefunken’s phase-alternation-line (PAL)
color-tv system. Color broadcasts won’t start in Brazil for five years or
more, but the decision now could put all of South America into the PAL
camp. The Latin American countries have agreed to consult one another
before making firm decisions on color-tv, and henceforth Brazil will
plump for a modified PAL system as the regional standard.

The system Brazilian officials have in mind would keep Telefunken’s
phase-alternation scheme for chrominance-carrier transmission but have
a 4-megahertz video bandwidth instead of the 5-Mhz bandwidth used
by European PAL broadcasters. With the narrower bandwidth, the modi-
fied PAL system would be compatible with black-and-white transmission
equipment and receivers now in service in Brazil.

French space officials now are convinced that Belgium and Italy will sign
on for minor roles in the Franco-German “Symphonie” communications
satellite project [Electronics, June 12, p. 242]. Negotiations among the
four countries, they say, have cleared up everything but the extent of
the new partners’ participation. The target date for putting Symphonie
—a 400-pound satellite—into stationary orbit is early 1970.

The junior partners were lined up this month in Rome at the annual
meeting of European science ministers, where France’s Maurice Schu-
mann tried to turn Symphonie into a multinational project with broad
European participation. France and West Germany see the project as
a means of challenging U.S. domination of the International Tele-
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Philips makes pitch
to get Tl patents
for Japan affiliate

Tank deal bolsters
Belgian electronics

Computer center
in Britain to aid
design engineers

Newsletter from Abroad

communications Satellite Consortium when the current provisional Intel-
sat program expires at the end of 1969.

Although there’s general dissatisfaction among European Intelsat
members over U.S. predominance in the consortium, Schumann found
only two interested parties. And the Rome conference also failed to pro-
duce the expected agreement to stress communications satellites in future
European space programs [Electronics, June 26, p. 203]. Largely because
Great Britain doesn’t want to relegate research satellites to a secondary
role, the ministers settled for an across-the-board review of their joint
space efforts.

Philips Gloeilampenfabrieken will make a strong bid to have its Japanese
affiliate included in the renewed cross-licensing agreement it is now nego-
tiating with Texas Instruments.

TI has steadfastly refused to grant licenses for its basic integrated-
circuit patents to Japanese companies until it gets the right to set up
a wholly owned subsidiary in Japan [Electronics, April 3, p. 257]. But
Philips, armed with an arsenal of key electronics patents, may wangle
an exception for Matsushita Electronics Corp., in which it holds a 30%
interest. The current cross-licensing contract between TI and the Dutch
concern expires on Sept. 1.

Philips committed itself to put pressure on TI when it negotiated a
10-year extension of its joint venture with Matsushita Electrical Indus-
trial Co., which owns 70% of Matsushita Electronics. Under the new
contract, the two parent companies will each get royalties of 2.5% on
Matsushita Electronics’ production starting next year. Since Philips had
a higher rate previously, it has the right to boost its holding to 35%. The
new contract also allows Matsushita Electronics to sell worldwide instead
of only in Asia.

A mild lift—some $14 million in orders from the West German govern-
ment—is in the offing for Belgium’s recession-hit electronics industry.
The orders are part of the full offset the Belgian government will get for
a $90 million purchase of 300 West German Leopard tanks.

The tanks will be delivered fully equipped, but Belgian electronics
firms hope the Germans will fit them with some Belgian hardware—
possibly communications gear. No matter what the Belgian content of
the tanks, though, electronics has been put down for a 15% share of
the offset orders.

Britain’s Ministry of Technology has earmarked $7 million to set up the
country’s first computing center for design engineers.

The center will be ready in about a year at Cambridge University and
initially be limited to engineering departments of universities and col-
leges. Later, the ministry will open the Cambridge facility to industry
and even help firms finance the remote peripherals they’ll need to tie into
the center’s computer.

For its Cambridge computer facility, the ministry has picked an
International Computers & Tabulators Atlas 2 machine. Cambridge
scientists worked with ICT on the Atlas and will convert the university’s
prototype version for multiaccess by about 40 users.
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In days of old, when swains were bold, '
Before the electronic computer;
The “electric kiss” was a test of love
To match a lass and suitor.

One of a series of...
Vignettes in Electronic History

The “electric kiss”” was a romantic 18th Century fad, but it
produced no practical results even for that early period. Today,
ardor and zeal alone are even less likely to produce significant
technological innovation. Now, only the companies with the
most modern facilities and the best people and machines can
maintain technical leadership. That's why a visit to Spectrol’s
new facility in the City of Industry has turned many a skeptic
into a fervent customer. Quote from a large user of potentio-
meters: “What impressed me most wasn’t just the large, modern,
R&D, fabrication, and assembly areas; but also the orderly

Better Components for Better Systems: precision potentiometers »

trimming potentiometers -

A limited number of full-color reproductions of
the “electric kiss® painting, along with the story of the
experiment, are available upon request.

layout and the efficient way people went about their jobs. It
looked to me like good management as well as a fine facility
—and that’s what makes for reliable products.” But why not ?
Spectrol designed and built this plant from the ground up for
the sole purpose of producing the quality components you need,
at competitive prices. Of course, we're not perfect yet but we're
working at it! (Perhaps you’d like to be working with us.)
Spectrol Electronics Corporation

