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The engineers who designed this electronic tube anode could have
given the production men a hard time. It was to be die-drawn from a
single piece of copper in three reverse draw planes to a total draw-depth
of 12 inches. But conventional, easily drawn copper alloys were out.
Conductivity requirements, both electrical and thermal, ruled out most
of them. The water cooled anode had to maintain maximum electrical
efficiency while dissipating 22.5 kW. Outgassing specifications were even
more critical: the anode would operate in a high vacuum and no im-
purities could be tolerated.

By specifying OFHC copper both the design and manufacturing
problems were solved.

Uniform purity was the primary reason. OFHC copper is 99.99-} %
pure. That meant that production men could accurately predict the per-
formance of the copper and design a drawing process to suit. And, purity
eliminated outgassing. In addition AMAX certified conductivity of OFHC
at 101% IACS. Good physical strength and good glass-to-metal seal-
ability completed the picture.

OFHC copper may be the solution to your electrical and mechanical
problems, too. We have all the data. Draw on it any time.

Specifying ductile copper without
sacrificing conductivity and outgassing requirements
is easy as OFHC.

It's a story you can draw on. Send for it. AMNAXK

COPPER,INC.
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Make Waves...

HP’s 3310A is the function generator
that gives you seven different wave-
forms—in three different modes—in
one inexpensive package.

In its basic form, the 3310A gives
you a continuous output of square
waves, sine waves, and triangle waves
— plus positive and negative ramps
and pulses—for only $595.

And for only $140 more, you can
get the 3310B, which lets you gen-
erate each of these seven waveforms
in two other modes — single-cycle
and multiple cycle “bursts.” These
can be triggered either manually or

by an external oscillator; starting-
point phase can be varied by = 90°.

In either the “A” or “B” version,
the 3310 gives you a choice of ten
frequency ranges—from 0.0005 Hz
to 5 MHz—and an output voltage
range from 15 mV pk-pk to 15 V
pk-pk into 500 load. Dc offset of
+5 Vinto 502 load is also standard.

Both the 3310A and 3310B can be
used in frequency-response and
transient-response testing, as a
waveform converter, for generating
phase-coherent waveforms, and as a
frequency multiplier or divider,

CIRCLE NO. 2

just about any waveform
you can imagine

among other things. Applications in-
clude testing television and com-
munications systems, radar systems,
and analog or digital circuits.

For further information on the
3310A and 3310B, contact your
local HP field engineer, or write to
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. In Europe: 1217 Meyrin-

Geneva, Switzerland.
090/41A
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This Combination

Integrated circuit

CORDIP™ Component Network

, replaces
\_N‘thls 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 |C
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 10Q-150K  10-10,000 pF ~ Low
Tolerance from 1% from 5% ng,’”c‘
TC from 50 ppm + 2%, —10% ?,'licnc;r:
Ratio >15,000:1  >1,000:1 Types

CORDIP"” COMPONENT NETWORKS
From

CORNING
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Cover photo from Motorola Semiconductor shows laser trimming of a hybrid IF detector. Both “L" and straight
cuts are used, under computer direction. See news story on p. 10.
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kverybody wantsyour
components business.

But were doing
6 things to earn it.

Extra reliability. We build
extra reliability into our
components to let you build
extrareliability into your systems.
We offer documented reliability
from ER through industrial, from
precision through general
purpose.
Pricing you’'ll like. For
many product styles, our
quantity resistor pricing
is under 5¢ and often less than 3¢.
And that’s for tin oxide resistors
that significantly outperform
other metal films, wirewounds,
carbon comps and metal glaze
resistors.
Faster delivery. Our
distributors can give you
off-the-shelf delivery from
an inventory of over 50,000,000

components. And our “ball parks”
are firm, real and reliable. This
lets you keep expediting and in-
ventory levels to a minimum.
Production savings. Our
unique product configura-
tions greatly simplify both
hand insertion and automatic in-
sertion operations. This saves you
money. And our QCis so stringent,
many of our customers have to-
tally eliminated their incoming
QC testing of our parts. This
saves them money.
Product innovations.
Like our new CORDIP"”
Component Networks.
With up to 23 discrete resistors/
capacitors/diodes in a miniature,
pre-tested, plug-in package to
save you time, money, and a whole

lot of board space.

Sharper support. We've

hand-picked the 30 most

competent distributors in
the country and built the indus-
try’s largest technically trained
field force — then backed every-
thing with a full team of specialists
—to give you all the in-depth
service you want and then some.

We too want your busi-
ness. But we're doing 6 extra
things to earn it.

Give us a chance to prove
it. Write: Corning Glass Works,
Electronic Products Division,
Corning, New York 14830. Or call:
(607) 962-4444, Extension 8381

CORNING

ELEERCG T IR-ON I € S

Resistors & Capacitors

for guys who can't stand failures
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7 _a world of design
possibilities lies ahead.

Sloan’s long experience in the indicator
light field has made it a natural to
develop this package for the visible
. Light Emitting Diode (LED) — a pack-
_aged LED ready for installation in a host
' of indicator light applications.

Using the technology of the semicon-
ductor, Sloan has designed this advanced
LED — which already has long life and
low power consumption — into an off-
the-shelf ready to be used package.

® Red or White ® Resistor built in
Lexan Lens. for voltage
e Forward Voltage: required.
90+ .3V for e Dome or Flat
TTL Logic or Léns.
other low volt- e Chojce of Wire
ages as needed. Wrap, solder or
connector
terminals.’

Any low voltage Logic or.D.C: conditions
can be adcommodated-. . . Or Sloan will
design and build the'lights to meet your
special needs.

If indicator lights are your problem,
Sloan is the answer.

THE .

7704 San Fernando Rd., Sun Valley, Calif
Phone: (213) 8751123 /| TWX 910-498-2250
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Editorial

Design Decision Making

In the 1970s

Once upon a time not so long ago, circuit
design was considered very basic. People
believed that if you gave the same design
problem to two different groups of engi-
neers, they would come up with very simi-
lar, although independently derived, solu-
tions. Engineers were considered remoras!
locked to basic circuit/system design pro-
cedures set forth by industry standard
handbooks and texts.

Today that conservative view of the de-
sign engineer is gone. One of the nice
things that has happened during the semi-
conductor era has been the emergence of
the design engineer as a respected mem-
ber of the electronics community.

It's a lot easier for circuit/system de-
signers to move up into top-level positions
today than it was 15 years ago. There are
many reasons, of course, including easier
access to business management courses,
1A remora is a fish with a suction disk by which it attaches itself to

sharks, turtles and even ships, contenting itself to ride along wher-
ever its source of transportation decides to go.

better understanding of rapidly moving
technology, freedom to innovate and the
availability of financial support to start out
on their own.

But another major factor has been the
changing responsibilities of the design
engineer as economics became an in-
creasing consideration in his everyday
decision making. )

The advent of thick- and thin-film tech-
nology helped immeasurably. Hybrid con-
cepts gave the engineer, for the first time,
a real choice of techniques to reach a par-
ticular goal. Integrated circuits have fur-
ther expanded the realm of the designer to
the point where he evaluates each move
from the viewpoint of the present cost of
implementation and the likely future cost
at the time of production. If once a remora,
the design engineer is today in every sense
a businessman.

Foviy bortnct

Editorial Director
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POWERTEC INC.
an Airtronics subsidiary
9168 De Soto Ave., Chatsworth, California 91311 (213) 882-0004 TWX 910-494-2092
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When the lights go out,

the only really

portable

Digital Multimeter

goes on

a,

§E4

..andon. -

Run the Fluke 8100A 0.02% digital multimeter anywhere, anytime up to 8 full
hours off the rechargeable battery pack. Printer output now available.

There are twenty or thirty digital multimeters around
that lay claim to portability. The only one you can
move around easily and use without a nearby wall
plug is ours. It's the only portable machine that works
where you need a portable machine.

True portability is just part of the story. The Fluke
8100A, with an accuracy of 0.02% and a selling price
of $795, with rechargeable battery option, gives you
nine times the accuracy of three digit instruments for
half the price of comparable four digit multimeters.
We've used a new A to D technique to give you an
instrument with low power drain for eight-hour con-
tinuous battery operation without recharging. (line
operation only $695)

The Fluke 8100A measures ac and dc volts in four
ranges to 1200 volts and ohms in five ranges to twelve
megohms. Readout is four full digits plus “1” for 20%
overranging. Features include an active 2-pole switch-
able filter and automatic polarity indicator. All func-
tions are push-button selectable.

Also available are RF and high voltage probes,
switched ac-dc current shunts, a ruggedized case,
and data output (line operation only).

John Fluke Mfg. Co., Inc., P.O. Box 7428, Seattle, Washing-
ton 98133. Phone (206) 774-2211. TWX: 910-449-2850/ In
Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Til-
burg, Holland. Phone: (04250) 70130. Telex: 884-50237/ In
the U.K., address Fluke International Corp., Garnett Close,
Watford, WD2 4TT. Phone: Watford, 27769. Telex: 934583.

FLUKE

®
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Design News

Automatic Trimming
Teams Laser and Computer

Laser trimming of film resistors con-
tinues to make inroads into areas
once dominated by air abrasive (sand-
blasting) systems. The advantages
offered by the laser technique — which
include accuracy, speed of cut and
cleanliness of the finished product—
have contributed to the continuing
gains being made by these systems.

Motorola Semiconductor, a com-
pany that has spent long hours work-
ing with laser systems, is a good ex-
ample to show how one company has
brought the laser system to today’s
point of sophistication. At Motorola
it all began with the use of a YAG
laser to scribe zener diode wafers.
Later, a CO, system was added to the

hybrid circuit production area for
thick-film resistor trimming. And
most recently, dynamic trimming is
being performed under computer con-
trol. In dynamic trimming, resistors
are trimmed while the circuit is oper-
ational in order to obtain optimized
circuit performance. Fig. 1 shows this
technique applied to a practical cir-
cuit. This is the automated equiva-
lent of hand selecting one or two
components for a critical position in a
circuit to get the required perfor-
mance from that circuit.

With a computer married to a laser
trimming system, the statistics for
accuracy and speed that accompany
such a match are impressive. One in-

Demonstrating CAD of hybrid circuit. CAD
system, consisting of light pen, CRT dis-
play and CDC 1700 computer, uses stored
“polycell’” designs to speed layouts. Com-
puter displays numerical parameters as-
sociated with a selected design, such as
resistor power dissipation, turn points for
L-cut resistor trims, etc.

dicator of merit is a head traverse
speed of 0.06 to 1.0 inches/sec that
results in 1 to 2 resistor trims/sec.

Circuit is hybrid IF detector, part of an automatic paging system.
Resistors range from 2 to 150 k() with tolerances from 1 to 8%.
Trim is passive, and both L and straight-in cuts are used. Two
monolithic custom chips later will be bonded onto the substrate.
Total trim time is about 5 sec. All resistors are cermet thick film.
Kerf is about 2 mils wide and 1.5 mils deep. Resistor sizes range
from 30 by 30 mils to 140 by 20 mils. Laser is running at 2.5W,
Q switching at 7.5 kHz.

10

Entire laser/computer resistor trimming system. Laser safety
shield normally is in down position, to protect operator from
laser light. In photo, protective cover is raised, with laser off.
“Teletype', to right, inputs operator instructions to system.
Manual control box can be used to operate laser, stage motors,
etc., and also contains emergency shutdown button. Left rack
cabinet contains controls, interconnection matrices, power
supplies and a programmable bridge.

EDN/EEE September 15,
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(Depending on the number of resis-
tors to be trimmed, a complete circuit
normally takes about 10 sec for load-
ing, trimming and unloading.) An-
other indication is that positioning
(X-Y) accuracy is achieved to a
resolution of +0.2 mils (=5-mil silk-
screened resistor registration is ac-
ceptable for successful trimming). Re-
sistor values after trim are accurate
to within +0.1%. This is achieved
by various cuts that include straight-
in, L and combinations of these. Such
a laser trimming system is 10 times
faster than its air-abrasive counter-

A 1G4 ENG RESISTOR
ISTAE

RESIST
POER

LENGTH
HIDTH

GEOMETERY MODIF (CATION

part.

In the Motorola system (shown in
the photos), the computer controls
both the laser beam and the measure-
ment. It controls the X-Y stage mo-
tors, commands the laser to begin or
stop and programs the traverse speed
of the head which is not constant dur-
ing a trim.

An off-line, time-shared computer
is also called upon for solving field-
distribution equations for a particu-
lar resistor. This time-shared comput-
er is needed because of the extensive
number of computations required.

LASER OPTICS HEAD TV MONITOR MANUAL CONTROL BOX
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Field equations are solved to assess
the effect of making L-cut turns at
different points on the resistor.

In the future, Motorola engineers
expect to add a rotary table for load-
ing or unloading. This will speed the
cycling of parts under the laser head.
Laser head motion will probably be
increased to 2 inches/sec, and perhaps
even faster if mirrors are used. The
limitation on speed stems from motor
slew rate. As to tolerances, these
probably will get down to *=0.05%
without the need for major system
redesign.

TRIM R, WHILE MONITORING E
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Design News

IC Applications Seminar Planned for Los Angeles

EDN/EEE and approximately 25 IC
manufacturers will stage a pair of
2-day seminars in October at the In-
ternational Hotel, Los Angeles, Calif.
Linear ICs will be covered in the
first seminar scheduled for Tuesday-

Wednesday, Oct. 5-6; Semiconductor
Memories will be the topic at the
second seminar, planned for Thurs-
day-Friday, Oct. 7-8.

The papers being prepared for the
program are applications-oriented

—aimed at helping IC users select
recently announced ICs and correctly
apply them to their particular needs.
Application hints and considerations
will be stressed.

The tentative program follows:

EDN/EEE September 15, 1971




CELANESE NYLON IS
MADE IN ATOTALLY

CONTINUOUS PROCESS.

THAT’S ADVANTAGE NO. 1.

Whiteness. We make
Celanese nylon in a continu-
ous, patented process—so it
has a shorter heat history.
That’s why it’s whiter in the
pellet. Whiter in your prod-
ucts. And it’s whiter through
successive regrinds.

It’s one advantage that
Buchanan Electrical Prod-
ucts Corporation gets by us-
ing Celanese nylon for
terminal blocks, connectors—
some 30 otherelectrical parts.

Other reasons for using
Celanese nylon include high

dielectric properties, which
allow thinner walls, more
compact units. Great mechan-
ical strength and toughness.
Resilience, for parts that
have to snap-fit. Hold.
Celanese nylon is self-extin-

Celanese Plastics Company is a division of Celanese Corporation. Canadian Affiliate: Chemcell Resources, Ltd. Export: Amce! Co., Inc., and Pan Amcel Co., In

guishing. And it has U/L rat-
ing on electrical properties of
105°C. .

In fact, Celanese nylon has
all the best properties you ex-
pect in nylon. Without the yel-
low. Write for a copy of our
brochure onelectrical applica-
tions of Celanese nylon. Also
a U/L Yellow Card. Celanese
Plastics Company, Dept.

N-500,

1090 Lousons

Rd., Union,

New Jersey &

07083. CELANESE
c., 522 Fifth Ave., New York 10036, PLAST'CS
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Design News

More Jobs Predicted for U.S. Engineers
Because of 10%» Surcharge

The rate at which consumer and com-
mercial equipment design jobs are going
offshore should be slowed down by Presi-
dent Nixon’s 10% surcharge on imports,
according to scattered industry sources.
For the most part, these were component
makers who have been very conscious of
design going abroad. When U.S. engineers
aren’t doing the full design, component
makers have found it much less likely that
U.S. components will be used.

“Now U.S. companies won’t be so quick
to go offshore once their products go into
high volume,” predicted John Yngve,
president of Nortronics Co., Inc., Min-
neapolis, Minn.—a leading tape-head
manufacturer. “All too often in the past
we have had the painful experience of
helping a U.S. manufacturer through the
R&D phase of new product development
and investing considerable engineering
talent, in the hopes of getting his volume
orders once the product goes into full
production . . .only to see the product line
go offshore and the Japanese and others
cash in on the rewards.”

“Right now we're worried that the very
promising digital cassette products might
suddenly go the way of the audio cassettes
and be made almost wholly in Japan,”
Yngve said. “It is the old familiar pattern.
There is a lot of new-product development
going on in the U.S., but we hear of omi-
nous developments in Europe and Japan.
The President’s message may have come
in the nick of time.”

Yngve agreed that U.S. engineers who
thought they were in on the ground floor

on a new product family have also been
“betrayed” in such cases. When the product
goes offshore, sooner or later the engi-
neers’ jobs go offshore with it.

The effect of the surcharge may be more
psychological than absolute, according to
Jack Stegenga, Weston, Newark, N. J. “It
might take a surcharge as high as 50% to
completely stop foreign competition in
electronics,” Stegenga stated. “Weston
has been able to avoid head-on competi-
tion from the Japanese because the instru-
ments we make typically sell in 10,000-
unit-per-year volume levels, not the mil-
lion-unit-per-year levels that the Japanese
like.” Weston is well aware of the effect of
Japanese competition, however, from ex-
perience with its photographic light meter
lines.

“The surcharge will make U.S. manu-
facturers stop and think before they invest
further in offshore sources,” reasoned Ron
Stannish, U.I.D., Hollywood, Fla. “I think
the President made it clear that they will
be hurting the U.S. if they do so, and our
country can’t stand too much more of this
sort of harm.”

Stannish, who is Marketing Manager
for U.LD., said that all the purchasing
agents he has talked to in electronic com-
panies since the President’s announce-
ment expect that this 10% surcharge will
be around for a long time. But it is causing
some interesting situations: “Take the
switches we sell U.S. manufacturers—
switches that they in turn ship over to
Taiwan to be assembled into their prod-
ucts. They know that they can bring U.S.-

made components like ours back duty free,
while any part they buy over there will
cost them 10% extra to bring into the U.S.
I think that now we will be more apt to
have engineering design and component
manufacture remain in the U.S., even
when assembly is done offshore. Since off-
shore assembly labor can be dramatically
cheaper than stateside labor, the 10%
added to that fraction of the product might
not seem too bad for the U.S. manufac-
turer.”

