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Introducing the best DC power supply catalog in the world.

Forty-two informative pages. Specifi-

cations. Drawings. Photos. Prices.
Three-day shipping guarantee. Or-
ganized for quick selection of the
best model for your application. In-
cluded are:

3 Mini-modules with reg-

ulated single or dual

outputs. Save space and
improve reliability by mounting them
directly on printed circuit boards.
$30 up.

Standard modules with

ratings to 32 amps.

Choose from single and

, dual output regulated

. models and single out-
put unregulated. $60 up.

Low-profile modules to
4.0 amp from a package
only 1.68" thick.$75 up.

Plug-ins with single or
dual outputs, for com-
mercial or MIL-Spec.
use, regulated or unreg-
ulated, high isolation,
fixed or ‘adjustable.
$45 up.

Acopian also offers rack mounting
power systems, designed to meet
specific multi-output power needs.
Shipping time for these fully wired,
fully tested systems is only
from your order.
$150 up.
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For your copy of the world’s best
power module catalog, write or call
Acopian Corp., Easton, Pa. 18042.
Phone: (215) 258-5441. The power
modules you order from it will be
shipped with (you’ll happily agree)
the world’s best tag. ..
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HP’s 250 MHz 183:

Still The Performance Champ!

Ask For A Demo.

If you want to look at waveforms in
high-speed logic circuits, or to
photograph ultra-fast transients—
there’s still only one general purpose,
lab oscilloscope that gives you a
real-time window from DC to VHF.
It is HP’s 183, the 250 MHz 10 mV/div
scope (to 600 MHz with direct access
plug-in)—now available for demos
on your bench.

HP pioneered in the development
of the first useful, usable high-
frequency scope to give you these
features: 10 mV sensitivity, 1.5 ns rise
time, 4 cm/ns writing speed, negligi-
ble distortion from input capacitance.
Balancing price and performance
the 183A system is a bargain—with
delayed sweep, $3900; without de-
layed sweep, $3400 (available in
either cabinet or 5%" rack-height
versions).

HP’s technical leadership, cover-
ing a wide area of disciplines, made
it all possible. An in-house IC capa-
bility produced monolithic transistor
arrays for the vertical amplifier—

key factorinachieving good transient
response with 250 MHz bandwidth
and high-fidelity reproduction of
waveforms.

HP’s step-ahead CRT technology
produced a unique CRT to display
fast signals. The CRT uses two trans-
mission lines for the vertical deflec-
tion system, to provide distributed
deflection of the electron beam and
to give the CRT a cutoff frequency
well beyond present IC technology.

Since the 183A mainframe is not
limited by hard-wired, internal ampli-
fiers, you have freedom to take ad-
vantage of any existing HP 180 Series
plug-ins, plus any HP high frequency
innovations, as they become avail-
able—and higher bandwidth ampli-
fiers are now in HP development labs.

Meanwhile, the HP 183 250 MHz
Scope is a deliverable system, cap-
able of making your measurements,
now. And it's backed by almost two
years of successful, in-the-field per-
formance on customerworkbenches.

The same step-ahead thinking
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exemplified in the HP 250 MHz
scope also exists in all HP scopes.
To find out all about the most exciting
new developments in the rapidly
changing world of oscilloscopes,
ask your HP field engineer to show
you the whole HP 180 scope family,
including sampling and storage. Or
write, Hewlett-Packard, Palo Alto,
California 94304. Europe: 1217
Meyrin-Geneva, Switzerland.

& &
Scopes are

changing.
Are you?
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This Combination

Integrated circuit

CORDIP™ Component Network

replaces

%t‘his combination.

Integrated circuit plus 23 discrete resistors, capacitors, and diodes

Corning's new CORDIP™ component
networks take in much of what IC's leave out—
outboard discretes.

Unlike screened thick/thin film networks,
CORDIP component networks give you
custom combinations of discrete resistors,
capacitors, and diodes in a dual in-line package.

With combinations of up to 20 com-
ponents in a standard 14-pin package. Up to 23
ina 16-pin package.

With virtually unlimited circuit complexity.
With all inter-connections inside the pretested
package.

Which gives you greater reliability and
fewer production losses.

Combinations of resistors, capacitors
and diodes with different tolerances, temperature
coefficients and ratings are available in one
package.

Which makes it possible to give you
almost any custom combination you specify.

Large orders or small.

And we can make prototypes quickly for
you, with almost any combination you specify.

CORDIP component networks are
ready to plug in and are fully compatible with IC
sequencing and insertion equipment.

CORDIP component networks. You'll
save a lot of board space and production costs;
you'll gain a lot more reliability and flexibility.

Call or send us your circuit requirements.

Corning Glass Works, Electronic Products
Division, Corning, New York 14830.

(607) 962-4444 Ext. 8684,

SPECIFICATIONS
Resistors Capacitors Diodes
Range 100-150K  10-10,000 pF  Low
Tolerance from 1% from 5% Sffml
TC from 50 ppm -+ 2%, ~10% 3y o
Ratio >15,000:1  >1,000:1 Types

CORDIP™" COMPONENT NETWORKS
From

CORNING

E L ECETROMNIC S
CIRCLE NO. 3

EDN/EEE August 1, 1971



EXCLUSIVELY
FOR DESIGNERS
AUGUST 1, 1971 AND DESIGN MANAGERS
VOLUME 16, NUMBER 15 IN ELECTRONICS
Vi

Cover

Art Director, Ray Lewis, couldn't resist photographer Ron McCallister's interpretation of San Francisco. The
cover is from a roll of pictures taken for EDN's well-received WESCON '69 cover. WESCON '71 coverage
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We make components

for guys who cant
stand failures.

By the time they find the
problem, the entire factory will be
buried in ping pong balls. And
there’ll be a few thousand more
applicants for advanced membership
in the can’t-stand-electronic-
failures club.

If only we had been there in time.

You see, we make resistors and
capacitors for guys who can’t stand.
failures. Guys like your most
important customers, guys like you.

We build an extra measure of
reliability into all our components
to help you build extra reliability
into all your systems—to head off
problems like this.

To be specific, we make tin
oxide resistors—now including both
miniature RLRO5’s and flame
proofs—and glass and Glass-K™
capacitors. They’re the best you can
get, though they’ll cost you no more.

Take our tin oxide resistors—
no other resistors can deliver the
same stability and reliability over
life. They offer guaranteed moisture
resistance across all ohmic values,
for reliability that can’t be matched
by metal film, wirewounds, carbon
comps or metal glaze resistors.

This kind of extra performance
comes in miniature size, too. OQur
new RLRO5 (commercial style C3),
developed for dense packaging

applications, competes costwise
with carbon comps.

And we lead the field with flame
proof resistors. Ours will withstand
overloads in excess of 100 times
rated power without any trace of
flame. And because they open rather
than short under severe overload,
they provide protection for the rest
of the system—a vital consideration
in critical and expensive EDP, tele-
communications, and instrumen-
tation gear.

Or take our glass capacitors.
The Air Force has confirmed they
have much better stability and much
higher insulation resistance than
the ceramic, mica, and other capac-
itor types tested. That’s why our
glass capacitors have been designed
into so many major aerospace and
missile projects. And why industry
has designed them into the most
important EDP and instrument
applications.

Or our Glass-K™ capacitors—
we developed them to give you the
volumetric efficiency and economy
of monolithic ceramic capacitors,
but with the much improved stabil-
ity and reliability that only a glass
dielectric can add. Our Glass-K™
capacitors are now being used in
pacemaker heart units and in several
major EDP systems. And these
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Glass-K™ capacitors can now be used
in BX characteristic applications.

As you might expect, both our
resistors and capacitors meet Estab-
lished and High Reliability stand-
ards, such as MIL-R-39017, MIL-R-
55182, and Minuteman.

At Corning we make compo-
nents for guys who can’t stand
failures. Guys like your most im-
portant customers. Guys like you.

And even though you might
expect to pay a lot more for these
features, you don’t. Because as the
largest manufacturer of these type
components, our production volume
affords us economies that enable us
to be competitive in price.

So the next time you’re design-
ing a system, design-in an extra
measure of performance. Reach for
your CORNING? resistor and
capacitor catalogs or look us up in
EEM. Or for in-depth technical
information write us at: Corning Glass
Works, Electronic Products Division,
Corning, New York 14830.

Then call your local CORNING
authorized distributor for fast off-
the-shelf delivery. He not only
stocks components for guys who
are demanding, but he offers service
to match, too.

CORNING

ELECTRONICS



NEW Interactive Computer Terminal
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@ HIGH DENSITY ALPHANUMERIC AND COMPLEX GRAPHIC DISPLAYS

Alphanumerics— 39 lines with 85 characters per line
Graphics— 1024 x 1024 addressable points
761 x 1024 viewable points
B NEW COMPUTER ADDRESSABLE REFRESHED SCRATCH PAD

Dynamic Composition and Extensive Editing
Selective Transmission of Contents

B NEW BRIGHT ELEVEN-INCH SPLIT SCREEN CRT DISPLAY
Benefits of both Storage and Refreshed Displays

Storage Displays without flicker or drift
Split screen refreshed scratch pad area
B FULL INTERACTIVE GRAPHICS

Versatile Plug-In Interactive Graphic Units
Unique Graphic Input Joystick

B NEW GRAPHICS SOFTWARE PACKAGES

FORTRAN software for Data Communications Interfaces
Assembly Language for new Teletype Port Interfaces
Tektronix Graphics Software/360 System

For additional information call or write: Any

Tektronix Field Office (57 U.S. and 21 Inter-

X national), or Tektronix, Inc., Beaverton, Oregon
97005.

TEKTRONID
technical excellence 4601 Hard Copy Unit
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Editorial

Were They the “Good Old Days”?

A recent excursion trip on one of the en-
dangered species known as a steam train
brought back many memories for the
participants. We shared a nostalgic look
backward in time—a look complete with
its fondly remembered sounds and smells.
We also shared almost-forgotten memories
of the misery a cinder in the eye can cause,
and the exquisite torture of inhaling soft
coal smoke when inside the unrelieved
blackness of a rock tunnel.

Just such a fond “good old days” atmo-
sphere has sometimes pervaded the think-
ing of electronic engineers. We tend to
rhapsodize over such remembered things
as the “well built” test equipment of
yesteryear, or the thrills of hearing short-
wave broadcasts from around the world.
Like the railroad buffs, we have stars in
our eyes. We forget that today’s dirt-cheap
ICs were not even imagined in those days
of glass-envelope vacuum tubes. We also
forget such truths of those times as the
fact that a signal generator with flat out-

put across its tuning range was known only
in well-heeled laboratories. Back then, the
circuits needed to flatten its output were
both complex and very expensive. Even
plain ordinary circuit gain could only be
had by a liberal expenditure of dollars,
components and power consumption.

By contrast with those fondly remem-
bered times, gain is cheap today. It re-
quires little power, almost no real estate,
and the cost is nominal. Even computa-
tional capability costs little to add to in-
strumentation—so little that it can be
applied in a mMultitude of ways to improve
electronic gear. Devices can be made more
automatic, more stable, more versatile;
in fact, more 'in almost any desired di-
rection.

We are just beginning to realize what
we've got a hold on. The “‘good old days'’ of
electronics don't stand a candle to what’s
ahead. I'm sure that in a few years even
the miracles of today will take their place
as the “‘way it was"".

MANAGING EDITOR



Your readout equipments are easier to sell with:

Electronic
Components

BRIGHTER ... CLEANER ...
MORE COLORFUL ...
DIGITAL DISPLAYS

Even in direct sunlight, the numerals of RCA's
NUMITRON Digital Display Devices are sharp and
clear. And, under normal indoor lighting conditions,
numerals are legible to 40 feet or more with almost
any color-filter. Here's why:
® Exceptionally high contrast ratio between each
display segment and its background
® Controllable brightness
® \\Vide-spectrum light emission permits unlimited fil-
ter-color selection

RCA has two NUMITRON families — the
DR2000 series (0.8" mounting centers) and the
compact DR2100 series (0.5" mounting centers).
Their 4.5 V operation makes them compatible with
most integrated circuit drivers for low-cost digital-
display system designs. And, their advantages are
demonstrable sales features for your equipments.

For price, delivery and technical information on
these devices, see your local RCA Representative or
RCA Distributor. For a copy of Application Note
AN-4277, "Description and Application of NUMI-
TRON Digital Display Devices,”” write: RCA, Com-
mercial Engineering, Section 50H-1/CN5, Harrison,
N.J. 07029. International: RCA 2-4 rue du Liévre,
1227 Geneva, Switzerland, or P.O. Box 112, Hong
Kong.
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Low-cost limit control for OEM’s.

With a circuit breaker.

With a circuit breaker?

T A Heinemann relay-trip
circuit breaker.
f(*\{) With this one
\aX aeF economical device,
& o
\. you can take a
. 2 snglgnal frolm any
B 4 ow-voltage
&\ N M i sensor and,
» at a preselected

evel, switch off a

massive current load.

As much as 100 amp, to be
precise.

There is no end to the uses you can
find for this simple little control device.
It will work with pressure sensors, volt-
meters, ammeters, tachometers, pH
sensors, what have you.

For alarm or other purposes, we can
include auxiliary switch contacts right
inside the breaker. When the circuit

s &
ff
Loc?d j
sensOt

HEiNEMANN

changes state, you can turn on a light,
ring a bell, or start another operation.

If you want the security of precision
fault protection, as weil as the relay-trip
action, get our Dual-Control breaker
(JA or AM Series). It monitors the critical

analog signal, or signals, basic
\ to the operation,
5 and keeps tabs
[ on the electrical
integrity of
Corh your equipment
(\ at the same
a time.
No Whichever
design
L023S you
choose,

. you can
i get a lot of functional
value for the price of a circuit breaker.
Like to find out more? Send for our
Engineering Guide, and we’ll include a
copy of Bulletin 3352 on Dual-Control
breakers. Free, of course. Heinemann
Electric Company, 2626 Brunswick Pike,
Trenton, N.J. 08602.Or
Heinemann Electric
(Europe) GmbH,
4 Dusseldorf,
Jagerhof-
strasse 29,
Germany.
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SaN Francisco, Cavrir.—Though it
won’t be as big as last year’s elec-
tronic bazaar, WESCON 71 (Aug.
24-27) promises to be the most pleas-
ant one ever staged—both for exhib-
itors and employees.

Past WESCONs always left some-
thing to be desired in terms of con-
venient location. When held in Los
Angeles, attendees found themselves
running back and forth between the
Sports Arena and Hollywood Park.
And past San Francisco stagings
offered little improvement with the
show held in the Cow Palace, miles
from downtown San Francisco where
most hotels and restaurants are lo-
cated. Until about 3 months ago, it
looked like the Cow Palace again.

In an unprecedented action for
a major convention, however, WES-
CON’s directors announced, just
90 days before the show’s opening,
that this year’s show would be moved
from the Cow Palace to the Brooks
Hall/Civic Auditorium locale, at the
heart of San Francisco’s civic center.

Unquestionably, the Brooks Hall/
Civic Auditorium site offers numer-
ous advantages over the Cow Palace.
For starters, the newly selected loca-
tion was designed for conven-
tions, complete with air-conditioning
throughout. Further, there’s multi-
level parking next door and freeway
access within a few blocks. Not to be
overlooked are the numerous San
Francisco hotels and restaurants
within walking or quick cab-trip
distance.

Compared to last year’s attendance
of 36,758, this year’s extravaganza
hopes to attract at least 30,000. Un-

(San Francisco Visitors Bureau)
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doubtedly, WESCON’s attendance at-
trition stems from the unemployment
blight that continues to plague the
electronics industry. Despite the ex-
pected lower attendance, WESCON
71 officials hope to have 600 exhibi-
tors (300 companies), including con-
tingents from Europe, Canada and
Japan. Last year’s show attracted
604.

Under the chairmanship of Stan-
ford Research Institute’s R. L. Leada-
brand, the WESCON °’71 program
committee has planned thirty-two
2-1/2-hour sessions. Six major cate-
gories will be covered: Computer
Equipment & Engineering Software
(8 sessions); Components and Cir-
cuitry (7 sessions); Manufacturing
(6 sessions); Management and Mar-
keting (5 sessions); Communications
(4 sessions); and Medical Electronics

(2 sessions).

The 32 sessions were selected from
a slate of 56 by WESCON’s 10-man
program committee. One of the se-
lected sessions, “Computer Aided
Manufacturing,” was organized by
EDN/EEE’s Tom Rigoli.

In discussing his session, Editor
Rigoli points out, “As electronic com-
panies scramble to turn their tech-
nology into profit, computer-aided
design (CAD) is being increasingly
eclipsed by computer-aided manu-
facturing (CAM).”

Already, several companies have
emerged to provide a CAD/CAM ser-
vice. Typically, their service includes
converting a logic diagram into an
optimum circuit layout—and then
developing a software package to
control automated equipment such
as a N/C “Wire-Wrap” machine.
Aimed at bringing the CAM field
into proper perspective, Rigoli’s ses-
sion will include:

—“How Not to Approach CAM” by
C. E. Coffee, Consultant.

—“CAM Software: Inputs Required
and Outputs Produced” by P. R. La-
Bahn, Standard Logic, Inc.
—“Economic Advantages of Integrat-
ing Standard DIP Hardware with
Flexible Software” by D. Miller,
Scanbe Mfg. Corp.

—“New Vistas for CAM” by W. C.
Fordiani, EECO.

Another session is entitled “The
Way It Was and the Way It's Going
to Be: An Overview of the New Dy-

namics for Career Engineers”. There
will be a panel discussion on this
topic, with the following members
participating: Dr. James Mulligan,
IEEE President; Dr. Hubert Heffner,
Deputy Director of U.S. Science and
Technology; Dr. R. C. Mercure, WEMA
President; and Mr. Paul Robbins,
Executive Secretary for NSPE.

There are several other technical
sessions that are sure to tweak a de-
signer’s interest. Among those worth
noting: Micropower Microelectronics;
Ion Implantation for Microelectronics;
Hybrid Manufacturing; CAD for High
Frequency Circuits; Optoelectronics;
Microwave Solid-State Devices; and
Exploitation of Available Computer
Programs in Electronic Circuit De-
sign.

You may recall that last year EDN
organized a session on programmable
calculators. Dr. Rudy Panholzer, who
gave one of the papers for last year’s
session, is the organizer of this year’s
session, “Tomorrow’s Programmable
Calculators.”

It’s also interesting to note that
Hal Tenney, President of Kinetic
Technology, Inc., will be giving a
paper titled “What It Took to Come
Out of Chapter XI.” Tenney’s pre-
sentation, an appropriate sequel to
an earlier EDN article (“KTI is
Alive and Well and Operating Under
Chapter 11”7, Dec. 1, 1970), is part
of the session “Turnaround ’71, Strat-
egy for the '70s”, organized by Frank
Burge of Precision Monolithics, Inc.




Three Instruments Offer Low-Cost Accuracy

A modular MOS/LSI counter, a general-
purpose digital multimeter, Model 3469A
with LED display, and a small 3-1/2-digit
DVM, Model 3403A that reads volts and
with an option decibels, will be displayed
at WESCON by Hewlett-Packard. The
cost of the counter’s main frame is $400
with a choice of four functional snap-on
modules, including a 500-MHz counter
and a battery pack. The complete system
is designated Model 5300A. The Model
3469A, selling for $595, performs average
ac measurements from 1 mV to 500V
(20 Hz to 10 MHz), resistance measure-
ments of 1Q) to 10 M(Q) and dc measure-
ments of 100 mV to 1000V and 1 uA to
100 mA. Model 3403A measures dc and
ac, and exhibits the results on a 3-digit
LED display. Dimensions for this unit are
4.5 by 7.75 by 9.5 inches. Hewlett-Packard
Co., 1601 California Ave., Palo Alto, CA
94304.

Booths 1015-17, 1114-17, 1139-41 and
1237-40. 160

weson

Panel Meter Fills 3-1/2—4-1/2 Digit Interval

sﬂi.n

An extended range which provides a full-
scale indication of 3999, is designed to
fill the gap between 3-1/2- and 4-1/2-digit
meters. The Type 2430 meter has an ex-
truded aluminum housing 3.70 inches
wide, 2.05 inches high and 5.75 inches
long. Mounting and calibration adjust-
ments are made from the front panel by
removing the snap-out plastic window.
Re-zeroing is done automatically after
every measurement cycle. Full scale input
is 2V dc, and accuracy is =0.05% of indica-

tion +1 digit. Full, 4-digit storage pro-
vides a steady non-blinking display. An
out-of-range condition is indicated by a
flashing display of four nines. Standard
TTL-compatible 1-2-4-8 BCD output is
provided for all digits. Both the display
and BCD output may be held constant for
an indefinite period by contact closure of
the hold terminal. The price is $199 in
single quantity. Digilin, Inc., 1007 Air
Way, Glendale, CA 91201.