A subsidiary of the Carrier Corporation
17070 E. Gale Ave., City of Industry, Calif. 91745
Copyright @1967

turns-counting dials « miniature switches




Think
vertically.

circuit
designs
stacked
in a
MicroCircuit
Pack...
ready to
mount.
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WESCON

Wouldn't you like to see your breadboard
model of functional circuits converted to a
fully microelectronic module—ready to weld,

solder, or plug in? Want a package with your pre-

How? We have developed flexible, com-
puter-controlled methods of manufacture. We

test each layer and each module step-by-step
as we put it together. And we use electron-beam

ferred mix of semi-conductors, monolithic integrated scribing, welding and sealing under ultraclean vac-
circuits, thin-film and discrete devices ready to per- uum conditions. Results? Your packaged module is
form a number of system functions, either analog or strong and reliable, will resist moisture and radia-
digital—one that combines all the advantages of tion, and will operate over a wide temperature range.

vertical, multilayer stacking, welded interconnec-
tions, hermetically-sealed enclosure, and uniform
modular assembly?

That's no pipe dream with Hamilton Standard’s

Whatever your system requirements might be,
investigate going to MicroCircuit Packs direct. Con-
sider all the in-between expenses you can save. For
more information, price quotations, or assistance in
MicroCircuit Pack technology. We can deliver a component selection and system layout, contact the
custom-built module of up to 15 ceramic wafers, st Marketing Manager, Electronics Department,
pretested to meet your design, in either evaluation =~ Act“@'siz¢  Hamjlton Standard, Windsor Locks, Conn., 06096.
or production quantities. And it will cost far less than Phone (203) 623-1621, ext. 2012. TWX 710-
you would think, 420-0586.

Ham"ton Standard DIVISION OF UNITED %nlJF\‘CRAFT CORPORATION

WINDSOR LOCKS, CONNECTICUT
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Trial balloon

The U.S. Commerce Department
has singled out the electronics
production-equipment industry for
a pilot program that could lead to
radical changes in the way the
Government backs up American
exporters.

So far, Commerce has taken a
hard-sell, scatter-gun approach in
its efforts to promote U.S. goods
abroad. Now the department’s Bu-
reau of International Commerce is
considering a shift to long-range
concentrated marketing and will
try out the technique in Europe’s
Common Market with electronics
production equipment.

Recruiting drive. Bernhard Haff-
ner, who heads the pilot program,
says it will start this year and could
last from two to four years. As a
first step, Commerce will try to
sign up American producers of
electronics plant equipment for a
joint effort to promote the industry
as a whole in Europe. After that,
both Haffner and Grove Smith,
Commerce’s marketing director, ex-
pect a gradual evolution. The few
people in Commerce who know
about the embryonic pilot program
call it “EM>"—for electronics man-
ufacturing equipment marketing.

Haffner and Smith see several ap-
proaches that could emerge as the
project takes shape. Working sem-
inars are one possibility. Instead of
covering exports in general, as
Commerce brainstorming sessions
now do, EM? seminars would deal
with a specific effort—selling
printed circuit board production
gear in Italy, for example. Then,
too, the trade shows Commerce
sponsors  overseas  presumably
would become part of long-range
promotion efforts rather than one-
shot affairs.

Data centers. And there’s a
chance that the pilot program will

Electronics | July 24, 1967

lead to clearing houses for market-
ing information on electronics pro-
duction equipment. Because the
range of equipment is so wide—
from circuit-board inks to auto-
mated integrated-circuit lines—
market figures are hard to come by.
“Right now,” says Haffner, “we
don’t know if exports of electronics
production equipment total $1 mil-
lion, $2 million, or $50 million to
a country.”

If the pilot plan takes hold,
Smith sees groups of U.S. com-
panies offering complete plants to
European electronics producers on
a “turnkey” basis. Once EM? is
running smoothly, Commerce plans
to bow out and let the industry take
over.

Japan
Time to unwind
Electronics hardware designers

nowadays.have most of their com-
ponents. taken. care. of when the
integrated-circuit chips are down.
But to wind-up-the-job, designers
must add outboard coils to their

i iy HALL
5 TERMINAL

8
CURRENT <
TERMINAL I N-TYPE
INDIUM
ANTIMONIDE

1c’s whenever they need induc-
tances.

One means of eliminating the
bulky outboard coils is in the works
at the Japanese government’s Elec-
trotechnical Laboratory in Tokyo.
A research team headed by Shoei
Kataoka has a solid-state inductor
in an early stage of development.
Kataoka’s group already has built
experimental devices with induc-
tances of about 0.5 millihenry at
1 kilohertz. Now the group is con-
centrating on finding optimum de-
signs for the solid-state inductors,
whose Q or reactance/resistance
ratio—about 0.35 at present—needs
considerable improvement.

Two-step. Basically, the induc-
tance is a Hall-effect device, a slab
of high-mobility semiconductor ma-
terial (indium antimonide) fitted
with four terminals. If an external
capacitor is connected to the two
“Hall” terminals, an inductive im-
pedance develops across the two
“current” terminals when a mag-
netic field is applied to the slab.