“The problem with Japanese competi-
tion in components is that it gets roughest
at the highest volumes—just where the
real money is,” said Walt Jemison, general
manager at Michigan Magnetics, Ver-
montville, Mich. — another tape-head man-
ufacturer that has tilted with the Japa-
nese. “For small-volume orders—under
5000 —we are only about 20% higher, and
half the time the Japanese won’t even
bother to quote on these. But for large-
volume orders—over 10,000 —we are 100
to 150% higher. The Japanese can sell an
eight-track automotive cartridge player
head for $0.89 while we can’t go below
$1.65. Obviously, even with the 10% sur-
charge, they can beat us. However, I agree
that the psychological aspect of the Presi-
dent’s action will definitely help us. It
ought to give courage to those few remain-
ing stateside manufacturers of audio
entertainment products, like 3M and VM
in the cassette field. They, and others in
similar predicaments, will continue to
provide jobs for U.S. engineers.”

Connector Takes Rough Treatment

Special requirements of the oil industry
have prompted the development of a con-
nector that will stand up under extreme
environmental conditions.

Subterranean oil deposits are located
through analysis of seismic readings ob-
tained by detonating explosive charges in
potential oil-bearing terrain. This analysis
involves the use of multisection cables
containing geophones that pick up seismic
vibrations, transform them into electrical
impulses and transmit them through the
cable to amplifiers and recorders. The pat-
terns thus recorded are then studied for
indications of oil deposits.

A standard cable might consist of 48 sec-
tions, each section up to 300 feet long, in-
terconnected with a heavy-duty connector.
This is where the “RUF-NEK” connector,
developed by Hughes Aircraft Company’s
Connecting Devices Div., Newport Beach,
Calif., comes in.

14

Since the cables are laid on open terrain
for distances up to three miles, the con-
nectors must be capable of withstanding
rough field handling and all types of
weather conditions. Tests of the “RUF-
NEK” show that it will remain sealed in
up to 100 feet of water, withstand 3000
pounds of tension and even the load of a
39,000-pound truck. Identical halves mate
with each other eliminating the need for

male and female versions of the connector.
With 164 contacts, it meets current and
foreseeable needs of the oil industry.

Other potential uses are in mining, por-
table field recording and instrumentation,
utilities, communications and other com-
mercial and military ground equipment
cable applications.
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New Celanex-917 It has the best of

thermoplastics and thermosets.

New Celanex-917 is the first
thermoplastic polyester to com-
bine dimensional advantages
of thermosets with processing
advantages of thermoplastics.
It’s the most processable poly-
ester on the market. By far.

That’s part of the reason
Raritan Engineering, Millville,
N.J., is using Celanex-917 for
pump components and electric
motor domes on their new
marine heads.

Just as important, Celanex-
917 completely resists strong
chemical decontaminants
mixed with sea water in the
pump. In this part Celanex re-
places brass. It replaces phe-
nolic and polyester thermosets

Celanese Plastics Company is a division of Celanese Corporation. Canadian Affiliate: Chemcell Resources, Ltd. Export: Amcel Co., Inc., and Pan Amcel Co., Inc., 522 Fifth Ave,,

e
_ Molders: A. L. Hyde Co., Grenloch, N.J., Rapid Tool & Mfg. Co., Newark, N.J.

in the dome because of its supe-
rior combination of electrical,
thermal and mechanical prop-
erties. Celanex-917 also elimi-
nated the problems of poor |
finish, cracking, poor uni-
formity, and tool wear during
drilling and tapping of holes.
Celanex-917isoutstandingly
machinable for a glass-rein- |
forced plastic. It’s rigid, won’t
crack or become brittle, doesn’t |
distort or creep.
During development, |
Celanex-917 was called X-917.
But by any name it’s a strong, |
tough plasticthat can dothings * s
no other thermoplastic can. Celanese Plastics Company,
Write on your letterhead for Dept. X-601, 550 Broad Street,
more detailed information. Newark, N.J. 07102. |

New York 10036

L W{’ CELANESE
1 PLASTICS
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Watch for EDN/EEE'’s fifth annual Caravan
tour, October-November 1971. A traveling
exposition of products and ideas visiting

leading computer and peripheral equipment
E D N manufacturers throughout the U.S.A.

E E E MAGAZINE PRESENTS. ..

alavan

Featuring new products, ideas and
application assistance from:

Advanced Memories Systems, Inc.

Beckman Instruments, Inc.

Belden Corp.

Borden Chemical Mystik Tape Div.

Cinch Mfg. Co.

Cornell-Dubilier Electronics

Dale Electronics, Inc.

Data Products Core Memories, Inc.

Instrument Specialties Co., Inc.

NASA Headquarters

Raychem Corporation

Semiconductor Electronic
Memories, Inc.

Torin Corporation



EDN/EEE CARAVAN ROUTING

October 4 - November 5, 1971

DATE / DAY / TIME

Monday, Oct. 4
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Tuesday, Oct. 5
9:00 - 11:30 a.m.
2:00 - 4:30 p.m.

Friday, Oct. 8
9:00 - 12:00 noon

Monday, Oct. 11
9:00 - 11:30 a.m.
2:00 - 4:30 p.m.

Tuesday, Oct. 12
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Wednesday, Oct. 13
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Friday, Oct. 15
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Monday, Oct. 18
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Tuesday, Oct. 19
12:00 - 5:00 p.m.

Wednesday, Oct. 20
9:00 - 11:00 a.m.
2:00 - 4:30 p.m.

Thursday, Oct. 21
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Friday, Oct. 22
1:30 - 4:30 p.m.

Monday, Oct. 25
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Tuesday, Oct. 26
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Wednesday, Oct. 27
9:00 - 12:00 noon

Thursday, Oct. 28
9:00 - 12:00 noon

Friday, Oct. 29
9:00 - 12:00 noon
2:00 - 4:30 p.m.

Monday, Nov. 1
9:00 - 11:30 a.m.
1:30 - 4:30 p.m.

Tuesday, Nov. 2
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Wednesday, Nov. 3
9:00 - 12:00 noon
1:30 - 4:30 p.m.

Thursday, Nov. 4
9:00 - 11:30 a.m.
1:30 - 4:30 p.m.

Friday, Nov. 5
9:00 - 12:00 noon
1:30 - 4:30 p.m.

AREA

Boulder, Colorado
Loveland, Colorado

Denver, Colorado

Colorado Springs, Colo.

Cedar Rapids, lowa

Rochester, Minn.
St. Paul, Minn.

Arden Hills, Minn.
Normandale, Minn.

Roseville, Minn.
St. Paul, Minn.

Chicago, Il
Northlake, IlI.

Lincolnwood, 11I.
Skokie, 111.

Ft. Wayne, Ind.

Dayton, Ohio
Galion, Ohio

Southfield, Mich.
Plymouth, Mich.

Cleveland, Ohio

Rochester, N.Y.
Rochester, N.Y.

Owego, N.Y.
Endicott, N.Y.

Binghamton, N.Y.

Herkimer, N.Y.

Kingston, N.Y.
Poughkeepsie, N.Y.

Nashua, N.H.
Tewksbury, Mass.

Maynard, Mass.
W. Concord, Mass.

Burlington, Mass.
Needham, Mass.

Marlboro, Mass.
Melrose, Mass.

Norwood, Mass.
Framingham, Mass.

SITE

IBM
Hewlett-Packard

Honeywell
Hewlett-Packard

Collins Radio

IBM
3M

Control Data
Control Data

Univac
Univac

A. B. Dick
Automatic Electric Labs.

Bell & Howell
Teletype
(Corp. Office 12-1:30
Magnavox (Bueter Rd. 2-3:30
(Ind. Park 4-5:00
NCR
North Electric

Bendix
Burroughs

Addressograph-Multigraph

Eastman Kodak
Xerox

IBM/Federal Systems
IBM

General Precision/Link
Mohawk Data Science

IBM
IBM

Sanders
Wang Labs.

Digital Equipment
General Radio

RCA
Sylvania

RCA
Mohawk Data

Raytheon
Honeywell
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26 1C Manulaclurers

will conduct an

IC Applications
Seminar

International Hotel, Los Angeles
October 5-8, 1971

Emphasis will be on application hints for maximum effectiveness . . . to help circuit
and system designers select and design with new integrated circuits. The seminar will
be divided into two programs: linear ICs on October 5-6 and semiconductor memories
on October 7-8. Attendees may register for either one or both programs.

All of the papers being prepared for the seminar are new, dealing with fresh ap-
proaches to IC applications. The authors represent many years of experience in solving
problems relating to ICs and improved circuit, system and equipment designs.

Participating IC Manufacturers: Advanced Memory Systems
Advanced Micro Devices ® Analog Devices
Burr-Brown @ Computer Microtechnology
Electronic Arrays @ Fairchild Semiconductor @ General Instrument
Harris Semiconductor @ Intel ® Intersii ® MOSTEK @ Motorola
National Semiconductor @ Precision Monolithics ® Qualidyne ® RCA @ SEMI

Signetics @ Silicon General @ Solitron @ Teledyne Philbrick
Teledyne Semiconductor @ Texas Instruments Incorporated @ Unisem @ Zeltex
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Linear IC Program Speakers: Garth Wilson,
Some Precision Monolithics; Merle Hoover, RCA;
s . Gus Pfaehler, Fairchild Semiconductor; Bob
Part|0|pat|ng Mammano, Silicon General; Doug Sullivan,
Speakers Analog Devices; Dave Ludwig, Teledyne
Philbrick; Jerry Graeme, Burr-Brown; Jack
Robertson, Zeltex; Don Jones, Harris Semi-
conductor; Dave Fullagar, Intersil; Jim Giles,
Advanced Micro Devices; Colin Berry, Sig-

R Madinann: (1G] Goaess - netics; Karl Huehne, Motorola; Joel Schein-

ing manager at Silicon General

since formation of the company berg. National Semiconductor; Wayne Fol-
in 1969 . . . was previously with leta, Qualidyne; Jim Bohorquez, Solitron De-
ARINC Research . . . vices; Dale Pippenger, Texas Instruments
Mike Markkula: recently joined Incorporated; and others to be announced.

Intel from Fairchild Semiconduc-
for where he was director of IC
product marketing . . .

Semiconductor Memory Program Speakers:
Marv Pollock, Unisem; Dale Mrazek, National
Semiconductor; Bob Kressler, Texas Instru-
ments Incorporated; Sven Simonsen, Ad-
vanced Micro Devices; Al Tuszynski, Solitron
Devices; Bud Broeker, Motorola; Joe Rizzi,
Intersil; Gordon Hoffman, MOSTEK; Leo Co-
hen, General Instrument; Ron Livingston,
Advanced Memory Systems; Mike Markkula,
Intel; H. William Slaymaker, SEMI; Dick

Merle Hoover: manager of linear Jim Bohorquez: linear Leo Cohen: manager of ad- Ell(?r, .Elecvomc An-’ay-s‘ GeOer Bigg, Slg‘
integrated circuit applications products manager at Sol- vanced product development at e bR Sargdsian TRIChIA Seml-
engineering at RCA . . . has 13 itron Devices . . . was a General Instrument . . . is re- conductor; and others to be announced.
microelectronic patents . . . senior design engineer sponsible for the development

with the Union Carbide of new MOS arrays . . .

microcircuit operation

when it was purchased

by Solitron in 1970 . . .

Partial List of Linear IC Papers: Partial List of Semiconductor Memory Papers:

S

® Monolithic D/A and A/D Building Blocks ® Field Programming vs Factory Programming of ROMs
® Designing with Ultra Low-Drift Operational Amplifiers ® Trends in Semiconductor Memories
® Fast Settling Time Amplifiers ® New MOS and Bipolar Semiconductor Memories
® Designing with D/A and A/D Converters ® A Comparison of Various Dynamic RAMs
® Applying Digital/Analog Interface Circuits ® Bipolar Read-Only-Memory Applications
® Noise in Operational Amplifiers ® Memory System Design with MOS RAMs
® High Speed Comparators ® New Single-Transistor-Cell MOS RAMs
® Applications for Micropower Amplifiers ® MOS/Bipolar Memory Systems
® Designing with Micropower Operational Amplifiers ® Using Dynamic Refresh MOS RAMS in Large Memory
® Interface Circuits for Computer Systems Systems
® Large-Scale Bipolar Memory Systems

Time: Place: Registration:
Programs will run from 9 International Hotel, Linear IC Program—$95; Semiconductor Memory Program—
a.m. to 5 p.m. with coffee 6211 W. Century Blvd., $125. The fees include registration, meeting materials, lunch-
break at 8:45, lunch and an Los Angeles, CA 90045 eons and refreshments. Tickets will be mailed to registrants
afternoon break each day. (213 670-9000). unless requested to be held at reception desk.

Seminar Registration Narke

Please register me for: Title

Company.

[ The Linear IC Applications Program,
October 5-6, 1971. Fee: $95 Ao

[J The Semiconductor Memory Applications Program, city
October 7-8, 1971. Fee: $125

State

[ Both Programs. Fee: $220 !
’ [] Check enclosed [] Billme [J Bill company

Note: If you wish to confirm reservations by phone, Make checks payable to EDN/EEE Seminars and
call (212) 689-3250. Ask for seminar registrar, Ext. 252. mail to: 205 E. 42nd St., New York, NY 10017.



Thereisaplacefor
both ceramic and tantalum chips in
miniaturized circuit applications.

And you just found it.

Union Carbide.

Who makes KEMET®
chips in both ceramic and
solid tantalum. All with

the exclusive Solder-Guard

copper barrier layer. That
enables KEMET chips to
withstand the severe
temperatures of solder-
reflow assembly. With no
degradation of
performance and electrical
characteristics.

The KEMET ceramic
chips are available in
ratings from 10 through
330,000 picofarads. The
KEMET tantalum chips,
from 100,000 picofarads
through 100 microfarads.

The ceramics will
withstand 260° C. for

20 minutes; the tantalums
will withstand 300°C.

for 3 minutes.

Check the tables below
for stability and cost
comparisons. Then write
for free engineering
samples and technical
data. At Box 5928,
Greenville, S.C. 29606.

And be glad.

That specifying chips
will be easier from
Now on.

Because one
manufacturer has the
technology to offer you

both kinds.

—60°C

S

CAPACITANCE +20
VS. TEMPERATURE

+15 4

0°C 25°C 85°C 125°C
= —

RELATIVE COST
CERAMIC NPO f

CERAMIC STABLE K
.

10pf  100pf 1.000pf 10,000pf IuF  1uF  10uF  100uF

TANTALUM

®
COMPONENTS DEPARTMENT

20
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WHATS HAPPENING IN MOS

After seeing what MOS was all about in the last issue, it is
time to move ahead and find out what is happening today,
what is now available and what to look for in the future.

ROY W. FORSBERG, Boston Editor

In the September 1, 1971 issue of EDN/EEE (“Making
Sense Out of the MOS Muddle”) we looked at each tech-
nology as it is known today, defined terms and placed
these terms in their proper perspective. Now we will
view the MOS world today and see what’s in store for
the future.

Which Processes Will Survive?

This is a very important consideration for designers,
and a perplexing one for semiconductor manufacturers.
To be sure, no one technology is best for all applications
so there should be many survivors. Of course, some su-
per breakthrough could upset the thinking of the in-
dustry as it is today. It could make one or two processes
the best for most applications, but this seems unlikely
for the next 5 years at least. It looks as though a num-
ber of technologies will become standard in the years
to come and be directly related to applications.

High-threshold p-channel <111> will continue for a
number of years simply because of its sheer volume in
the field and a certain amount of inertia. Most new de-
signs, however, whether cost-conscious or not will use
some low-threshold process because many will be cost-
competitive very soon. As a matter of fact, Intel claims
it can make p-channel silicon gate devices right now at
lower costs, General Digital claims it can make them at
the same cost and others like Electronic Arrays feel
things will be equal by the end of 1971.

Low threshold p-channel <100> will not be a con-
tinuing process except as a replacement item in exist-
ing products. There are already too many processes
such as nitride, ion implant and p-channel silicon gate
that are cost-competitive and still offer many perfor-
mance advantages. The exception here is National
Semiconductor which attains high field thresholds and
good performance by special processing.

The low-threshold, high-field, p-channel nitride pro-
cess should become a standard for low-cost, relatively
low-speed and medium density applications, and can

replace both high-threshold p-channel <111> and
low threshold p-channel <100> in these areas. It
could be that some form of dielectric comparable in
properties to nitride, but easier to handle, will come
along —but the basic process will remain.

P-channel silicon gate should become the workhorse
for applications requiring high density and medium
power, speed and cost. As the process is refined, it will
also compete in low-cost applications.

Ion implantation as a processing tool will be used in
one way or another by all manufacturers within a few
years. Equipment will be refined and become less cost-
ly as more suppliers move into this market. Because of
its ability to adjust thresholds, make depletion devices,
make CMOS devices, etc., it is too useful a tool to ig-
nore. Circuits made by ion implantation will be cost-
competitive with most other technologies and offer
some performance advantages.

Complementary MOS will also be a standard for
many existing and new market areas. Its low power,
high speed, wide supply tolerances and high noise im-
munity place it in a unique position to meet many de-
sign needs that can’t be solved by other technologies.
Its only real competitor in some of these markets will
be a single-channel ion-implant process. CMOS will
find it difficult to compete with many of the single-
channel processes for use in high volume LSI arrays,
except for those special needs calling for its low power,
high noise immunity, wide operating voltage proper-
ties. As the process is refined further, costs could tum-
ble and the features noted could make CMOS a close
competitor for MSI and LSI bipolar arrays.

The real sleeper in this whole game could be some
form of n-channel device, with silicon gate as the most
likely candidate. Processing difficulties have been a
real drag to this process and when they are overcome —
whether by silicon gates, field shields or other means —
n-channel could take over most performance-oriented
applications requiring high speed, high densities and

(Continued)

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L61
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MOS (Cont'd)

relatively low costs and power.

If you look at American Micro-systems Inc., the rec-
ognized production house of the MOS industry, you will
find them either in production or hard at work on al-
most all of the above processes. AMI is especially en-
thused over ion implantation as a processing tech-
nique.

The use of refractory metals in place of silicon gates
offers many advantages. However, the inertia of the
drive toward silicon will probably more than offset
these advantages and keep refractory metals in the
background.

There are still a number of processes similar to those

already mentioned but unique to a single company. To
the design engineer, they are analogous to some of the
other processes as far as performance is concerned and
can be interchanged at will. Thus for a particular com-
pany, its own process can be the best cost/performance
one and be dominant for that company. One that stands

out in this category is the SATO process at Texas In-

struments Incorporated. There should be no problem at
all with this situation, for if all cost/performance re-
quirements are equal, a designer shouldn’t be too con-
cerned with which process makes his circuits.