Booth 1121. 162

Solid-State Lamps Make Debut

Three infrared solid-state lamps—two at
a very low cost/mW output— will be intro-
duced by General Electric’'s Miniature
Lamp Dept. These lamps are designated
SSL-54 (1 mW), SSL-55B (5.2 mW) and
SSL-55C (6.7 mW). The narrow beam of
these gallium-arsenide units contains ap-
proximately 50% of the total IR energy
produced. Samples (1-9) will be available
at $3.14, $5.82 and $6.51, with 1000-lot
quantities priced at $1.21, $2.25 and $2.52,
respectively. All-glass, wedge base lamps
that are 0.24 inch (diam) by 0.8 inch
(length) will also be on display. These
lamps offer new application potential
where space is at a premium. General
Electric Co., Nela Park, Cleveland, OH
44112.

Booth 2308 161
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COST SAVINGS BY DESIGN

MOS/LSI packaging concept

is economical,

induding our connector.
And you canrelyonthat.

Our edgemount connector is specifically designed to
help you take advantage of the economy and flexibility in
leadless IC substrate packaging.

You get all the substrate advantages: low initial cost,
greater packaging density, easy insertion/extraction,
quick replaceability. And the low per line cost of our
connector matches the package’s economy. Now, that’s
cost savings all the way.

Can you depend on it? Yes. Because our connector is
designed to give reliable, uniform contact with every
pad across the substrate. In addition, posts are rigidly

§

molded in the block on .050” staggered centers, with no
exposed bent metal.

For specs and information on this connector and new
substrate packaging concepts, write:

AMP Incorporated, Industrial Division,

Harrisburg, Pa. 17105

AMP

INCORPORATED

Manufacturing and Direct Sales Faciiities in: Australia,
Canada, France, Great Britain, Holland, Italy, Japan, Mexico,
Puerto Rico, Spain, Sweden, United States and West Germany.

CIRCLE NO. 8
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SCIENCE. SCOPE

The health of America's crops, forests and rivers will be checked every 18 days
next year by a new scanning device aboard NASA's Earth Resources Technology Satel-
lite. The 100-1b. optical-mechanical instrument, called a Multi-spectral Scanner,
was developed by Hughes. It is designed to detect and record the different '"sig-
natures'" of the solar energy emitted by all objects on Earth and to convert them
into photo-like images that will show the condition of various natural resources.

The synchronous communications satellite's first decade was featured in the Hughes
display at the Telecom '71 exhibition staged by the International Telecommunica-
tions Union in Geneva, Switzerland, June 17-28. Included were: the first syn=-
chronous satellite, shown at the 1961 Paris Air Show by the Hughes team credited
with the original concept; a full-scale model of Anik I, Canada's new domestic
satellite; and third-scale models of all others built by Hughes -- from Syncom,
world's first, which was launched in 1963, to the giant Intelsat IV, which began
commercial service March 26.

The U.S. Army Safeguard System Command, Huntsville, Ala., recently awarded letter
contracts to three companies for contract definition leading to the competitive
selection of a prime contractor for a hardsite defense prototype demonstration
program. Hughes has teamed with Boeing and System Development Corp. The work
will be performed over a five-month period.

Airborne radar transmitter design engineers are needed now at Hughes. Must have
specific fire-control-system, doppler, pulse-compression, microwave, and power-
supply experience. Also: solid state microwave engineers with experience ranging
from UHF to millimeter frequencies, and in the design and use of related circuits.
Both positions require accredited degree, 3 years of specific experience, and U.S.
citizenship. Write: Mr. Robert A. Martin, Hughes Aerospace Engineering Divisions,
11940 W. Jefferson Blvd., Culver City,CA 90230. An equal opportunity M/F employer.

A new traveling wave tube for Canada's Anik I domestic synchronous communications
satellite will operate even more reliably and with higher efficiency than previous
Hughes TWTs. It is expected to operate for more than 12 years, compared with the
six-month life expectancy of the Syncom II TWT (which, however, is still operable
after 'eight years). Hughes TWTs have also been used on all the Intelsat, ATS,
TACSAT, Mariner, and Lunar Orbiter satellites and the Surveyor and Apollo space-
craft. Their record to date: 100 years in space without a relevant failure.

The first tri-service validation of an Air Force contractor's program performance
measurement system was won by Hughes recently on the cost-schedule control system
for the Maverick missile program. Maverick -- a TV-guided air-to-ground missile
-- is being developed under a '"total package procurement" contract. It has com-
pleted flight tests by Hughes and is now in USAF's Category II flight test.

Creating a new world with electronics
i a4 e tet e e i iy K

HUGHES

HUGHES AIRCRAFT COMPANY

CIRCLE NO. 9
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Low-Cost Frequency Synthesizer

Grants High Performance

R F Communications, a subsidiary of
Harris-Intertype, will be showing their
Model RF-828 at WESCON. Priced at
$2676 for the basic unit, this 1 kHz to
80 MHz synthesizer offers 5 digit control
in one kHz steps with a stability of 1 PPM
per month. Options include a vernier for
1-Hz resolution, and a higher stability of
5 parts in 10Y per day. Both options are
priced at $300 each. Output is variable
from 10 mV to 1V and is programmable,
as is the optional vernier. The unit’s syn-
thesis scheme uses phase-locked loops and
an error-cancelling mixing scheme. The
output frequency of 1 kHz to 80 MHz is
obtained by mixing two VHF oscillator
outputs. One of these is free running and
is added to the outputs from HF oscillators
in mixers and a phase-locked loop to ob-
tain the other VHF frequency. Since the
mixer circuits and the phase-locked loop
are relatively wideband, the short term as

well as the long term instabilities of the
free-running VHF oscillator are cancelled
out so that only the HF oscillators de-
termine the long and short term stability
of the output. The HF oscillators are phase
locked to a frequency standard, and when
added to the VHF oscillator produce the
80-MHz frequency range. R F Communi-
cations Inc., 1680 University Ave., Roches-
ter, NY 14610.

Booth 1046 163

Instruments Create
Effective Combination

Solid-state sweep generator, Model 610C
with a broad range of plug-ins covering
from 100 kHz to 18 GHz, will highlight the
Wiltron Company display. The unit fea-
tures a new detector and marker option
with a combination cabinet-rack package

only 7 inches high and weighing <12 1b.
Mainframe price is $1390. Also to be
shown is a logarithmic level meter, Model
501, that provides a linear dB measure-
ment range of —40 to 20 dBm with an ac-
curacy of +0.5 dB using any general-
purpose RF detector. Unit price is $895.
The Model 610C and 501 combination
forms a transmission and VSWR measur-
ing system that has 60-dB gain or loss
measurements with approximately +0.3
dB accuracy over the 50 kHz to 12.4 GHz
range. System price is $3240. Wiltron Co.,
930 E. Meadow Dr., Palo Alto, CA 94303.
Booths 1323-1324 164

Minicomputer Features Expandable Memory

Modular building-block design of the
2100A minicomputer enables a user to
start with an economical version, and
simply plug in more memory boards as his
needs increase. The 2100A has 16-bit
words and can hold from 4096 to 32,768
words of core memory within a 12-inch
high mainframe. Unit is completely hard-
ware and software compatible with the ex-
isting series of HP 2114/2115/2116 com-
puters. Hewlett-Packard Co., 1601 Cali-
fornia Ave., Palo Alto, CA 94304.

Booths 1015-17, 1114-17, 1139-41 and
1237-40 165

Hughes is more than
just electronic
components and
equipment.

It's devices too.

Bipolar and hybrid circuits (RS 284)

Microwave diodes (RS 282)

Frequency control devices (RS 285)

Special assemblies (RS 286)

r
1 L}
} )
[} [}
| |
e o s -
HUGHES AIRCRAFT COMPANY
INDUSTRIAL ELECTRONICS GROUP

BUILDING 100, MAIL STN. C-512
CULVER CITY, CALIFORNIA 90230

Circle appropriate
Reader Service (RS) numbers.



Our new OEM series is

the best power supply
you can buy for applications

that don't need the best
power supply you can buy.

Most OEM applications don’t need all the special features we
build into our best line of power supplies. And most OEM
power supply users just won't pay for features they don’t
need. That's why we've introduced a new power supply
designed especially for the OEM user.

We call it our OEM Series power supply.

There are now 89 models in this new series from 4 to 32
volts and in current ranges from 0.9 to 36 amps. There are
also =12 and +15 volt dual output models, with current
ranges up to 2.7 amps. The OEM series offers 0.19% regula-

O

POWER SUPPLY | a
wooEL : RN %
@i’

Sﬂ'“‘E

tion instead of our usual 0.019, and comes with open frame
construction instead of our usual closed black box. Aside
from that, you might never notice any other difference. The
OEM series features the same excellent stability, same
dependable overload protection, same versatile mounting
capability, same ‘““guaranteed forever’’ performance and same
off-the-shelf delivery. The only conspicuous difference is in
the price.

So now, when you don’t need the best power supply that we
sell, we can sell you the best power supply that you need.

acdc electronics inc.

Oceanside Industrial Center, Oceanside, California 92054, (714) 757-1880

CIRCLE NO. 10
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Centralab offers
immediate delivery
on functional modules

Centralab, the industry leader in thick film microcircuitry,
now has combined its recent advances in packaging and chip
hybrid technology to bring you five new functional modules
available for immediate delivery from stock. These modules
are sealed in ceramic packages with 14 swaged terminal

pins universally spaced .600” row-to-row and .100” apart

to facilitate printed circuit board mounting.

Module Function Rating Suggested Applications
FM-1110 Power driver 1 amp @ 60v steady state Interfacing with relay/solenoid coils,
magnetic cores, lamps, etc. in
computers, control consoles, test
. equipment, digital systems, etc.
FM-1203 Dual driver 300 ma @ 28v
steady state
FM-1403 Quad driver 300 ma @ 28v
steady state
FM-2100 MOS clock 200 ma with up to To drive all popular MOS circuitry
driver 30v shifts in calculators, computers and
other digital systems.
FM-3100 Programmable Output pulse widths Delay, timing and pulse shaping in
multivibrator 200 nsto 12 us computers, control circuits, test
equipment and other digital systems.
*M-4100 RC clock 500 kHz to 6 mHz Time base, square wave generators
oscillator and tone signalling controls for
computers, test equipment, etc.
*FM-5100 Overvoltage Trip voltage 4.5 to To protect voltage sensitive devices
crowbar 12.5v, < 1 u sec response such as IC’s, MOS devices, etc.
*FM-5111 Overvoltage Trip voltage 12.5 to /
crowbar 20.5v, < 1 u sec response
*FM-5120 Electronic Triip current 1 amp @ 40v, DC electronic equipment and systems
fuse < 1 u secresponse - where precise, fast current
disconnect is required.
*FM-6110 Power operational 250 ma peak output Servo systems, test equipment,
amplifier current with supply power supplies, etc.
voltages + 15 vdc

DESCRIPTION

FM-1110, 1203, 1403: Single, dual and quad drivers
Designed to accept standard DTL and TTL logic levels and to
drive loads which require high power. Consist of single or
multiple NAND/NOR gates and high gain amplifiers.

FM-2100: MOS clock driver

Designed to accept standard DTL and TTL logic levels and
universally drive MOS circuitry. Consists of a three input AND
function followed by a power inverter.

FM-3110: Programmable monostable multivibrator

A flip-flop which, when triggered by an input pulse, gener-
ates an output pulse of prescribed width, with control through
interconnection of appropriate package pins.

*FM-4110: RC clock oscillator

An RC astable multivibrator and an output buffer stage
capable of providing a square wave output at a predeter-
mined fixed frequency. It can operate down to 5 Hz with
the addition of external capacitors.

*FM-5110, 5111: Overvoltage crowbar

A high speed electronic voltage sensing element and switch
designed to protect voltage sensitive electronic devices by
shunting out the supply voltage when high transients or other
overvoltage conditions are experienced on the supply line.

*FM-5120: Electronic fuse

The electronic equivalent of a fuse which features accurate
threshold levels, high speed and reset capabilities. Available
in a variety of current threshold levels.

*FM-6110: Power operational amplifier

An operational amplifier designed to provide output capa-
Fiiri'ties'cfar beyond those obtainable with equivalent mono-
ithic IC's.

*These modules are scheduled for introduction in 1971.

We welcome inquiries on any variation of the above modules
and can provide rapid turnaround on samples and production
quantities of custom modules. For design assistance or
other information, write Sales Manager, Microcircuits, Cen-
tralab. Standard modules are also available through Centralab
Distributors.

CENTRALAB
Electronics Division
GLOBE-UNION INC,

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

M-7115
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Plotter Creates Accurate Artwork

Digital plotter, Model 738, may be seen in
operation at WESCON. In combination
with the Model 900 controller, either IC
masks can be produced on strippable film
or artwork can be recorded directly on
photographic film. The Model 738 has a
48- by 72-inch plotting area and operates
in either incremental or ZIP mode. Speeds
up to 571 inches/min are possible. Static
positional accuracy is +0.004 inch with
repeatability of +0.002 inch. The system
is also capable of multicolor and multiple
line width pen-and-ink drafting. Other
systems to be demonstrated include the
900/1136 graphic output system (offered
with up to 32k bytes of programmable
memory) and a leadscrew-driven flatbed

plotter, Model 745. California Computer
Products, Inc., 2411 W. La Palma Ave.,

weson

Anaheim, CA 92801.
Booths 1715-1716 and 1836-1837

166

Analog Recorder Generates Sharp Traces

Pressurized ink-writing system and “Met-
risite” feedback system are key features
of the Brush 500 X-Y recorder to be shown
at WESCON. A disposable plastic car-
tridge contains about a year’s supply of
ink and is pressurized to give crisp, clear,
uniform traces. The “Metrisite” noncontact
feedback element provides 99.85% lin-
earity full scale and eliminates problems
associated with potentiometric type feed-

back controls. Additional features include
100 wV/div to 1.0V/div sensitivity adjust-
able in 13 steps; 40 ips slewing speeds;
10- by 15-inch writing area with electro-
static paper hold down; and balanced,
floating and guarded inputs. Gould Inc.,
Brush Div., 3631 Perkins Ave., Cleveland,
OH 44114.

Booths 1207-1208 167

Handy Aid Simplifies Fault Location

Logic comparator, Model 10529A, com-
pares IC devices with a reference IC
mounted on an interchangeable board
inside the comparator unit. An LED dis-
play indicates any logic level mismatch
between corresponding pins. Comparator
unit is only $295, and a complete trouble
shooting kit, Model 5010A, sells for $495.
Hewlett-Packard Co., 1601 California
Ave., Palo Alto, CA 94304.

Booths 1015-17, 1114-17, 1139-41 and
1237-40 168

Lids Withstand High Pressures

18

“UNiLiDS” comprise a line of lids for final
hermetic sealing of microelectronic pack-
ages. These lids are self-locating and are
suitable for all methods of final hermetic
sealing, including parallel-seam welding
and brazing. Since mechanical stresses
are not induced into the lid by the manu-
facturing process, the lids are flat and will

withstand pressures of up to 100 psi with-
out oil-canning. They are available to
match any circular, rectangular or square
microelectronic package without tooling

charge. Solid State Equipment Corp.,

4343 E. River Dr., Philadelphia, PA

19129.

Booths 1423-1424 169
EDN/EEE August 1,
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And now, from

the ROM capital
0' "he WO¥r Idooo

With seven ROMs, we were already on top
in the read-only-memory market.

Our two newest ROMs will keep us on top
for a long time to come.

Each is worthy of special note.

The MM4232/MM5232 is a 4096 bit static
ROM organized in either a 512 word x 8 bit or
1024 word x 4 bit configuration controlled by a
mode control input. With an access time of 1
microsecond. It features two mask programmable
chip enable lines (CE1 and CE2), a clever inno-
vation which provides logic control up to 16K
bits without external logic.

Our other new ROM is the MM4241/MM5241
Vertical Scan Character Generator. A 3072 bit
static read-only-memory organized ina 64 x 6 x 8
format with an access time of 750nS. The
MM4241AAN/MM5241AAN is a standard 5 x 7
font available off-the-shelf.

Both of our newest ROMs use standard
supplies (45, —12V) and are bipolar compatible
at the inputs and outputs. In addition, both have
been designed with Tri-State’ logic outputs.
(Another innovation, and one which gives you
wire OR’d capability without loading common

0004096 and
072 bits.

data lines or reducing the 750nS access time.)
Finally, both the MM4232/MM5232 and
MM4241/MM5241 are mask programmable.
Thereby allowing you to submit your own
programs for processing in a paper tape or
punched card format.
That’s a look
at our two newest
ROMs. For more
details on them, our
other seven read-
only-memories, our
line of standard code
converters and look- $.:
up tables, or a handsome picture postcard of the
ROM capital of the world, contact us today.
National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara,
California 95051. Phone (408) 732-5000.
TWX: (910) 339-9240. Cable: NATSEMICON.

Note: MM42xx refers to —55°C to +125°C temperature range
devices; MM52xx to —25°C to +70°C

CIRCLE NO. 12
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With the 1000A simulator, the design en-
gineer is able to lay out his PC boards as
he would in his final design, simulate the
ROMs he intends to use and verify those
designs before he is committed to a mask.
He can assure himself of an error-free
ROM program and uncover and correct
timing problems in days, thus reducing
design time and cost. The paper tapes may
be used by SMS to manufacture 1024 x 4
or 512 x 8 ROMs to his specifications. The
unit can be configured to simulate up to
16 4096-bit ROMs or a total of 65,536 bits.
It interfaces with customer equipment via
the 16 or 24 DIP connectors of the buffered
simulation cable. Access time at the con-
nector of the 5 ft long simulation cable is
120 nsec. Loading is performed manually
or with paper tape. Other features include
manual data editing, verification and pro-
tection of the contents of the memory mod-
ule and self-test capability of the complete
system. The simulator, to be introduced at
WESCON, is available for purchase, lease
or rental. The basic unit, with two 4096-
bit simulation modules and cables, is
priced at $4350. Additional simulation
modules and cables are priced at $795
each. Signetics Memory Systems, 740
Kifer Rd., Sunnyvale, CA 94086.

Booth 1712 170

Nonposition sensitive mercury - wetted
reed relays are available in either a low-
profile, PC-mounting package (Class
W137MPC) or an in-line, axial lead model
(Class 137M). SPST-NO contacts are rated
1 VA at 0.1A or 10V dc max, resistive.
Contact resistance of the Class 137M is
stable at 100 m() over a life of 20 million
operations when equipped with diode sup-
pressed coil. Units are available for stan-
dard operating voltages of 6, 12 and 24V
dc. Magnecraft Electric Co., 5575 N.
Lynch Ave., Chicago, IL 60630.

Booth 2230 171

20

Fused-quartz products, including a trans-
parent fused-quartz OHF stabilized tubing
rod, furnace assemblies, spring wafer
carrier and cleaning boats, will be shown
at WESCON. Amersil will discuss a re-
designed clear fused-quartz distillation
apparatus and five new compact models
for ultralow-conductivity water. Amersil,
Inc., 685 Ramsey Ave., Hillside, N J 07205.
Booth 2215. 172

Transistor and IC sockets designed to ac-
cept TO-5 and TO-18 packages feature
high-speed, low-cost positive mounting,
without the need for chamfering the chas-
sis hole. Sealectro 1/4-turn sockets mount
simply in a D-flat hole by merely dropping
the socket through the mounting hole and
turning 90° with a manual or an automat-
ic tool. Precision contact design provides
low contact resistance, high vibration and
shock resistance and retention of better
than 50 grams/lead. Sealectro Corp., Cir-
cuit Components Div., 225 Hoyt St
Mamaroneck, NY 10543.

Booth 1609 173

Sweep/signal generator, Model 1003,
tunes from 350 to 650 MHz with sweep
width adjustable from 200 kHz to 300
MHz. Calibrated output from +13 to —77
dBm is standard, and remote control of
all functions is possible. Sweep times from
100 to 0.01 sec with line lock, triggered,
and manual modes are included. Crystal-
controlled harmonic and single frequency
markers are available with front panel
ON/OFF, size, width, and tilt control. Price
is $995. Wavetek, 9045 Balboa Ave., San
Diego, CA 92123.