The inductive impedance comes
from a two-step Hall effect. Cur-
rent flow through the slab produces
a small voltage drop across the cur-
rent terminals. A strong magnetic
field perpendicular to this main
current flow causes a larger voltage

]

i P-TYPE
InSb

N-TYPE” DIELECTRIC
InSb

Inductive slab. Basic solid-state inductor (left) consists of InSb slab
with external capacitor connected to two of its four terminals. Dielectric
sandwiched between two slabs gives device internal capacitor.
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to appear at the Hall terminals.
This first Hall voltage is in phase
with the alternating current ap-
plied to the device.

Because of the external capacitor
connected to the Hall terminals,
current flow through them leads
the first Hall voltage by 90 de-
grees. And this current flow pro-
vokes a second Hall voltage, across
the current terminals but leading
the alternating current applied to
them by nearly 90 degrees—the
phase relationships in an inductor.

Inside job. Although Kataoka’s
group established the principle of
the solid-state inductance using in-
dium-antimonide slabs with ex-
ternal capacitors, its latest devices
have integral capacitances. They
are obtained by sandwiching a
thin layer of dielectric between
slabs of n-type and p-type semi-
conductors. In the sandwich de-
vices, the first Hall voltages in the
n and p slabs have opposite polar-
ity and thus add in the capacitance
loop, whose current flow produces
the second Hall voltage that ap-
pears at the current terminals.

The p-type material, however,
has lower mobility than n-type ma-
terial and therefore lowers the Q
of the device. The group is now
attempting to develop devices hav-
ing only n-type semiconductor ma-
terial. Theoretically, Q’s in the
range of 5 to 10 should be pos-
sible with InSh.

Piggy back. The first experi-
mental devices typically measured
about 9 by 7 by 34 millimeter.
Latest units, however, are about
one-fifth that size. For fixed in-
ductors, thin ferrite permanent
magnets are fixed to the devices.
The solid-state inductances can be
made variable by using them with
small pot-core magnets.

Routed by radar

Most cities with extensive com-
puter-controlled  traffic  systems
have tried all sorts of sensors to
pick up the car counts the com-
puter needs to establish the op-
timum traffic flow. And in most
cases, loop inductances—buried in
the pavement—have worked best.

Now the inductance loop—and
digging up streets to install them
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On the block. Yagi antenna for
doppler-radar traffic sensor is made
of foil strips cemented to polystyrene
foam block. The “hat” is antenna’s
radome.

—seems on the way out. Matsu-
shita Communication Industrial
Co., has developed a traffic sen-
sor that it claims can beat in-
ductance loops both in perform-
ance and operating cost. Matsushita
Communication, a wholly owned
subsidiary of the Matsushita Elec-
trical Industrial Co., set up the
system that controls the lights in
Tokyo’s Ginza district.

Simplified. For the Ginza system,
Matsushita  experimented  with
pole-mounted ultrasonic sensors,
doppler radar sensors, and buried
loops before deciding on develop-
ment of a simple low-power dop-
pler radar unit. All circuits in the
new sensor are solid state and the
antenna is novel—foil strips ce-
mented onto a block of polystyrene
foam.

The switch to solid state elim-
inates a major drawback of the
earlier units—a  power-hungry
lighthouse tube that had to be re-
placed after operating from six
months to one year. In the new
unit, the only components that op-
erate at microwave frequency are
long-life devices—a transistor os-
cillator and a varactor diode. Mat-
sushita estimates mean time be-
tween failure for the solid state
sensor at better than 50,000 hours.

Zero i-f. For simplicity, Matsu-
shita assigned a dual role to the
single varactor diode. It serves
both as a frequency tripler and a

homodyne detector. The output of
the transistor oscillator is tripled
by the diode, which feeds 10 milli-
watts of output power at 2455
megahertz into the antenna. The
incoming signal beats against the
2,455-Mhz frequency, and thus the
doppler shift signal is extracted at
zero intermediate frequency and
passed directly to a bandpass am-
plifier that operates over a range
of 10 to 30 hertz.

After amplification and wave-
shaping, the doppler signal is proc-
essed to compensate for potential
errors like a single long output
signal from a group of cars travel-
ing close together past the detector
unit. A timing circuit divides long
signals into a number of outputs
that statistically correlate with the
actual number of cars passing.

Yagi block. For the doppler ra-
dar antenna, Matsushita came up
with an wunusual design. Two
stacked Yagi antennas are built up
by cementing foil strips onto oppo-
site sides of a foam block. Because
the block has a dielectric constant
of 1.05, the elements act almost as
if they were suspended in air.

The driven element is a copper-
foil folded dipole. The directors
are aluminum-foil strips. Unlike a
classic Yagi antenna, which uses
rods similar to the directors as re-
flectors, the Yagi-on-a-block’s re-
flector is the circular aluminum
plate on which the plastic block is
mounted.

et

Italy

Colorful pair

For all its drawbacks, the shadow-
mask color television tube figures
to predominate for a long time to
come. Other tubes may be more
elegant in conception, but so far
none has been put into volume pro-
duction. Meanwhile, shadow-mask
tubes keep coming off the produc-
tion lines by the millions.