Silicon on sapphire or spinel will not be a reality for
3 to 5 years at least. There are many difficulties to
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overcome, among them very high cost. If problems are
solved, CMOS could really take off. Most feel that to-
day’s needs, and those of the near-future, can be ade-
quately met by current technologies without SOS. (See
Table I for a MOS process summary.)

What to Expect in the Future

More and more MOS in plastic packages, with an
attendant cost reduction, is the general byword
throughout the industry. The multilevels of metal
approach is also seen by many as coming. This could
lead to speed and complexity gains as great as 2X in
random logic and 40-50% in memories.

Collins expects to produce MOS arrays on chips as
large as 250 mils on a side as a result of artwork im-
provements and new masking techniques.

Hughes and National Semiconductor see high V,
MOS devices in the hundred-volt ranges for driving
things like gas displays. National already has as a
standard product a neon driver with output capabilities
to 115V.

Computer Microtechnology predicts that n-channel
silicon gate circuits with depletion loads will be in
volume production in 2 years. Devices will have a
single 5V supply and could replace some MSI now in
TIL,

MOSTEK envisions n-channel devices made by im-
planting positive ions in the channel until the nor-
mally depletion devices become enhancement-mode de-
vices. They also see depletion loads making superior
analog circuits which will permit the placement of

high-gain amplifiers, differential amplifiers and the
like on complex arrays.

Motorola also expects increased mixing of analog and
digital devices on the same chip.

Solid State Scientific and Bell Labs anticipate the
emergence of many forms of electron beam techniques.
For example, applications could be ion-beam photo-
resist for greater resolution, ion back sputtering for
etching (more pure) and ion implant. The significance
of this is that all three are done in a vacuum, thus they
are very clean and should lead to high yields.

A Word about
Depletion Mode Transistors

Not too many people argue against Harry Neil of
Intersil when he says that depletion load devices are
the designer’s dream of the future, much as current
sources are used by linear circuit designers.

Depletion-mode devices are used as constant current
loads for enhancement-mode drive transistors. This
arrangement, similar in a sense to CMOS, makes the
circuit insensitive to power supply variations, and
allows internal voltage swings equal to the supply
without need for a V., supply. It results in a higher
speed/power product, so lower power is needed for
equivalent performance. These devices also permit
smaller output drivers (see Fig. 1) and allow linear
operation.

Depletion-mode loads are currently being made by
ion implantation, however Texas Instruments Incorpo-
rated and others expect to be able to do it by different

Fig. 1 —MOS Output Buffer Stage. The output sink device must present an impedance of less than 310Q which is a
function of both device size and gate voltage. When used as R,, an ion-implanted depletion-mode device provides
a much more negative drive for the output device than that from an enhancement-mode (Si-gate) R, device. Be-
cause of this increased drive, size typically is reduced more than 2:1 —from perhaps a 130- to a 50-mil? area.

(continued)
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MOS (Cont’'d)

means. National Semiconductor uses circuit design
tricks to get other devices to act like depletion devices,
but at the expense of real-estate. The alternative to
enhancement-depletion mode operation is CMOS, with
a saving in power but at the cost of space.

Random Thoughts

Be careful when making a decision to use MOS for
your new designs. There is a minimum level below
which it is neither economical nor efficient to use cus-
tom designs. First talk to a number of vendors who can
help you pick the right technology. Remember, MOS
does not fit all applications efficiently.

Don’t go to a vendor and specify a particular technol-
ogy for your new designs. Talk to more than one, in-
cluding some who have multiprocess capability. It
could very well be that your design can be made cheap-
er and more efficiently by a process other than the one

you had in mind.

Consider carefully the source for your product. It
is just as important to evaluate the manufacturer’s
capability and reliability as it is the process. Make sure
that the product is available in adequate quantities
and with the qualities needed.

When evaluating different process costs, keep in
mind total system costs including cost of power, PC
board cost, space, clocks, drivers and decoders and the
like.

If you don’t need TTL compatibility, don’t ask for it.
By avoiding it, you may be able to end up with higher-
performance, lower-cost circuits.

Be careful about picking a new, unproven, short-his-
tory technology. If you do, you’ll have to compile your
own performance and reliability history.

In specs, watch for guaranteed speeds rather than
nominal ones. The question to be answered is: Can the

KEY

P - Production status b\ 2
N = Lab to pilot production status
* = with silicon gates Q‘\&\

Advanced Micro Devices

American Micro-Systems Inc.

Cogar

Collins Radio P P

Computer Microtechnology P

Electronic Arrays P

=

Fairchild Semiconductor P P P

General Digital P

General Electric

General Instrument P i

Hughes Aircraft P P

Intel

Intersil

MOS Technology

Mostek

~w|w|TO|DO

Motorola

Z 212 2 |2
TIZzlz|®

National Semiconductor

NCR

o

Nortec P P P

North American Rockwell P P

Ragen Semiconductor
RCA 4

=
o
-
wv|lvwoi|=2 |

Signetics P

Solid State Scientific

Solitron B

Texas Instruments Incorporated P P P

Varadyne P

Table Il shows which processes are being used by each company.
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Cogar n n
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Computer Microtechnology I Ibel |
Electronic Arrays bn b b b b b b
Fairchild Semiconductor I | bl b | }bfm () o (N e O | |
General Digital Custom random logic in combination of RAM, ROM, S/R (b,!)
General Electric e e
General Instrument bdl |bdi| bd | bd |bdI|dlI |bd |bd d d d | b
Hughes =t o K R Mostly)
Intel | | | |
Intersil In |Imn} b |bn | bl |
MOS Technology d d | bd |bd bd b
Mostek i f f bf
Motorola bk | b bl |bk]b ] b |bec] k
National Semiconductor c cle tale ¢ c KEY
b PMOS High V. Q111D
Nortec Custom and pre-production (all devices, most processes) ¢ PMOS 100>
" T T T T T T T T i MNOS or MTNS
North American Rockwell Mostly custom, any circuits including ROM, RAM, S/C etc. (b,d,l,) ( RMOS i
Ragen Semiconductor Lo K f 17 Low V,
a |4 Self aligned gate
RCA 3 Kk 3 k K4 h SATO
Signetics bl | | bl bi | bl | I SATO w/silicon gate
: SR i NMOS Field Shield
Solid State Scientific km k k CMOS
3 I PMOS, silicon gate
Solitron c c ¢ ¢ c m NMOS, silicon gate
Texas Instruments Incorporated hi |bdi|] d |bdh]|bdhifbdh bh| db bd |bed b b | n NMOS
Varadyne i

Table Il shows who is making what and by which technologies.

device you buy drive the outside world at the required
speed?

When second sourcing, it is usually best to stick with
the same process. Although different processes can be
used to produce many identical items and meet cer-

tain nominal specs, the devices can be different inside
and can vary functionally in other areas.

Don’t get carried away with tight packing densities.
They can bring on large problems, drastically reduce

yields and increase costs. [

Many thanks are due the following companies for their
valuable assistance in compiling these articles:

ADVANCED MICRO DEVICES, Sunnyvale, Calif.; AMERICAN
MICRO-SYSTEMS, Santa Clara, Calif., ARTHUR D. LITTLE,
Cambridge, Mass.; BELL LABS, Murray Hill, N. J.: COGAR,
Wappingers Falls, N.Y.; COLLINS RADIO, Newport Beach,
Calif.; COMPUTER MICROTECHNOLOGY, Sunnyvale, Calif.;
ELECTRONIC ARRAYS, Mountain View, Calif.; FAIRCHILD
SEMICONDUCTOR, Mountain View, Calif.; GENERAL DIG-
ITAL, Newport Beach, Calif.; GENERAL ELECTRIC, Syracuse,
N.Y.; GENERAL INSTRUMENT, Hicksville, N.Y.; HUGHES,

Newport Beach, Calif.; INTEL, Santa Clara, Calif.; INTERSIL,
Cupertino, Calif, MOS TECHNOLOGY, Valley Forge, Pa,;
MOSTEK, Dallas, Tex.; MOTOROLA, Phoenix, Ariz.; NA-
TIONAL SEMICONDUCTOR, Santa Clara, Calif.; NORTEC,
Santa Clara, Calif.; NORTH AMERICAN ROCKWELL, Ana-
heim, Calif.; NCR, San Diego, Calif.; RAGEN SEMICONDUC-
TOR, Whippany, N. J.; RCA, Somerville, N.J.; SIGNETICS,
Sunnyvale, Calif.; SOLID STATE SCIENTIFIC, Montgomery-
ville, Pa.; SOLITRON, San Diego, Calif.; TEXAS INSTRU-
MENTS INCORPORATED, Houston, Tex.; VARADYNE, Santa
Monica, Calif. Special thanks go to Intel, Nortec and Signe-
tics for artwork they supplied.
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High energy silicon for the 70’s.
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Delco announces two new
1000-volt transistors

Our new DTS-721 and DTS-723 1000-volt silicon
transistors permit you to design solid state circuits for
industrial applications with capabilities previously re-
served for tubes. Now you can think small.

These two new silicon devices were developed
specially for instrumentation and power supply builders,
as well as for computer and military applications. They
can operate from DC inputs of 1200 volts to 1500 volts.
With 1% regulation at full load.

In a switching regulator, they can operate direct-
ly from a 220-volt line or from rectified 440-volt single
or polyphase sources.

Both devices are NPN triple diffused, packaged
in Delco’s solid copper TO-3 cases. They are mounted to
withstand mechanical and thermal shock because of

for high power regulators
\ in small packages.

application tests from production lots by prospective
users with stringent reliability requirements.

And their energy handling capability is verified
by Delco Pulse Energy Testing.

These new high voltage silicon transistors make it
possible for you to take advantage of reduced size,
weight and component costs in designing circuits—and
get far greater reliability.

The circuits shown are explained in detail in our
application notes nos. 45 and 46.

Call the Kokomoans or your Delco Distributor
for more information.

special bonding of the emitter and base contacts.
The DTS-721 and DTS-723 have been proven by

Available from these Delco distributors:

ALA., BIRMINGHAM « Forbes Distribut-
ing Co., Inc. (205)-251-4104

ARIZ., PHOENIX « Cramer/Arizona
(602)-263-1112 . Sterling Electronics
(602)-258-4531

CAL., LOS ANGELES « Kierulff Elec-
tronics, Inc. (213)-685-5511 « Radio Products
Sales, Inc. (213) 748-1271

CAL., PALO ALTO « Kierulff Electronics,
Inc. (415)-968-6292

CAL., REDWOOD CITY -«
Francisco, (415)-365-4000
CAL., SAN DIEGO « Milo of California,
Inc. (714)-232-8951
CAL., SAN DIEGO
Sales, Inc. (714)-292-5611
COLO., COLORADO SPRINGS « Walker
Electronics (303)-636-1661

COLO., DENVER « Cramer/Denver
(303)-758-2100 « Denver Walker Electronics
(305)-935-2406

ILL., ROSEMONT (Chicago) « Kierulff/
F-J-R (312)-678-8560

ILL., SKOKIE (Chicago) « Merquip Elec-
tronics (312)-282-5400

IND., INDIANAPOLIS « Graham Elec-
tronics Supply, Inc. (317)-634-8486

MD., BALTIMORE » Radio Electric Service
Co. (301)-823-0070

MASS., NEWTON « The Greene-Shaw Co.,
Inc. (617)-969-8900
MICH., ROMULUS -«
(313)-729-5500

MINN., MINNEAPOLIS « Stark Electron-
ics Supply Co. (612)-332-1325

Cramer/San

Radio Products

Harvey/Detroit

Delco Electronics

DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA

MO., KANSAS CITY « Walters Radio Sup-
ply, Inc. (816)-531-7015

MO.,NO.KANSAS CITY+« LCOMP-Kansas
City, Inc. (816)-221-2400

MO., ST. LOUIS « LCOMP-St. Louis, Inc.
(314)-647-5505

N.J., CLIFTON » Eastern Radio Corpora-
tion (201)-471-6600

N.M., ALBUQUERQUE e« Cramer/New
Mexico (505)-265-5767 « Sterling Electronics
(505)-247-2486

N.Y., BINGHAMTON « Harvey/Federal
(607)-748-8211

N.Y., NEW YORK « Harvey/New York
(212)-582-2590

N.Y., WOODBURY +« Harvey/New York
(516)-921-8700

OHIO, CINCINNATI « United Radio, Inc.
(513)-761-4030

OHIO, CLEVELAND « Pattison Supply
(216)-441-3000

OHIO, DAYTON .
(513)-278-9411

OKLA., OKLAHOMA CITY « Radio, Inc.
(405)-235-1551

OKLA., TULSA « Radio, Inc. (918)-587-9123
PENN., PHILADELPHIA e« Almo Elec-
tronics (215)-676-6000

PENN., PITTSBURGH « RPC Electronics
(412)-782-3770

S.C., COLUMBIA « Dixie Radio Supply
Co., Inc. (803)-253-5333
TEXAS, DALLAS -«
Company (214)-741-3151

Kierulff/F-J-R

Adleta Electronics
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TEXAS, FORT WORTH e« Adleta Elec-
tronics Co. (817)-336-7446

TEXAS, HOUSTON « Harrison Equipment
Co., Inc. (713)-224-9131

UTAH, SALT LAKE CITY « Cramer/Utah
(801)-487-3681

VA., RICHMOND « Meridian Electronics,
Inc., a Sterling Electronics Company
(703)-353-6648

WASH., SEATTLE « Kierulff Electronics,
Inc. (206)-763-1550

WASH., TACOMA « C & G Electronics Co.
(206)-272-3181

CANADA, ONT., SCARBOROUGH -«
Lake Engineering Co., Ltd. (416)-751-5980

ALL OVERSEAS INQUIRIES:
General Motors Overseas Operations
Power and Industrial Products Dept.,
767 Fifth Avenue, New York, N.Y.
10022. Phone: (212)-486-3723.

Regional Headquarters. Union, New Jersey*
07083, Box 1018 Chestnut Station, (201)-
687-3770 = El Segundo, Calif., 90245, 354
Coral Circle, (213)-772-5181
® Chicago, Illinois* 60656,
5151 N. Harlem Avenue,
(312)-775-5411 m Kokomo,
Ind. 46901, 700 E. Firmin,
(317)-459-2175 Home Office
w*Office includes field lab and
resident engineer for applica-
tion assistance.
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Bob Noyce of Intel

Speaks Out

On the Integrated
Circuit Industry

You can probably remember back to the days when we thought
resistors were cheap. I'm reminding you of that to indicate just how much
change really has occurred in our industry.

There was a time when resistors were actually
cheaper than transistors; some of you are too young
to recall that and may find it hard to believe. In
those days the basic concept in designing was to
eliminate as many transistors as possible and re-
place them with resistors. In that era, diodes were
also significantly cheaper than transistors and were
popular with designers. Today, I doubt if any engi-
neer would seriously think of replacing transistors
with diodes, particularly in integrated circuits
where there’s really no difference in cost.

Also in those days, there was an enormous pro-
liferation of transistor types. As a matter of fact,
when the type numbers registered reached the
2N700s, it was decided to assign three-digit suffixes
to small-package transistors (such as those in the
TO-18 case) and four-digit suffixes to larger pack-
age transistors (TO-5 or larger cases). The idea was
to keep about 300 type numbers reserved for pack-
ages that were too small to accommodate a type
number with a four-digit suffix.

Once that decision was made, all new transistors
in TO-18 cases received 2N three-digit numbers and
all new transistors in TO-5 cases received 2N four-
digit numbers. This worked for a while, but because
transistors kept coming out so rapidly the system

was soon overwhelmed by thousands of type num-
ber requirements.

Even with all the thousands of 2N transistor type
numbers registered, I doubt if many of you have
used more than 20 to 30 of them or are presently
using more than 20 or 30 different transistor types.

The number of distinct device types needed by a
designer today is significantly reduced from what
he needed in past years. This is because the capa-
bilities of individual transistors now are typically
far in excess of the requirements of various appli-
cations.

Audio amplifiers were designed with 100-kHz
transistors in our early days, and RF transistors
were operated at 5 MHz. It was considered just fine
if an audio transistor got up to 20 kHz, grounded-
emitter configuration. Obviously, as the capabilities
of transistors have improved, the task of the de-
signer has been simplified.

Of course, the advent of the integrated circuit
was to change the life of the designer and revamp
every concept of circuit and system design.

Once ICs began to appear, there was a tremen-
dous demand from transistor users to convert their
particular needs to monolithic form. I think that for
every flip-flop developed by an IC manufacturer

(Continued)
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Speakout

during the period from 1960 to 1964, there were cus-
tomers coming in and asking for 50 other types. I
remember visiting a customer during this time and
going into one room where this company had 60 en-
gineers designing logic circuits. But when I visited
the same company about 3 years later, only three
engineers were employed in the same group.

Now, the other 57 engineers did not all go to work
for semiconductor companies; 50 of them probably
moved into a higher level of design, but maybe five
or six of them actually did go to work for semicon-
ductor manufacturers doing circuit design.

The proliferation of design that took place in the
early 1960s resulted in expensive solutions to de-
sign problems. It would have been a lot less costly to
use fewer devices (perhaps overdesigned for those
particular jobs), but thereby achieving larger pro-
duction runs for each device.

If you can remember when resistors were inexpen-
sive, then you can probably recall the days when
system designers were choosing between two-input
and three-input gates. If you didn’t have three in-
puts, you used the simpler device—you never had
any open inputs. Who would think of doing this to-
day? Now it doesn’t cost any more if your devices are
designed in excess of actual needs for a particular
application — particularly when the “excess needs”
may cut down the total part count in other subse-
quent applications.

When you stop and think about it, the
whole real appeal of integrated circuits
has been their ability to cut down inter-
connection costs.

Look at the yield statistics. The cheapest transis-
tor chip to make is the single transistor chip. If
there’s a defect in it, this means only one transistor
has to be thrown out. The only reason a lot of tran-
sistors on one chip cost less than individual transis-
tors is the savings in interconnections, both to the
user and the semiconductor manufacturer.

Let’s consider a circuit requirement somewhere in
the middle of the user’s system to be hooked up to
40 or 50 transistors within the system. For an inte-
grated circuit, this may be accomplished by eight or
ten wires; for transistors, it may call for 140 or 150
wires. That’s a big difference in interconnection
cost.

We've already reached what appears to be a ridic-
ulous price situation in certain applications (for ex-
ample in some TTL subsystems) where the compo-

nent unit costs a fraction of what must be paid to
interconnect it. The user’s interconnection cost for
a TTL gate can run up to $0.50/unit — more than the
cost of the gate.