Booths 1124-1126 174

EMI filters including suppression devices
ranging from 0.10 inch in diam to heavy-
duty units capable of 100A continuous
operation, and the company’s newest
series of economically priced line-to-line
filters intended to meet UL applications,
will be on display at WESCON. The Potter
Co., 500 W. Florence Ave., Inglewood, CA
90301.

Booth 2316 175

weson

Digital DIP burn-in system, to be shown at
WESCON, is available with chambers
ranging in size from 1.2 to 4.33 cubic ft
and holding 10 to 40 boards. Temperature
and gradient requirements meet MIL-
STD-883. Circuit board connectors are
kept outside the temperature environment
by flexible seals. The basic system in-
cludes the chamber, solid-state controller,
door, rack for boards, flexible seals in rear
of chamber, and printed circuit connector
for each board position. Options available
with the unit include “Digitemp” control-
ler, preset temperature points, tempera-
ture monitor recorders, CO, and LN,
cooling, back-to-back doors, base assem-
bly, power distribution, automatic shut-
off, matrix, connector wiring and mount-
ing space for power supplies and instru-
ments. Price starts at $1875. Delta Design
Inc., Box 1118, La Mesa, CA 92041.

Booths 1549 & 1550 176

Miniature 7-bar segment display features
bright 1/2-inch display presentations in a
single plane configuration. Installation
time is reduced with the Series 1040 “com-
plete package” concept and plug-in capa-
bility. Standard based lamps (A58) are re-
placed from front or rear of the panel. Five
different screen colors are available. Hy-
brid driver/decoders for high and low cur-
rent lamps can be purchased separately
or PC board mounted. Price per digit/de-
coder is $11.31 in quantity. IEE, Inc.,
7720-40 Lemona Ave., Van Nuys, CA
91405.

Booth 1039 177
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Tubeless,

Tireless

HP’s new 3431A panel meter has
no tubes to burn out; its shaped-
character LED display will perform
tirelessly, almost forever. To further
increase its reliability, Hewlett-
Packard has ‘‘designed out” many
components, replacing them with
proprietary LS| and MSI circuits. And
the 3431A’s solid-state power supply
helps reduce power requirements to
only 5 watts. As a result, electrical
and thermal stress is minimized, for
longer life. Battery operation is op-
tional, allowing portable applications.

Size, too, is minimized by the
3431A’s advanced circuitry. It mea-
sures only 1.7” high by 3.5" wide by
2.9" deep—including power supply.

All others are 25% to 650% larger in
volume.

The 3431A is also the best-looking
DPM available. Its display is brighter
and easier to read than tube or bar-
type displays — and cannot give er-
roneous readouts. Its pop-out front
panel covers all mounting fixtures
and adjustment controls, and can be
painted or silk-screened with any
color or nomenclature.

The 3431A is the new performance
leader. Accuracy is =0.1% rdg, =1
digit, with 1 mV sensitivity. The op-
erating temperature range is 0° C to
60° C. Exclusive HP features include
full scale and 10% FS autoranging
signals, 55 ms zero-to-FS response

CIRCLE NO. 13

time, sample rate display, and remote
digital control of sample rates.

Any way you look at it, the 3431A
is youronlychoiceinDPM’s, ifyou're
looking for instrument quality. Yet
it costs only $225, in quantities of
100. For full details, contact your
local HP field engineer, or write
Hewlett-Packard, Palo Alto, California
94304. In Europe: 1217 Meyrin-
Geneva, Switzerland.

091/11
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omputerAided
Circuit Design

sing Network Iopologry

A circuit designer often has to analyze a single
network many times with different sets of com-
ponent values before the final network realiza-
tion is obtained. Conventional analysis techniques
which require the evaluation of high-order
determinants are undesirable even with a digital
computer due to frequent redundancy in the deter-
minant-expansion process. The extra calculations
in determinant expansion and simplification (can-
cellation of terms) are lengthy and costly.

The three topological methods for computation
of z and y parameters of a passive two-port dis-
cussed here eliminate completely the cancellation
of terms and fit digital computation. All the terms
in the formulas can be computed using a single
“tree-finding” program. The application of top-
ological formulas in computer-aided circuit
analysis can thus save a lot of time and expense,
especially when many repetitions of the analysis
procedure are required.

Some useful definitions

Network topology may be described as a study
of (electrical) networks in connection with their
non-metric geometrical (namely, topological)
properties, through the investigation of their
graphs. A detailed introduction is outside the scope
of this article,! but some definitions are introduced
with an example.

Consider the network N in Fig. 1a. In this net-
work there are four nodes (A, B, C, D) and six
branches (R,, R,, L,;, C,, L;, R;). If each of the
six branches is replaced by an arc or a line seg-
ment, with the four nodes remaining unchanged,
we obtain a graph G of N (Fig. 1b). Each of the
six line segments is called an edge of G, corre-
sponding to a branch in the network. The four
nodes are called the vertices of G.

If edge 2 is removed from G, a graph G, results
(Fig. 2). G, is a portion of G and is called a sub-
graph of G. Edges 1, 3 and 4 in G (or G,) form a
closed path or a loop in G (or G,) called a circuit

Author: Dr. Chan is Professor of Electrical
Engineering and Chairman of the E.E. Depart-
ment, University of Santa Clara, California. He
is also the author of “Introductory Topological
Analysis of Electrical Networks,” recently pub-
lished by Holt, Rinehart and Winston.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L61
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or a loop. Three other circuits in G are, for
example, (1,3,5,6),(2,3,5) and (4,5, 6).

If edges 2, 3 and 5 are removed from G, a sub-
graph G, is formed by the remaining edges 1, 4
and 6 (Fig. 3). G,, which contains only three edges
but connects all the four vertices 4, B, C and D of
the original graph G in one piece, is called a tree
of G, the edges of the tree being called branches.
Three other trees of G (Fig. 4) are T (3, 4, 5),
T®) (2,5,6) and T®) (1,4,5).

All four trees of Figs. 3 and 4 have five com-
mon properties that characterize a tree of a
given graph:

(a) They contain the same number of edges (3 in
this example) ;

(b) they contain all the vertices (4) of the original
graph G ;

(c) they are “one-piece” graphs;

(d) none of them contain any circuits;

(e) they have exactly »-1 branches, v being the
number of vertices in the original graph G.

A “one-piece” graph, like those in Figs. 3 and 4,
is called a comnected graph. It can be shown! that
a connected subgraph containing all the v vertices
and no circuits is a tree of the graph.

If any one of the branches is removed from a
tree, a “two-piece” circuitless subgraph called a
2-tree (of the original graph G) is obtained. A 2-
tree has the following properties:

(a) It has two components (parts, pieces), being
a two-piece subgraph of G ;

(b) both components together contain all the v
vertices of G ;

(c¢) one of the two components (or both, in a trival
case) may be an isolated vertex;

(d) it contains exactly »-2 branches (one less than
the number of branches in a tree).

Four of the 2-trees of G are illustrated in Fig.
15. Note that symbols T and T, denote trees and 2-
trees, respectively. Superscripts mean an arbi-
trary order of counting. For example, T() and
T, mean “the third tree” and ‘“the fourth 2-
tree,” respectively.

A 3-tree T, or, more generally, a k-tree T, can
be similarly defined. Some of the properties of a
k-tree (k being a positive integer) of a graph G
of v vertices are:

(1) It is a circuitless subgraph of G;

(2) it has k components (some of which may be
isolated vertices) ;

(3) it contains exactly v-k branches.

In Fig. 6 each of the 3-trees (of G) has one branch
as expected (v—k = 4-3 = 1), and there are two
isolated vertices in each 3-tree. Obviously, the only
4-tree of G is the subgraph containing four isolated
vertices but no branches since v—k = 4-4 = 0.

Ys and Zs in terms of ““trees”’

Consider the passive RLC one-port (one-ter-
minal-pair network) with » independent nodes and
zero initial conditions (Fig. 7), driven by a single
current source I between terminals 7 and 1’. Node
1’ is taken as a reference (datum) node. The volt-
ages V, V,..., V, are the Laplace transforms of
the node-pair voltages v,, v,, . . ., v,, that is, the
voltages between the n nodes and node 1/, respec-

tively, with the plus polarity mark at the » nodes.
The n independent node equations in matrix
form are

Y11 Yig +-- Yin V] I
Yo Yoo +or Yon —‘ Vs 0] ‘I 1)

'ynl ynz‘ oo E’/nn J Vn b J
or, in matrix notation,
YnVn = In (2)

where Y, is the nxn node-admittance matrix, V,
the nX1 column matrix of the node-voltage trans-
forms and I, the nx1 column matrix of the trans-
forms of the known current sources.

Solving for V, using Cramer’s rule, we find

A
V] = A” Il (3)

where A is the determinant of Y, and 4,, is the
(1, 1) cofactor of A. Thus, the driving-point
impedance Z;(s) of the one-port is

Zu(s) = %‘ - AA”

4)

Similarly, for a reciprocal (passive RLC) two-
port (two-terminal-pair network) (Fig. 8), the
open-circuit impedances (z,,, 2;, = 244, 255) and the
short-circuit admittances are given by

2y = AA” (5a)
Zig = 2 = % (5b)
gy = Dee A,Z' =B 50)
and
or iR e |
s A Ajree +AIA21,1;:’A—” 20418y )
Yes = (6c)

Agige + Aps’s’ — 2D1100

respectively, where A;; is the (4, j)-cofactor of A,
and A, is the cofactor of A obtained by deleting
rows ¢ and m and columns j and » from A. The sign
of the cofactor is given by (—1)#+itm+n,

The determinant A of the node-admittance
matrix and its cofactors can be expressed
topologically as follows :!

A=3TOQ)

= sum of all tree-admittance products of G (h)
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Fig. 10. The set of all 16 trees of G of Fig. 9b.
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Fig. 15. Method 2 for finding all trees of G (Ex. 4).

CIRCUIT MATRIX

WITH e EDGES AND
v VERTICES

READ FUNDAMENTAL

B¢[OF ORDER (e-v+1)xe]
OF THE GIVEN GRAPH G

READ COMBINATION
MATRIX C CONSISTING
OF ALL THE k POSSIBLE
COMBINATIONS OF

e EDGES TAKEN v =1

AT A TIME AS ROWS
AND ALL THE e EDGES

l AS COLUMNS
PERFORM ALL POSSIBLE
RING-SUM OPERATIONS
ON THE ROWS OF Bt

l CHOOSE ROW

i(i=1,2,k)OF C

DELETE ALL
REDUNDANT ROWS TO
FORM Bg MATRIX OF
ORDER Cxe

CHOOSE ROW
jti=1,2,,

C) OF Bq

ANY MORE
ROWS LEFT?

DISCARD
THIS ROW

STORE THIS ROW AS
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By MATRIX

PRINT LIST
EXIT PROGRAM

ANY MORE
ROWS LEFT?

Fig. 16. Simplified flow chart for tree-finding
method 1. (See Appendix for definitions of funda-
mental circuit matrix, ring sum, complete circuit
matrix, redundant row, B,! matrix, combination
matrix, incidence matrix.)

FORM THE NEW B,
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= sum of all 2-tree admittance products with ver-
tices 7 and 1’in different components of each such
2-tree. > (8Y

Ay =Ty, 1)

= sum of all 2-tree admittance products with ver-
tices 7,7 in one component and node 1’ in the other
component of each such 2-tree. 9)

Aiijj = % Tsl.',.,’(y)
=sum of all 3-tree admittance products with
vertices 7, j, and 1’ in 3 different components of
each such 3-tree. (10)
Aijn = 2 T

2 Ts, nit! @)
=sum of all 3-tree admittance products with
vertices ¢ and j in one component, vertices m and
n in another, and vertex 1’ in the third component
of each such 3-tree. : (11)

In each of these a k-tree admittance product is
defined as the product of the admittances of all the
branches of the k-tree.

As examples, the tree admittance product of the
tree (3, 4, 5) of Fig. 4a is y,y,y;; the 2-tree admit-
tance product of the 2-tree (1, 5) of Fig. 5ais y,y;;
and the 3-tree admittance of the 3-tree (5) of Fig.
6a is y;. The 4-tree admittance product of the 4-
tree containing only four isolated vertices but no
branches is 1 with the definition that the “admit-
tance” of an isolated vertex is 1 for completeness.

With expressions (7) through (11) all the net-
work functions in Eq. (4), (5), and (6) may be
evaluated topologically in terms of the trees, 2-
trees, and 3-trees. However, it is interesting to
note that all the cofactors of the type 4, may be
evaluated in terms of the trees (not 2-trees) of the
modified graph G(i) obtained from G by short
circuiting vertices 7 and 1’. That is

A;; = sum of all tree admittance products of G (1)
obtained by short-circuiting vertex ¢ to the refer-
ence vertex 1. (12)
Similarly,
Ayi;; = sum of all tree admittance products of G (ij)
obtained by short-circuiting vertices 7 and j to
the reference vertex 1’. (13)
Cofactors of the type A;; may be evaluated by
summing the tree admittance products of those
trees common to both G(7) and G(j). That is
A;; = sum of all tree admittance products of trees
which are common to graphs G(7) and G(j). (14)

Finally,

Aq100" = sum of all 3-tree admittance products of
those 3-trees that are common to both graphs
G(12) and (12). (15)

Using trees in computations
Example 1. Computation of the open-circuit imped-
ances z,4, 2;, and z,, of the passive 2-port network
N in Fig. 9a with graph G in Fig. 9b.
For convenience, let

1

Y =5 = G

R (16a)

il
Yo = g = G, (16b)
Ys = SCs (16¢)

1
U = E =G, (16d)
Ys = SCs (16e)

1
Ys = R~ Gy (16f)

In Figs. 10 and 11a we have the set of all trees
of G corresponding to the terms of A,; and the
graph G (1), with trees corresponding to A,,. The
graph G (2), with trees corresponding to A,, is in
Fig. 11b. The set of all (8) trees of G(1) (Fig.
12a) corresponds to the set of 2-tree (TL,M,) of
G (with vertices 17 and 1’ in different components
in each such 2-tree) (Fig. 12b).

Using (7) and Fig. 10 we get

A = YiYeYs+Y Yl Y YYs+YiYsYs+ Y YsYs+
YiY s Y19+ Y1YsYs+YeYsY,+YeYsYs+Yl Y5+

YU Yo+YaYsYe+YsYYsTYsY Yo+ YsYsYs 17

Using (8) and Fig. 12b or (12) and Figs. 1la,
12a we get

A = Yels + Yoy + Y5 + Ysls +

YsUs + Ysl¥s + Yi¥s + Ys¥s (18)
Using (8) and Fig. 10 or (12) and Fig. 11b we get
Dos = YilYs + Y1y + Yi¥s + Yel¥s +

Ys¥s + Ys¥s + Ys¥s + Yss 19)
Using (8) or (12) we get
Ay’y’= 0(because nodes 1’ and 2/ are the same

node) (20)
Similarly, using (9) or (14) and (20)

Ar'=0 (21)

and A, , =0 (22)
Using (9) and Fig. 10 or (14) we get

Ars = Yslis + Yoy + Yslis + Ys¥s (23)

Substituting (16) through (23) in (5a, b, ¢) the
open-circuit impedances z,,, z,, and z,, are
determined.
Example 2. Computation of the short-circuit
admittances y,,, Y, and y,, of the passive 2-port
of Fig. 9a.

Using (10) and Fig. 14b or (13) and Fig. 14a
we get

Ap1ge = Ys + Yy + Ys (24)
Ay = 0(since vertices 17 and 2’ are identical)
(25)

Thus, using (15)
Agrpd =0 (26)
Substituting (24), (25) and (26) into (6a, b, ¢),
and noting the fact that the numerators for the
short-circuit admittances v,;, ¥,,, ¥,, can be
obtained from the numerators of the open-circuit
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impedances z,,,2,,,2,,, We can determine the admit-
tances ¥,,, ¥, and y,,. It can also be shown that

ch = Zoc_l (27)

where

ol Yu yu] (28) and Z, = [:zu zu] (29)
Yer Ysze 291 Rge
Thus, the short-circuit admittance matrix Y,,
may be obtained indirectly by computing the
inverse of Z,,.

It is evident from the two examples above
that the most important part of the topological
approach is the determination of trees (of G and
its modified graphs). Here are three of the tree-
finding methods.

Method 1. Observe that if we have a graph G of v
vertices and e edges, a tree of G contains »-1 edges.
Thus, to find all the trees of G, we can first obtain
the set C(e,v-1) of all combinations of e edges
taken »-1 at a time, and eliminate from the set
those combinations of edges that contain circuits.
The remaining combinations must be trees. Thus:
Total number of trees of G = C(e, v-1) — [those
combinations that contain circuits]

where

e(e—1)(e—2) ... (e—v+2)
v-1)(»-2) ... 3:2-1
Example 3. Let G be the graph of Fig. 9b. Here

the number of edges is ¢ = 6, and the number of
vertices is v = 4. Thus

Cle, v—1) = (30)

654
3-2-1
The edge combinations are, listed in proper se-
quence :

C(e, v-1) = C(6, 3) = = 20

123 (134) 145 156 234
124 135 146 (235)
125 136 236
(126)

245 256 345 356 (456)
246 346

By inspection, we note that the combinations in
parentheses contain circuits. Eliminating these
four combinations from the total of 20 combina-
tions, we obtain the set of all (16) trees of G as
verified by (17) in Ex. 1.

Method 2 (Minty).?

1. Draw the given graph G with all its edges
numbered. Delete all self loops (i.e., loops con-
taining only one edge) if any.

2. Delete the non-circuit edges (those not con-
tained in any circuits of the graph) and call the
resultant graph G. Record the non-circuit edges
by their numbers under G.

3. Pick an edge, say j, and obtain two graphs
with respect to j7—G(j,) and G(j,), where G(j,)
is obtained from G by removing edge j (edge-
opening operation); and G(j,) is obtained by
short-circuiting edge j by coalescing its two ver-
tices in G (edge-shorting operation). Draw G(j,)
and G(j,) below G and transfer the non-circuit
edge numbers of G under the two new graphs. Also

record edge number j under G(j,) along with the
transferred non-circuit edge numbers. Delete self
loops in G(j,) and (Gj,), if any, resulting from
3. Repeat 2 to obtain G(j,) and G(j,).

4. In G(j,), pick an edge, say m, and repeat 3.

to obtain G (j,m,) and G (j,m,) ; also, in G(j,) pick
an edge, say n, and repeat 3. to obtain G (j,n,) and
G(jmn,). Now repeat 2. to obtain the G graphs.
" 5. Repeat step 4 in each resultant graph until
all edges are exhausted. The numbers recorded
under the final graph correspond to the branches of
a unique tree of the original graph.

Example 4. Let G be the graph of Fig. 9b again.
The steps involved in obtaining the set of all trees
of G using Method 2 are illustrated in Fig. 15. The
16 trees obtained by this method are identical
with those obtained in Ex. 3 using Method 1.
Method 3 (the Wang algebra)3.

1. Choose as the reference any one of the ver-
tices with the highest number of edges connected
to it.

2. For each of the other vertices, write a term
(e; + e, + ...+ e.) where e;, e,, . . ., ¢, are the
numbers of the k edges connected to that vertex.

3. Form the product of all v-1 terms obtained
in (2) where v is the total number of vertices in
the given graph G.

4. Expand the product using the following rules

(a) ee; = ee;
(b) ee;=e2=0
(¢) the sum of two identical terms is zero

5. Each term in the expanded sum in step 4
after simplification by the three rules corresponds
uniquely to a tree of G so that all the terms
together constitute the set of all trees of G.
Erxample 5. Once again, let G be the graph of Fig.
9b.

Step 1. Since each of the four vertices has
exactly three edges connected to it, we arbitrarily
choose vertex 1’ as the reference vertex.

Step 2. The three terms corresponding to ver-
tices 1, 2, and 3, are respectively (1 + 2 + 3),
(24+5+6),and (3+4+5).

Step 3. The set { T} of all trees of G is given by

{Tt= (14243)(2+5+6)(3+4+5)
= (12415+164-22425+26+23+35+36)
(8+4+5)
= 123+135+136+235+236+232+3254-326

= +124+4145+146+245+246+234+345
+3464-125+1524+1564-2524-2564-235
+352+356

Step 4. After simplification using the three

rules and rearranging the terms in the ascending
order we have

{T} =123+124+125+135+136+145+146+156
+234+236+-2454-246+256 34543464356

which gives all 16 trees of G obtained in Ex. 3
and 4.