Still, the quest for something
better—and suitable for mass pro-
duction—continues. The latest can-
didate for successor to the shadow
mask is a two-gun tube developed
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by Jato Srl, a small company in
Florence, Walter Jaeger, who heads
the firm, claims his tube could be
mass-produced more easily than
shadow-mask tubes.

Within the next few weeks, Jae-
ger expects to send a first batch
of experimental tubes to the Insti-
tute for Radio and Television Tech-
nique, a test center in Munich run
by the West German broadcasting
networks. Jaeger already has held
exploratory talks with AEG-Tele-
funken about putting the tube into
production.

Green fields. The Jatron, as Jae-
ger calls the tube, is based on a
simple premise: put only as many
color-producing elements on the
screen as the eye needs for image
detail. Instead of a million-plus red,
green, and blue color dots, the
Jatron has 1,200 color stripes.
What's more, half of the stripes in
the Italian tube are green, the color
that dominates in the luminance
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Double-barreled. Jatron color-tv tube
has only two guns instead of the usual
three, and strips instead of phosphor
dots.

signal. The strips are arranged in
a red, green, blue, green vertical
sequence,

To get twice as much green hori-
zontally as well as vertically, the
tube has one “green” gun and a
“red-blue” gun. A vertical grid of
stainless-steel wires near the screen
is common for both guns. It pro-
vides post-deflection acceleration
and focusing, and at the same time
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guides the two electron beams onto
the right stripes.

Lift. In each frame—two inter-
laced fields—the green gun writes
a complete green picture. The sec-
ond gun, however, alternates be-
tween blue and red from line to
line. Although this effectively halves
the amount of red and blue infor-
mation, a viewer sees no difference
in the color image on the screen.

The alternation of red and blue
lines, though, would set up a crawl-
ing-line pattern unless there is a
corzection. In the Jatron, the crawl
is eliminated by using a vertically
lengthened red-blue beam and a
pair of special electrodes. They al-
ternately lift and lower the beam
the width of half a line at each
change of field.

On the line. Jaeger can trot out
a number of reasons why the Jatron
will be easy to produce. The color
selector grid, for example, is glass-
soldered into the bulb before the
screen phosphors are applied. This
simplifies alignment of the grid and
the color stripes, which Jaeger says
can be laid down on the screen by
electronic masking techniques. And
with only a twin-gun assembly, in-
stead of three single guns, gun
alignment and convergence correc-
tion are vastly simplified.

France

Small start

A year ago, President Charles de
Gaulle hatched his Plan-Calcul, a
scheme designed to give France
an independent computer industry.
This month, the merged company
set up under the plan to build cen-
tral processors started marketing
its first hardware—a small, third-
generation, general-purpose com-
puter.

With the small machine, Com-
pagnie Internationale pour I'Infor-
matique got the Plan-Calcul off to
a deceptively fast start. Actually,
the new computer was in the works
at the Compagnie Européenne
d’Automatisme Electronique before
it became part of cu [Electronics,
Oct. 17, p. 223]. The small ma-

chine’s design in no way resembles
that planned for the medium com-
puter ciu is developing with Plan-
Calcul funds.

What’s more, the transistor-
transistor-logic  integrated-circuit
packages in the small machine are
coming for the moment from U.S.
companies, hardly the sort of in-
dependence de Gaulle is aiming at.
It will be next spring, at the earli-
est, before French producers can
supply the 1C’s.

Sanguine. With it’s first machine,
ci doesn’t stand to benefit much
from the preference the de Gaulle
government will give Plan-Calcul
companies in its computer buying,
which represents some 70% of the
French market. The 10-010, as cu
calls its mew machine, is essen-
tially a process-control computer
and the government’s big need is
for business machines.

Still, cir figures the 10-010 will
be a strong seller. Robert Remillon,
cir’'s  vice-president and general
manager, says the goal is 300 ma-
chines next year and close to 1,000
yearly by 1970. In addition to
France, where the market for proc-
ess-control computers is growing
fast, Remillon has high hopes for
export sales in Europe and par-
ticularly West Germany. Remillon
expects to sell, rather than lease,
the machines, since they’ll cost be-
tween $18,000 and  $20,000, not
enough to warrant rentals.

Cousin. In performance, the 10-
010 falls into-about-the-same class
as the pop 8 computer introduced
in the U.S. more than two years
ago by the Digital' Equipment
Corp. The French machine adds in
5.5 microseconds, multiplies in 9
microseconds and - divides in 10.
Its ferrite core memory has a cycle
time of 1 microsecond. The basic
memory store is 4,000 bytes of 8
bits, but can be expanded to 64,000
bytes.

Window display

No matter how skilled he may be
at spotting key displays on a clut-
tered instrument panel, it takes a
pilot about eight-tenths of a sec-
ond to switch his view from the
sky out front onto the instruments
in the cockpit. Brief though it is,
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the time to refocus could be too
long in clutch situations when the
airlines start flying supersonic
transports.