Medium scale integration evolved naturally as a
means for cutting the costs of building integrated
circuit systems. It started out first as a custom
business, but it is evolving into a catalog-item
marketplace. A designer can get out his shopping
list and say “Okay, I can build this circuit by using
two of these and a half dozen of those or I can use
three of these with four of those”, and so on. Put
them all together, they accomplish the desired
function and you don’t really even have to worry
about what’s inside or the fact that they can do a lot
more than you need to have done. Not only will
these standard circuits do what you require, they’re
as cheap a way as any to get it done.

We've been talking about MSI but we haven’t
really left the subject of interconnections. Remem-
ber, it’s the cost of interconnection that was the
prime motivation to the evolution of MSI.

This leads us to large scale integration, where the
motivation for development has been precisely the
same —lowering interconnection costs. It may not
be true right now but the time will come when the
cost of MSI will become lower than the cost of the
boards that it goes on. And today, the interconnec-
tion cost for MSI is still significant when compared
to the cost to duplicate the same job with LSI.

Again, LSI has started out primarily as a custom
business. Most of the LSI products that have been
sold have gone to calculator manufacturers — calcu-
lators are one place, indeed, where there is large
volume usage of a relatively well-standardized cir-
cuit. For more achievements of this type, standard
LSI circuits must have enough capability to do the
desired job and a lot of other jobs as well.

Memory is a good example of an application well
suited for standard LSI. The function is well de-
fined, the usage is large and one design can satisfy
many different needs.

LSI memories are being proven practical produc-
tion items. In 1968 and even in 1969, a lot of skep-
tics said that LSI was at least 5 years away — LSI
was something that the IC manufacturers liked to
pretend was around the corner, but you wouldn’t
be able to buy any for at least 5 years.

But LSI did arrive and is available in large quan-
tities. The IC user today is in a position where he
can count on LSI deliveries of his design in volume.

Of course, the user still has the problem of getting
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the design done, and simplification of that problem
still has a long way to go. Even with all the automa-
tion that has gone into laying out logic circuits,
these techniques still can’t do the LSI job very well
—the individual is a little slower than the computer
but it’s not possible to do the job cheaper by com-
puter than by hand. The automated approach isn’t
the answer right now either, unless you're willing
to give up something both in production cost and
performance of the unit. We're continuing to push
ahead but right now most design problems are
being worked out by hand.

Back in 1964, Gordon Moore said that in 1971 de-
signers would be able to buy ICs with more than
1000 components in high quantities. In 1965, that
sounded to a lot of people like a daydream.

If you look seriously at the way IC
technology is moving today, you can
extrapolate and come to the conclusion
that ICs with one million components
will become available in 1980.

This sounds ridiculous but actually it’s no more
ridiculous than 1000 components on a chip sounded
in 1964.

If IC technology really moves along at this pace,
what will happen to prices? IC prices have been
affected by several factors—increased complexities,
improved resolution, improved yields, greater wafer
sizes, etc. Increased die sizes have allowed more
function per individual die and lower handling costs.
Let’s see what prices are likely to be by 1980.

One of the big cost factors in the semiconductor
business is defect density, which has gone down by
a factor of six in the last 10 years. Correctly antici-
pating the behavior of defect density is one of the
critical factors in extrapolating to what will happen

in 1980.
The $10/square-inch cost of processing silicon,

about where we are now, is probably not going to
change much. In order to decrease defect densities,
it’s going to take even more careful processing than
we're now doing, and we aren’t going to save much
money. I'm also assuming that we will be able to de-
crease defect densities, since there’s nothing inher-
ent in semiconductors that makes it impossible.
Most of the defects that are present in integrated
circuits are process induced defects—defects that
exist only because of mistakes that IC manufac-
turers make.

It isn’t a question of achieving the ultimate in

crystal perfection. It’s just a question of how dirty
your photoengraving operation is, and frankly,
that’s the cause of 90% of the defects in ICs right
now.

In looking to the future, I'm assuming that we’ll
improve our linear resolution by a factor of three.
That’s about where I see the industry going from an
optical standpoint. We can’t go much beyond that
until we get into electron-beam processing. I do be-
lieve that electron-beam processing will come in be-
fore the end of this decade.

I have also assumed that we will see an improve-
ment in efficiency. By that I mean circuit configura-
tions will be designed that will provide more func-
tion per circuit element. New device concepts such
as the charge-coupled device will enter the picture.

Okay, let’s look at the chips IC makers will offer
in 1980. The size of the MOS chip will be larger
than the bipolar chip because the MOS defect den-
sity will be smaller. Why will it be smaller? Because
the MOS process uses fewer photoengraving steps,
and photoengraving is the major cause of defects.

Typically, we’ll be working with 1.5 cm? of silicon
for MOS circuits, and 0.6 cm? for bipolar circuits.
Chip cost should be running around $3 for bipolar
circuits and $9 for MOS circuits. That’s with yield
consideration included and estimated at 30%. (If this
yield figure is too low, the cost figures that I'm
giving you will be too high.)

The number of components per chip will be about
one million MOS devices and about 100,000 bipolar
devices. If 10 components per memory bit are as-
sumed, then one order of magnitude less bits than
the number of components can be obtained.

Let’s assume that the cost of packaging is $10.
Let’s also assume that we only get 50% yield after
packaging (and that number shouldn’t be that bad).

With these projections, it’s likely that the cost of
MOS memory will be $0.0003/bit and bipolar cost
will be a little under $0.002/bit. To arrive at these
costs, I've assumed a 50% cost of sales for the semi-
conductor companies.

I've based the above figures on semiconductor
memory growth; all the technologies involved are
applicable to logic as well as memory. However,
with logic, we are getting into a different situation.

Interconnections again are a severe problem. We
find ourselves interconnection-limited. How much
logic can we conceive of putting on one chip? How
many gates will be needed for minicomputers? Since
the answer for some minicomputers is 1000, by 1980
we may well be capable of putting the equivalent

(Continued)
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SCREENING

Increase your yield and eliminate fallouts. Improve relia-
bility and ensure your warranty. Take advantage of ATL's
component screening and testing capability, the best
available insurance against field and production failure.
Only Associated offers you fast turn around, geared to
the tightest production schedule —at a down-to-earth
cost. Available services include BURN-IN - HIGH-VOLUME
MEASUREMENT - FAILURE ANALYSIS « QUALIFICATION
TESTING - ELECTRONIC EVALUATION - TOTAL ENVIRON-
MENTAL TESTING -« RELIABILITY PROGRAM DEVELOP-
MENT—for IC’s & DISCRETE SEMICONDUCTOR DEVICES
« RESISTORS « CAPACITORS « COILS - RELAYS - TRANS-
FORMERS - CONNECTORS.
Why not get the whole story today?

ASSOCIATED

TESTING
LABORATORIES INC.

200 ROUTE 46, WAYNE, N.J. (201) 256-2800

NEW ENGLAND DIVISION:
Northwest Industrial Park, Burlington, Mass. 01803
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number of gates for 100 minicomputers on one chip.

A big part of the minicomputer market calls for
gate requirements in the 5000 range; bigger com-
puter needs run say 30, 40, 50 and up to 100,000
gates. The biggest computers made today have re-
quirements in the 100,000-gate range. This would
make it sound as if a superstar computer’s needs
could be satisfied with about 10 bipolar LSI chips.
However, even if the capability exists to put all of a
computer’s logic on a few chips, this doesn’t mean
that we'll be able to find a practical design philosophy
that will permit us to do it—and that brings us back
to the whole interconnection problem again. &

About Bob Noyce

Dr. Robert N. Noyce was one of eight employ-
ees who left Shockley Semiconductor Labs
in 1957 to form Fairchild Semiconductor. He
served as Director of Research of the fledg-
ling Fairchild operation, placing major R&D
emphasis on mesa and planar silicon tran-
sistors.

He became vice president and general
manager in 1959, three years before Fair-
child Semiconductor became a part of Fair-
child Camera & Instrument. Dr. Noyce was
appointed Group Vice President for the semi-
conductor and instrumentation divisions in
1965, a post he held until leaving in 1968. In
July 1968, he founded Intel Corp and has
served since then as its president.

Dr. Noyce received a bachelor’s degree in
1949 from Grinnell College in lowa, majoring
in physics and math. He earned his doctorate
in physical electronics at MIT in 1953.

Upon graduation he joined Philco Corp. in
Philadelphia, Pa., engaging in semiconductor
research. He left Philco to join Shockley
Semiconductor Labs in 1956, where he was
concerned primarily with research in semi-
conductor diffusion techniques.

Dr. Noyce finds time for skiing at Squaw
Valley and sailing off the Maine Coast. “We
have six boats —if you want to count the row-
boat—one for each member of the family,”
he says.

The family consists of Bill 17, Penny 15,
Polly 12, Margaret 10 and Betty, Dr. Noyce's
wife. They reside in Los Altos, Calif., and also
have a seashore home in Maine.

Dr. Noyce is a member of the National
Academy of Engineers, a Fellow of the IEEE
and a Trustee of Grinnell College.
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We've put a continuous FEP jacket on our
RG-225/U and RG-115A/U that cuts out
the cable handling problems that really
trouble you. No more fiberglass particles
to breathe, to get stuck in clothes and irri-
tate, no more frayed ends making termina-
tions seem like an impossibility, no more
wasted time and no more cable failures on
critical equipment due to hydraulic oil or
coolant penetration damage.

We can provide you with Times FEP-115A

(modified RG-115A/U) with sweep testing
for insertion loss from 1 to 12 GHz with a
maximum variance of 10% from nominal.
Another design improvement this cable
features is a “‘hold-down'" layer over the
tape dielectric to prevent tape spring-up
during termination. Or, Times RG-393/U

(replaces RG-225/U) which iz also FEP
jacketed and has QPL approval. Both fight
off seepage that can collect inside of con-
nectors and cause transmission failure.

Send for bulletin TD-3, and our 44 page
RF Transmission Catalog and Handbook.

*Fluorinated Ethylene Propylene

KTIMES

¥ WIRE AND CABLE COMPANY

Wallingford, Connecticut 06492. Tel. (203) 269-3381
CIRCLE NO. 14

FEP jacketed cables
cure frayed
fiberglass nerves.




Precision Integrators

With High Speed
Mode Controls

by Paul Yee

m The problem of capacitance drift with tem-
perature is well known in the analog electronic
integrator. Not so well known is the mechanical
drift in the adjustable capacitor favored in these
integrators.

Mr. Yee details a method of minmimizing ca-
pacitance drift and replacing the adjustable
capacitor with a fixed type by using additional
circuitry. m

A new integrator circuit has several advan-
tages over ‘“standard” integrators:

1. The feedback capacitor is calibrated and
temperature compensated actively, removing
the dual requirements of a regulated tempera-
ture chamber and adjustable capacitor. In
addition, the fixed capacitor offers improved
long-term stability as well as a simpler initial
calibration procedure.

2. Large variation of the time scale is pos-
sible without a variable capacitor.

3. All-solid-state switches give improved re-
liability, reduced package size, and submicro-
second mode switching which allows close
tracking of mode change among multiple chan-
nels of integrators.

The integrator is one of the most commonly
used circuit configurations in analog computa-
tion, system simulation, in-line process control,
etc. The basic components used in an integra-
tor are a solid-state operational amplifier, a
feedback capacitor and switching components.

During recent years, the quality of op amps
and solid-state switches has improved im-

Author: Mr. Yee is product manager at Zeltex
in Concord, Calif.

mensely. However, the performance of capaci-
tors remains essentially unchanged. Today’s
precision integrators still use yesterday’s
polystyrene . capacitors.

To maintain initial tolerance and tempera-
ture stability of, say #0.01%, the polystyrene
capacitor must be installed and operated with-
in a well regulated temperature environment.
Setting an adjustable capacitor to a desired
value can be very time consuming since the
device requires quite a long period to establish
mechanical equilibrium.

Conventional integrators

In general an integrator has the following func-
tional modes: “operate”, ‘“reset”, and ‘“hold”.
These modes can be established by some com-
bination of FET, biopolar, and mechanical
switches. For the ‘“hold” mode, a solid-state
switch should have a low “on” resistance and an
extremely low leakage current. Neither FET nor
bipolar units can provide these, so mechanical
switches have hitherto been used exclusively in
this mode. But a mechanical switch’s slow re-
sponse in the “hold” mode can cause computa-
tional error in multiple integrators.

Before we analyze the new integrator, let’s ex-
amine two conventional precision integrators. In
Fig. 1 we use only mechanical switches, while
Fig. 2 has solid-state switches with the exception
of SW,. Both circuits suffer from common de-
ficiencies caused by the mechanical “hold” switch
and the limitation of the adjustable feedback ca-
pacitor. Also, the circuit of Fig. 1 has limited
reset speed due to the time constant of RC,.

Improved circuit

Figure 3 shows a high-speed precision inte-
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grator with all MOS FET switches to control
operating modes. The feedback capacitor is a
fixed-polystyrene type. Initially, the capacitor is
set by adjusting the attenuator preceding ampli-
fier A,, connected as a unity-gain noninverting
buffer. No temperature chamber is needed as the
capacitor’s temperature coefficient is compen-
sated by the thermistor network which regulates
the attenuation of P,. In this circuit, for (R;)
(C;) = 1 second, R;=100 kQ and C;* = 10.1 uF
at 25°C, P, is set to deliver 0.990 e,.

The circuit of Fig. 3 is used as follows: In the
“operate” mode, SW, SW, and SW, are as
shown. In the “reset” mode, SW,, SW,, and SW,
take on the opposite positions. In the “hold”
mode, SW, is as shown, and SW, and SW, are
in the same position as for “reset”.

Figure 4 shows a practical circuit in the
“operate” mode. In this mode, the desired equiv-
alent capacitance and time scale of the integrator
are adjusted by R, and the temperature compen-
sation of the capacitor is set by R, and P,.

Time constant adjustment

The desired time constant of the integrator
is R;C; as noted in Fig. 3. However the added

R R
Ic© v
8SW.’Z Ct
) S
7d|
B: Swi

-

Fig. 1. Three-mode integrator using only mechanical
switches.

e
LIMITER

|

Fig. 3. High-speed precision integrator with MOS
FET switches.

circuitry takes a slightly larger feedback capaci-
tor C;* equal to C; (1+A) to produce the desired
equivalent C; (at 25°C). To adjust the physical
capacitance C/* to the desired equivalent value
(Cy), a precision attenuator consisting of a buf-
fer amplifier and resistive network preceding
C;* is employed.

With input current, ¢;, to C/*, the impedance
transfer function of Fig. 4 is adjusted to 1/sC,
with Rg. For Ry = R and R, = R, at 25°C,
e, is made equal to e, or e, (C;/C;*). For correct
impedance transfer characteristic, Ry is adjusted
such that :

T
9Rs + Rx + Re/ ° \2Rs + Rx +.R»/""

. (C) _ i)
g Cf* W SC/*
p bl B

i,(s) B SC!

(1)

Temperature-coefficient compensation
Over the normal lab temperature environment,

the temperature coefficient of fixed polystyrene
capacitors is linear and typically -0.01% /°C.

o B SWL swe .

Fig. 2. Three-mode integrator using two solid state
and one mechanical switch.

Ri
100k
i = A‘ o €o
li + e ] e
il e ™
104 pF 2k

5.48k 3.198k

Rswi q

Fig. 4. Prototype circuit in the ‘‘operate’’ mode with
R«—R:R,/R: FR,, C;*—(1+A)C,, R:—R, and
Rx—=Ry at 25°C.
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To compensate this linear change of capacitance
over the range of +15 to +35°C, a thermistor
of the proper negative temperature coefficient is
introduced into the attenuation network. To
linearize the exponential effect of the thermistor,
a temperature-stable resistor, R,, is added in
parallel with the thermistor, R,. The following
equations describe R, and Ry, the parallel re-
sistance of R, and R 4.

By = By, & (_; —Tl_) @)

(; e ;)
T T
Bt ) i Be of " 3)

Rarn o 7 )

<R49Rn> 8 (% &3 TI‘ )
it o T /" i )
Y T 2
SR [ e

Given Ry, T, and B3, and dRy/d,, R, can be cal-
culated from Eq. 5 as follows :

/—dRX
= 4T <TRT,,>
F=3r \NBop

—de/dT>
1 - < RTOB— T

For example, let’s take a thermistor of Fenwal C
curve with g8 = 3495*175, R;, = 7.680 ko at
T,=298°K (25°C). For a dRy/dT of —50 ohm/°C,
R, calculated from Eq. 5 equals 5.480 k. Further
calculation of Ry over the temperature range of
25°C %=10°C using these data and Eq. 3 yields a
dR /dT of —-50 =1 ohm/°C.

To maintain close to linear attenuation, C,*
should not exceed C; by 1% so that,

Re .
2R, +Rx+R. 1+A

R4

®)

(6)
can be approximated to within 0.005% accuracy
by (1 —A). Since

£ L B 1
1+A  2RA+RA+Rx 1+ (@g_@)

R'_‘

@+Rx>
RE

or A = <2—R§R+CRY> (?)

then (1—-A) = 1 — (

The term can be made linear over 25°C =+

1
1+A
10°C to within = 29% of the tc of the polysty-
rene capacitor, if dR,/dT is linear within =

1Q/°C.
Integrator time scale change

The time scale of an integrator is related to
K,Ci* (C;/C*) where K, is the closed-loop gain
of A,. For a fixed value of C*, a large vari-

ation of time-scale changes can be realized by
merely controlling the closed-loop gain of A, or
the attenuation of P,. For K, equal to greater
than unity and still maintaining a =10-V full-
scale integrator output, A, must have an output
voltage range greater than =10V. For a slower
time scale, higher value capacitance can be simu-
lated using an amplifier (A,) of a higher voltage
output.

‘““Hold’’ and ‘‘reset’’” mode

With SW,, SW, and SW, set for the “hold”
mode, C* is connected across the feedback of A4,.
The voltage across C;* remains essentially con-
stant as long as the input current to the invert-
ing terminal of A, is negligible. Meanwhile the
input current through R; is absorbed by the low
closed-loop output impedance of A,. The signal at
the output of A, due to ¢;(s) in the “hold” mode,
is approximately equal to (e;(s)R,/K,(s)a,R;)
where R, is the open-loop output impedance of
A,, a is the attenuation of P, and K,(s) is the
closed loop gain of A, at the frequency of in-
terest.

With Fig. 3 in the “reset” mode, the inte-
grator’s initial-condition voltage is set by the
overall feedback around A;, A, and A,. The time
required to set an initial condition is a function
of the current capability of A, A, SW,, SW,
as well as the capacitance of C*.