Tree-finding computer programs

From Ex. 3, 4 and 5 it is obvious that any of the
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START

READ WEIGHTED
INCIDENCE MATRIX

| SET LIST=0. |

IREAD AND ECHO INCIDENCE MATRIX A OF THE GIVEN GRAPH |

| DELETE SELF-LOOP |

| LIST AND DELETE NON-CIRCUIT EDGES |

|EDGES LEFT IN GRAPH? } ol
L YES

| STORE GRAPH AND LIST IN TEMPORARY STORAGE |

DUPLICATE GRAPH AND LIST FROM —I

TEMPORARY STORAGE IN WORKING STORAGE

Fig. 17. Simplified flow chart
for tree-finding method 2.
(See Appendix for definition
of incidence matrix.)

I CHOOSE EDGE (i) |

| DELETE THE EDGE (i) TO FORM Go |

[LIST AND DELETE NON-CIRCUIT EDGES |

I PRINT LIST |

| EDGES LEFT IN GRAPH? A
LYES
|_STORE GRAPH AND LIST ON DISK 2 |PRINT LiST]

.

TRANSFER GRAPH AND LIST FROM
TEMPORARY STORAGE TO WORKING STORAGE

| LIST(i) AND FORM G |

| DELETE SELF-LOOP |
L

[EDGES LEFT IN GRAPH 2 iﬂ—l
J YES

[[DUPLICATE Gs AND LIST IN TEMPORARY STORAGE |  [PRINT LIST]|

P=a(1,J)-a(I+2,K)
Q=0(I+I,N)-a(I+2,K)

STORE THE SET
{9ii +9ist,n . 0ia2,k}

AS A SET IN THE SET
S OF ALL POSSIBLE
TREE CANDIDATES

A OF ORDER (v-1)xe
OF THE GIVEN GRAPH G |
(IN THIS PROGRAM
v=4) Jr NO
| DO ANY MORE GRAPHS REMAIN 7} afz?
"y ; ] YES
I=1 N=1 J; ‘o “:::' . RELOAD FROM DISK THE GRAPH MOST STOP
Jet K= il RECENTLY DEVELOPED.PLACE IN TEMPORARY STORAGE
gl o | |EXIT_PROGRAM|
YES
COMPARE ALL
J<s NO | THE SETSINS
= AGAINST EACH
OTHER
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ELIMINATE BOTH SETS
NO Si AND S IN S
PRINT OUT ALL THE RETURN AND COMPARE
SETS IN S THAT ARE TWO OTHER SETS IN S
DIFFERENT FROM
EACH OTHER TO
FORM THE SET T
OF ALL TREES
YES

Fig. 18. Simplified flow chart for tree-finding method 3 for 4-vertex, e-edge graph.
(See Appendix for definitions of weighted incidence matrix and tree candidates.)
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three methods can be used to develop a tree-finding
computer program. In the flow chart for the pro-
gram based on Method 1 (Fig. 16), all the com-
binations of ¢ edges, taken v-1 at a time, C(e, v-1),
are computed. (We recall that ¢ and v are total
numbers of edges and vertices, respectively, for
the given graph G.) Then all the circuits are elimi-
nated from the C(e, v-1) combinations, and the
remaining constitute the set of all trees of G.
Flow charts for Minty’s program (Method 2)
and for the Wang-algebra tree-finding program
(Method 3) are in Figs. 17 and 18, respectively.

A critique

Once a tree-finding program is formulated, all
the 2-trees and 3-trees, as well as the trees, can be
obtained by the same program. Thus a considerable
amount of time and effort can be saved. The topo-
logical formulas (7) through (11) may be
expanded and further modified to give still simpler
expression.*

The tree-finding analysis can be extended to
nonreciprocal networks by modifying the corre-
sponding topological expressions.!

It is interesting to note that while the first tree-
finding algorithm is the simplest in theory, there
are cancellations in the process (underlined terms,
Ex. 3). Method 3 (Wang algebra) is the easiest
for manual computation, but it has redundancies of
“squared” terms and duplications (rules b and
¢, respectively and Fx. 5). On the other hand,
in Minty’s method there are no cancellations or
duplications but it may be cumbersome to form the
“tree chart” when applied manually (Fig. 15).
Here is where the computer program can play an
important role in the design process.

Needless to say, there are many other tree-
finding algorithms,»®7 and the three presented
here are among the simpler ones. A wide adoption
of topological techniques in network design not
only depends very much upon an efficient tree-
finding algorithm, but also on ingenuity in pro-
gramming the whole design procedure so as to cut
the time and cost below that required by conven-
tional methods.

Finally, it should be emphasized that for net-
works which contain large numbers of trees, one
should use either non-topological techniques® or
topological formulas with a higher degree of
sophistication.8

Appendix: Definitions for Figs. 16, 17, and 18.

1. Fundamental circuit matric B, with respect
toatree T is a matrix of order (e —v + 1) X e with
each row identified by a fundamental circuit
(formed by a unique link and possibly some tree
branches) and each column is identified by an edge
such that

Bf = [bij] (e-v=1) xe
where b;; = 1 if edge j is contained in circuit ¢
= 0 if edge 7 is not contained in circuit ¢
(e = total number of edges in the graph; » = total
number of vertices in the graph)

2. The ring-sum (S; @ S,) of two sets S, and S,
is the set consisting of all the elements which are
either in S; or in S, but not those common to both

sets. (Thus, the ring-sum is the same as the logical
difference in set theory.)

3. The (complete) circuit matriz B, is a matrix
of order ¢ X e (where ¢ is the total number of cir-
cuits and e is the total number of edges in the
graph) with each row identified by a circuit and
each column by an edge such that

Ba = [bij] cxe
where
b;; = 1if edge j is in circuit ¢
= (0 if edge 7 is not in circuit ¢

4. A redundant row in a matrix is a row which
contains (in the Boolean sense) some other row
in the matrix.

5. The B’, matrixz is obtained from B, by elim-
inating all those rows of B, which contain v — 1 or
more non-zero entries. (Thus, each row of B/,
represents a circuit containing v — 1 or less edges.)

6. The combination matriz C is the matrix of
order k X e, where k = C (e,v —1) is the total
number of all possible combinations of e objects
(edges, in this case) taken v — 1 at a time; e is the
total number of edges of the graph; and v is the
total number of vertices of the graph. Each row
of C represents a combination of the e edges taken
v -1 at a time ; and each column of C represents an
edge of the graph.

7. The incidence matrixz A of a graph of ¢ edges
and v vertices is the matrix of order (v-1) X e:

A= [atj] (v-1)xe
where
ay,; = 1if edge j is connected to vertex
= 0 if edge j is not connected to vertex ¢
(Thus, each row of A is identified by a vertex and
each column by an edge; the reference vertex is
not included in A ; this is why A has v - 1 rows.)

8. The weighted incidence matrixz A, of a graph
of e edges and v vertices is the matrix of order
(v=1) X e:

A,= [atj] (v-1)xe
where
a;; = e; (the “weight” or symbol which
identifies edge7), if edge j is connected
to vertex ¢;
= 0, if edge j is not connected to
vertex 1
9. A tree candidate is a set of v —1 elements

Ogi, Qgig .. Guy,iy_, Such that all of the a.;s are
different in value (weight).
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HOW SWITCHING TO CELANESE NYLON
IMPROVED THIS DREMEL MOTO-TOOL.

This popular Dremel tool
was originally molded in poly-
carbonate. But organic sol-
vents used in machine shops
attacked the polycarbonate.
Caused stress-cracking.

A better material was
needed. And Dremel switched
to glass-reinforced Celanese
Nylon 1503. For the chemical
resistance of Celanese Nylon
protects against not only or-
ganic solvents, but most lubri-
cants and greases.

What’s more, glass-rein-
forced Celanese Nylons have
a unique formula which gives
them a heat distortion tem-
perature of 490°F—one of the
highest of any thermoplastic.

Cetaness Plasties Company is & division of

Celanese®

So it’s dependably stable,
even under prolonged heat.
And Celanese Nylon also
has excellent dielectric prop-
erties. So it’s a safe choice for
double-insulated electric
tools. (Celanese Nylon has
U/ L rating on electrical prop-

1 8
F= 0,

erties of 105°C.) And it’s the
first glass-reinforced nylon
approved by U/L for use in
power tool housings.

Celanese Nylon even looks
better than other thermoplas-
tics. It’s safe. Strong. Resis-
tant to repeated impact.
Lighter than metal. More
pleasant to the touch. Let us
show you all the advantages
Celanese Nylon offers power
tools, business machines, ap-
pliances, motor housings.
Write: Celanese Plastics
Company, Dept.

N-503, 550 Broad e
Street, Newark,

New Jersey CEIANESE®
07102. PLASTICS

Calanese Corporation. Dsnadian Aftiliate: Chameell Resources, Ltd, Export: Amael Co., Inc., and Pan Amcei Co,, Inc., 522 Fifth Ave., New York 1003¢
Mote-Toot is & product of Dramel Manuletcturing Company, Regine, tht:um 53401,
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It’s a disease that can hit solder reflow assembly
operations hard. You put your chips perfectly in
place, but lo and behold at the end of the line the
circuits won't play.

So you go back and test everything by hand to find
out what went wrong. Frequently it's something
called silver leaching or scavenging. (And sometimes
a thing called migration.) The silver end terminations
of achip don’t complete the circuit. Or they short out.

Solder at reflow temperatures is the villain. It eats
at the terminations (even palladium alloys), especially
at the corners where contact is vital.

But the prevention of this disease is simple. So
simple in fact, that we include it on every one of our
KEMET “ ceramic chip capacitors.

It’s called “Solder Guard? We invented it.

After we put the silver end terminations on our
ceramic chips, we cover them with copper to protect
the silver. Then we cover the copper with solder.
That’s “Solder Guard” And where something like an
end termination of palladiums-silver can only take a
260°C solder bath for two minutes max, “Solder
Guard” is good for twenty minutes.

“Solder Guard” KEMET ceramic chip capacitors.
An ounce of prevention you measure in milligrams.

Union Carbide, Components Department,

Greenville, South Carolina 29606. (803) 963-7-

IO COMPONENTS DEPARTMENT

rid circuits have a disease.
we have the cure.
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Design Features

FACTORS IN DESIGNING
TWT POWER SUPPLIES

Plot the six key factors involved in TWT power supply design and you'll
have a set of comparative data from which final design selection can
easily be made. Learn how by following the examples given here.

STEVE SMITH, Quatt Wunkery

After surveying the most conventional approaches to
the design of TWT power supplies in our July 15 issue,
we now focus on the seven factors a systems engineer

must consider for his final design. These seven basic
factors are: size, weight, reliability, efficiency, engi-
neering cost, manufacturing cost, and time. Accompany-
ing graphs that illustrate eight design approaches to
TWT power supply designs show how to display these
different factors for easy comparison.

To the extent that the system end-use often con-
strains size and weight to be within certain limits,
these two factors are self-explanatory. To compare one
design approach with another, and measure what is
within the state of the art. we need a method of evalu-
ating various approaches. The usual methods used for
comparison are watts per cubic inch and watts per
pound. However, since one may always sacrifice a per-
cent of efficiency or spend 10% more and reduce size
or weight another few percent, the ranges of numbers
to assign are those that good design practice and a
healthy respect for the competition lead to.

The packaging expertise that is brought to bear on
any system can have a great deal to do with the final
size and weight of the system. For example, the use of
a magnesium baseplate and magnesium structural and
mounting elements internally can save a great deal of
weight, and proper use of fluoro-chemicals for insula-
tion and cooling can often reduce the size considerably.

It is not unusual to see five prototypes of a trans-
former, made by five companies to the same electrical
specifications, vary in volume and weight over a 3:1
range. Neither is it unusual to find that the reliability
of such a collection of prototypes does not correlate with
either size, weight or cost; for the reliability of magnet-
ic components is a function of proper design and good
workmanship, and as such will correlate only with the
particular vendor. The only way for a user to be assured
of getting dependable performance and reliability is
to find a transformer supplier that he can relate to
and work well with.

Reliability

System reliability is a measure of the care and qual-
ity of materials that went into designing the system.
Reliability is also a measure of how likely the system
is to perform when needed. Overall component count is
also involved. But rather than get involved in MTBF
calculations, assign to each design approach a relative
factor, such that the larger this figure of merit is, the
greater the intrinsic reliability of this approach (pro-
vided it is properly designed).! These figures of mer-
it are purely arbitrary and are based on personal ex-
perience of the author as well as that of other engineers
the author has dealt with. They may be adjusted at the
discretion of the reader, based on his own personal
experience in the subjects involved.

The stress level at which components are operated
has a great deal to do with reliability, in that a 1W
resistor derated 50% at sea level needs further derating
at 70,000 ft, and the 50% factor may become 80% or
10% depending on the thermal conductivity of the en-
capsulant used.

Heat dissipated by tantalum capacitors, especially
the larger ones, may require additional voltage derat-
ing or special heat-sinking considerations. Encapsula-
tion of such components in a high-thermal-conductivity
potting compound can keep them cool, but the shrink-
age of many potting compounds during curing can put
strain on the leads sufficient to insure an early failure
unless special precautions are taken.

Improper choice of encapsulants or processing tem-
peratures can cause strain-sensitive transformer cores
to fail. A heat sink mounted so that it flexes with tem-
perature can cause its transistor to fail.

Just as much effort must be put into packaging as
into design in order to end up with a dependable high

performance system. Most insulation, cable, and con-
1. To determine the weighting factor for the intrinsic reliability of a design going
into production, check to see whether the design engineer’s time on the bench was
spent finding out what he had overlooked or finding out what he didn’t know. If the
former, no correction is necessary. If the latter, multiply by 0.3. If the engineer de-
signed it and his red-hot tech made it work, multiply by 0.1.If the design was signed
off and the preproduction models are misbehaving in a way that the prototype didn't,
multiply by 0.05.

(Continued)
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Comparative Plots of Key Factors for 8 TWT Supplies
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Case 1: 28V dc input, linear regulator, dc-ac inverter, step-up transformer. (Helix or Collgctor).
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Case 2: 28V dc input, switching regulator, dc-ac inverter, step-up transformer. (Helix or CollectoL)
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2 MODERATELY DIFFICULT

3 EXPENSIVE

Case 3: 28V dc input, switching preregulator, linear regulator, dc-ac inverter, step-up transformer. (Helix only).
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Case 6: 115V/3¢/400-Hz input, SCR/triac control elements, step-up transformer.

(Continued)
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TWT Supplies (Cont’d)

nector suppliers have applications engineers who are
conversant with packaging problems. Work with them.

Efficiency

Efficiency of a power conversion system is defined
here to mean the ratio of output energy to input energy.

DC-to-RF conversion efficiency of the microwave tube
powered by the supply is not included, although in
some cases it is possible to use the heat dissipated by
the tube collector to perform useful work within the
system, thus raising system efficiency.

For efficiency, assign numbers directly as conversion

Comparative Plots of Key Factors for 8 TWT Supplies
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Case 8: Step-up transformer, rectifier, filter. (Collector only).
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efficiency percentages, and in most cases indicate a
range of values, the higher being more difficult to
attain. In many cases the highest value is not the
absolute limit, as these numbers are not necessarily
exact, nor do they embody all knowledge. For choosing
and evaluating a design, a range of attainable conver-
sion efficiencies should be plotted against average dc
input power to the TWT.

Engineering/Manufacturing Cost

Engineering and manufacturing cost parameters
are also relative numbers, since each company figures
costs differently. Once the designer or buyer deter-
mines the cost of a particular approach, he will be able
to determine the cost of other approaches with at least
a ball park accuracy from the relative cost curves pre-
sented. Be aware that cost parameters assume some
average efficiency, and for a particular approach, at
some constant power density and volumetric efficiency
the cost will increase as efficiency increases. Further,
some engineers believe that the cost of developing a
circuit or system is 3.1416 times greater if done for a
specific job rather than company-sponsored research
with no specific customer deadlines or performance
levels imposed. The author’s experience indicates that
a factor of three to four is about right, so “pi” is prob-
ably a good choice. Bear this in mind when estimating
project costs or procuring for R&D work.

Time

Time is a factor, because someone always wants to
know how long it will take to complete the job. While a
large company could spend $30,000 on a project in one
day, and a small company could take a year to spend
the same amount, both are unworkable extremes. A
project costing $30k could not be done in one day
because the people would not have enough time to
communicate with each other. The same project, if done
by one man, would be taking too long, because he would
have to do everything from bench work to potting to
drafting to writing weekly reports. On projects of the
type discussed here an optimum group size for design
and development work and for producing engineering
quantities ranges from four to seven people.

Estimate the time required by determining how long
it would take the number of people involved to spend
the money allocated for the job. For example, if experi-
ence showed that a four-man group took 6 months to
spend $60k, and optimum size of the new group
turned out to be five men, one could expect that the
five-man group could have done the job for $60k in
about 5 months. However, be aware that if 10 people

were assigned to a five-man job, efficiency will be less
than optimum and the project could easily take twice as
long or cost twice as much or both.

CW or Pulse

A key factor that has been almost completely ignored
in the past is whether the system is CW or pulse. In the
case of a pulse system, a modulator of some sort will
be needed, and cathode and collector energy storage
must be provided. It is important that lead lengths
between these capacitors and the TWT be minimum to
insure good pulse fidelity. It is also important that
these energy storage capacitors be noninductive. The
modulator, whatever else its requirements, must gen-
erate a pulse at the grid that is on the order of a few
hundred volts positive, and is nominally floating at the
cathode potential. If an anode-gated TWT is used, the
modulator will have the more difficult task of switch-
ing the anode from a few hundred volts more negative
than cathode potential to fairly close to ground. Grid
modulators are fairly conventional, and while the at-
tainment of high duty cycles or fast rise times often
requires some expertise, their specification follows
readily from the I/O requirements and environmental
factors. Anode modulators are generally more difficult,
expensive, bulky, and time-consuming and should be
avoided.

The primary perturbation that pulse systems im-
pose on power supplies, aside from the foregoing, is
the loop frequency response criteria. For fixed PRF
it is usually necessary that loop gain roll off to unity
at the PRF. It is possible to maintain a stable, moderate
gain beyond the PRF, but this is more difficult and
places unusual limitations on the energy storage capac-
itors and the step-up transformer.

Sales Potential

The choice of which design approach to use should
also be based on future sales potential. In many cases
the systems designer has an option to spend funds over
and above that allocated for the project. This may be
desirable if future sales are likely. However, money is
now very tight and the best current sales potentials
for airborne TWT systems are those that can be satis-
fied with systems costing as little as possible. In 4 to 6
years the sophisticated market will probably be boom-
ing again, and experimental or developmental work
will be more freely supported.

At present, probably the safest route to take is that
which minimizes engineering time since it not only
keeps costs down but the program is less likely to be
crippled if future layoffs take place. &
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HAMLIN )
LETS YOU PLUG IN SOLID-
STATE
RELIABILITY.

A new octal base
controller from Hamlin
Electronics interchanges
mechanically- and
electrically with scores
of electromechanical
relays and other
controls. With the
standard 8-pin base,
you just pull the old
relay, plug in a Series
763 Controller and
forget it for 100 million
operations. Rugged
solid state components
are protected against
moisture, vibration and
shock. Available in
120 or 240V, 50/60
hz—spst, dpst or dpdt
—on-off or zero point
switching. Write
Hamlin Electronics,Inc.,
Lake Mills, Wis. 53551.
Or call (414) 648-2361.

CIRCLE Np, 36

YOU PAY FOR RELIABILITY IN

20 MILLIWATTS KEEP YOU
IN CONTROL
WITH

% CONTROL-PAK.

Solid state control handles
up to 25 amps but can be
controlled by I.C. logic
input . .. without ampli-
fication. And it's fast—
operates in a millisecond,
releases within %4 cycle.
No noise—electrical or
acoustical. Zero switch-
line for minimum EMI and
RFI. It's completely
encapsulated; immune to
environment and shock-
resistant. Controls all
types of loads with
reliable, arcless
operation. Never needs
maintenance. Write for
catalog. Hamlin
Electronics, Inc.,

Lake Mills, Wis. 53551.

Or call (414) 648-2361.
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ELECTRONICS, INC.
CIRCLE No, 37

HAMLIN REED SWITCHES.

JUST ONCE.