An obvious solution is a “heads-
up’ display that projects instru-
ment readings into the pilot’s field
of view through the windshield.
Most developed so far have been
based on cathode-ray tubes and
thus limited to a single-color pro-
jection of three or four key dis-
plays. Now csr-Compagnie Génér-
ale de Télégraphie sans Fil has
readied a system that shows pilots
10 or more parameters in five col-
ors.

The display, which appears to
be superimposed on the sky ahead,
is so bright it can be seen against
any background but the sun itself.
Along with the plane reference line,
the pilot has grouped before his
eyes a gyroscope-derived horizon,
a flight-director marker, an instru-
ment-landing-system marker, a roll
and pitch indicator and scales that
show altitude, speed, and course.

Prospects. Csr has yet to sell its
heads-up display system, but sees
a promising market ahead in super-
sonic transports. The company is
negotiating with Sud-Aviation and
the British Aircraft Corp. to in-
stall the system on two prepro-
duction versions of the Concorde,
the Anglo-French supersonic trans-
port. CsF plans to price the equip-
ment at about $40,000 for prepro-
duction versions and later to drop
the price to $25,000 or less if the
equipment catches on with airlines.

For the North American market,
csk has licensed the heads-up dis-
play to the Librascope group of
the General Precision Equipment
Corp.

Infinity. Instead of a cathode-ray
tube, the csF system is based on a
combination of reticles and a bee-
hive assembly of colored lamps—
red, orange, green, blue, and white.
The reticle images are projected
through a mixing prism and a col-
limating lens 120 millimeters in
diameter onto a semitransparent
plate in the pilot’s field of view.
Since the plate absorbs only about
15% of the incoming light from
outside the cockpit, and about 15%
of the reticle light, the plate ap-
pears as transparent as the wind-
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shield to the pilot.

Signals to drive the reticles and
switch on the battery of colored
lamps are developed in a control
unit that is linked to all the air-
craft’s major navigation and flight-
control equipment. Most of the cir-
cuitry in the control unit is built
around 1c packages.

West Germany

Belt tightening

Military-hardware salesmen who
ply their trade in Bonn have be-
come increasingly disenchanted in
recent months watching a once-
lush market dry up. Early this
month, the disenchantment turned
to dismay as the Kiesinger govern-
ment announced plans to lop off
some $2.33 billion from its defense
appropriations over the next four
years.

The cuts are a result of a
thorough overhaul of the govern-
ment’s finances projected through
1971. In a move to wipe out a $2
billion deficit and get the country’s
stagnant economy moving again,
Kiesinger’s coalition cabinet de-
cided on an increase in taxes, a
short-term investment program, and
an over-all reduction of government
spending.

Up and down. Hardest hit by the
cutbacks will be the defense min-
istry. Long-range defense spending
plans drawn up last year called
for an increase in annual military
outlays from the present level of
$4.85 billion to $5.68 billion in 1971.
These now will be trimmed an
average of $580 million a year.

So far, military officials in Bonn
aren’t sure which projects will get
short shrift because of the cutbacks.
But it seems likely that the govern-
ment will now drop any plans it
may have had to phase out its ac-
cident-prone Starfighters soon. Un-
til the government pared its bud-
get, there’d been talk about buying
McDonnell Phantom 2 fighters or
switching to the Italian version of
the Starfighter.

Ground and air. Another project
endangered by the cuts is joint

U.S.-German development of a
heavy tank. Although it seems cer-
tain that the prototype will be
ready—as  scheduled—by early
1968, Bonn may pull out of the
project after that.

And there’s no doubt that West
Germany will pare its participa-
tion in the Transall C-160 project,
a joint venture with France to build
a military transport plane. Even
before the budget cuts Bonn was
thinking about slashing its share
from the originally planned 110
planes to 60.

One project that looks like it
may still get off the ground is an
advanced vertical takeoff and
short-landing fighter (avs). West
Germany and the U.S. have joined
in a feasibility study and now the
Germans want to bring Britain in
as a third partner to make sure the
project would survive a pullout by
the U.S. The avs is one of several
advanced-fighter projects under
consideration at the Pentagon and
could be dropped by the U.S.

Great Britain

I'm all right, Jack

British avionics equipment makers
had little trouble keeping stiff up-
per lips when the news broke this
month that the de Gaulle govern-
ment was pulling out of the Franco-
British project to develop a swing-
wing supersonic fighter-bomber.

Despite  the public  clamor
touched off in Britain by the an-
nouncement — Defense Minister

Denis Healey over the past year
had repeatedly said the Wilson
government considered the plane
its long-term mainstay—the deci-
sion was no surprise to British avi-
onics officials. They had long been
skeptical about the French com-
mitment to the program since it
called for a plane much heavier
and more sophisticated than the
French feel they need. What’s
more, France has developed alone
a smaller swingwing fighter—the
Dassault Mirage 3G—slated to fly
this summer.

British swinger. The Wilson gov-
ernment now says it plans to con-
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tinue the preliminary study for the
project, but to aim for a version of
the variable-geometry plane tail-
ored to Brtish needs. The feasibility
study was complete and cost esti-
mates drawn up when the French
pulled out, but no actual work on
the aircraft had been started.