Critical amplifier and switch characteristics

Amplifier A, must either be chopper stabilized
or have low voltage drift. A, requires a FET
input with high output-current capability. A,
should be a general-purpose amplifier with high
output capability.

The two important parameters of the MOS
FET switches used in this application are on
impedance and leakage current. The improved
circuit minimizes the effects of both.

In the “operate” mode, the on impedance of
SW, is not critical since it is inside the feedback
loop of A,. SW, must be able to pass the max-
imum integrand current without saturating A,.
The other two switches are in their “off” state
in this mode. The leakage of SW, is absorbed
by A, with negligible error, but the leakage cur-
rent of SW, causes an integrand error.

In the “hold” mode the on impedance
of SW, connects the feedback capacitor across
A, as well as passing the integrand -cur-
rent from R; to the output of A,. SW, and SW,
are in the “off” state and their leakage currents
cause C;*'s charge to change, causing an error
at the output of A, directly proportional to time
and inversely proportional to C,*.

In the “reset” mode, the on impedance of SW,
and SW, limits the maximum charge current to
the capacitor during the initial phase of the
cycle. The on impedance of SW, and C,* deter-
mine the reset time constant once A, resumes
the linear mode of operation. The leakage cur-
rent of SW, is of no consequence in this mode.
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Econo-Line

Thinking engineers prefer
Elec-Trol Reed Relays

Here’s why...

|ntegrity_(in;t§g’ ri-ti), n., and Reliability

(re-li” a-bil” i-ti), n., are two key words in
Elec-Trol's vocabulary. Nowhere in the industry
can you find a more stringent reliability test
program than in Elec-Trol Quality Control.

The integrity of our reed switches is unexcelled,
for Elec-Trol's reliability test program is
concentrated on these switches, which are made
by the leading U.S. manufacturers. Our strict
tests are applied to each lot prior to their
incorporation in relays. A sample of each lot is
subjected to microscopic examination and a
5,000,000 operation life test consisting of nine
contact loads. The lot is accepted or rejected
based on the test results. Data is kept from each
lot tested for comparison checks to determine
trends in reed switch integrity.

An accepted lot of reed switches following the
sample tests is then tested 100% for contact
resistance and pick-up sensitivity . . . Only reed
switches that have passed this 100% testing
program are used in Elec-Trol reed relays.

Superior performance of Elec-Trol reed relays can
also be attributed to our conservative design
approach. Our relays are purposely designed to
operate well within specification limits . . . The
safety factor goes beyond our written specs.
Excessive heat is never encountered in our coils.
An outstanding example of performance is our
multiple pole relays, where we match reeds
throughout the coil allowing all reeds to operate
at nearly the same pick-up voltage.

Elec-Trol has long been famous for its engineering
leadership and manufacturing techniques used

to protect the reed switch and coil in reed relays,
providing the assurance of proper performance
throughout the relay’s application life. We
pioneered the DIP reed relay. The know-how of
precise bending of reed lead terminals, all

welded internal construction, along with expertise
in use of special epoxies that have similar
temperature coefficients to the reed switch glass
enclosure, are outstanding examples. We have
available special packaging techniques to make
customized relay configurations.

CIRCLE NO. 15

All Elec-Trol reed relays are 100% tested for
operating parameters prior to shipment. Quality
control records of inspection are maintained
throughout in-process and final inspection.

Whether your decision to buy is based on
switching speed, long life, light weight, reliability,
circuit isolation, power handling, special
packaging, or otherwise, one of our five reed
relay lines: Econo-line . . . Open-line . .. Dip ...
Pico ... Military . . . or a customized design

is sure to fill the bill. Our automated production
line guarantees high performance reed relays at
low cost. You can be certain that Elec-Trol

is doing a better job.

Write, wire or call us your requirements.

ELEC-TROL,INC.

26477 N. Golden Valley Road

Saugus, California 91350

Phone: (213) 788-7292 « (805) 252-8330
TWX: 910-336-1556
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NEW NPN

o i 0

A

Stepped-up Performance
{2N6098 - 6103)

RCA’s 2N6103 series is new! It now makes available to design-
ers an extended current capability in the RCA VERSAWATT
line—from 0.5 to 8.0 Amp. Utilizing a chip similar to the 2N3055,
this silicon power n-p-n family is the next step up from the
2N5298 and 2N5496. You get all the advantages of Hometaxial-
base construction, backed by thermal cycle ratings and safe
area operating curves. The 1000-unit prices in the family start
at 65¢.

The 2N6103 family is recommended for such applica-
tions as hammer drivers, series regulators, motor speed con-
trols, inverters, and output stages of audio amplifiers to 40 W.

Also new, the 2N6111 family is another in the series of
RCA epitaxial-base p-n-p power transistors, offering designers
new p-n-p versatility in the popular VERSAWATT package. In-
tended for complementary use with 2N5298 and 2N5496, these
epitaxial devices are backed by RCA’s exclusive thermal cycle

NEW PNP

I I

”’ L

Expanded Versatility
{2N6106-6111)

ratings and complete safe area operating specifications. The
1000-unit prices in the family start at 70¢.

Ideal in a variety of circuits, the 2N6111 will especially
interest those working with audio amplifiers to 25 W, vertical
deflection circuitry, high frequency inverters, positive/negative
series regulators, and automotive applications.

To be confident of plastic power transistor quality and
reliability, look to RCA. We engineer and build our economy-
priced plastic power to the exacting standards that have made
our hermetic products your bench mark for power transistor
dependability.

For more information, see your local RCA Representa-
tive or your RCA Distributor. For technical data, write: RCA,
Commercial Engineering Section 501-15/UTL19, Harrison, N.J.
07029. International: RCA, Sunbury-on-Thames, U.K., or P.O.
Box 112, Hong Kong.

RGAAS:

CIRCLE NO. 16
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Switching Regulator Designed
for Portable Equipment

Here's an IC switching regulator for portable equipment that lets the
battery voltage fluctuate over a wide range with no performance
degradation. It’s all done with low-cost components, too.

EUGENE R. HNATEK and LARRY GOLDSTEIN, National Semiconductor Corp.

Most batteries used in portable field
equipment exhibit considerable volt-
age changes over their discharge
cycle. Thus, for the equipment they
power to function properly, it is gen-
erally necessary to make frequent
adjustments with a series rheostat.
This way of regulating voltage is in-
efficient and bothersome—and it
shortens battery life.

A circuit was developed that uses
an IC voltage regulator in a switch-
ing mode (see boxed information) to
provide a highly efficient regulated
supply voltage. This circuit (Fig. 1)
makes use of the LM376N positive
voltage regulator. It has a maximum
output current rating of 25 mA (with-
out external pass transistors), oper-
ates from an unregulated input volt-
age from 9 to 30V and provides load
regulation of 0.3%.

This switching regulator combines
high efficiency with a unique plus—

low cost. Normally, switching regu-
lators require fast-switching diodes
and transistors, and a core (choke)
with a sharp saturation characteris-
tic to minimize losses. The approach
presented here works at relatively
high efficiency (87%) yet does not re-
quire fast components or sharp satu-
ration cores. Instead, almost any di-
ode, transistor and choke can be used
efficiently. In fact, an inexpensive
Japanese transformer secondary can
be used for the choke, which points up
the circuit’s low cost, versatility and
performance.

Also, the high switching frequency
(50 to 100 kHz) generates transients
that could be troublesome. However,
because of the inherent design of the
LM376N (for voltage breakdown rat-
ings of the integrated transistors) and
selective filtering employed, spikes
are not a problem.

In this circuit (Fig. 1), the output

A
R3
M
Rsc
CURRENT 100
LIMIT
1 8
BOOSTER OUTPUT | y
a1
2N2905A LM376N
nf, s
vV, GND
IN 4 5

Fig. 1 —Switching regulator using the LM376N.

95 TURNS ON A930157-2 CORE

100pF

voltage need only be set once during
the design stage (not every time that
the battery voltage decreases). R1
and R2 set the output voltage any-
where between 5 and 27V. A 10-kQ}
rheostat was used for R1, though nor-
mally a fixed resistor is used. Values
for R1 and R2 are obtained from the
formulas:

out R2 V

R1

I

111V

oui

R, determines the base drive for
switch transistor Q1, providing it
with enough drive to saturate it with
maximum load current. The value of
R, is obtained from

B = 325 mV

sc
sclmA)

where I . = short current limit.

Positive feedback at the reference
terminal stems from R3, C2 mini-
mizes the output ripple and C3 re-
moves fast risetime transients that
would otherwise be coupled into pin
5 through the shunt capacitance of
R3. However, C2 must be small
enough so that it does not integrate
the waveform.

The optimum switching frequency
for these regulators has been deter-
mined to be between 20 and 100 kHz.
At lower frequencies the core for L1
becomes large, and at higher frequen-
cies switching losses in Q1 and CR1
become excessive. A switching fre-
quency of 33 kHz was selected for the
circuit of Fig. 1.

The regulator was used to drive a

(Continued)
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Regulator (Cont’d)

6V, 500-mA tape recorder motor. The rent to 250 mA of running current,

input voltage was varied from 7 to and the output voltage of the regula-
20V without any change in motor tor remained at 6V. In fact, stalling
speed. Furthermore, the load was the motor did not cause any regula-
varied from 700 mA of starting cur- ting damage (700 mA).

A New Circuit

Rsc— 1002 FOR Iy <500 mA
24Q FOR | <300 mA

Fig. 2— Simplified switching regulator circuit.

e 100
SECONDARY OF
OUTPUT TRANSFORMER 90
1 8 / 1—-0 Vour 80 /\
< i o
a1l 2 ? Rl — £ 60
2N2905A : J 5
LM376N 5
3 6 5
S 4
LY,
Vin 4 5
20
2.3% 10
NOTE:
CRI- FD100, FD6666 or |IN914 — 0
R3- ESTABLISHES POSITIVE FEEDBACK - 5 10 15 20 25 30

INPUT VOLTAGE (V)

Fig. 3—Efficiency vs input voltage.

Efficiency is the main advantage of a switching regulator
over the conventional series type. When compared to series
regulators, switching regulators permit the use of smaller
components and heat sinks to provide a specified output
power capability.

The basic configuration of a switching regulator is shown
below.

+0

Regulation is achieved by controlling the duty cycle of Q1.
Transistor Q1 serves as a switch and is either on (satu-
rated) or off, so that power dissipation in it is minimum. Free-
wheeling diode CR1 conducts during the time that Q1 is cut
off, thus maintaining current flow through inductor L1. When
Q1 is on, the load current i, through L1 increases according
to the relationship.
(A7)
E. —=E., =L1 G :,’

on

This current flows through the load and charges capaci-
tor C1.

SWITCHING REGULATORS REVIEWED

When E , reaches V, , a voltage comparator turns Q1 off.
Current through L1 then decreases until CR1 is forward
biased. At this point the inductor current flows through CR1
decreasing at a rate given by

(Ai))

_ L
E,=1L1 @)

0
When the inductor current falls below the load current,
C1 begins to discharge and E,, decreases. When E, , de-
creases to slightly less than V  , the comparator turns Q1
back on and the cycle repeats itself.
The output voltage is given by

= Ein X ton
tmn gl !

off

A number of precautions should be observed with all
switching regulators. These are:
—Fast switching diodes and transistors must be used to pre-
vent excessive power dissipation.
—The core material used for L1 should have a soft satura-
tion characteristic. This prevents high peak currents from
occurring in the switching transistor if the output current
becomes high enough to run the core close to saturation.
—Q1 should have a low emitter-base saturation voltage to
prevent excessive power dissipation.
—CR1 should be returned to ground separately from the
other parts of the circuit to prevent large transients from
occurring in the circuit.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L64
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The regulator circuit of Fig. 1 is op-
timized in terms of efficiency and
switching waveform, but not for the




minimum number of components.
The next step, therefore, was to re-
duce the number of components but
leave circuit performance unchanged
(Fig. 2).

Almost any type of choke can be
used for L1, which gives a significant
cost savings. Diode CR1 can be any
diode (even a low-frequency type)
that can handle the actual load cur-
rent, and transistor Q1 can be any
variety of transistor as long as it can
handle the load current and remain
within its maximum ratings. Even
though the boxed information recom-
mends the use of a fast switching
diode, a low-frequency diode will
work in the circuit of Fig. 2. Effi-
ciency of this circuit relative to input
voltage is shown in Fig. 3.

Applications for this type of regu-
lator are numerous. It can be used for
devices powered from 9, 12 or 18V
batteries, or in fact, from any battery
in the range of 9 to 30V. Portable in-
strumentation, motor speed control
for radio-controlled boats and port-
able tape recorders—all are promis-
ing applications of this circuit. It
should be noted that for most tape
recorder applications, a resistor is
used in series with the tape drive
motor to set the motor voltage. Dur-
ing starting conditions this resistor
drops more voltage than when run-
ning —the motor needs high starting
current. With this IC switching regu-
lator the output voltage is indepen-
dent of the load current. =

Both Eugene Hnatek (L) and Larry
Goldstein (R) have been with National
Semiconductor for 2 years. Hnatek is Mili-
tary/Aerospace Product Manager, respon-
sible for direct linear, digital, hybrid and
MOS military product efforts.

Goldstein is Linear IC Testing Manager,
responsible for software and hardware
developments for testing op amps, regu-
lators, consumer and communications cir-
cuits.
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It won
quit.

Those are strong words.

But we can back them up. The
reliability of these famed Franklin
digital list printers is no myth.
And no accident.

They're all built on heavy
aluminum castings. And use TTL
circuitry throughout. With just
two moving parts — the drum
and the hammer — there’s not
much opportunity for wear.

The hammer design is simplicity
itself. Only two pieces, instead
of the usual four, five or six.

Franklin Electronics — now
part of Mohawk Data — started
making these printers almost a
decade ago. The bugs have long
since been worked out. And re-
finements worked in.

The Mohawk 2016, 2017,

2018 and 2019 printers are com-
pletely buffered. They come
standard with parallel or serial
interface. With widths up to 20
columns. And speeds up to
1200 Ipm (1800 optional).

You get format control and
switch programmable zero sup-
pression at the standard price, too.

Compare that price with any
other. At any quantity. Often
you'll save from $700 to $900/ unit.

Call us collect or write
for prices and full specifications.
Then see for yourself.

You not only get more for what

you pay — you
also pay less for n
what you get. s,

Mohawk Data Sciences Corp.
Phone (215) 337-1910

MDS OEM products. You get more for your money.

OEM MARKETING: P.O. Box 406, Allandale Road and Third Ave.. King of Prussia, Pa. 19406
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Plagued By Triac Hysteresis?

Hysteresis or snap-on in triac phase control circuits is a common
problem usually solved by adding components to the triggering circuit.
A new IC trigger does the job neater and cheaper.

ROY W. FORSBERG, Boston Editor

Designers of ac phase control circuits
are usually bothered by hysteresis or
snap-on effects of simple trigger cir-
cuits (Fig. 1). Although they desire
a smooth transition from full oFF to
full on, what they usually get is a
step-type snap-on action as illus-
trated in Fig. 2. This can be very
disconcerting in lamp dimmers and
motor speed controls for example, and
solutions such as those shown in
Fig. 3 are often employed. Such solu-
tions are required regardless of

whether the actual trigger device
is a neon lamp or a bilateral switch.
Unfortunately, these solutions re-
quire added discrete parts resulting
in greater volume and higher costs,
conditions not compatible with lamp
dimmers and power tool controls.

IC trigger devices have been tried
in the past but because of manufac-
turing constraints, such as triple
diffusions needed to gain isolation,
costs have not been competitive with
discrete solutions.

What is desired is a triggering de-
vice with asymmetrical voltage char-
acteristics to compensate for the un-
desired phase shift described in
Fig. 2. A simple zener-bilateral
switch arrangement provides these
characteristics, but when integrated
on a single chip, it either requires
lots of area or additional diffusions.
However clever circuit design can
offset these problems and result in a
small, low-cost IC providing charac-
teristics shown in Fig. 4 and per-

LOAD

g

FILTER

TRIGGER

TRIAC

LINE VOLTAGE

Fig. 1 —Typical triac phase control circuit with hysteresis. Although threshold voltage is
symmetrical, actual triggering of the first cycle is non-symmetrical as shown in Fig. 2.
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CAPACITOR VOLTAGE

T

i A A

® 2

LOAD VOLTAGE

Fig. 2—Waveforms showing hysteresis effect. Initially, capaci-
tor voltage lags line voltage by about 90° and no triac trigger-
ing occurs. As resistance is decreased, this phase relation-
ship changes until the triac first triggers at point ‘x’. However,

TURN )
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¥

TRIGGER CHARACTERISTICS

“*SNAP ON"* HYSTERESIS

PERCENT POWER APPLIED TO LOAD
g

v
®

o

RESISTOR ROTATION (degrees)

after the first triggering, the charge removed from the ca-
pacitor by triggering causes the phase angle to shift further
and thus apply more power to the load as at ‘y’ causing an
apparent ‘snap-on’.

90 180 270
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formance shown in Fig. 5. Fig. 4
shows how both threshold triggering
and conducting voltages in the nega-
tive quadrant are drastically altered
in order to compensate for normal
phase shift while maintaining a con-
stant threshold current to the triac.

This IC approach results in a single
trigger device no larger or more ex-

Design Ideas

pensive than conventional devices,
yet requires no additional circuitry to
combat hysteresis or snap-on. It is
mounted in a TO-98 plastic 2-lead
package. O

This device was presented in a paper at
ISSCC 71 by W. H. Sahm III of General
Electric Company.

_\/T

ASYMMETRICAL SWITCH CHARACTERISTICS

LINE VOLTAGE

VT
CAPACITORI /\ /l\ /L
VOLTAGE V
_\/T

Fig. 3—0ne approach to combat hys-
teresis. This isone of many approaches °
used to solve snap-on problems. The
added resistors and capacitor are
used to provide a ready charge to C1
immediately after each triggering.

SHADED AREA INDICATES
LOAD VOLTAGE

DECREASING R
e

\V

ASYMMETRICAL SWITCH
TRIGGER CIRCUIT WAVEFORMS |

Fig. 4 —IC trigger characteristics. By increasing the negative trigger voltage and
conducting voltage, the dc value of capacitor voltage is shifted thus preventing

any phase shift after first triggering.