The:-cost difference between a Hamlin reed switch and
another of comparable rating is pennies—sometimes just
mills. And it pays off. A switch failure may go unnoticed
until it's too late. Then the cost of a malfunction is
probably hundreds of times the cost of Hamlin reliability.
Rhodium contacts, for example, precision assembly in
white room conditions, the industry’'s most effective
hermetic seal, rigid electrical inspection on a 100% basis—
these are the things that will make you glad you specified
Hamlin reed switches, even after 50 million safe,
dependable closures. And you can choose from nearly
2,000 models, from 660 watt capacity down to a 3/10 watt,
“grain of wheat" size. You get Hamlin reliability in every
one and you pay for it only once. Write for free evaluation
samples and catalog. Hamlin, Inc., Lake Mills, Wisconsin
53551. Or call 414/648-2361.
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INCORPORATED
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Untuned Frequency Doubler
Has Low Distortion

Most doublers must be tuned to change operating frequency,
but not this one. Its circuitry combines a differential amplifier
and biased diodes, making it easy to set up as well as reliable in operation.

ERWIN WINZ, IBM Corporation

Because no tuned circuits or filters
are employed in its circuits, the fre-
quency doubler shown in Fig. 1a per-
mits frequency changes at will. The
upper frequency it can handle is lim-
ited only by the particular diodes
used and the stray capacitance of the
circuit. For example the test model
performed over a range of 50 Hz-500
kHz.

There are several other advan-
tages to this doubler method. The
circuit is less expensive, and uses
less space, than the conventional type
containing filters. Adjustment is sim-
ple. Also the output is of high quality,
for it has total harmonic distortion of
only —40 dB with sinusoidal input.

This type of circuit is suitable for
almost any application that requires
frequency multiplication, such as in
the frequency multiplier stages of a
PM or FM transmitter. By modifying
it, squaring is possible, although
amplifier gain and dc offset voltage
become more critical and ac coupling
is no longer possible.

The circuit shown in Fig. 1a was
built and tested, using a differential
amplifier of conventional design. A
gain of 10 was chosen. Capacitors C1,
C2 and C3 serve only for ac coupling.
Resistors R1, R2, R13 and R12 pro-
vide adjustable bias for diodes D1 and
D2. The circuit is driven by a voltage
source, V, , and the output is taken

from the collector of Q2. (An inverted
signal is available at the collector
of Q1.)

Fig. 1b gives an equivalent circuit,
and Fig. 1c the diode characteristics
and the effects of +V,, for both
diodes. As shown by the curves, the
bias voltages shift the diode charac-
teristics such that D1 conducts on a
smaller or larger positive amplitude
of the input signal, depending on the
negative V,, - setting. Diode D2 is
similarly affected, except for negative
amplitudes of the input signal. The
resulting current waveforms at points
A and B in Fig. 1b are shown in
Fig. 1c.

In Fig. 2 these waveforms are

(Continued)

No bias
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Fig. 1—Frequency doubling. a) Circuit. b) Equivalent
circuit. ¢) Diode biasing and resultant waveform.
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Profit
Through
Quality

By Sidney Weinberg

“This excellent book deserves a place on
the desk of any general manager who
wants to increase the use of Q-R
methods." Quality Progress

A practical guide to help production and
general managers analyze requirements
and establish an effective, profitable
quality and reliability policy. By one of
the United Kingdom's most respected
authorities, it should be read by everyone
concerned with maintaining quality and
profits. Hus. 192 pp. $10.95

COMPLETE
GUIDE TO

PROJECT
l' MANAGEMENT

by Dennis L. Lock

The perfect introduction to project
management, the technique created
to deal with the complex activities of
modern industry—planning, costing,
controlling and evaluating projects
so they are completed on time and
to specs and budget.

With over 60 illustrations and many
practical examples, this book covers
all the basics and includes explana-
tions of CPM and PERT.

Complete Guide to Project Manage-
ment is essential reading for anyone
on the technical or managerial side
of industry, with any responsibility
for projects. 224 pp. $9.95

Order Today—15-Day Free Trial—
| Satisfaction Guaranteed or Money
Back—Send check and we pay ship-
| ping

AR AR R AR AR AR R R R R R RENERERERTRNTN]

' Cahners Book DpIvisION
270 St. Paul St., Denver, Colo. 80206
Quantity Title

I

NAME-—— e o s o
POSITION y e,
COMPANY _ S
ADDRESS

ZIP

Send Payment and We Pay Shipping
[[] Payment Enclosed [] Bill My Company [] Bill Me

Doubler (Cont'd)

shown superimposed, with their dc
components removed by capacitors C2
and C1. The difference between the
voltages at D and C has the same
form as the output voltage, except
for the effect of the scale factor K1
(amplifier gain).

Although the waveforms show the
basic performance of the circuit, a
mathematical analysis proved that
the output voltage V,, is, indeed,
sinusoidal and that it is at twice the
frequency of the input signal. It also
showed that only even-order terms
are present, that higher-order terms
decrease rapidly and that each high-
er-order term contributes to the first
term—a fact that is highly desirable
because it reduces the total harmonic
distortion of the output waveform.
Some Considerations. Diodes for
use in this circuit do not have to be
matched, for any mismatch can be
taken care of by adjustment of the
bias voltage. There is an upper limit
to the input voltage. When it is ex-
ceeded, distortion occurs. However, as

long as the current through the di-
odes is not more than approximately
1 mA (peak), distortion is negligible.
Variations in the input signal level
can be accommodated by adjusting
the bias voltages.

For the test circuit, the required
bias was approximately 250 mV for
germanium diodes or 500 mV for
silicon diodes. Temperature effects
on the diodes cause a shift of operat-
ing point, but if a slight increase in
harmonic distortion can be tolerated
no bias readjustment is usually need-
ed. O

Erwin Winz is a se-
nior associate engi-
neer in product devel- |
opment at IBM’s Re-
search Triangle Park
facility in North Car-
olina. Mr. Winz grad-
uated from Tech-
nische Hochschule,
Stuttgart, with the
degree of Diplom—
Ingenieur.

Fig. 2—a) Scope photo of waveforms. h) Wave-
form plot showing the doubling mechanism.

WAVEFORM AT D

WAVEFORM AT C
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NEW EL-MENCO
Transmitting Dipped
Micas take only

1/6 the space,

yet cost less than
conventional types.

Typical TDM43 Capacitor, actual size

NEW in the industry— ElI-Menco TDM43 Transmitting i
Dipped Mica Capacitors are unequalled in small size and low Ideal for hlgh frequency

cost for their ratings. Compared to conventional types with circuits, in military,

similar characteristics, they require only one-sixth as much communication. and
space... save you 83% of the volume previously required. . ial ’I
The superior coating transmits heat more efficiently, so you industria portab e and

can use a smaller size for a given rating. airborne equipment.__
Specify these high-quality TDM43 Capacitors wherever

better performance and long, reliable life are critically equivalent toRTM 63

important...and where space and weight are at a premium. in EIA Spec_TR_‘] 09.
For medium power, moderate-to-high voltage service,

TDM43’s can be used in tuned amplifier tank circuits, for
DC blocking in high frequency amplifiers, in high frequency
filter networks needing high Q and RF current capabilities,
and in timing circuits requiring a high degree of stability.

Check the table below for representative values among
the many standard TDM43 units available... or call or write
Electro Motive if you have a special application or one in
which pulse conditions are present. Technical literature
available on request.

Typical Values Available — TDM43 Transmitting Dipped Mica Capacitors

Capacitance 60 Hz Rated Current in amps. at Freq. of Max. Dimens. in Inches
ValueinpF  Peak W.V. Characteristic 3.0 MHz 1.0 MHz 0.3 MHz 0.1 MHz L W T
47 C 0.50 0.10 0.07 0.03 2.010 .850 .220
1200 1500 F 4.90 3.80 1.20 0.42 2.010 .850 .230
2700 F 5.90 5.80 2.20 0.90 2.010 .850 .230
3300 E 6.10 6.20 2.60 1.10 2.010 .850 .230
5600 1000 F 6.50 7.30 4.10 1.80 2.010 .850 .240
9100 E 6.80 8.10 5.50 2.40 2.020 .860 .260
10,000 F 6.90 8.40 6.40 2.70 2.020 .860 .260
15,000 750 F 7.00 8.90 7.80 3.30 2.030 .870 .280
20,000 F 7.10 9.20 8.30 3.50 2.040 .880 .310
22,000 F 7.20 9.40 8.80 3.70 2.030 .870 .300
30,000 500 F 7.20 9.60 9.30 3.90 2.040 .880 .320
36,000 F 7.30 9.80 9.70 410 2.040 .890 .340
39,000 F 7.30 9.90 10.0 4.20 2.050 .890 .350
68,000 250 F 7.40 10.3 10.9 4.50 2.050  .900 .370
100,000 E 7.40 10.5 115 4.70 2.070 .910 440

A-HEEIET] The Electro Motive

WILLIMANTIC, CONNECTICUT 06226
Dipped Mica * Molded Mica * Silvered Mica Films * Mica Trimmers & Padders g. o., nc.
Mylar-Paper Dipped * Paper Dipped » Mylar Dipped * Tubular Paper

West Coast Manufacturers contact:
COLLINS & HYDE CO., 900 N. San Antonio Rd., Los Altos, California 94022
5380 Whittier Blvd., Los Angeles, California 90022

ALSO SOLD NATIONALLY THROUGH ARCO ELECTRONIC DISTRIBUTORS
CIRCLE NO. 17
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Design Ideas

Two Prove Better Than One

Instead of fighting a costly battle to get a single capacitor that would satisfy
reliability requirements, this component engineer paralleled smaller ones as a

solution.

ARTHUR F. BISSELL, Ball Bros. Research Corp.

Larger-value metallized-film capaci-
tors (10 uF for example) are frequent-
ly used in resonant circuits for pro-
ducing video deflection currents.
However, trouble with heating often
occurs and is difficult and expensive
to eliminate.

Metallized polycarbonate capaci-
tors are frequently chosen for such
applications because of their desir-
able properties of excellent stability,
low df and small size. One drawback
to their use at these frequencies con-
cerns their df, which may be low
when measured at the usual 120 Hz,
but quite different at video frequen-
cies. Another results from the edge-
foil termination used to keep down
the physical size. Such a termination
does not provide good heat dissipa-
tion, which aggravates the heating
problem already present from the
capacitor’s df.

Assuming that the better qualities
of metallized polycarbonate capaci-

tors dictate their use, it is up to the
designer to somehow solve the heat-
ing problems. One approach is, of
course, to specify a low df at the use
frequency, but this gets costly and
still doesn’t relieve the other weak
link of the chain—the poor heat
transfer by the edge-foil termina-
tion. A better answer is to simply
parallel two 5 uF units. This, while
seldom done, has many advantages.
It divides the current approximately
equally between the two capacitors,
and at the same time doubles the
number of lead wires that are avail-
able to conduct heat away. Also the
increased capacitor surface area pro-
vides improved heat radiation. A ma-
jor gain comes from the heat reduc-
tion that results from paralleling the
capacitor’s equivalent series resis-
tance.

Other gains are also possible in the
areas of both packaging and purchas-
ing. The two 5 uF units have only

slightly greater volume than a single
10 pF, but are shorter, and this may
permit better space utilization. Also
it may be cheaper to purchase twice
as many 5 uF units than to buy the
usual quantity of 10 uF ones.
Summed up, in this application
paralleling:
—greatly reduces heating problems.
—adds flexibility as far as mounting
is concerned.
—offers possibilities for reducing
cost. O

Arthur F. Bissell
is a group engineer
at Ball Brothers
Research Corp.
where he is con-
cerned with com-
ponent  selection, /
specification and . (X '
testing. Mr. Bissell holds a B.S.E.E. from
the University of Colorado.

VIDEO FREQUENCY TANK CAPACITOR CONSIDERATIONS

Single 10 F metallized polycarbonate capacitor.

Notes:

(1) Dissipation factor, df, normally tested at 120 Hz, may be appre-
ciably higher at video frequencies.

(2) Heat dissipation capability is restricted by the limited area of the
internal contact, by thermal resistance of the lead wires and by the

Paralleled 5 ;.F units of the same type.

Notes:

(1) Dissipation factor is reduced to less than half that for the single
10 ¢F capacitor, greatly reducing heating.

(2) Heat dissipation is improved by the doubled number of internal
contacts and lead wires, and by the increased external surface area.

area of external dissipating surface.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L64
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Design Ideas

Dual Mode Stepping Motor Drive

This circuit combines high-speed slewing and incremental positioning of
stepping motor drives. Advantages are an uncomplicated closed-loop circuit,
with the transition to step-by-step control executed easily and smoothly.

JACOB N. KLUGER, Xerox Corp.

In this design, a two-pole, two-phase,
bifilar-wound motor' is used. Shaft
angle and electrical angle are there-
fore the same, with four 90-degree

cuit is diagrammed in Fig. 1. Slewing
is commanded by setting the STEP in-
put to a high level and the SLEW in-
put low. Each photocell “sees” the

torque and speed are optimized by re-
lating winding excitations to the shaft
angle as shown in Table 1.

steps in each cycle. An optical com- shaded sector of the disc as it passes, TABLE 1
mutator disc and photocell array pro- and their signals act to directly set COMMUTATION SEQUENCE FOR THE
vide shaft-angle information; the the ring counter stages. The sector is N g M,OTOR
; v 3 5 Shaft Position Energized Position Toward
large step angle makes it easy to in- 60 degrees wide, and adjusted so that Raiigs Windings Which Motor is
stall and adjust the device. the boundary leads the shaft angle by Driven
The commutating and control cir- 45 degrees. Consequently, only one 315" - 45° Al & B2 90°
o The ametor 8 oo IMC O16-815, with a-loadrsb the photocell signal is generated at a time 45°- 135 A2 & B2 180°
sé}lxaft of o.;s ozt:ing}a fricti(;n and 0.005}:)2;1?:};‘; in:;ti: and the sequence of motor winding 135°- 225° A2 & Bl 270°
W spee 4 te| re reached, Wi < ° .
opin-loz; posiotioningsaegszg?tef»s/sec. IR excitation satisfies Table 1. Motor 25 - 315 Al & B 0
(Continued)
SLEW >—m——y
STEP > r—D_ N
i, " e
o
o ok o
O e o
B3, K Of4—K © 202504
v )MOTOR
j:)“ = 180° 270°
TES. POWER R
i o AMPLIFIERS |__1' :
P RING COUNTER l LL_(-)KDJ
CLOCK >— D =S |
PULSE DRIVER
CLOCK GATE PV et |
\I I[
|

o}

Fig. 1—Motor winding connections and commutator disc ar-
rangement to provide slewing or stepping in the direction shown.

SIGNAL
AMPLIFIERS

o]

COMMUTATOR DISC
AND PHOTOCELLS

(Continued)
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Drive (Cont'd)

Suppose that the motor is to be
slewed from the position shown in
Fig. 1. The 0-degree photocell signal
is high and the others low, setting
counter stage FFO01 low and FF02
high. Windings Al and B2 are there-
fore energized, causing the motor to
seek a new equilibrium at 90 degrees.
Prior to reaching that position, how-
ever, the 90-degree photocell will see
the leading edge of the commutating
sector. The sensor at 0 degrees will,
in the meanwhile, have been deac-
tivated as the trailing edge of the sec-
tor passes well beyond it. The switch-
ing action will then be repeated as the
motor advances through the next
quadrant.

Clocked pulse operation is obtained
by setting the SLEW input high and

the STEP input low. The clock rate is
within the relatively low range where
the motor responds without error. The
counter drives the motor in conven-
tional open-loop fashion since the
slew gates now inhibit all photocell
signals. Stepping proceeds from the
last state in which the counter was
placed by the slewing connections,
and a smooth transition is obtained as
the motor slows down to the clocked
rate. The motor and load are stopped
by holding both STEP and SLEW sig-
nals at their high levels.

This drive is used to operate a con-
veyor (Fig. 2). The object is to move
the piece being conveyed to a position
determined by photocell PC02 and
then stop the conveyor. A GO pulse
enables (and latches) gate A02 and

disables gate A01 to start the slewing
mode. When the piece is detected by
PCO1, the resulting pulse disables
A02 and enables A01 to place the sys-
tem in the stepping mode. Detection
of the leading edge of the piece by
PCO02 enables both A01 and A02, and
the conveyor immediately stops. =

Jacob N. Kluger
has been with the
Xerox Corp. in
Rochester, N.Y. for
7 years. He now is
a senior engineer
with responsibili-
ties for advanced
development and design engineering.
Kluger holds a B.M.E. from Cooper Union
and an M.S. from the Univ. of Rochester.
He has two patents applied for and is a
member of NYSPE and ASME.

Fig. 2—Application of the dual mode step-
ping motor drive to operate a conveyor.

SLOW JL &
STOP JL .
‘ PULSE FORMERS
SLEW
GO >'ﬂ“ AO| CONTROL CT
PER FIG. |
TEP
ACDo-g

SIGNAL AMPLIFIERS
AND INVERTERS

PCOI

PCO2

! CONVEYOR
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AWARD
PROGRAM

UNUSUAL CIRCUITS [] Designed by readers [ ] For use by
readers [ ] Voted on by readers.

Your vote determines this issue’s winner. All circuits published
win a $25 U.S. Savings Bond. All issue winners receive an
additional $50 U.S. Savings Bond and become eligible for the
annual $1000 U.S. Savings Bond Grand Prize.

VOTE NOW . . . by circling the appropriate number on the
reader inquiry card. Submit your own circuit, too. Mail entries
to Circuit Design Program Editor, EDN/EEE, 270 St. Paul St.,
Denver, CO 80206.

Voltage-controlled current source

To Vote For This Circuit Ve (+15V)

Circle 151

R, 2000
20k, 1%

OFFSET ADJ.
by Peter T. Skelly oy
University of Washington

Seattle, Wash. %, 1%

Mg

As shown in Fig. 1, a voltage-

"o

controlled current source can
be constructed using com-

plementary transistors in
the feedback loop of an opera-
tional amplifier. This type of
circuit is superior to the
more usual op-amp current-
source configuration (Fig. 2)
because the improved circuit

always has near-zero com-
mon-mode voltage at the in-
put to the op amp. With the

conventional circuit of Fig. 2, . . . )
Fig. 2—Conventional configuration for

the c?mmon-m.ode input volt- voltage-controlled current source using
age is approximately equal an op amp.

to the voltage drop across the
load.

2N3906

out

Fig. 1 —Improved voltage-controlled

current source with
tary transistors in the
back loop.

complemen-
op-amp feed-
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The circuit of Fig. 1 was
designed for use in an inte-
grator with a ground-ref-
erenced integrating capaci-
tor. With the component
values indicated, it produces
1 mA/V. The general trans-
fer equation is:

2Vin R‘.’
R, R

1 3

lmll e

Resistors R,, and R,, sense

3a

the current through Q, and
Q, so that a voltage propor-
tional to the difference (i, —
iy,) is fed back to the input of
the op amp for comparison
with the input voltage. The
output current I, also equals
this current difference (i

1

Q
o) if we neglect the base

currents of Q, and Q,.
The zener-diode voltages
determine the quiescent-cur-

Staircase generator
uses current-regulating diode

To Vote For This Circuit
Circle 152

by Robert G. Warsinski
Ford Motor Co.
Detroit, Mich.

The output of a pulse-gener-
ating position transducer
must sometimes produce an
analog input for the hori-
zontal axis of an X-Y re-
corder or storage scope. Un-
fortunately, many pulse-to-
analog converters depend on
the repetition frequency of
the pulses (transducer veloc-
ity) as well as on the actual

number of pulses (transducer
position).

A well-designed staircase
generator can produce an
analog output which is pro-
portional to the number of
input pulses, regardless of
repetition frequency. The
key to the transducer-inter-
face circuit described here is
the use of a current-regulat-
ing diode (CRD) as a con-
stant-current source in a
staircase generator circuit.
The rest of the circuitry is
fairly conventional.

Basically, the staircase
generator operates as a
charge-exchange integrator.

rent level. Operation at very
low quiescent currents is
possible without crossover
distortion because of the cur-
rent-sensing feedback.
Lowest output-offset cur-
rents can be achieved by us-
ing transistors with large
matched betas and by nulling
the offset voltage of the op
amp. The op amp should be
compensated for operation at

Each input pulse -causes
ceramic capacitor C, to be-
come charged to approxi-
mately 7 mV. Between pul-
ses these charges drain off,
resulting in current flow
through diode CR,, and thus
causing the LH201 op amp to
charge low-loss capacitor C,
by an equal amount. This
transferred charge is held
by the integrator capacitor,
and is added to all subse-
quent charges received by
charge exchange from C..
The integrator’s output volt-
age continues to increase up
to the saturation level of the
op amp in a series of 7-mV

a gain of R,/R,. Frequency
response of this type of cir-
cuit is limited by op-amp
bandwidth and slew rate and
by the frequency response of
the transistors. For the cir-
cuit shown, frequency re-
sponse is limited to 1 MHz
by the performance of the
specified opamp. 3

staircase steps.