By and large, the feeling in the
British avionics industry is that
this swingwing plane never will
get off the ground even though the
government has started to look for
potential new partners.

One prospect is West Germany.
Although the Kiesinger government
just this month cut its defense
spending plans, one project the
Germans apparently will push on
with is an advanced vertical take-
off and short-landing fighter [see
story above]. The British Aircraft
Corp., which had been working
with Dassault on the Anglo-French
swinging project, already has held
exploratory talks with the compa-
nies involved in the U.S.-German
avs program. Thus the British may
end up as a partner in the avs, but
there’s no chance the Germans will
replace the French in the swing-
wing project.

Unfazed. But avionics equip-
ment makers in Britain figure
they’ll end up with about the same
amount of business no matter what
happens. If the Wilson govern-
ment does see its way clear to
going it alone on a swingwing
plane, they’ll have twice as much
to do on half the number of planes
that would have been built under
a joint program. If (and more
likely) the upshot of the French
pullout is a joint project, U.K. avi-
onics firms would be as well off as
they were before.,

Around the world

Great Britain. Mullard Ltd. has
developed a radar “no more com-
plicated than a television receiver”
to guide ground vehicles operating
at fog-bound airports. The radar’s
range is from 3 to 100 yards and
its resolution is 2 yards. The com-
pany plans to try out an experi-
mental version under field condi-
tions within a few months.
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Now 1.5v, 6v, and two 10-volt Vactrols are
available for electronic amplifier applications.
Combines a dependable Vactec photocell with
the proper long-life incandescent lamp in a
complete low-cost module.

Provides noiseless, trouble-free volume and

P

tone control for TV, radio, guitars, organs, and
other musical instruments.

Unit is protected by an epoxy sealed metal
enclosure. Leads are spaced on .100” centers
for circuit board mounting. Special characteric
designs available for unique applications.
Write for Vactrol Bulletin PDC-4C 1.

See Vactec's listing in EBG under “Semi-Conductors,”

and in EEM, Sec. 3700.

2423 Northline Ind. Blvd. « Maryland Hts., Mo. 63042 « AC 314, 432-4200

Circle 269 on reader service card

Now you can lock settings, eliminate

complicated hardware with new self-locking
push-to-turn knobs from Raytheon

When pushed, these new control
knobs rotate instrument shafts in
either direction—with infinite resolu-
tion and zero backlash.

When released, the knobs spring
back and automatically lock the
shaft against shock, vibration, ac-
cidentally turning.

These knobs feature: patented, all-
mechanical locking device; stainless

steel parts; packaging which com-
plies with MS91528C and MIL-K-
3926B specifications.

Send reader service card for data
on styles, sizes, colors, custom fea-
tures. Or write Raytheon Company,
Components Division, Quincy, Mass.
02169.

Circle 231 on reader service card 231
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= DuPont de Nemours & Co., Freon Div. 51
Batten, Barton, Durstine & Osborn, Inc.
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Honeywell, Test Instruments Div. 132
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Foote, Cone & Belding, Inc.
= Ichizuka Optical Co., Ltd. 215
Matsushita, Inc.
Indiana General Corp.,
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Griswold & Eshleman Co.
Industrial Electronic Engineers 66
Gumpertz, Bentley & Dolan, Inc.
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Martz & Associates
International Crystal Mfg. Co. 202
Robert V. Freeland & Assoc.
I R C, Incorporated 133
Gray & Rogers, Inc.
= ITT Cannon Electric, Inc. 71
West, Weir & Bartel, Inc.
= ITT Jennings Mfg. Co. 58
West, Weir & Bartel, Inc.
ITT Semiconductors Div. 234
Neals & Hickok, Inc.
Janus Control Corp. 210
L. K. Frank Co., Inc.
Johnson Co., E.F. 219
Midland Associates
= Lambda Electronics Corp. 61

Michel Cather, Inc.

Litton Industries, Inc.,
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= Machlett Laboratories,

Div. of Raytheon Co. 11
Fuller, Smith & Ross, Inc.
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Markem Machine Co. 128
Culver Adv., Inc.
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Ray E. Finn Adv.
Meguro Electronic Instrument 214
General Adv. Agcy., Inc.
Meson Electronics Co., Inc. 216
Wolff Associates, Inc.
Microwave Associates, Inc. 117

Kalb & Schneider, Inc.

Microwave Electronics Corp.,
Sub. of Teledyne 171
Bonfield Associates

O Milo International, Div. of

Milo Electronics Corp. OAS 8
Industrial Marketing Assoc.

Missimers, Inc. 216
J.R. Underwood Adv.

Molex Products Co. 211
J.D. Culea Adv., Inc.

= Monitor Systems, Inc. 213

Thomas R. Sundheim, Inc.

Monsanto Company 3rd Cover
Foote, Cone & Belding

Motorola Communications &
Electronics, Inc. 118
K &A, Inc.