500k

S |

PHASE CONTROL CIRCUIT

ST-4

=]
o

PERCENT LOAD POWER
=3
o

Fig. 5—Circuit perfor-
mance. The simple con-
trol circuit shown at the
left using the new IC trig-
ger gives close linear per-
formance from about 3%
to over 99% of the avail-
able power. |

0 90

RESISTOR ROTATION (degrees)

180 270

POWER
SUPPLIES

Now you can save space and improve
reliability by mounting an Acopian
mini-module power supply directly
into a printed circuit board. Sizes
start at 2.32" x 1.82" % 1". Both
single and dual outputs are available.
And the duals can be used to power
op amps or for unbalanced loads.
Other features include:

e Choice of 58 different single output
modules ranging from 1 to 28 volts,
40 ma to 500 ma

e 406 combinations of dual output
modules with electrically indepen-
dent, like or different outputs in
each section

e 0.02 to 0.1% load and line regula-
tion, depending on model

e 0.5 mv RMS ripple

e Prices as low as $39 for singles,
$58 for duals

Do you have the latest Acopian cata-

log? It lists over 82,000 AC to DC

power modules for industrial or MIL-

spec applications. For your copy,

write Acopian Corp., Easton, Pa.

18042, or call (215) 258-5441. And

remember, every Acopian power

module is shipped with this tag. ..

AS
s POWER SUPRLY W
i SHIPPED WITHIN

D S5
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DEAR PRESIDENT NIXON:

We would like to go you one better
and lower the price of the world’s
best portable calibration and

test instrument.

Our Model 300 PVB—now $65 less at $930

It's still 6 instruments in one at 0.02%
noninflated accuracy (0.01% for another
$100). It's a potentiometric voltmeter,
standard voltage source, ammeter, resist-
ance bridge, comparison bridge and
ratiometer. In addition to the obvious you
can measure temperature, pH, high, low
and ac voltage with accessory attach-
ments. All are guarded Kelvin 4-terminal
measurements warranted for 2 years sta-
bility. Exceptional ac rejection. Zener-

regulated mercury battery works over
1000 hours.

We agree with the President: It's time the
consumer gets a break—so take it away.

els|i

Electro Scientific Industries
13900 N.W. Science Park Dr., Portland, Ore. 97229
Phone 503/646-4141
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CIRCUIT
DESIGN

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.

Readers have voted William C. Schaefer and Dale B.
Chapman winners of the June 1 Savings Bond
Award. Their winning circuit design is ‘‘Low-Cost,
Long-delay Timer." Mr. Schaefer and Mr. Chapman
are with IBM Corp., San Jose, Calif.

Proportional oven-temperature controller

heater current does not exceed 15 mA)

e thermistor and bridge resistors.
To Vote For This Circuit

Circle 161

by Robert L. Wilbur
Southwest Research Institute
San Antonio, Texas

This circuit provides proportional
temperature control of an oven to
within 1°C for temperatures from 75
to 250°C. The circuit uses an IC volt-
age regulator, Type 823D, which has
a quiescent current of 1.5 mA. This
particular IC operates well on the
same 28V power source as the oven.

Bridge resistors R, and R, should
be 1% carbon-film versions. To achieve
adequate resolution of the tempera-
ture setting, the potentiometer should
be a ten-turn wirewound type. Since
the power transistor Q, operates
either saturated or almost cut off, no
heat sink is required and operational
power derating is unnecessary.

The same basic circuit can be used
to control temperatures over other
operating ranges, and can be easily
modified by selecting a suitable

Ovens of different power ratings than
indicated can be controlled by suit-
able selection of components R, (to
provide the correct current drive),
CR, and Q,.

Low-power heater elements (where

can be driven directly from the out-
put (pin 6) of the regulator IC.

This circuit was developed in con-
junction with the NASA-sponsored
Technology Utilization Program, Con-
tract No. NASW-1867. &

28V

VECO 55A11

(600k @ 25 C)

HEATER
25W

Ry CR

3 1
1.5k IN9GOA |

Proportional temperature controller uses a voltage-regulator
IC which operates off the same 28V supply as the oven.

| S ¢

il
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Adjustable rectangular-wave oscillator
interfaces with IC logic

To Vote For This Circuit
Circle 162

by David E. Manners
Vision Laboratories, Inc.
Oriskany, N.Y.

With this inexpensive rectangular-
wave oscillator, the frequency can be
adjusted over a wide range and the
ON and OFF times of the signal can be
independently manipulated. The cir-
cuit requires only 5V dc for operation
and can therefore operate from con-
ventional logic power supplies. Be-
cause the current drain is only about
8 mA, the circuit can also be operated
from a zener regulator fed by a
higher voltage supply line.

Output levels of the oscillator are
compatible with conventional IC
logic. The circuit was originally de-
veloped to provide an input to a driv-
ing stage for low-frequency pulsing
of an inductive load.

logic 0 appears at pin 1 of the IC. This
causes pins 3 and 4 to go to logic 1,
and pin 6 becomes logic 0. The “near
ground” on pin 6 causes C, to com-
mence discharging through R, and
also via R, and the gate-cathode path
of the SCR. The capacitor voltage
then decreases until the SCR is again
cut off. This occurs because the cur-
rent through the SCR is limited by
R, and is always less than the re-
quired holding current. After the SCR
stops conducting, the operating cycle
repeats as described.

The table shows typical frequencies
and duty cycles for selected values of

C,, R, and R,. Note that there is a
lower limit to practical values for
R, (6 k() in this case) because other-
wise the current-sinking capability
of the IC NAND gate would be ex-
ceeded. Possible values of R, and R,
are limited at the high end by the re-
quired gate voltage needed to turn on
the SCR.

Total component costs for the cir-
cuit shown were about $8, with the
SCR (at $5.75) contributing the bulk
of the cost. Suitable SCRs can now be
obtained for around $2, thus reducing
the total parts cost to approximately
$4.25. O
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Another useful feature is that ter- ] ; z
minal 2 of the IC can accept logic sig- R, 'l‘ OuTPUT
nals which serve as an oN/oFF con- 1k
trol. When held at logic 0, pin 2 forces *Vee
the output to be a steady logic 1. If a SCR gJSk
steady logic-0 output is desired, 2NZ324n L AAA
another NAND gate on the same IC Rs

must be used. Removal of the logic 0
from pin 2 allows oscillation to occur.
For normal operation, pin 2 is either
open circuited or, preferably, con-
nected to 5V dc.

Operation is fairly straightforward.
When power is first applied, the SCR
is nonconducting. Thus, pin 1 of the
IC is presented with a logic-1 level.
Pins 3 and 4 are therefore at logic 0.
Pin 6, in turn, starts out in a logic-1
condition. This allows C, to begin

¢ Vo= +540.5V dc

Both the frequency and the mark-space ratio of the output can
be determined by suitable choice of component values in this oscillator.

OUTPUT FREQUENCY AND DUTY CYCLE FOR VARIOUS COMPONENT VALUES

charging from the voltage source via ‘ Approx.

ging : & ¢, WP 0.05 . 0.1 05 10.0 40.0 R, (2) Ry (Q) %o
R, and R,, in an attempt to reach a : =
voltage level determined by the divid- 2.2k 6.84k | 167k 58.3 17.23 1k 27.0k 35
er network formed by resistors R, o 23.6 k ’ 8.62 k 2.08 k 75.7 22.00 1k 13.5k 45
R, and R,. Thus, as the voltage level (H2) 278k | 1000k | 250k | 91.0 26.00 1k 7.3k 55
increases, the SCR s eventually ‘ 7.8k 392k | 096k | 312 9.26 2k 2.0k 45
triggered iate conduction. | 119k 6.25 k 1.54 k 52.1 2 7.3k 60

; : ; 3 15.15 k /
When the SCR starts to conduct, a 1
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Custom power driver. Thick and thin film on one substrate.

Thick and thin.
Raytheon custom hybrids are the standard.

Raytheon hybrid modules are designed for those
special applications where off-the-shelf circuits just
won’t perform.

Our custom designs solve special problems
in thick film or thick/thin combinations. Whatever
is required, we’ll deliver production quantities, not
just laboratory samples. And they’ll meet your

toughest performance and environmental standards.

Thousands of Raytheon hybrids are success-
fully performing in airborne, medical, and satellite
applications. We’ve developed modules in all
shapes, packaging approaches, and performance
characteristics. Epoxy free, beam-leaded, multiple
IC’s in a single package are typical. Standard RAY-

PAK modules —available in both planar ribbon and
plug-in versions —optimize cost, reliability, and
turn-around time.

Raytheon in-house electrical and environ-
mental test equipment meets all requirements of
MIL-STD-202, MIL-STD-750, MIL-STD-883,
and MIL-M-38510. Our quality control system is
fully approved to MIL-Q-9858A. Electrical tests
are accomplished on a programmed, automatic
system with ancillary computer and data logger.

Make each of your special hybrids a standard.
Contact Raytheon Company, Industrial Components
Operation, 465 Centre St., Quincy, Mass. 02169.
Telephone 617-479-5300.

CIRCLE NO. 19



multiply
your

-output

computer
controls

Get up to 240 low-cost
control outputs from one I/0 channel

Meet HP’s new computer-stretcher, the Multi-
programmer . . . ready to help you solve the many
problems encountered in designing automatic test
and control systems — at minimal cost.

Minicomputers just don't have sufficient 1/0 channels
and adding more is expensive. What's more
important, many devices used in ‘automatic test
and control systems require control signals in
forms other than the computer’s binary output. This
is why HP designed the Multiprogrammer System.
It's a computer-controlled data distributor and
converter that allows you to simultaneously or
independently control up to 240 analog (or 2,880
digital) outputs . . . from a single computer

1/0 channel.

The Multiprogrammer houses a variety of plug-in
cards that provide programmable resistance,
voltage, contact closure, or TTL outputs. You
“custom design” your own system by simply
plugging in these cards, and you have the ability
to change the system any time you want. There’s an
additional saving with reduced computer program-
ming time. All outputs are automatically set to a
safe state at power turn-on. Digital storage on each
output card eliminates the need to refresh each
output channel. Special circuits simplify event
timing and sequencing. And, because you'll be
operating the Multiprogrammer in rugged industrial
environments, HP designed and built it to eliminate
problems with noise transients, ground loops,
and broken cables.

You need one master Multiprogrammer, Model 6936A
($1,300), which has 15 channels. You can expand
this capability at any time by adding on up to 15
Multiprogrammer Extenders with no changes in
computer hardware or operating software. Each
Multiprogrammer Extender, Model 6937A ($800),

has 15 channels. Programmable output cards now
available are: Resistance Output ($345), Low Speed
D/A ($385), High Speed D/A ($420), Relay Register
($370), and TTL Output ($200).

A detailed brochure on the HP MULTIPROGRAMMER
SYSTEM including system description, specifica-
tions, and applications is yours for the asking.

Just contact one of the 220 HP Sales/Service offices.

HEWLETT M PACKARD

100 Locust Avenue
Berkeley Heights, N. J. 07922 « (201) 464-1234
CIRCLE NO. 26 Siine
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Circuit-
Makers.

New DIP Tools from Dale.

DIP TRIMMERS

2600/8600 “Fastpacks”. Wirewound
model (2600) rated at 1 watt (40°C) over 10-
50K ohm range *=10%. T.C. 50 ppm/°C. Film
model (8600) rated .75 watt (25°C) over 1082-
2 Meg. range *=10%, #=20%. T.C. 150 ppm/°C.
Sealed cases, .75" long, machine or hand
insertable.

85/87 “Fastpacks”. Single or multi-turn
models rated at .5 watt (25°C) over 102 to 1
Meg. range *=20%. T.C. 150 ppm/°. Sealed
cases, .265"” wide x .28" long. Machine or
hand insertable.

DIP RESISTOR NETWORKS

TKR. Molded or coated networks with 14
(T.O. 116) 16, 18 pins. 1/8 watt max. per re-
sistor, 3/4 watt max. at 125°C per package.
102 to 1 Meg., *2.5%, 200 ppm/°C. Available |
with DIP or P.C. pinson .3" x .1" or .6" x .1"
grid (coated only).

WDP/FDP. Film (FDP) networks in 14 and
16 pin packages. Up to 15 elements, .05 watt
max. with .5 watt max. per package; 102 to 1
Meg. per resistor, *=1%, 10-200 ppm/°C.
Wirewound (WDP) networks have up to 7
elements per 14-pin package, .5 watt per
element, 3.5 watts max. per package. 1 to
8002 perresistor, .1%-5%, 20,50 ppm/° C.

DIP PULSE TRANSFORMERS

PT-14/PT-16 with 3 (14-pin) or 4 (16-pin)
pulse transformers per package. Inductance
1 wh to 2.0 mh over —55 to +125°C. range.
Temperature stability =10%, tolerance
+20%. Sealed cases with pins on .3"” x .1"
grid. Machine or hand insertable.

In addition to these standard DIP pack-
ages, we're ready to quote on custom
RC networks and hybrids with active
and passive devices to your specifica-
tion. Fast turnaround on prototypes.
Write for new DIP Brochure or phone
our Application Engineering Depart-
ment, 402 —564-3131 today!

DALE ELECTRONICS, INC., 1300 28th Avenue, Columbus, Nebraska 68601
In Canada: Dale Electronics Canada, Ltd. A subsidiary of The Lionel Corporation
CIRCLE NO. 401



From HP — Three new dimensions in

“pulser power”...

1 Multiphase
= MOS Testing

2 125 MHz
= Capability

3 Digital
= Programmability

Hewlett-Packard’'s 1900 System, the
pacesetter in pulse generation, now
has three new capabilities that put it
even farther ahead of all competi-
tive pulsers.

1 Multiphase MOS Testing—The
= new 1934A Multiphase Clock
plug-in lets you use the 1900 System
to design and test MOS circuits with
a minimum of effort. It gives you four-
phase outputs to 12.5 MHz, or two-
phase to 25 MHz...with variable
phase pattern and variable phase
overlap. The 1934A can be used with
either high-threshold drivers (the
1915A) or low-threshold drivers (the
1917A); but the 1934A’s price is
strictly low-threshold...only $775.
CIRCLE NO. 416
2 125 MHz Capability — Now,
s there are two 1900-System
plug-ins that let you generate pulses
at rep rates up to 125 MHz. The new
1921A (for positive pulses) and 1922A
(negative pulses) are designed for
testing fast T2L and ECL logic—in

computers and high-speed digital
communications. Both have a fixed
transition time of <2 ns, variable
amplitude to 5 V, and variable =5V
offset. Both have switch-selectable
complement capability, plus feed-
through pulse-adding capabilities
and pulse shaping capabilities. And
both are compatible with other 1900-
System plug-ins such as the 1930A
PRBS generator. Yet you can get
either the 1921A or the 1922A for only
$950.
CIRCLE NO. 417

3 Digital Programmability —

s Now, your 1900 System can be
computer-controlled, for high-speed
automatic testing applications. ..
thanks to HP’s new 6936S Multipro-
grammer. Its 16-line parallel input
lets you interface your 1900 System
to a computer quickly and easily,
using only one I/0 slot...and the
result is a fully programmable pulser
system suitable for almost any test-
ing or control purpose.

To tie together your 1900 System

and the 6936S, HP provides an inter-
facing package (Option 005), which
includes cables, program cards and
software. This lets you assemble the
combination of capabilities best
suited to your own particular needs.
For example, you can get the 1900
with three popular plug-ins (1905A
rate generator, 1908A delay gen-
erator, and 1917A variable-transition-
time output) p/lus the 6936S Multi-
programmer and interfacing option
005, for $5950.
CIRCLE NO. 418

For further information on any
aspect of the pace-setting 1900 Sys-
tem, contact your local HP field
engineer. Or write Hewlett-Packard,
Palo Alto, California94304.In Europe:
1217 Meyrin-Geneva, Switzerland.

g__ 081/15
HEWLETT hp, PACKARD
SIGNAL SOURCES
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If you thought you couldnt afford remote terminals,
you've got another think coming. DEC-link:

DEC-link brings the cost of
remote data entry terminals down to
where you can stop thinking about
what they cost and start thinking
about where you need them.

You could put terminals at office
desks for accounting reference, for
management information and deci-
sion-making, or simply to log job time.
Put them at point of sale. Put them in
the stock room for inventory purposes,

on the production line for QC or work-
flow monitoring, at security guard
posts to keep track of who’s coming
and going.

DEC-link includes a 16-character
keyboard, numeric Nixie* readout,
four status indicators to display non-
numeric information from your com-
puter, teletype and EIA serial line
compatibility. All for between $600
and $1000.

CIRCLE NO. 403

We also have a version without
Nixie display for under $500, in
quantity.

So start thinking about what
DEC-link can do for you. Our bro-
chure will help. Write for it—it’s free.

Digital Equipment Corporation
Main Street, Maynard, Mass. 01754
(617) 897-5111

*Registered trademark of Burroughs Corporation
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Microprogramming cover art, supplied by Datapac,
Inc., shows a section of braided U-core memory. See
article on p. CH 9.
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go from software to hardware in one easy lesson . . . ... ... ... ... ... .. .. .. ..... CH9
Microprogramming provides third generation pro-

cessors with supervisory, arithmetic, logic and much

of its 1/0 capability. Instead of hardwiring the func-

tion, a read-only memory contains the routine that

performs the function. How to efficiently translate the

software into the memory and what microprogram-

ming can do for you are the topics of this article.

dipole concept improves readback analysis . . . . ... ............ ... ... ... CH 15
Analyzing magnetic circuits usually leads to compli-

cated calculations. Here is an approach based on the

magnetic dipole concept that will define an order-of-

magnitude value for the readback signal from a mag-

netic memory drum.

ROM/RAM merger forms a strong team . . . . . . . . ... ... ... ... ... CH 19
To fill the need for a microprogram store at a low cost,

many technologies have been considered and used.

The latest innovation is a solid-state concept based

on a ROM/RAM combination.
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10 new ways to improve
system performance

MECL i6&E66 means optimum performance

MECL 10,000 improves your system
performance 10 ways — actually 16
when you consider devices previ-
ously introduced. This new ‘“sys-
tems-oriented” logic family combines
high speed (typically 2.0 ns propa-
gation delay per gate), with low
power (25 mW dissipation per gate),
yielding the best speed/power com-
bination available today.

But speed and power are only part
of the story. Take a look at the
design advantages of MECL 10,000.

MC10101 Strobed Quad OR/NOR Gate — Very
useful for distributing 4 bits of parallel infor-
mation on or off card. With both OR/NOR out-
puts available, 4 twisted pair lines may be
driven at data rates of 100 megabits/second.
Use the single strobe input to gate the data on
or off in 2 ns.