To insure that the same
amount of charge goes to C,
with every pulse, regardless
of pulse rate, a monostable
multivibrator is employed
to switch on Q, and the CRD
for a constant time duration
with every pulse.

Relay AR automatically
resets the integrator to zero
when the output voltage
reaches almost 8.7V. This
prevents data from being
lost if the op amp should
saturate before the data run
is completed. @

+15V

REED RELAY
AR (576Q)

8.2
Q,
2N3904
I
D=
[ 52
I
O

C,
02 330pF
2N3904

Fig. 1—Circuit accepts pulse trains from transducer, and produces a staircase waveform. A
current-regulating diode provides constant-current charging for the staircase generator.
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Multiplexing without

FETs

To Vote For This Circuit
Circle 153

by Marvin K. Vander Kooi
Fairchild Semiconductor
Mountain View, Calif.

A circuit for time-division
multiplexing and signal con-
ditioning wusually requires
FET switches and buffer
amplifiers. If FET switches
are used, the system will re-
quire additional positive and
negative supply voltages that
are sufficiently larger than
the peak signal amplitude to
ensure that the FETs turn
on and off completely.

The circuit shown here,
however, completely elimi-
nates the need for FET
switches. This circuit uses
the new uA776 op amp,
which has an external bias-

current-setting feature.

The amplifiers operate
from conventional =15V
supplies, and the multiplex
inputs (S, through S,) can be
driven directly from TTL or
DTL devices. Each ampli-
fier is controlled by either
supplying or denying its 70
1A master-bias input, thus
turning the amplifier oN or
OFF, respectively.

For the circuit shown, the
isolation between an oN
amplifier and a signal fed to
the input of another oFr
amplifier is 80 dB at 50 kHz.
Switching time of the output,
from one multiplex to the
next, is limited only by the
1 uV/sec slew rate of the am-
plifier. The SE4021 transis-
tor, indicated in the sche-
matic, has a leakage (I,,) of
only 2nA, which ensures
complete amplifier turn-off.

In this multiplexer,
amplifiers are
turned on and

off by logic sig-
nals which control
master bias
current. Each of the
three stages shown
has identical
component values.

if you design with ic’s
Cambion has the “works”
for your work

If your digital system is a packaging puzzle, CAMBION can
provide the solution.

We have the high density sockets, wire-wrappable Cambi-
Cards®, PC logic cards, general purpose and discrete
component cards for your functional requirements.

And to complete the picture: card files, power planes, card
connectors and extenders, plus a complete numerically
controlled Wire-Wrap™* service.

Result: Tightly integrated packaging systems. The “works”
for your work.

For details, call us or write for the latest word on IC acces-
sories and wire-wrapping. Cambridge Thermionic Corporation,
EDN-8 Concord Avenue, Cambridge, Mass. 02138.

Phone: (617) 491-5400. [n Los Angeles. 8703 La Tijera
Boulevard 90045. Phone: (213) 776-0472.

*Registered Trade Mark Gardner-Denver Co,

Standardize on

CamBiON

The Guaranteed Electronic Components
CIRCLE NO. 18

47



48

New Company’'s Conversion Modules
Break Price/Performance Barriers

PROGRESS IN
PACKAGED CIRCUITS
Cycon, Inc., a new company in Sunnyvale, Calif.,, has intro-
duced its initial product line—an impressive family of 36
digital-to-analog converters and 18 analog-to-digital convert-
ers. One of the new modules, Model CY3235, is said to be the
first high-performance,. 12-bit ADC to break the $100 price
barrier. Using the successive-approximation technique, it
provides analog-to-digital conversion to an accuracy of 0.01%
in less than 50 usec. According to L. Wayne Peacock, Cycon’s
VP of Marketing, the CY3235 with a unit-quantity price tag
of only $99 is “comparable in speed, linearity and temperature
stability to units costing over three times as much.”

The company’s new DACs achieve similar price break-
throughs. One 8-bit external-reference DAC with a settling
time of 20 usec sells for $16 (1-24) and $13.50 (25-99). This
beats Zeltex’s price of $19 (1-99) for a comparable unit. (How-
ever, the Zeltex unit has a built-in reference element and can
be strapped to provide three different output ranges, whereas
the Cycon unit provides a full-scale output of +10V only).
Other Cycon DACs provide accuracies as good as 0.01% (less
than +1/2 LSB for a 12-bit unit) over the entire operating-
temperature range. High-speed units have settling times as
low as 2.5 usec.

Cycon’s conversion modules are available with resolutions
from 8 to 12 bits (binary) and from 2 to 4 digits (BCD). Stan-
dard output ranges of 0 to 10V, =5V and +10V are offered for
the DACs, and the ADCs have similar input ranges. With
most of the modules, ranges can be selected and the user can
choose between an internal or external reference, merely by
strapping pins. If required, the internal reference of one unit

Cycon’s type CY3235 A/D converter has 12-bit resolution and
sells for $99 in single quantity.

PR
ANALOG GND
COMP, Lo 1 \MmsB
ANALOG IN o 2
o 3
Eho 4
@10 5
Eg O 6 | PARALLEL
INPUT  ( O———] Sx|l-0 7 /DIGITAL
L RANGE { O——— %'E-:,—o g QUTPUT
SELECT lo———  paC 35310
—————O—————
FS ADJ i BT
) REF IN -0 12 L8
| REF OUT
‘ o g [—o cLocK ADJ
o
—O CLOCK ADJ
CONVERT START O = 5
15V O— Bic ’—o CLOCK OUT
~15v 0—— L{ PRECISION 28 [—0 CLOCK IN
5V O REFERENCE 53 .
DIGITAL GND 00— 9
Functional block diagram of the CY3235 which uses a
successive-approximation conversion technique.

can drive up to five additional units, thus insuring common
temperature tracking.

Industrial Temperature Range

All conversion modules are specified for operation over the
temperature range of 0 to 70°C. Satisfactory operation is also
possible from —25 to 85°C. Depending on the particular model
chosen, temperature stability ranges from 5 to 100 PPM/°C.
Settling times of DAC's range from 1 to 5 ysec, while conver-
sion times of ADC< ranee from 10 to 100 ysec.

The DACs are housed in compact encapsulated modules
(2 by 2 by 0.4 inch) with DIP. IC pin spacing and layout com-
patibility. ADC modules (2 by 4 by 0.4 inch) are exactly twice
the size of the DACs. The pin layout is consistent for all
models, thus allowing convenient interchangeability of units
when different resultions or other optional features are re-
quired.

Optional Features

All the ADCs include an internal adjustable clock, but they
can also be run from an external system clock. Optional fea-
tures include input-impedance buffering (to over 100 MQ)) and
serial output. Cycon expects, also, to offer variations on the
DACs: for example, making them suitable for two-wire digital-
to-current conversion.

According to Jerry Collings, Cycon president, the company
intends to introduce comprehensive lines of modular building
blocks in three basic areas: conversion products, signal-
conditioning devices and nonlinear-function modules. The
company’s founders are all well qualified in these areas of
technology. Peacock, Collings and Dean C. Bailey (Cycon’s VP
of Operations) all recently held top management positions
with Precision Monolithics. Collings was also one of the
original founders of Zeltex. Cycon, Inc., 1080 E. Duane Ave.,
Sunnyvale, CA 94086. 287
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High-Speed Multiplying DAC
Simplifies CRT Displays

PROGRESS IN

PACKAGED CIRCUITS

A new digital-to-analog converter from Hybrid Systems is
said to be as fast as the fastest fixed-reference types available,
yet it can perform at these speeds in the multiplying mode
(varying reference voltage) as well as in the fixed-reference
mode. The 10-bit multiplying DAC, Model 390-10, has an out-
put settling time of 50 nsec (to within 0.05 percent) for a full-
scale digital input change, and 5 usec for a full-scale refer-
ence voltage change. The reference voltage range is 0 to 6.2V.

Display-Terminal Application

One important application for multiplying DACs occurs
in CRT display terminals. Using DAC modules, displayed
characters or symbols can be synthesized from a series of
straight lines, and the computer only has to generate suf-
ficient data to define the initial position, slope and length of
each line. By contrast, in conventional display systems the
computer must generate sufficient data to define symbols
point-by-point. Thus DACs can greatly simplify display sys-
tems and relieve the digital computer of much of its heavy
burden. Hybrid’s 390-10 is especially suitable for this type of
application because of its fast settling and because its current
(rather than voltage) output allows the output of two DACs to
be summed through a single resistor. The full-scale current

10v
FIXED REF
DAC
ov

A

DIGITAL INPUT
_.ll\;lXETIPLYING b XAXIS il
DEFLECTION
_____ AVPLIFIER {/\/
DIGITAL INPUT — ‘ o

FiW o Ner—am - o
GENERATOR CRT
DISPLAY

MULTIPLYING
DAC

) ,_D
DIGITAL INPUT
Y-AXIS

FIXED REF DEFLECTION
DAC AMPLIFIER

10V
DIGITAL INPUT / | I | l I ov

Fig. 1—Schematic diagram shows how digital-to-
analog converter can simplify design of a display termi-
nal. Fixed-reference DACs determine the starting
points of straight-line segments, while multiplying
DACs determine the length and direction of each
line (by attenuating the triangular-waveform refer-
ence signals).

Ao

‘Progress
in
‘Products

Hybrid Systems’ new 10-bit multiplying DAC has a settling
time of only 50 nsec, which makes it especially useful in
display applications.

output of the 390-10 is 5 mA.

A typical system block diagram, for a display terminal us-
ing DACs, is shown in Fig. 1. Digital inputs applied to the
fixed-reference DACs locate the initial position of the CRT
beam, while the variable-reference converters move the beam
along a line from that initial position. The slope and length
of the line are determined by the digital inputs applied to the
multiplying DACs. In this way the beam can be moved in a
series of straight-line segments, and under computer control,
any shape or pattern may be displayed.

Suppose, for example, that one wished to produce the letter
“A” which requires three line segments. Then the beam would
be moved through two 45-degree motions and one horizontal
motion. The digital computer needs to generate only 12 num-
bers (4 for each line) to completely form the letter. If the com-
puter generated the letter point-by-point, it would be re-
quired to compute up to 150 numbers. Of course, more complex
shapes (especially those involving curved lines) require more
line segments, but the DAC approach continues to provide
greater simplicity than point-by-point generation. In fact,
with the conventional approach, the computations required
for rapid generation of complex shapes could quickly tie up or
even overload the computer.

Fixed or Variable Reference

Hybrid’'s 390-10 has a built-in reference and can be easily
strapped for fixed-reference operation, if required. It accepts
TTL or DTL digital inputs, and operates from +15V power
supplies. Housed in a compact module (2.3 by 2.3 by 0.525
inch), it weighs under 3 oz. The temperature coefficient is
only 30 PPM/°C over the operating range of 0 to 70°C. In
quantities of 1 to 9, it costs $150. Delivery is stock to 2 weeks.
Hybrid Systems Corp., 95 Terrace Hall Ave., Burlington,
MA 01803. 288
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Want one-stop
shopping
in solid-state
(LED) indicators?

Dialight's DIODE-LITE(TM) visual indicator line offers you
the industry’s broadest choice. Dialco gives you complete
design flexibility with a wide choice of LED solid state lamps
and indicator lights (which can be retro-fitted to present
incandescent units) ...illuminated pushbutton switches...
digital readouts. Supermarket pricing and availability too.
Only Dialight “got it all together” in LED solid state displays.
Write today for our Data File on DIODE-LITES.

DIALIGHT

DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY
60 STEWART AVENUE, BROOKLYN, N.Y. 11237 « (212) 497-7600
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Design Versatility
Touted in
New Packaging Systems

PROGRESS IN
PACKAGING

Two packaging systems that add another degree of versatility
to PC board design are the “Conectcon” system from Molex
Inc. and the “BergCon” interconnection system from Berg
Electronics.

In the “Conectcon” system (based on a modular building-
block concept), a male terminal, mounted on a PC board, con-
nects with a female terminal preassembled in the required
housing. Male terminals can be staked directly or placed
(already assembled in a nylon wafer) onto a PC board. Three
female assemblies complete connections for: cable-to-board,
board-to-board parallel, board-to-board perpendicular and
board-to-chassis. All housings are made of molded nylon.
Terminals used in these housings are crimped to wires and
snap-lock into place. They can be removed easily with an
ejector tool. Housings can handle from 3 to 24 wires in sizes
from 18 to 26 gauge. Photo below shows many aspects of

“Conectcon” packaging flexibility.

“BergCon” consists of crimp-to-wire disconnects, wire-
wrapping posts and multiple contact housings for 0.1-, 0.215-
and 0.15-inch spacing. Pins designed for high-speed, close-
tolerance staking on 1/16-inch PC boards can be used in a
variety of ways including a low-cost interconnection method
featuring free access to IC legs for soldered and wrapped-wire

terminations.

Multiple contact housings include rapid connect and dis-
connect snap-housings, a mini-housing allowing simultaneous
termination of up to 72 terminated conductors, and a variety
of PC card connectors. The photo shows a typical mounting
configuration where connector blocks are shown mounted to-
gether dnd separated to accommodate larger boards.

“Conectcon”, Molex Inc., Downers Grove, [L 60515.

“BergCon”, Berg Electronics Inc., New Cumberland, PA
17070. 290

EDN/EEE August 1, 1971



Computer Products

Cassette read-after-write head, Model 216,
comes in single and 2-channel configura-
tions and is obtainable in up to 4 tracks. A
unique trough guide (patented) accurately
guides the tape over the complete head.
The head can be used at densities up to
3200 flux changes/inch and at speeds from
1 to 7 ips. Track formats such as ANSI,
ECMA and ISO are proposed standards.
Magnusonic Devices, Inc., 124 Duffy Ave.,
Hicksville, NY 11801. 291

Alterable read-only memory system per-
mits microprogram testing and debugging
in a real-time environment. Execution
time is 220 nsec/instruction. Basic capac-
ity of 1k x 16 is expandable to 2k x 16 at
additional cost. Supporting software and
a 400-page microprogramming handbook
are included with each purchase. Micro-
data Corp., 644 E. Young St., Santa Ana,
CA 92705. 292

Calculator Model EC 1117 features many
of the capabilities of larger machines.
Nixie display has a 12-digit capacity plus
sign, decimal point and underflow —when
the calculator can handle no more num-
bers, it eliminates digits from the right.
A 3-position switch permits selection of
“Round-off”, “Round-up” or “Truncate”
operating positions. Price is $545. Friden
Div., The Singer Co., San Leandro, CA
945717. 294

Micro-film and aperture card reader, HP-
12, provides the user with a complete
image, no scanning required. It has a
built-in manual focusing and renders
clear images of 12X magnification on a
14- by 20-inch ground glass screen. Lenses
for greater magnification are available.
Price for the 19- by 20- by 14-inch unit is
$295. Warren Machine Co., 117 Urban
Ave., Westbury, NY 11590. 295

e B9

Self-decoding visual readout device, MA-
JOR-64, is ideal for computer peripherals
and digital displays. The unit randomly
selects any one of 64 images from a single
high stability film. Time is <70 msec from
application of an input signal to back pro-
jection of the image onto a 7.5- by 10-inch
screen. Unit dimensions are 1.6 by 3.5 by
8.75 inches. Major Data Corp., 891 W. 18th
St., Costa Mesa, CA 92627. 297

Magnetic tape viewer has a sharp resolu-
tion at a density of 800 bpi and gross flaw
detection possible up to 3200 fci. Measur-
ing 1-3/4 inches in diameter, the disc-
shaped unit consists of finely divided mag-
netic material suspended in a solution.
When the viewer is placed on the tape, the
magnetic field pattern forms a clear im-
age. 3M Co., Box 3686, St. Paul, MN
55101. 298

Pocket-size test probe, Model L-2000, de-
termines the logic state of RTL, DTL
and TTL circuits. Measuring 8 inches in
length, including tip, by 5/8-inch in diam-.
eter, the unit is powered by system under
test. Light-emitting devices permit visual
observation of pulsed operations up to 120
Hz. Price is $35. Aqua Survey & Instru-
ment Co., Inc., 7041 Vine St., Cincinnati,
OH 45216. 293

Punched-tape reader, RR-3400RB6, reads
both 8- and 6-level feedhole advanced
tapes interchangeably. Additional fea-
tures include speeds up to 400 cps, mag-
netic rocker/jam roller combination, self-
adjusting magnetic brakes and fiber optic
distribution system. Price is $930 for 1-9
quantities. REMEX, A Unit of Ex-Cell-O
Corp., 1733 Alton St., Santa Ana, CA
92705. 296

Memory configuration for the Supernova
SC combines core and semiconductor mem-

cories containing 4096 X 16 bits of core

and 1024 x 16 bits of bipolar memory.
The bipolar memory features an “overlay”
capability that will permit a user to assign
semiconductor memory to selectively re-
place core memory locations in the sys-
tem. Data General Corp., Southboro, MA
01772. 299
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Multi-speed data set, Model 911, offers
synchronous data rates of 2400, 4800 and
9600 bps and a fourth switch position
to accommodate any asynchronous rates
up to 1800 bps. Computer Transmission
Corp., 1508 Cotner Ave., Los Angeles, CA
90025. 300

“‘KeyProcessing System” CMC 5 consists
of one to 12 “Keystations” tied to a gen-
eral-purpose computer. In a remote loca-
tion, the CMC 5 can send or receive data
at up to 2000 bps. Computer Machinery
Corp., 2231 Barrington Ave., Los Angeles,
CA 90064. 301

Keyboard terminal stand, available in both
23- and 36-inch widths, has a cantilevered,
nonglare plastic laminate work surface
and a shelf for storage. Wright Line, A
Div. of Barry Wright Corp., 160 Gold Star
Blvd., Worcester, MA 01606. 302

Retentive memory SL contains five inde-
pendent circuits. Each circuit is a latch
reed relay that holds information during
power loss. All modules are plug-in and
are protected by a thermoplastic enclosure.
Square D Co., Dept. SA, Milwaukee, WI
53201. 303

CRT terminals, Models 40 and 44, are IBM
compatible and produce hard copy of dis-
play. These units combine keyboard entry,
2400-baud operation and produce a 4.5-
by 5-inch copy by keyboard command.
Photophysics, Inc., 1601 Stierlin Rd.,
Mountain View, CA 94040. 304

Digital tape recorder PI-1217/19 offers a
wide variety of IBM-compatible configura-
tions (7 or 9 channels). Packing densities
range from 200 to 1600 bpi at speeds of
45 to 100 ips. Precision Instrument Co.,
3170 Porter Dr., Palo Alto, CA 94304.