Motorola Semiconductor
Products, Inc. 47,59
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Frank E. LeBeau [212] 971-6464
_~ Advertising sales manager

Wallis Clarke [212] 971-2187
Assistant to sales manager '

Donald J. Austermann [212] 971-3139
Promotion Manager

National Semiconductor Corp. 20,21 Taylor Corp. 176 R ¢
Jay Chiat & Assoc. Gray & Rogers, Inc. ’A:g:gé?;e(zaég??\fg: Michael H. Miller, 1375
North Atlantic Industries, Inc. 89 Tech-etch, Inc. 213 | [404] TR 5-0523
Murray Heyert Assoc. Van Christo Assoc., Inc. Boston, Mass. 02116: William S. Hodgkinson
= Technipower, Inc. " 152 | McGraw-Hill Building, Copley Square
S & S Creative Services [617] CO 2-1160
u Tektronix, Inc. 17,41 | chicago, lll. 60611: Robert M. Denmead
Hugh Dwight Adv., Inc. J. Bradley MacKimm, Ralph Hanning,
R Telonic Instruments 63,178 645 North Michigan Avenue,.
Pek Laboratories 7 Jansen Assoc., Inc. [312] MO 4-5800
Sturges Advertising Tempress Research Co., Inc. 30, 31 | Cleveland, Ohio 44113: William J. Boyle, 55
Pennsalt Chemicals Corp. 69 Hal Lawrence, Inc. Public Square, [216] SU 1-7000
Aitkin-Kynett Co., Inc. Texas Instruments Incorporated Dallas, Texas 75201: Richard P. Poole, 1800
Philbrick Researches, Inc. 90 Semiconductor/Components Republic National Bank Tower,
Culver Adv., Inc. Division 162,163 | [214] RI 7-9721
Philco/Ford Co., Microelectronics Div. 60 Don L. Baxter Incorporated Denver, Colo. 80202: Joseph C. Page, David
Hoefer, Dieterich & Brown, Inc. = Torotel, Inc. 46 | M. Watson, Tower Bldg., 1700 Broadway,
O Philips Eindhoven, N.V. 0AS 1 Spangler Adv., Inc. [303] 255-5484 5
T.A.G. De La Mar Transformer Electronics Co. 212 | Detroit, Michigan 48226: Ralph Hanning
= Photocircuits Corp. 160, 161 Dacey, Wolff & Weir S Yeabpsst Building
Duncan-Brooks, Inc. = Transmagnetics, Inc. 146 Haasten T 77002: K Hic
Physics International 16 Adrian Clarke Jr., Inc. uston, Texas : Kenne eorge,
Conley, Baker & Steward Triplett Electrical Instrument Co. 185 [ 2270 Humble Bldg., [713] CA 4-8381
Polaroid Corp. 147 Burton Browne Adv. Los Ang;l_es. Calif. 90017: Ign C. Hill,
Doyle Dane Bernbach, Inc. Trygon Electronics, Inc. 42 | John G. Zisch, 1125 W. 6th St.,
3 & W Galh [213] HU 2-5450
= Potter & Brumfield, Div. of Solow/Wexton Co., Inc. Minasapolic Mibn: 554025 0. Bradt
Amer. Machine & Foundry Corp. 206, 207 Trymetrics Corp. 166 MacKin"'l’rn SI’]04nN-orthsta.r C'en{er ey
Grant, Schwenck & Baker, Inc. Solow/Wexton Co., Inc. J
: A i 2 [612] 332-7425
Princeton Applied Research Corp. 34 = Tung Sol, Div. Wagner Electric Corp. 209 New York, N.Y. 10036
: , N.Y.
Mort Barish Assoc., Inc. E.M. Freystadt Assoc. 500 Fifth Avenue
Donald R. Furth [212] 971-3615
James R. Pierce [212] 971-3616
Jeffrey M. Preston [212] 971-3617
Philadelphia, Pa. 19103:
Union Carbide Corp. Electronics Div. 32 w-;,?e: ﬁ 'éardane,?ﬁgff,.ey M. Preston
= Radio Cores, Inc. 212 J.M. Mathes, Inc. 6 Penn Center Plaza, 5
Sander Rodkin Adv. Agey., Ltd. = Unitrode Corp. 43 | [215] LO 8-6161
Radio Corporation of America 4th Cover Silton Brothers, Inc. Pittsburgh, Pa. 15222: Warren H. Gardner,
Al Paul Lefton Co. United Systems Corp. 215 | 4 Gateway Center, [412] 391-1314
Raytheon Co., Components Div. 231 Adv. & Merchandising, Inc. Portland, Ore. 97204: James T. Hauptli,
Fuller & Smith & Ross, Inc. = United Transformer Co. 2nd Cover | 218 Mohawk Building, 222 S.W. Morrison
RCL Electronics, Inc. 14 Philip Stogel Co. Street, Phone [503] 223-5118
Morvay Adv. Agcy. Rochester, N.Y. 14534: William J. Boyle,
Redcor Corp. 196 9 Greylock Ridge, Pittsford, N.Y.
Smith-Klitten, Inc. [716] 586-5040
= Reeves Hoffman, Div. of St. Louis, Mo. 63105: Robert M. Denmead
Dynamics Corp. of America 198 m Vactec, Inc. 231 The Clayton Tower, 7751 Carondelet Ave.
Adams Assoc., Inc. Coleman & Assoc. Adv. [314] PA 5-7285
Victoreen Instrument Co., The 156 San Francisco, Calif. 94111:
Palm & Peterson, Inc. James T. Hauptli, 255 California Street,
m Vitro Corp. of Amer, Vitro Electronics 184 [415] DO 2-4600
Buchen Adv., Inc. hond(:]n \jvl:gghg W. Psa‘tten. Edwin S.
urphy Jr., over Street,
Sage Electronics Corp. 213 Vo::krt;g %ﬂmgingg'l?:c = Hyde Park 1451
Mathison Adv., Inc. Milan: Robert M. Saidel
Sci-Tek Computing Center, Inc. 220 1 via Baracchini Phone: 86-90-656
Stanley, Richard & Fredrick, Inc. Frankfurt, Main: Gerd Hinske, Dieter
Semtech Corp. 127 Rothenbach, Elsa-Brandstroem Str. 2
Burress Advertising Wayne Kerr Corp. 194 Phone: 72 01 81
Sensitak Instrument Corp. 218 Josephson, Cuffari Co. Geneva: Michael R. Zeynel,
Allied Adv. Agcy., Inc. u Weston Instruments, Inc. 1, rue du Temple Phone: 31 95 60
m Servo Corporation of America 177 Newark Div. 139 Paris VIII: Kenneth Davey,
Basford, Inc. Arndt, Preston, Chapin, Lamb & Keen, Inc. 17 Avenue Matignon Phone: 359 6637
O Sesco . OAS 7 = Weston Instruments, Inc. Tokyo: Nobuyuki Sato, 1, Kotohiracho
Maurice Ridant Editions Techniques & Transicoil Div. ) 217 Shiba, Minato-Ku [502] 0656
v Pub!u:nte de Firmes Arndt, Preston, Chapin, Lamb & Keen, Inc. | gsaka: Ryoji Kobayashi 163, Umegae-cho
Signetics Corp. Sub. Kita-ku [362] 8771
Corning Glass Works 102
Cunningham & Walsh, Inc. .
[ Sil}\con Transistor Corp. 121 VBVUISIII'IGSCS gepart;nent
.D. Adams Adv. Classified Advertisin allace C. Carmichael, Manager
Sinclair Radio Labs., Inc. 214 g [212] 971-3191 . .
F.J. Eberle, Manager Stephen R. Weiss, Production Manager
John E. Hayes Co., Inc. [212] 971-2044
Solitron Devices, Inc., Transistor Div. 101 PROFESSIONAL SERVICES 221 | Thomas M. Egan,
Haselmire Pearson Adv., Inc. Assistant Production Manager [212] 971-3140
Spectrol Electronics Corp. 225 EMPLOYMENT OPPORTUNITIES 221 Dorothy Carmesin, Contracts and Billings
Jones, Maher Roberts, Inc. EQUIPMENT [212] 971-2908
O S.P. Elettronica OAS 4
S | N < !
Sperry Rand Corp., AR o uoma bitw) 221 | Circulation and research
Microwave Components 48 Milton Drake, Manager [212] 971-3485
Neals & Hickok, Inc. ADVERTISERS INDEX Isaaca Siegel, Assistant Circulation Manager
Sprague Electric Co., The 5, 10 > [212] 971-6057 <
Harry P. Bridge Co. Atomic Personnel Inc. 221 | David Strassler, Assistant Research Manager