MC10102 Quad 2-Input NOR Gate — Offers four
2-input NOR gating functions with an addi-
tional OR output available. Input pulldown
resistors on all devices eliminate need to tie

unused inputs to an external supply.

CH 4

Features such as collector and emit-
ter dotting on chip allowing multiple
functions with only single gate
delays. Or open emitter outputs and
Hi-Z inputs which permit you to
select the optimum termination
method for your system.

Interested in driving capacity?
MECL 10,000 offers 50 Q to 2 K Q
driving capability. High Z inputs
with parallel terminated lines allow
“stubbing” off of a line at several
points. Popular series terminating
and series damping techniques

MC10105 Triple 2-3-2 OR/NOR Gate — A sys-
tem oriented device aimed at reducing package
count by providing three OR/NOR gates within
one package. This versatile logic element pro-
vides manipulation of Boolean functions in
typically 2 ns.

MC10106 Triple 4-3-3 Input NOR Gate —
Basically a triple 3-input logic NOR function
plus an additional input on one gate to provide
added design versatility for maximum package
use.

may be used with no loss in noise
immunity.

Worried about cooling? Forget it!
MECL 10,000 low power gates (25
mW/gate, 52 mW/gate with 50 Q
load) eliminate cooling and power
distribution problems and ensure
long term reliability. In fact the
devices are so low power you can
use them in any environment—from
still air to specialized cooling.

These are only a few reasons for
choosing MECL 10,000, — your
evaluation will discover the rest.

MC10107 Triple 2-input Exclusive OR/Exclusive
NOR Gate — A three gate array providing the
positive logic Exclusive OR and Exclusive NOR
functions for high speed applications. Temper-
ature compensated internal bias on 10,000
series devices insures that the threshold point
remains in the center of the transition region
over temperature.

MC10115 Quad Line Receiver — Useful for
receiving 4 bits of differential data trans-
mitted over twisted pair or ribbon cable from
the MC10101. Also recommended for MOS to
MECL interfacing and is ideal as a sense ampli-
fier equivalent for MOS 1103 type memory
translation to MECL.

MECL 10,000, MECL 10,000 Logic and
MECL 10,000 Series are trademarks of Motorola Inc.
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MECL i66606...

(of course)

MECL \&Gde —a comprehensive family

Originally designed as a computer-
oriented logic family, MECL 10,000
also offers the optimum combination
of parameters and flexibility required
for high-speed digital communica-
tions, telemetry systems, and instru-
mentation. In addition to these 10
functions, here is a look at the line.

MC10131 Dual D Flip-Flop
MC10181 4-Bit Arithmetic Unit

These functions will be added in
1971:

Memory Elements

MC10133 Quad D Latch

MC10134 Dual D Latch W/2D Inputs & Select
MC10135 Dual J-K Master Slave Flip-Flop
MC10136 4 Bit Universal Counter

MC10139 256 Bit Fusible Link ROM
MC10140 64 Bit RAM

MC10141 4 Bit Universal Shift Register

Previously announced and available:

MC10109 Dual 4-5 Input OR/NOR Gate
MC10110 Dual OR 3-Output Gate
MC10111 Dual NOR 3-Output Gate
MC10119 3-3-3-4 Input OR/AND Gate

Line Receiver
MC10116 Triple OR/NOR

MC10121 4-Wide OR-AND/OR-AND-INVERT Gate
— Another system oriented building block pro-
viding the simultaneous OR-AND/OR-AND-
INVERT function, a natural for data distribution
applications.

MC10117 Dual 2-Wide OR-AND/OR-AND-INVERT
Gate — A powerful logic function featuring the
first available OR-AND/OR-AND-INVERT emitter
coupled logic gate. The internal collector AND/
emitter OR dotted logic gate will perform the
OR-AND/OR-AND-INVERT logic function in 2.4
ns. Useful for data multiplexing and data
distribution.

MC10118 Dual 2-Wide 3-Input OR-AND Gate —
A highly functional basic building block to
provide the OR-AND function. Recommended
for digital multiplexing and data control
applications.

CIRCLE NO. 404

Complex Functions

MC10160 12 Bit Parity Checker/Generator
MC10164 8 Line Multiplexer With Enable
MC10179 Look-Ahead Carry Block
MC10161 Three Bit Decoder w/two Enables
MC10162 Three Bit Decoder w/two Enables

Your local Motorola representative
has complete MECL 10,000 data
yours for the asking — or write to
Motorola Semiconductor Products
Inc., P.O. Box 20912, Phoenix, Ari-
zona 85036. And for evaluation call
your nearby Motorola distributor.

MC10130 Dual Latch — A clocked dual D type
latch. Each latch may be clocked separately
by holding the common clock in the low state,
and using the clock enable inputs for the
clocking function.

™2 MECL \4JdE eliminates
the alternatives. The proof
s in the comparison!

MOTOROLA MECL

. . . for faster computers & systems

CH 5



directions

under new management—a computer —

Recently Varian Associates formed a new division that will manufacture and
market a new concept in data systems—computers for the hotel and lodging
industry. Already Varian/TALIX has installed a system in the 500-room
Hyatt House Hotel in San Jose, Calif. Using a specially developed logic unit,
room status is automatically indicated and a minute-by-minute house count
of vital data involving occupancy, reservations and check-outs yet to depart is
provided. Until now, to disseminate such information was too slow and in-
accurate for the modern hotel. Occasionally, these inaccuracies and time lags
provoked a whole variety of events that resulted in a nightmare for both
customer and manager.

The new system keeps track of all information; it remembers and displays
each status report until told to change the status. Each hotel requires a special
logic unit. The programs are “hard-wired” and sealed —it is never necessary
for hotel personnel to be concerned with this “hands off” feature. The system
functions with information received from specially-designed portable data
input stations.

Simplicity is the key. The new system is designed to be used by anyone, in-
cluding non-English-speaking people, and is as simple to operate as an ordi-
nary AM radio.

all a computer needs is an education —

Experiments aimed at giving the computer some of the sensory abilities of hu-
mans are being conducted at the Massachusetts Institute of Technology. These
experiments make use of an electronic device called a data tablet, manufac-
tured by GTE Sylvania Inc., a subsidiary of General Telephone and Electronics
Corp. According to Prof. Nicholas Negroponte of MIT’s School of Architecture
and Planning, the processing abilities of today’s computers are severely limit-
ed because they receive information from the real world through so few media
or “senses.” The goal of this research is to broaden the computer’s abilities and
enable it to grasp entirely new sets of ideas and concepts.

In addition to the data tablet, the experiment involves two minicomputers
and a display tube. Any design sketched on the tablet is transmitted into the
computer. A key feature of the data tablet is its transparency, which‘permits
the user to mount the tablet in front of the display and compare the two
drawings.

“It has been possible for years to feed drawings into computers via data
tablets,” said Prof. Negroponte, “so long as the sketches were exact. But we
are teaching the computer to interpret data not explicitly stated. The machine
must handle sketches that include hastily-drawn lines, inaccuracies, crossed-
out mistakes and ambiguities stemming from discrepancies between the user’s
intention and his execution.”

As an example, if the user hastily sketches a wall with wobbly lines, the
computer realizes that he probably meant them to be straight and corrects the
error. If he slowly and deliberately draws a round wall, the computer assumes
that the roundness is intentional. “The computer will no longer require the
user to be any more exact with it than he is with another human,” Prof. Negro-
ponte continues. “This improvement in the computer’s vision will enable it to
comprehend pictures it previously could not. We are working toward the day
the computer will be able to hear and see the world as we do. We look forward
to computers with artificial intelligence that enables them to be as innovative
and creative as man.”

CH 6 September 15 1971



For immediate assistance,
call your nearest

DATASCAN
REPRESENTATIVE

high
speed
MINI*
program
loading
for

5090

N.N.J, MET. N. Y. C.
TECHNICAL MARKETING ASSOC.
Fort Lee, N.J. 07024
201-224-6911

MAINE, VERMONT, N. HAMPSHIRE

MASS. CONN., R.I., N.Y. STATE
DANER-BUCHLER CO., INC.
Newton Center, Mass. 02159
617-969-4650 or

Rochester, N.Y. 14617
716-467-5100

N.C. S.C., TENN., GA.,
ALABAMA, MISS., FLA.
LEE ASSOCIATES, INC.
Orlando, Florida 32803
305-241-4445 or

P.0. Box 1506
Huntsville, Alabama 35805
205-539-0761 or

P.0. Box 906
Winston Salem,N.C. 27101
919-724-2406

W.PA., W. VA.
RUSSELL F. CLARK CO.
Pittsburgh, Pa. 15235
412-242-9500

OHIO, KENTUCKY, INDIANA
BOB HOCKER & ASSOC.
Dayton, Ohio 45419
513-298-8638

MICHIGAN
ANDERSON ELECTRONICS, INC.
Farmington, Michigan 48024
313-476-9161

OKLAHOMA, LOUISIANA, ARK., TEXAS
PACKARD-SPEAIRS CO.
Arlington, Texas 76010
817-261-4424

N. CALIF. & NEVADA
SYSTEMS MARKETING CONSULTANTS
P.O. Box 1376
Los Altos, Calif. 94022
415-941-4777

S. CALIF., ARIZONA
CAIN & COMPANY
Los Angeles, Calif. 90049
213-476-2251

S. IDAHO, WYOMING, UTAH,

COLORADO, NEW MEXICO
CROPLEY, INC.
Littleton, Colorado 80122

Try it for 30 days in your equipment -

N. ILLINOIS, WISC., MINN.

N. DAKOTA, S. DAKOTA
et AT NO CHARGE!
Chicago, llinois 60630 T
312-774-1452 or

N esps e Minn. 03400 We're so sure you’'ll like the dollar savings and tape reader per-

CANADA formance, we would like you to try it for 1 month. There’s no obliga-
ELEGTRODESION LIMIIED tion during this 30-day trial period. But once you're satisfied that
Ville LaSalle 650, Quebec, Canada " . 3 .
514-363-5120 the reader/interface meets your requirements, you’ll want to keep it.

NEBRASKA, KANSAS, MISSOURI, . o

B ILINOIS, IO Eer s * 500 cps punched tape reader and compatible interfaces for
P.0. Box 511 PDP-8L, PDP-8I, NOVA, SUPER NOVA and HP2114, 2115 and 2116
by e computers are available now.

VA., MD., DELAWARE, WASH. D.C.,

S NoNco Send for specifications and details.

King of Prussia, Pa. 19406
215-265-3250 or

Wheaton, Maryland 20902

301-942-9420
WASHINGTON, OREGON, N. IDAHO
BRITISH COLUMBIA

DEL COM SALES

Seattle, Washington 98146 /computer prOducts group

206-248-0090

Datascan Inc., 1111 Paulison Avenue + Clifton, N. J. 07013 « (201) 478-2800

CIRCLE NO. 405
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The one you've talked about and waited for just
came onstage. The Eye modestly presents the new
EPI Cassette Transport. Totally unique. Extremely
low-priced.

Our transport is as simple as it is revolutionary.

Retracting idler arms draw tape out of the cassette
and against a “flying” write/read head—eliminating
skew, flutter and wow.

Utilizing Phase recording techniques, the EPI

cassette unit features a storage capacity of 2.4
million bits.

Add to this a block modification capability with
its truly remarkable price tag, and you may well be
already writing your letter of inquiry.

Do. Our first coup was the EPI-118 mini-com-
puter with 18-bit capacity and a cycle time of 900
nanoseconds. We brought it in for $5,900.

Now, an EPI cassette unit solves all the familiar
problems common to other cassette drives. At last,
you can write-read-verify. And modify. With abso-
lute fidelity.

The Eye just winked again.

It's happened. A tape cassette
drive that writes, reads, verifies
and modifies.

All infavor say Eye.

CIRCLE NO. 406

ELECTRONIC PROCESSORS, INCORPORATED

A Subsidiary of the Samsonite Corporation E
5050 So. Federal Blvd. * Englewood, Colorado 80110 * 303/798-9305 * TWX 910-935-0874
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I ong easy lesson

Through “microprogramming”, an instruction can be tailor-made to
a specific machine. In this way, operational sequences are encoded
in hardware and the instructions are executed more rapidly.

Instead of hardwiring a function, use a read-only
memory (ROM) to store the routine that performs the
function —an intermediate step between software and
hardware called “firmware”. The user does not know
that the function is in the firmware because the com-
puter accepts and executes the instructions either
through stored logic in the ROM or directly through
hardware.

More and more firmware is appearing in the newer
systems—a trend that is likely to continue. This ap-
proach permits a computer with stored logic capabili-
ties to be microprogrammed to accept instructions for
any other computer without a substantial cost or hard-
ware modification. Also firmware provides a simple
means for adding new functions to the equipment,
whereas changing the hardware functions can be costly
and at times impossible. Attempting to use software
may be too slow and cumbersome.

What is Microprogramming? in the 1950s, M.V.
Wilkes introduced microprogramming as a systematic
alternative for designing the control section of the com-
puter. Other equally important factors are:

— Microprogramming offers an economical approach
that grants large instruction sets to the computer
systems.

— Maintenance and diagnostic aids can be incorporated,
thus providing excellent diagnostic information for
the service engineers.

— Emulation of different machines is easily achieved.
— Microprogramming renders a flexible design that
allows easy system updating.

Consequently, microprogramming suggests an or-
derly technique for designing and organizing the con-
trol signals that represent the computer states and the
orderly transition between these finite states. This can
be considered as a direct replacement for the sequential
logic control circuits of the second-generation machine.

A suitable definition (suggested by Samir S. Husson)
that sums up microprogramming is:

A technique for designing and implementing the con-
trol function of a data processing system as a sequence
of control signals to interpret fixed or dynamically
changeable data processing functions. These control
signals, organized on a word basis and stored in a fixed
or dynamically changeable control memory, represent

(Continued)
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software to hardware (Cont'd)

the states of the signals that control the information
flow between the executing functions and the orderly
transition between these two signal states.

Why Microprogramming? In a microprogrammed
system, small routines, stored in either a ROM, semi-
permanent RMM (read-mostly memory) or RAM
(random-access memory), specify the actions and the
information flow within the computer. At first, the
original concept did not excite computer manufacturers
because reliable, inexpensive and fast ROMs were not
available. Today, the microprogrammed processor en-
joys a high degree of popularity attributed to its in-
herent flexibility and economic superiority over the
designs of conventional computer systems.

Basicially, three computer generations exist. They
are defined as:

1st Generation — instruction sets were not stored in
the memory of the computer.

2nd Generation —instructions and data could be
stored in the computer memory.

3rd Generation —basic instruction set and data
flow are controlled by a microprogram stored in a
separate control storage unit. Generally, a third gen-
eration computer can emulate any other computer
because of its architectural constraints as defined by
the microprogram.

With microprogramming, one control word performs
many functions. Even with a variety of machine in-
structions as control words, essentially any control or
arithmetic function can be generated. Since the basic
machine is under microprogram control, multiple pre-
cision algorithms can be used to generate either a byte,
word, or double-word oriented machine as seen from
the outside world.

When using microprogram for diagnostic checkouts
of the hardware, all basic phases of the machine de-
sign are evaluated and a printout is provided for the
user upon request. These diagnostics can be such that
they obtain timing from the central processing unit
(CPU) only when the CPU is in a quiescent condition.
With concurrently running programs, the diagnostic
occurs only when time is available. Therefore, the CPU
performance is not degraded with respect to the run-
ning program(s).

Software to Hardware. To understand how a
processor can be microprogrammed (see “Generation
Gap”) assume the following structure for a hypothetical
60-bit control word:

CH 10

CA CB cc CcD CSK CK CH CL cs c™m CN cP
FIELD FIELD FIELD | FIELD FIELD FIELD FIELD FIELD FIELD | FIELD FIELD | FIELD
108118 | 2815 | 48iTs |108iTs | 3817S | 8BITS | 4BITS | 4BITS | 4BITS | 2BITS | 4BITS | 6 BITS
ENCODED ALU BRANCH MACHINE CONTROL
ALU FUNCTION SKEW HIGH CONTROL STATUS STORAGE
16 POSSIBLE FUNCTION CONTROL PARITY
REGISTER ADDRESSEE OF BRANCH COMPUTE
ADDRESSED REGISTER LOW CONTROL READ
TO A BUS DESTINED TO WRITE
CONTROL RECEIVE OUTPUT WAIT
FROM ALU CONTROL
REGISTER CONSTANT ASSIST
ADDRESSED EMIT 10
T0 B BUS FIELD NEXT CONTROL
CONTROL WORD ADDRESS

Assume the following instruction:

Transfer main storage word, as addressed by registers
SA1, SA2 and SA3 to the A bus. Contents of the GP
register are placed upon the B bus. Add contents of A
and B busses. Place results into local storage address
45. No skew is rendered to the D bus. No constant is
emitted from the control word to the B bus. Branch 4
ways depending upon whether the memory is ready and
ST3 = 1. Reset status register bit 5. Designate control
word to compute mode. Most-significant-bits of next
address are 63.

To perform this operation, a typical microinstruction
mnemonic form could be written as follows:

MS + GP — LSAR (combine main storage word
(MS) and GP register content and place results into
local storage address (LSAR))

CSK = 0 (no skew is rendered to the D bus)

CK = 0 (no constant is emitted from control word to
B bus)

CH = Mem Red? (Memory ready?)

CL = ST3 = 1? (check register SA3 contents)

CS = 12 (reset status register ST5)

CM = 0 (compute mode)

CN = (most-significant-bit of next control word
address)

CP = control word parity.

When binary encoded, the microinstruction becomes:
0000100101100000000010110100000000000011011011100000110100111
Beakdown of the microinstruction is as follows:

CA = 0000100101 = main storage address MS

CB = 10 = GP register content

CC = 0000 = add command

CD = 0000101101 = local address 45

CSK = 000 = no skew or no shift required

CK = 00000000 = no constant

CH = 0110 = memory ready command

CL = 1101 = check ST3 =1

CS = 1100 = 12 for resetting register ST5
CM = 00 = compute mode

CN = 0110 = 6 the most-significant-bit of 63

CP = 100111 = parity for control storage.

Several microinstructions, such as the 60-bit control
word previously described, make up a microprogram. A
typical microprogramming effort begins with a pro-
gram flow chart and proceeds in the following sequence
to the insertion into a ROM.
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PROGRAM FLOW CHART 210

211

STEP 1. Programmer generates a two-dimensional
representation of the problem-solving procedure— the
flowchart.