305
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CRT terminals, Models I, II and III, have
modular construction that permits field
alteration within minutes. Basic con-
figuration displays 800 characters and
has 53-key teleprinter keyboard. Bee-
hive Medical Electronics Inc., 1473 S.
6th W., Salt Lake City, UT 84104. 306

Modem M-48, a 4800-bps unit, operates on
unconditioned leased or dial-up lines. It is
primarily intended for point-to-point ap-
plication using 4-wire dedicated lines as
the primary service, dial-up as back-up.
Paradyne Corp., 2040 Calumet St., Clear-
water, FL 33515. 307

Automatic tape winder, Model TW-420,
winds or rewinds 1/2-, 1- or 2-inch mag-
netic tape from a 10.5-inch standard NAB
or IBM reel to any special reel, flanged or
flangeless. MPH Electronics, 9654 Al-
paca St., South El Monte, CA 91733. 308

Keyboard terminal, UCC/Datel 31, fea-
tures an incremental recorder-reader that
uses a 4- by 4-inch cassette containing
1/8-inch tape with storage capacity of
90,000 characters. Data format is com-
patible with IBM 2741. University Com-
puting Co., 1500 UCC Tower, Box 6228,
Dallas TX 75222. 309

Five electronic calculators, Series 1800,
display answers on a single-plane display.
From a simplex four-function model to a
2-memory, automatic square root ma-
chine, all have 14-column capacity. Prices
range from $395 to $645. Victor Comptom-
eter Corp., 3900 N. Rockwell St., Chi-
cago, IL 60618. 310

Counting keyboard, Electro/Set 460, stores
six fonts, each containing widths for 128
different characters. The keyboard pro-
vides justified 6-, 7-, or 8-level tape for all
unit or non-unit type faces from 4 - 96
Points. Graphic Equipment Div., Fair-
child Camera & Instrument Corp., 221
Fairchild Ave., Plainview, NY 11803.
311
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Miniature elapsed-time indicator provides
a permanent record of total elapsed op-
erating hours of equipment and instru-
ments. Units are 1.256 inches high and
operate over a temperature range of —35
to 150°F. models are available with cali-
brated time scales for 1000, 2000, 5000
and 10,000 hours. The Fredericks Co.,
Huntingdon Valley, PA 19006. 312

A light-emitting diode, used as an indicator
light, is now available on R10 Series re-
lays. An LED placed across the relay’s
coil emits a highly visible red light that
indicates power on the coil. LEDs are pres-
ently available on R10L relays operating
from input voltages up to 48V dc. Potter
& Brumfield, Princeton, IN 47670. 315

Miniature switches of the 1SV “Rolling
Wave” line feature an S-shaped beryllium
copper snap-action spring and resilient,
multi-point stationary gold contacts.
Switches operate at 25g maximum force
and interface with solid-state logic cir-
cuits with little or no buffering. Micro
Switch, Div. of Honeywell Inc., 11 W.
Spring St., Freeport, IL 61032. 313

Momentary SPST illuminated pushbutton
switch accepts either standard 1/2-inch?
pushbuttons or truncated keyboard but-
tons. Rated from dry circuit to 1/2A re-
sistive at 30V dc, the QT switch has travel
of 0.01 inch total, actuation force of 6 oz
and life rating of 2 million operations.
Price in 1000 lots is $0.84 each. Marco-
Oak, Subsidiary of Oak Electro/Netics
Corp., 207 S. Helena St., Anaheim, CA
92803. 314

Miniature pin-and-socket connectors fea-
ture fixed pin wire-wrappable contacts
set in a two-piece, glass-filled nylon di-
electric. This addition to the “MinRac” 17
Series is available in standard 9-, 15-, 25-,
37- and 50-contact configurations. Am-
phenol Industrial Div., Bunker-Ramo
Corp., 1830 S. 54th Ave., Chicago, IL
60650. 316

Waveguide switches utilize the unique
“Transactor” actuator. The actuator rotor
and switch RF rotor are combined in a sin-
gle integrated assembly, eliminating all
mechanical linkage. These actuators are
smaller and more reliable than older de-
signs using motor/gears or solenoids,
require only about one-third the current
and are designed for extreme environ-
ments. Transco Products, Inc., 4241 Glen-
coe Ave., Venice, CA 90291. 317

LAY I SR B
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Optical bi-directional incremental encoders
feature integral electronics and operation
from single +5V.dc power. The 5V70
Series is available with up to 4096 counts
per each revolution; the 5V270 with up to
20,000 counts/revolution. Prices start at
$149 for the 5V70 Series. Baldwin Elec-
tronics, Inc., 1101 McAlmont St., Little
Rock, AR 72203. 318

Subminiature two-contact connectors of
the G-Series are suited for medical instru-
ments, hearing aids, transducers, high
density IC packages, and numerous micro-
miniature custom applications. Price is
$1.25 each in single quantities ($0.65
each in quantities of 1000). Microtech,
Inc., 777 Henderson Blvd., Folcroft, PA
19032. 319

A new family of industrial quality trans-
formers incorporates the electrical per-
formance characteristics of comparable
MIL-spec units at a substantial reduction
in price. Applications of the I-DO-T and
I-DI-T transformers include isolation,
matching, and push pull driving. Typical
quantity price is in the $2.50 to $3.00
range. United Transformer Co., Div. of
TRW, Inc., 150 Varick St. New York, NY
10013. 320
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Thick-film resistors of the HR series are
nonhydrogen sensitive and extend MIL-R-
10509 performance to 1000 M2 and 15 kV.
A noble-metal thick-film element with
glass seals permits operation from —55
to +225°C. Price is as low as $0.94 each
in production quantities. EMC Tech-
nology, Inc., 1300 Arch St., Philadelphia,
PA 19107. 321

IC socket assemblies on PC boards permit
any complement of 14-, 16-, 24-, 36-, or
40-pin IC sockets. Either 0.062- or 0.125-
inch thick glass boards are available.
Interdyne, 2217 Purdue Ave., Los Angeles,
CA 90064. 322

AC power receptacle meets International
Electrotechnical Commission (IEC) stan-
dards for European equipment and has
been approved for listing by UL and
Canadian Standards Assn. (CSA). The
3-pin EAC-301 has a center pin that mates
first and disconnects last. It mounts easily
in a rectangular chassis cut-out. Switch-
craft, Inc., 5555 N. Elston Ave., Chicago,
IL 60630. 323

Multiple conductor transmission line is
constructed with “Teflon”-coated silver-
plated conductors that are woven into a
flat ribbon with a binder of nylon. Trans-
mission line in this series is available in
conductor sizes from 20 to 34 AWG, with
impedances from 50() to 150(). Connecta
Data, Inc., Box 355, Eatontown, N J 07724.

324

Edge-mount connector for leadless sub-
strates accepts 0.04-inch thick single-sided
ceramic substrates. They are available
in 40-position single-sided configuration
with contacts on 0.05-inch centers. AMP
Inc., Harrisburg, PA 17105. 325

Isolation transformers and power supplies
for medical electronics, Series H, help
prevent “microshocks”. They offer typical
leakage currents of < 2 pA with 2000V
minimum breakdown voltage. Interwind-
ing capacitance approaches 0.0001 pF and
primary-to-secondary shorts are virtually
impossible. Elcor Products by Welex Elec-
tronics, 2431 Linden Lane, Silver Spring,
MD 20910. 326

Miniature slide switches of the MSS Series
are available with either direct or right-
angle mounting terminals for PC-board
use. Switch rating is 0.3A at 125V ac
and rating is 15,000 cycles at rated load.
Prices start as low as $0.60 each in single
lots. Alcoswitch Div., Alco Electronic
Products, Inc., Box 1348, Lawrence, MA
01842. 327

Rectangular relay socket for 14-contact
4PDT plug-in type relays is offered with
both solder eyelet and PC contact tails.
Rating is 7.5A at 600V ac. Amphenol
Industrial Div., The Bunker-Ramo Corp.,
1830 S. 54th Ave., Chicago, IL 60650.

328

Miniature pushbutton switches with 15/32
diameter bushing are available with stan-
dard, watertight and round base—and
with momentary or alternate action. Stan-
dard and watertight versions are rated at
5A, 125V ac or 28V dc, resistive load.
Prices range from $0.57 to $5.95 each, de-
pending on quantity. Specialty Products
Div., Cutler-Hammer, Inc., 4201 N. 27th
St., Milwaukee, WI 53216. 329

All metal parts
corrosion resistant to

withstand adverse
envirunmental\
conditions.

Janco Rotary Switches
have the guts to prove
they are BEST!!!

Detent mechanism
investment cast star
cam with opposed
balls and springs
for positive detent.

BUGCEKE EY

Glass-filled alkyd Solid silver contacts

MATCHING
INSTRUMENT
SERIES

throughout for higher
mechanical strength,\
higher dielectric
strength and higher
ambient temperatures.

for longer life,
higher reliability,
and lower contact
resistance.

Solid mechanical

End bearing surfaces bond for positive

for positive contact
alignment.

Totally enclosed
components!
Explosion-Proof!
Dust-Free!

WRITE FOR

Heat treated
beryllium copper
conductors, silver

plated for low
uniform voltage drop
under all conditions.

JANCO

CORPORATION

3111 Winona Ave., Burbank, Calif. 91504
Phone 213-845-7473 « TWX 910-498-2701

current conductance.

FREE CATALOG
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Buckeye MATCHING INSTRUMENT KNOBS will
enhance your instrumentation. They are avail-
able in six basic sizes, in six attractive
styles and in four stock color variations —
and in single-round, concentric, bar
and half-bar, spinners, pointers
and skirted types, plus many
® variations including hot-
stamping and silk-screening.

Write TODAY.

THE BUCKEYE STAMPING COMPANY

555 Marion Rd., Columbus, Ohio 43207
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Circuits

Sample and hold module, Model SHM-2,
features 100-nsec acquisition time, 10-
nsec aperture time and 30V/microsecond
slew rate. Frequency response is from
dc to 500 kHz. Long-term stability is
+0.01%/6 months. Price each is $149.
Varadyne Systems, 1020 Turnpike St.,
Canton, MA 02021. 330

Operational amplifiers, Models 2043 A/B/C,
have an open-loop voltage gain of 25,000
at frequencies up to 5 MHz. Other fea-
tures include 20 M() common mode imped-
ance, 5 mV offset voltage, 1 nA offset cur-
rent and common-mode voltage rejection
of 1000. Melcor Electronics Corp., 1750
New Highway, Farmingdale, Long Island,
NY 11735. 331

¥ POWER SUPPLY
B o621

pROUCTS VSO
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YIG filter will tune from 500 MHz to 1 GHz
in only 80 wsec. The four-stage Model
P4005F provides 3-dB bandwidth of 20
to 35 MHz, 4 dB insertion loss and off-
resonance isolation > 80 dB. Package size
is 1.7 inches? by 2 inches. Advanced Micro-
wave Labs, 825 Stewart Dr., Sunnyvale,
CA 94086. 333

High-speed 10-bit converter, Model MN325,
comes in a 16-pin DIP. Unit includes
monolithic switching networks, precision
thin-film resistor network and internal
reference. Power consumption is only
500 mW. Logic input is DTL/TTL compat-
ible. Prices are $69 (1-24) and $49 (100
quantity). Micro Networks Corp., 5 Bar-
bara Lane, Worcester, MA 01604. 334

Dual regulated dc power supplies, 19-621
and -622, have a working voltage range of
105 to 125V in a frequency range of 50 to
60 Hz. Maximum power drain is 10 VA.
Output voltages are =18V, =0.5% (19-621)
and =15V, =0.5% (19-622). Mechanical
dimensions are 4.7 by 3.5 by 1.8 inches.
Price is $75. Bell & Howell Co., Control
Products Div., 706 Bostwick Ave., Bridge-
port, CT 06605. 332

Two series of solid-state relays, LS (line-
activated switch) and HR (hybrid relay),
are available in 4 to 40A current range
and 200 to 400V rating. Both units con-
tain triacs and act as single-pole normally-
open contactors. The LS Series offers units
of up to 1200V. Reed coil voltages of 6 to
24V ac are available for the hybrid de-
vices. ECC Corp., Box 669, 1011 Pamela
Dr., Euless, TX 76039. 335

Synchro-to-digital converter measures 3.5
by 2.5 by 1.25 inches. It accepts input
from a 26V or 115V synchro and provides
12-bit binary or 4-decade BCD output
+6 arc min accurate. Maximum conver-
sion rate is 400/sec. Price is $350 for either
version. Transmagnetics Inc., 210 Adams
Blvd., Farmingdale, NY 11735. 336

Crystal oscillators, Arvos Il in a 1- by 1- by
0.35-inch case, generate any frequency
between 7 and 25 MHz. The stability is
+20 PPM or better over the temperature
range of —40 to 75°C. Maximum input
power requirement is 300 mW. Input re-
quirement is 12V dc +1%, and the output
is TTL compatible. Arvin Industries, Inc.,
Columbus, IN 47201. 337

Miniature 7-bar segment display, Series
1040, illuminates 0.46-inch high char-
acters in a single plane configuration and
is readable from 12 ft. Lamp replacement
is accomplished from front or rear of the
panel. Total price for the complete unit
(display and associated circuits) is $11.31.
Industrial Electronic Engineers, Inc.,
7720-40 Lemona Ave., Van Nuys, CA
91405. 338
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sneed Un L.C. Lead Inserion!

New “Funnel-Entry”’ Wire-Wrap® Terminals

E.M.C.’s brand new “Funnel-Entry’
design (pat. appl. for) simplifies
manual or automatic insertion of
I.C. leads. Terminals available
in 2 or 3 levels of wrap, for
100-grid centers, separately
or with E.M.C. panels (below).

Low-Profile . . . for minimum
space requirements.

Nurl-Loc® Terminals* prevent
twisting during wrapping.

Four-finger contact assures
positive electrical connection.

E.M.C. Universal panels offer
9 to 54 parallel rows on .300”
centers, for all std. IC's

with 14, 16, 24, 28, 36, or 40
leads . . . all 100-grid spacing.

Write or Phone for
Bulletin

a ) ﬁl ELECTRONIC MOLDING
CORPORATION
Interconnection Specialists by Design 96 Mill Street, Woonsocket, R. |. 02895

Wire-Wrap® Gardner-Denver Co. (401) 769-3800

WIRE-WRAP® | C. PACKAGING PANELS * TRANSISTOR AND IC SOCKETS * TEST JACKS * TERMINALS * LAMP SOCKETS * BINDING POSTS

* Patent Pending

CIRCLE NO. 16

MICRO-VECTORBORD® AND

D.I.P. PLUGBORDS ARE HERE!

Save time — Save work — Save money

EXET AR il

3677
SOLDER TAB TYPE

3682
WIRE WRAP TYPE

WiIiDE SELECTION OF

MICRO-VECTORBORD “P" .042” holes match
D.I.P. leads. Epoxy glass or paper, cop. cld. also
1/64” to 1/16” thk.

MICRO-VECTORBORD “M" .025” holes match
Flat-Paks, 1/32"” Epoxy glass, cop. cld. also or
.007"” Mylar.

NEW SOLDER-PAD D.I.P. PLUGBORDS — 3677
Series Epoxy glass, “P"" pat., 1/16” thick with 44
etched plug contacts (2 side total) power, ground

]
Send for complete literature
€0t €. ccTrONIC cO., INC.

12460 Gladstone Ave., Sylmar, California 91342
NEW » Phone (213) 768-6080 . TWX (910) 496-1539

SIZES AND MATERIALS
busses, pads for up to 24 D.I.P.'s (14's). Also 21
units 16-leads D.I.P.'s, T-O's and discretes.
NEW WIRE WRAP D.I.P. PLUGBORDS — 3682
Series Similar to above but closely spaced bus
lines for higher density. Up to 48 D.I.P. 14 lead
wire wrap sockets mountable or T-O's and dis-
cretes.

TERMINALS — Micro-Klips, Mini-Wire-Wraps, Rd.

Pins, Patch Cords, etc., available.

SEE US AT WESCON BOOTH #1617 |
CIRCLE NO. 23
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RF power amplifier, Model PA-1000, is a
linear class A unit that provides up to
60W output between 100 kHz and 140
MHz. Output is electrically equivalent to
an open-circuit voltage of 110V rms maxi-
mum in series with 50Q). Electronic Navi-
gation Industries Inc., 1337 Main St.
East, Rochester, NY 14609. 345

Signal conditioning card allows use of
piezoresistive accelerometers to make
measurements across very broad ranges
of acceleration and frequency. Frequency
response is =2% from 0.2 Hz to 2000 Hz.
Endevco Dynamic Instrument Div., 801 S.
Arroyo Pkwy., Pasadena, CA 91109. 346

L- and S-band telemetry amplifiers meet
the latest IRIG and DOD requirements.
Model AM-1542N for the 1435- to 1540-
MHz bands provides 20-dB gain with
+0.3-dB flatness and 4.5-dB noise figure.
Model AM-2302N for the 2200- to 2300-
MHz band provides 23-dB gain with
+0.3-dB flatness and 5.5-dB noise figure.
Approximate price is $900 each. Avantek,
‘Inc., 2981 Copper Rd., Santa Clara, CA
95051. 347

YIG-tuned Gunn effect diode oscillators
tune the 8- to 12.4-GHz range with low
frequency drift without the use of heaters.
Model FS-56 is self-shielding, and op-
erates from a =15V dc supply. Frequency
Sources Inc., Box 159, North Chelmsford,
MA 01863. 348

Wideband amplifier, Model 725, has 27-dB
gain from 50 kHz to 500 MHz with nomi-
nal impedance of 50€. Size is 7-3/4 by
4-3/4 by 2-1/4 inches, weight is 2 lbs and
price is $150 each. Measurement Special-
ties Laboratory, Inc., Box 3654, Santa
Monica, CA 90403. 349

Antenna selector switch that operates
with any type of pulse transponder with
a video output pulse, Model 735, auto-
matically selects whichever of two an-
tennas provides the best coverage. Vega
Precision Labs., Inc., 239 Maple Ave.,
Vienna, VA 22180. 350

FET amplifier priced at $9.75, Model
ZA801M1, features 25 pA maximum input
current, 10,000:1 CMRR, 10''€) input im-
pedance and 50 wV/°C maximum drift.
Package size is 1 by 1 by 0.4 inch. Zeltex,
Inc., 1000 Chalomar Rd., Concord, CA
94520. 351
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Solid-state lamps, using LEDs, 5082-4440
and -4444, are priced at $0.65 each in
quantities of 10,000. The 4440 is for panel
mounting and 4444 for printed-circuit
board mounting. These gallium-arsenide-
phosphide lamps have a red diffused plas-
tic lens with high visibility over a wide
viewing angle and a high oFF/ON contrast
ratio. Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, CA 94340. 352

.
.

Low forward voltage, fast recovery 3- and
6A Metoxilite rectifiers have monolithic
non-cavity construction, fused metal oxide
hermetic seal, low thermal impedance and
low reverse leakage. The 3A rating at
55°C requires no heat sink, special mount-
ing or forced air cooling. The 6A device
meets MiL Std. 750. Semtech Corp., 652
Mitchell Rd., Newbury Park, CA 91320.

353

Light-sensitive FETs, FF-102 and -108, fea-
ture dark current of 0.05 nA, response
time of 30 nsec typical and broad spectral
response (near infrared through visible
blue). Both are packaged in a TO-72—the
FF-102 has a lens and the FF-108 has flat
glass for use with external optics. Prices
range from $6 (1-99) to $4 (100-999).
Teledyne Crystalonics, 147 Sherman St.,
Cambridge, MA 02140. 354

Dual 100-bit dynamic shift registers,
MC 2380G and 2381G, drive TTL circuits
directly at 3 MHz minimum. The MC2380G
has open-drain output devices. A variant,
the MC2381G, has an internal pulldown
resistor on the output to provide direct
MOS interface. Prices range from $5.95
(1-24) to $3.95 (100-999). Motorola Semi-
conductor Products Inc., Box 20924, Phoe-
nix, AZ 85036. 355

A line of silicon control rectifiers, 300PA,
handles 300-A average current. Rated
voltage is 500 to 1600V. For firing, maxi-
mum peak gate power is 10W, maximum
average gate power is 2W and maximum
peak positive gate voltage is 20V. Typical
gate current for triggering is 50 mA. Semi-
conductor Div., International Rectifier
Corp., 220 Kansas St., El Segundo, CA
90245. 356

Operational amplifier Am1660 is designed
to fill the performance and price gap be-
tween the 301A and the 308. It offers
22-mW power dissipation with typical
offset current of 800 pA, and is priced at
$5 in quantities over 100. Other electrical
parameters include 5-nA input bias cur-
rent and 12-M() input resistance. Ad-
vanced Micro Devices Inc., 901 Thompson
Pl., Sunnyvale, CA 94086. 357

Two series of Darlington phototransistors,
CLR 2000 and 2100, provide high light
currents at low irradiance levels. For the
CLR 2000 the flat window is characterized
at 0.2 mW/em?, and for the CLR 2100
lensed unit at 0.02 mW/cm?. Prices range
from $1.53 to $1.68 (quantities of 500) for
the CLR 2000, $1.63 to $1.79 for the CLR
2100. Clairex Corp., 560 S. 3rd Ave.,
Mount Vernon, NY 10550. 358

3 P A d /]
Monolithic 16-channel multiplexer DM110
features a special buffer circuit that per-
mits the output to “float” in an inhibit
condition. Power consumption is 100 mW
(oN state) and 10 mW (inhibit state). This
device is MOS/CMOS compatible and ca-
pable of driving two TTL inputs. Price
is $19.90 in 100-unit quantities. Siliconix
Inc., 2201 Laurelwood Rd., Santa Clara,
CA 95054. 359

Bipolar ROM MM6280/MM5280 is an 8192-
bit unit organized as 1024 words by 8 bits.
It has an access time of 100 nsec and power
dissipation of 60 uW/bit. Because of the
capacity, one device is capable of pro-
viding 128 standard ASCII encoded alpha-
numeric characters with codes for upper
and lower control. Monolithic Memories,
Inc.,, 1165 E. Arques Ave., Sunnyvale,
CA 94086. 360
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Deoxidizing gas-sensing semiconductor
TGS is composed of oxidized metals such
as tin oxide, zinc oxide and ferric sesqui-
oxide, and decreases in electrical resis-
tance when it encounters deoxidizing gases
such as hydrogen, carbon monoxide, meth-
ane, propane, alcohol, volatile oil and
acetylene. Japan Industrial Trade Service
Press, C.P.O. Box 1095, Osaka, Japan.
361