Radio Research Instrument Co. 221 |212] 971-6058

= Stackpole Carbon Co., Chloe D. Glover, Research Associate

Electronic Components Div. 150, 151 Tallon Co. Inc. 221 S
Meek & Thomas, Inc. Turner Assoc. G.K. 221 [212] 971:6057
Stanpat Products, Inc. 211 ) . ’
Morton Advertising, Inc. Electronics buyers' guide
Stewart Warner Microcircuits, Inc. 27 = George F. Werner, General Manager
Jones, Maher, Roberts, Inc. [212] 971-2310
Sylvania Electric Products, Inc., s For more information on complete product | Ray Smyth, Eastern Regional Manager
Parts Div. 125 line see advertisement in the latest Elec- [212] 971-6538
Tatham-Laird & Kudner, Inc. tronics Buyers’ Guide Regina Hera, Directory Manager
Synthane Corp. 217 £ . [212] 971-2544 3
Arndt, Preston, Chapin, O Advertising in Overseas Section Thomas M. Egan, Production Manager
Lamb & Keen, Inc. following Newsletter from Abroad [212] 971-3140
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The Predictables.

Some computer
manufacturers
inspectevery
incoming diode.

The others order
fromITT.

We do it for them. ITT inspects every diode
100% three different times before it’s
shipped. Any part number, silicon or ger-
manium, double plug or DO-7. Make us
prove it. RFQ: The Predictables.

aotes LT

FACTORIES IN WEST PALM BEACH, FLORIDA; PALO ALTO, CALIFORNIA; LAWRENCE, MASSACHUSETTS; HARLOW AND FOOTSCRAY, ENGLAND; FREIBURG AND NURENBERG, GERMANY
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