Field programmable ROM, MM6305/5305,
is a 2048-bit bipolar unit that is the larg-
est bipolar ROM presently on the market.
In lots of 100 to 249 prices start at $100
each for a 0 to 70°C unit. Monolithic
Memories, Inc., 1165 E. Arques Ave.,
Sunnyvale, CA 94086. 362

Three 1024-bit multiplexed dynamic shift
registers operate at a data rate of 10 MHz
typical and are designated 2502 —a quad
256-bit unit, 2503 —a dual 512-bit unit
and 2504 —a single 1024-bit register. In
lots of 100 to 999, prices start at $11.05
each. Signetics Crop., 811 E. Arques Ave.,
Sunnyvale, CA 94086. 363

IC op amp, LM216 Series, offers input off-
set currents that range from 50 pA down
to <15 pA. Input bias current range from
150 pA down to 50 pA and all amplifiers
draw <200 nA at maximum supply volt-
age of +20V. In lots of 100 items, prices
range from $9.95 to $40 each. National
Semiconductor Corp., 2900 Semiconductor
Dr., Santa Clara, CA 95051. 364

Monolithic phase-locked loop LM565 con-
tains a linear VCO, doubly-balanced
phase detector and amplifier and a low-
pass filter. The 0-to-70°C unit is $6.70
each, in 100-up quantities. National Semi-
conductor Corp., 2900 Semiconductor Dr.,
Santa Clara, CA 95051. 365

Silicon controlled rectifiers include 16 de-
vices that span the range from 100 to
1400V at 110A. Prices in lots of 10 to 44
range from $14.75 to $150.50. Technical
Information Center, Motorola Inc., Semi-
conductor Products Div., Box 20924, Phoe-
nix, AZ 85036. 366

White noise generator diodes cover the
frequency spectrum through the UHF
range. Operating in the avalanche mode,
they produce Gaussian random noise with
an optimized constant amplitude as a
function of temperature and frequency.
In lots of 1 to 9, prices range from $15.60
to $21.60. CODI Semiconductor, Div. of
Computer Diode Corp., Pollitt Dr., Fair
Lawn, NJ 07410. 367

NPN silicon power transistor series SDT
401-431 and SDT 1050-1164 are 125W
units that are the first high voltage de-
vices specified lower than 100 pA I,
Gain selections are up to 5A, and price is
<$10 each in lots of 1 to 99. Solitron De-
vices, Inc., 1177 Blue Heron Blvd., Riviera
Beach, FL 33404. 368

Logarithmic diode family, LD-3029, pro-
vides a 7-decade operating range at +25°C,
—55°C and 5-decade operating range at
85°C. Price is $4.50 each. CODI Semi-
conductor, Div. of Computer Diode Corp.,
Pollitt Drive South, Fair Lawn, N J 07410.
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NEW

MINIATURE
SWITCHES

offer high rating reliability,

FAST, PERMANENT
BUNDLE IDENTIFICATION

e PAN-TY" marker ties secure harnesses; also provide clear,
permanent bundle identification. Meet applicable Mil Specs.
Tool or hand applied.

. PANDUIT' marker plates are used with PAN-TY® cable
ties. Round holes permit mounting in any direction—as wrap-
around, tag or flag. Individual plates or continuous rolls.

e Use PANDUIT" marking pens or available marking ma-

chines.
FREE SAMPLES

Pour...

Tinley Park, 1ll. 60477 * Phone: 312—532-1800 e Telex 25-4560

FROM THE MANUFACTURERS OF W

PANDUCT "PLASTIC WIRING DUCT

VISIT PANDUIT WESCON BOOTH #1601
CIRCLE NO. 25

attractively, in small space

e Rocker and paddle types, including snap-in models
e 12A, 125V., 6A. 250V. AC, % HP 125-250V. AC

e SPST; SPDT center off; SPDT center off,
momentary-on, models

e Variety of cover plates, brackets and actuators
e Choice of terminals
e U.L. Listed, C.S.A. Approved

For complete Specifications request Catalog.

MGILL

ENGINEERED SWITCHES

McGILL MFG. CO., INC.
ELECTRICAL DIVISION
VALPARAISO, INDIANA 46383

CIRCLE NO. 24
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Equipment

Multiphase pulse generator for testing
MOS integrated circuits supplies 2- or
4-¢ clock patterns required for testing at
rates to 12.5 MHz (4¢) or 25 MHz (2¢).
Model 1934A, which is programmable, is
a plug-in module for the 1900 Series pulse
generators. Output pulses can be RZ, NRZ,
or DNRZ. The price is $775. Hewlett-
Packard Co., 1601 California Ave., Palo
Alto, CA 94304. 370

Frequency counter, Model 1250, covers
from 5 Hz to 32 MHz, has solid-state LED
readouts and automatic decimal position-
ing. Storage circuitry gives non-blinking
readout on all four ranges. Price is $395.
Weston Instruments, Inc., 614 Freling-
huysen Ave., Newark, N J 07114. 371

16-bit, 20-MHz data generator, Model 220,
is priced at $495. Features include readily
expandable 16-bit cycle lengths, clock
rates from 0 to 20 MHz and TTL/DTL-
compatible inputs and outputs. Datapulse
Div., Systron-Donner Corp., 10150 W.
Jefferson Blvd., Culver City, CA 90230.

372

AC volt-amp recorder has full-scale cur-
rent ranges of 25, 100 and 300A (60 Hz) at
4% accuracy. Voltage ranges are 150, 300
and 600V (60 Hz) with accuracy of 3% of
full scale. A clamp-on transducer handles
conductors up to 1 inch in diameter. Stan-
dard writing speed is 1 inch/hr. Price is
$159. Rustrak Instrument Div., Gulton

Industries, Inc., Municipal Airport, Man-
chester, N H 03103.

373
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Digital clock allows precision measure-
ment of real or elapsed time and displays
seconds, minutes, hours, and (optional)
days. There is provision for synchronizing
with WWV. Model 250 is priced at $1150.
Neutronic Corp., Box 625, Bridgeton, MO
63044. 374

X-Y Recorder, Model 400, weighs less than
10 Ib and fits into an attache case. Chart
size is 8-1/2 by 11 inches, operation is
from D-cell batteries and the maximum
slewing speed is better than 15 inches per
second. Price is $495. Gamma Scientific,
Inc., 3777 Ruffin Rd., San Diego, CA
92123. 375

PCM bit synchronizer provides tunable bit
rates from 1 bps to 5 Mbps, a special input
filter, and an override control that per-
mits switching from the computer pro-
gram mode to manual control and back
without destroying the original setup. The
model number of this fourth-generation

product is 720. EMR-Telemetry Div.,
Weston Instruments, Inc., Box 3041,
Sarasota, FL 33578. 376

r— ottt ’T_,mwrnf-‘
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Voltmeter/counter combines an auto-

ranging ac and dc digital voltmeter with
digital dB presentation, and a fully auto-
matic counter. Counter frequency range
is from 10 Hz to 1.5 MHz with 0.1-Hz
resolution. Northeast Electronics Corp.,
Airport Rd., Concord, NH 03301. 377

VCF waveform generator covers the very
wide range from 0.0001 Hz to 11 MHz.
Frequency response of the Model 7030 is
extremely flat. Waveforms include sine,
square, triangle, ramp, pulse and sync.
Output is 15V pk-pk into 50(). Price is
$595 each. Exact Electronics, Inc., Box

160, Hillsboro, OR 97123. 378
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Literature

Solid-state switch is described in four-
page product sheet 2SS1. Typical applica-
tions and specifications are given for this
subminiature addition to Micro Switch’s
magnetically-operated solid-state switch
line. Micro Switch, Div. of Honeywell
Inc., 11 W. Spring St., Freeport, IL 61032.

200

Double pulse generator with repetition
rates from 10 Hz to 15 MHz and square
waves from\ Hz to 100 kHz is covered in
Bulletin 2456 which outlines such fea-
tures as adjustable rise and fall times from
10 nsec to 10 msec. Technical Information
Section, Electronic Instruments Div.,
Beckman Instruments, Inc., 3900 N. River
Rd., Schiller Park, IL 60176. 201

READOUT

Solid-state readout the new Series 745
single-digit module designed particularly
for use in hand-operated portable or desk-
top instruments, is described in a new bul-
letin from Dialight Corp., 60 Stewart Ave.,
Brooklyn, NY 11237. 202

60

Low-power logic applications and sche-
matic diagrams that show how to mix 54L
TTL with ultra-low-power logic for best
solution to the speed/power trade-off
problem are discussed in a brochure avail-
able from Teledyne Semiconductor, 1300
Terra Bella, Mountain View, CA 94040.

203

Advanced semiconductor memories are
the subject of a 20-page catalog describing
semiconductor memory devices employing
silicon-gate MOS and Schottky bipolar
technologies. Major specifications, block
diagrams, pin configurations, timing dia-
grams and characteristic curves are in-
cluded. Intel Corp., 3065 Bower Ave.,
Santa Clara, CA 95051. 204
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Foamed dielectric cable “Micro-Cell F110”
is described in a new folder containing a
sample of the foamed FEP “Teflon” cable.
Microdot Inec., Cable Div., 220 Pasadena
Ave., South Pasadena, CA 91030. 205

“Solid-State Relays’ is the title of a 48-
page catalog describing the company’s
line of relays and coils, including opto-
electronic, latching, microreed, binary,
time delay, frequency sensitive and other
types of relays. Solid State Electronics
Corp., 15321 Rayen St., Sepulveda, CA
91343. 206

MOS/LSE
in plastic packages

““MOS/LSI In Plastic Packages” is the title
of an 8-page bulletin (CB-132) that de-
scribes assembly steps, package dimen-
sions, environmental results and life-test
results of the company’s plastic dual in-
line packages for MOS/LSI ICs. Texas In-
struments Incorporated, Inquiry Answer-
ing Service, Box 5012, M/S 308, Dallas,
TX 75222, 207

1 2
e

Subminiature toggle switches are described
in a 12-page catalog with photographs,
engineering drawings, specifications,
prices and distributor listings. C&K Com-

ponents, Inc., 103 Morse St., Watertown,
MA 02172. 208
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Literature

Monolithic ceramic capacitors are covered
in a 12-page catalog from Electro Materi-
als Div., Illinois Tool Works Inc., 11620
Sorrento Valley Rd., San Diego, CA 92121.

209

Modular remote batch terminals are the
subject of a 12-page catalog from M&M
Computer Industries, Inc., 770 N. Main
St., Orange, CA 92668. 210

“‘Control Knob Selector” wall chart mea-
sures 25 by 38-1/2 inches and covers 300
plastic and aluminum stock knobs. Elec-
tronic Hardware Corp., Control Knobs
Div., 180-08 Liberty Ave., Jamaica, NY
11433. 211

Dual in-line and standard pulse transform-
ers are the subject of data sheets from
Vanguard Electronics, 930 W. Hyde Park,
Inglewood, CA 90302. 212

Power supplies designed especially for
packaged digital displays are the subject
of this four-page catalog from Instrument
Displays, Inc., Granite St., Haverville MA
10830. 213

Trimming resistor networks packaged in a
14-lead dual in-line container are detailed
in a brochure entitled “Space, Time and
Temperature”. Amphenol Controls Div.,
The Bunker-Ramo Corp., 120 S. Main St.,
Janesville, WI 53545. 214

Relay sockets with 8, 10, 14 and 20 fixed
or removable contacts are covered in Form
1458-371 from Continental Connector
Corp., 34-63 56th St., Woodside, NY
11377. 215

Capacitors, coaxial cable and connectors,
fuseholders, lamps, readouts, pots, resist-
ors and semiconductors are among the
items featured in 56-page Bulletin 132
from Reliance Merchandizing Co., 2223
Arch St., Philadelphia, PA 19103. 216

Terminal boards are the subject of a newly
revised, 20-page publication from General
Electric Co., General Purpose Control
Dept., Box 913, Bloomington, IL 61701.

217

High-speed, wide-band op amps are cover-
ed in this four-page sheet from Melcor
Electronics Corp., 1750 New Highway,
Farmingdale, Long Island, NY 11735. 218

Hybrid amplifier specifying guide covers
small signal amplifiers, medium power
linear amplifiers, CATV amplifiers and
high power RF amplifiers. Marketing
Services Dept., Fairchild MOD, 3500
Deer Creek Rd., Palo Alto, CA 94304. 219

Connectors and headers for OEM electron-
ic packaging applications are outlined in
literature from 3M Co., Dept. EL1-23, Box
3686, St. Paul, MN 55101. 220

Ferrite products including toroids, beads,
tubes, baluns, antenna rods and pot cores
are covered in 16-page Catalog No. 107
from Indiana General, Electronic Prod-
ucts, Keasbey, N J 08832. 221

Magnetic pickup Catalog 8506 is reported
to be the most comprehensive piece of lit-
erature available on these devices. The 16-
page catalog is available from Controls
Div., Airpax Electronics, Box 8488, Fort
Lauderdale, FL 33310 222

Rack and panel connectors in the 213
Series are the subject of a four-page cata-
log from Amphenol Connector Div., The
Bunker-Ramo Corp., 2801 South 25th
Ave., Broadview, IL 60153. 223

Field effect transistors including both N-
and P- junction types are featured in a
16-page brochure with a cross referencing
index from Intersil Inc., 10900 N. Tantau
Ave., Cupertino, CA 95014. 224
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Design Data

Application Notes

“Choice of Protection”, third edition of the
Airpax technical journal designed to aid
in the selection of circuit protection de-
vices, has been expanded to 20 pages. It is
primarily a treatise on magnetic circuit
breakers. Airpax Electronics, Box 8488,
Fort Lauderdale, FL 33310. 240

“Using Small Computers in Data Commu-
nications Networks” is the title of a five-
page reprinted article that describes tech-
niques, characteristics and performance.
It is available from Interdata, Inc., 2 Cres-
cent Pl., Oceanport, N J 07757. 241

Data collection system for pollution con-
trol using a computer interface system for
collection and control of data is described
in Application Note T-267. Included are
systems that can accept data from a vari-
ety of analog and digital sources, commu-
nicate with off-site processing equipment
over telephone lines and respond to con-
trol signals received over the same lines.
Princeton Applied Research Corp., Box
565, Princeton, N J 08540. 242

Silicon solar cells are the subject of a four-
page bulletin that presents a general de-
scription of cell construction, electrical
characteristics, an equivalent circuit dia-
gram and spectral response of cells com-
pared with the radiation of various light
sources. M7, Inc., 210 Campus Dr., Arling-
ton Heights, IL 60004. 243

“Laser Pulses” is the title of a periodic
series of technical notes on the design, use
and properties of laser glass and glass
lasers. To receive the series, write on com-
pany letterhead to Laser Products Dept.,
American Optical Corp., 14 Mechanic St.,
Southbridge, MA 01550.

“Analog Dialogue” provides technical in-
formation ranging from applications for a
new monolithic IC voltage switch to the
use of analog multipliers for measure-
ment of sine wave amplitudes without
averaging. Included are op amps as elec-
trometers, results of long-term drift mea-
surements on a variety of op amps, and
applications of low-bias FET-input IC op
amps. Analog Devices, Inc., Rte. 1 Indus-
trial Park, Norwood, MA 02062. 244

Power supplies fpr GaAs injection lasers
are described in a 12-page application
note. AN-4469 shows schematic diagrams
and discusses the operation of supplies
for pulsing single-diode lasers, laser
stacks, and laser arrays. Eleven different
circuits are described. RCA Commercial
Engineering, Harrison, N J 07029. 245

“MOS Interface” is an application note
with illustrations describing an inexpen-
sive method of interfacing the MOS por-
tion of a system with conventional hipolar
logic or systems output devicc  Astro
Space Labs., Inc., Research Park, Hunts-
ville, AL 35806. 246

“Vector Voltmeter Measurement Tech-
niques” is a fully-illustrated booklet de-
scribing a wide variety of measurements
that can be made over the 1.5 MHz to
2.4 GHz frequency range with accuracy
and convenience previously unobtainable.
Detailed setup diagrams are provided. For
Application Note 22, write on company
letterhead to the Public Relations Dept.,
PRD Electronics, Inc., 1200 Prospect Ave.,
Westbury, NY 11590.
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A NEW
DIMENSION

PC. BOARD
CONNECTING

Solderless connector modules with .156-inch spacing.

In two sizes: all with dual readout contacts — center modules
with six, and end modules with four. With these two sizes,
you can custom design your connector to accommodate

just about any size p.c. board.

Without soldering.

Simply push the contact tails of these Mojo™ connectors
through the plated through holes of the p.c. board. And you'll
have a gas tight, corrosion proof, vibration immune connection
that's as electrically and mechanically sound as the best
soldered joint. But more easily assembled than any soldered
connection. More economically. And without the heating
problems that automatic soldering methods often impose.

And Mojo gives you more.

Such as preloaded contacts that firmly grip the p.c. card,

but keep their distance when the card is removed. Easily
accessible square wire-wrapping posts in the event you have
to make any extra back-panel interconnections. And you'll
move smoothly and economically from prototype to production
with just two connector modules to carry in inventory.

Did we say just two modules? Sorry, we meant four. Because
Elco still makes available Mojo connectors with contacts at
.150-inch centers. Same specs, same special features as the
new .156-inch. Just that little .006-inch difference.

For full details and specifications on Mojo connectors, contact:

™

Elco, Willow Grove Division,
Willow Grove, Pa. 19090
(215) 659-7000
Elco, Huntingdon Division,
Huntingdon, Pa. 16652
(215) 659-7000

Elco, Pacific Division, 2200 Park Place,
El Segundo, Calif. 90245

(213) 675-3311

Operations in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world.

Copyright © 1971 Elco Corp. All rights reserved.
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Now 3 zero-voltage switches
to trigger your thyristors

Here's new flexibility and economy for
your zero-crossing Thyristor trigger
application—3 RCA zero-voltage
switches give you the exact combina-
tion of price and performance your
application demands.

RCA Zero-Voltage Switches offer:

® Thyristor triggering at zero-volt-
age crossing for minimum RFI in 50,
60, and 400 Hz applications.

® Self-contained dc power supply

FULL-FEATURE PERFORMANCE
PLUS ECONOMY

CA3059 in 14-LEAD DIP

Built-in protection,

—40°C to +85°C operation

$1.95 (1000-UNIT LEVEL)

NEW ECONOMY TYPE
CA3079 in 14-LEAD DIP
—40°C to +85°C operation
$.99 (1000-UNIT LEVEL)

NEW FOR FULL MILITARY"
TEMPERATURE RANGE
CA3058 in 14-LEAD DIP
Premium performance,
—55°C to +125°C operation
$3.50 (1000-UNIT LEVEL)

with provision for supply of dc bias
current to external components.

@ Built-in protection against sensor
failure (in CA3058 and CA3059).

® External provision for zero-cur-
rent switching with inductive loads.
Provision for adding hysteresis or pro-
portional control.

® Recommended forusewithRCA’s
2.5-40amp., 100-600 volt series triacs,
types 40693-40734. These RCA triacs

are rated for operation with the
CA3058, CA3059 and CA3079.

For further information see your local
RCA Representative or RCA Distribu-
tor. For technical data bulletin file Nos.
406 and 490 and Application Notes
ICAN-6158 and ICAN-6268, write:
RCA, Commercial Engineering, Harri-
son, N.J. 07029. International: RCA,
Sunbury-on-Thames, U.K., or P.O.
Box 112, Hong Kong, or Ste. Anne de
Bellevue, 810 Quebec.

CURRENT

LIMITER

EXTERNAL |
INHIBIT

AC
INPUT
VOLTAGE

|oouFJ+
15V
8

NTC*
SENSOR

* NEGATIVE TEMPERATURE COEFFICIENT
AIC=INTERNAL CONNECTION ON CA3079

Features

e 24V, 120V, 208/230V, 277V at 50

60, or 400 Hz operation
e Differential Input

e |ow Balance Input Current (max.)-zA
e Built-in Protection Circuit (Fail-Safe)
for opened or shorted sensor

(Term. 14)
Sensor Range (Rx)-k€ ...
DC Mode (Term. 12)

External trigger & inhibit (Terms.
6

& 1)

DC Supply Volts (max.) .........

CA3058 | CA3059 | CA3079

\4
2 to 100
1%

Solid
State
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