JK+GP ST, O ST3, OP5=1? OP4=1? BR
L+NoP  JK, O ST4, ST3=1? ST2=1? BR
LeGP W, O ST1, ST4=1? OPS=1? BR
TU*GP RS, NOP, NOP, OP4=1? BR
TUSLPS GP, O STS, ST7=1, ST6=1 BR

MNEMONIC ENCODING OF MICROPROGRAM

STEP 2. Using the flowchart, the programmer
mnemonically encodes the microprogram onto a stan-
dard coding sheet.

PUNCHED CARDS IN o
ASSEMBLY MICROLANGUAGE D

00000

360 CPU USED AS MNEMONIC TRANSLATOR
AND MICROPROGRAM COMPILER

STEP 3. Information on the coding sheets is trans-
ferred onto standard IBM cards. These cards are then
fed into a computer containing a special compiler and
logical description of the final system hardware.

ADDRESS WORD

203 01100111010101
204 11100110110110
205 0000111010101
206 10001101100111
207 01010111111000
208 11101011010110
209 11001100010000
210 110111111001010
211 011101101011110

BINARY MICROPROGRAM

STEP 4. After the program is compiled and trans-
lated, the resultant binary truth table is dumped onto
a printout or tab run and the computer memory re-
tains a copy. A special subroutine then interrogates the
truth table stored in memory and transfers the en-
coded microprogram onto magnetic or paper tape.

/ﬂ
WEAVING
@@ MACHINE
Q O
O -
MAGNETIC /

OR PAPER TAPE |

STEP 5. The tape then controls a special numerical
control machine (such as a weaving machine) that is
capable of entering the desired microprogram into
some type of ROM system.

CORE ROM

@ @ @ M f SYSTEM
STEP 6. The final ROM is tested and inserted into
the operating system.

What is the Price? ror elementary computing sys-
tems, sequential control logic appears to be the easiest
design approach. For example, presettable and ring
counters can provide all of the necessary control for
many systems. In addition, microprogramming tech-
niques may be impractical because of the cost asso-
ciated with address sequencing and memory selection
circuitry regardless of how simple the system is.

There is a great deal of dissension about when it be-
comes necessary to transcend from sequential logic to
microprogramming techniques. Based on past studies,
it appears that when the number of sequencing cycles
exceed 256, microprogramming is the best approach.
When the number exceeds 512, microprogramming is
definitely the way to go.

The first large-scale computer to embody micro-
programming was the IBM 360. Soon to follow were the
System/370 and the RCA Spectra, both based on almost
identical machine language. In fact, the similarity is so
close that for all practical purposes, the two machines

(Continued)

CH 11




(B

) TYPICAL CPU ARCHITECTURE

CONSOLE SENSE

————————— IN TAGS @ SWITCHES
——————0UT TAGS MAIN &
it BUIS OLIT STORAGE g
—e BUS IN
D BUS
W
|
|
i CHR : | Gp | C ReG h,x:,N S/R | SA1 ”—A-Z—H SA3 ] l_sw_“ s I | CHS “ ST ][—OP—J s
i ! l
| |
| 0TGS " LocaL -—l CONSOLE l
: i| STORAGE SENSE SKEW CONT
! || SoATCH LAMPS ALU
o] |
| CHANNEL | 10SO TYPE r =
I INTERFACE | DATA EXTERNAL cont
: REGISTERS | REG INTERRUPTS
L4 .. - J )
'L l A BUS 1 3
> e o
CHANNEL SELECT MS
Gp | BBUS
% REG
CONTROL STORAGE FIELD r M
CC ALU FUNCTION CONTROL <— —>{ granch [+ HCE
CA RESISTER TO A BUS <«—{ ROMRVM Vepbdniid
“*TELETYPE"” CB REGISTER TO B BUS <« ORRAM e
TYPE CD D BUS TO SELECTED REG <— CONTROL
INTERFACE CS SET § CPU STATUS <«—| STORAGE
| ALU FUNCTION CONTROL
(A) ~ QUTPUT Control storage for CD field selects the register that is to re-
ceive the D bus content. A mathematical expression for this
OUTPUT OUTPUT operation is A® B — D (B operates on A according to func-
REGISTERS REGISTERS tion ® and results are transferred to D). Typical ALU func-
tions include:
Instruction Binary Code
0. Add Binary 0000
i 1. Subtract Binary 0001
i | 2. Multiply Binary 8810
3. Divide Binary 11
waN || et 4. Shift Left 0100
iati MEMORY UNIT 5. Shift Right 0101
¥ I 6. Logical AND 0110
OTHER INPUTS 'y 7. Logical OR 0111
8. Exclusive OR 1000
9. Logical NAND 1001
10. Logical NOR 1010
11. Exclusive NOR 1011
INPUT INPUT 12. Add Decimal 1100
REGISTERS REGISTERS 13. Subtract Decimal 1101
y 14. Multiply Decimal 1110
CONTROL 15. Divide Decimal 1111
N It can be seen that an ALU function can process the con-
tents of any register and transfer the results to any register.
INPUT INPUT A status register provides flexible branching conditions.

GENERATION GAP

Basic building blocks for any computer are Input, Output,
Control, Arithmetic/Logical Unit (ALU) and Memory. Block
diagram (A) represents both second- and third-generation
processors —difference is in the control unit. The second-
generation machine uses sequential logic and the third is
based on microprogramming.

Diagram (B), a third-generation computer, illustrates the
methods of interfacing main storage, local storage and |/O
devices via standard channels and a method for handling
interrupts. Basic data flow through ALU is from the A and
B busses to the D (destination bus). Encoded control storage
for ALU field specifies the arithmetic or logic function to be
performed. Control storage for CA and CB fields specifies the
contents of one register to be entered on the A and B busses.

This simplifies the generation of standard microsubroutines
that can be shared by a variety of microroutines and permits
programming redundancies to be removed.

Three discrete registers address the main storage. The
word to be accessed or written is processed via MS REG-
ISTER.

Input/output is accomplished through a standard 1/O
channel —basically four registers:

Input Data Register

Input Tag Line Register

Output Data Register

Output Tag Line Register.

Several identical channels can exist and are selected by the
CHS REGISTER. This approach for channel |I/O allows IBM-
compatible multiplexer, selector and BLOCK multiplexer
channels to be programmed. This type of architecture could
be microprogrammed for an entire IBM 370 instruction set,
including microprogrammed supervisory capability.



OULPUT OU'éPUT

t f MICRO INSTRUCTION DATA FLOW SHOWN IN COLOR
QUTPUT OUTPUT
REGISTER REGISTER JK + GP S, ST

9 w L Vo '

| 0100 111 0000 0010

GATE D BUS TO ADDRESSED REGISTER

GATE DATA \ \
REGISTER 7 GATE GATE

GAA

GAA GAA GATS

REGISTER

REGISTER| |REGISTER | |REG
7 6 5
\% usl RS

REGISTER REGISTER

LOGICAL

OP

GATE A
A BUS GATE GATE

REGISTER7

GATE \ GAT \
\ GATEK GATE
GATE

-

ADDRESS
- QUTPUT
LATCHES

ALU CONTROL A BUS

CONSTANT

GATE ! GATE s

AATE

B BUS
BRANCH
Y INPUT INPUT
CIRCUITS REGISTER| |REGISTER
L M
INPUT A INPUT B

MICROINSTRUCTION DATA FLOW

Typical data flow for a microprogrammed minicomputer
is depicted above. The computer is comprised of input
registers “L” and “M”, output registers “W’ and “X"
and memory or storage registers GP, OP, ST, PO, JK, RS,
TU and V. Contents of any register connected to the “A”
bus are transferred to the A register via the A bus under
control of the ROM. This also applies to the B bus and
register. Encoded ALU function, provided by the con-
trol storage, combines the contents of the A and B
register. ALU output is transposed to the D bus and

gated to the register specified by the control storage.
Branch circuits determine the microinstruction to be
executed.

To illustrate an operation, the data flow for an as-
sumed instruction JK + GP — ST is indicated in color.
Binary word and its derivation are shown below:

Mnemonic: JK + G- = ST
Numeric: 4 7 0 2
Binary: 0100 1l 0000 0010

Microinstruction: 010011100000010
Portion of the control storage associated with branching
is not indicated.

ARITHMETIC [ALU (111)
CONTROL

(Continued)
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can be considered compatible—a very important fea-
ture so that one microprogrammed processor can emu-
late another. The following list tabulates the advan-
tages of the third-generation computer architecture
compared to the nonmicroprogrammed machines.

EMULATION — Ability of one computer, when
properly microprogrammed, to perform a task that is
fully compatible with another.

STANDARD ARCHITECTURE — All third-gener-
ation computer architectures are similar.

DIAGNOSTICS —1t is possible to have diagnostic
routines as part of the resident microprogram.

GENERAL CHARACTERISTICS —Truly general
purpose is the nature of the third-generation machines,
thus they can be microprogrammed as central pro-
cessors or peripheral controllers.

FIELD MODIFICATIONS —Core ROMs permit
easy word alterations in the field.

EXPANDING PERFORMANCE ECONOMY —
Addition of new features to a system can be simple.

Fourth-generation computers have not been pre-
viously mentioned because they operate with third-
generation hardware. Basically, fourth-generation ma-
chines possess more sophisticated microprogramming
to attain features such as virtual systems, virtual

Plug-to-plug ROMs and RAMs provide control storage
for third-generation computers. Writable control storage
is preferred for prototype work; read only is much more
cost effective and is preferred in production systems.
The table compares these two types of storage.

O

ADDRESS WORD

memory and paging. In general, one might conclude
that for medium to large systems, dedicated or not, a
third-generation or a microprogrammed technique
appears to be the best approach. »

Coauthors of this article are J. Kjell Hovik and Winston W.
Hodge of Datapac, Inc., Costa Mesa, Calif. Mr. Hovik, presi-
dent, received his B.S.E.E. and M.S.E.E. from the Norwegian
Institute of Technology. His past experience includes the posi-
tion of manager of memory development at Varian Data
Machines. Mr. Hodge, director, Systems Architecture, holds
three patents. He received his B.S.E.E. from Chapman Col-
lege and is presently doing graduate work at UCLA and Cali-
fornia State College.

OO A

|outpuT| | |ouTPuT| INPUT |NOT
NOT USED ADDRESS WORD WORD USED

READ/WRITE CONTROL
MEMORY READY
CYCLE INITIATE

MEMORY READY
CYCLE INITIATE

READ ONLY WRITABLE
CONTROL STORAGE CONTROL STORAGE
(ROM) (RMM, RAM)
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COST

TAILORABILITY

DIAGNOSTICS

ENGINEERING CHANGES
VOLATILITY
PACKAGING

MAJOR APPLICATION

ROM is cheaper than RMM, RAM

Modifications of control storage create
problems in maintaining compatibility with
existing software. Since software should
be standardized, emulations are not gen-
erally desirable. However, core ROM is
easy to alter.

Only a portion of ROM generally contains
diagnostic microprograms. Only a limited
number of diagnostic microprograms can
be accommodated.

Easily accommodated.
Nonvolatile.
Greater bit density than RAM and RMM.

Production systems.

FOR A FREE REPRINT OF THIS ARTICLE CIRCLE NO. 480

A large percentage of RTP's can be built
with microcode

Provides capability for very large numbers
of distinct system emulations in one main-
frame. Difficult to maintain compatibility
between various pieces of equipment from
the same product line.

Diagnostic programs can be loaded into the
writable control storage as required. Vir-
tually no limit exists to the number of diag-
nostic microprograms that can be accommo-
dated.

More easily accommodated.
Volatile.
Not as high bit density as ROM.

Prototype systems.
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improves readuack analysls -

Effects of the gap variation between the read head and the surface of
a magnetic memory drum can be unpredictable. Using a magnetic dipole
concept, a designer attains a better understanding of the readback
process without degradation to the accuracy of his design prediction.

An exact analysis of magnetic circuits usually leads
to complicated calculations. For engineering purposes,
however, selecting the appropriate mathematical
model permits the derivation of a relationship that
can be effectively applied to design predictions. One of
these idealizations is the “magnetic dipole.” Employ-
ing this concept, an order-of-magnitude value for the
amplitude of the readback signals from a magnetic
memory drum can be defined.

Basically, a memory drum is a rotating cylinder
driven by a synchronous motor. The recording medium
is a magnetic material, such as red iron oxide (Fe,0,),
that is generally placed in a series of grooves parallel
to the drum rotational axis.

On the drum periphery, a set of recording heads is
mounted. These heads write or read information from
the drum surface either by magnetizing small areas
or by sensing the magnetization of areas where infor-
mation has been previously recorded. For this discus-
sion, it will be assumed that the medium directly
under the head is in saturation. Strength of the mag-
netization depends upon the retentivity of the medium,
and the write-head current establishes the direction
that determines the recorded information. Thus, each
bit of information on the drum surface is essentially a
small piece of magnetic material as shown in Fig. 1.
These bits are assumed to be sufficiently spaced not to
interact with each other.

For calculating the magnetic flux density distribu-
tion in the vicinity of the magnetized oxide, an equiva-
lent magnetic dipole of length “L” will represent a bit.
However, since the transversal dimensions “1” and “h”
of the equivalent magnet in Fig. 1 are not negligible
when compared to “L”, the magnetic flux density am-
plitude should be corrected to account for the physical
shape of the real oxide bit. By comparing the flux den-
sities created by the ideal magnetic dipole discussed in
Fig. 2 and the physical magnet in Fig. 1, the required
correction factor can be determined as illustrated in
Fig. 3.

Putting the Theory to Work To demonstrate how to use the
magnetic bipole concept, assume a drum system with
the following parameters:

On the drum surface, a small magnet with the follow-
ing dimensions represents each bit of information:

L = 0.0045 inch, 1 = 0.050 inch and h = 0.0015 inch.

Fig. 1—Each data hit on the
memory drum surface con-
sists of a small piece of mag-
netic material. Depth of the
magnetic medium is “h”,
the write head defines the
transversal dimension “I"
and “L" is the length of an
equivalent magnetic dipole
for each bit.

Retentivity of the recording medium is B, = 450 x
10-* Wb/m?. From Eq. (2-4), the magnetic moment is
M =416 x 10®* A x m?. Applying Egs. (2-5) and
3-9) to OP = x = L = 0.0045 inch yields the correc-
tion factor k. Eq. (2-5) defines the magnetic flux den-
sity induced in P by the magnetic dipole or B = 12.7
x 10~* Wb/m?. For the case of the real magnet, Eq.
(3-9) determines B in P or B = 2.55 x 10~* Wb/m?.
The ratio of the two calculated flux densities repre-
sents the correction factor or & = 5.

The magnetic flux density component normal to the

drum surface is evaluated for specific positions using
Eq. (3-10). To illustrate, the results for two consecutive
bits magnetized in the same direction are tabulated
and plotted in Fig. 4.
Readhack Voltage Calculation For evaluating the read-
back signal amplitude, some additional parameters
will be defined and introduced where needed in the
calculation. In Fig. 5, the assumed read-head-drum gap
is H = 0.001 inch. If the read-head pole area is A, the
expression for the magnetic flux in the head is:

¢ = A B,| Wb
Applying Lenz’s Law, the voltage induced in the head

1S: —
V:%:ANAlBJ
At At
where N is the number of turns of the read-head

winding.

Referring to Fig. 4 and using linear approximation,
the magnetic flux density varies from circa 0 to 3.84 x
10-* Wb/m? between points A and B, and from 3.84 x
103 to 0 Wb/m? between points B and C.

A TB,| = 3.84 x 10-* Wb/m?
If At, and At, represent the time required for the read
head to travel from points A to B and B to C, respec-

tively, then
= 1 1°
V. =AN (A \BA\,|) (E +50)
1 2

pk-pk
(Continued)
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dipole concept (Cont'd)
Assume the following parameters:
A = 0.48 x 10 * sq inches

1550

N = 600 turns

A= sq meters

Drum diam = 4.5 inches
Drum speed = 100 rps

S = 0.0043 i
L g X 4.50% 100X 2
By = 0.0045 sisc

2 a7 x 45 x100 x 2

BN~%\B

DRUM
SURFACE

=1y

(-a) 0 ! (+a)

=

Fig. 2—Magnetic moment qT_ = m characterizes equivalent
magnetic dipole of length “L" where “q"” is pole strength.
Magnetic flux density in “P" located at “r" distance from the

dipole center “O" is B.

Components—é, andg, make upE and are defined as:

|—),i ~:—0—; cos o (2-1)
wr

B, = f:—"%sm & (22)
m

where wo = 47 x 10-7is the permeability of free space.

Magnetic oxide compound specifications usually provide
retentivity B, (Wb/m?) of the coating following saturation.
Applying Eq. (2-1) at the positive tip of the magnetic dipole
yields:

—» M

Bl=t2 2. p (2-3)
271. (E)i!

and 2
B, , #l?

M = E X T (2'4)

Combining Egs. (2-1), (2-2) and (2-4) yields:

N E

B, = —— cos o (2-5)
8 r3

= BL

IB,| = 16I Ssine (2-6)

Components TBrl and |—B),| can be expressed in terms of H—
distance between point P and the drum surface:

H=rsino (2-7)
Then Egs. (2-5), (2-6) and (2-7) give:
— . B B, (Ly*
IB,| = : lH” coso =g (ﬁ> sin‘o cos o (2-8)
sindo
5 B L3 ) 3 B, /L\* .
1B, :;lHTSIn(T*ﬁ(H) sin‘o (2-9)
sindo
Modulus of B at point P is:
=y e~
[B] = \HB/V + |B,[?
2 B /L\3 [ sinfo
Bl =4 (ﬁ) sin‘er \costor + 2 (2-10)

Another component of B used in evaluating readback sig-

nal is the projectionTB)‘\, of B on the normal to the drum sur-
face:

1B,/ = [B| cos [g— (0’+a)] (2-11)

Fig. 3—Magnet transversal dimensions affect the magnetic
flux density created at any point in the proximity of the oxide
bit. A correction factor k compares the magnetic flux densi-
ties induced by the real magnet (Fig. 1) and the equivalent
dipole (Fig. 2). Since the ideal magnetic dipole and the oxide
bit were assumed to be equivalent for calculating Eq. (2-11)
in Fig. 2, their magnetic moments M are equal. With refer-
ence to the diagram, the small area dS on the magnet’s
positive end bears a magnetic charge | dS where | is the
magnetization constant defined by
=M (3-1)

and where V = (h) (1) (L) or the equivalent magnet volume.
Coulomb’s Law gives the magnetic flux density created at

point P by | dS:
e = 20 LS (3-2)
Aq r?

Resultant of two symmetrical elements dS is along axis
0O-x. Thus:

o | dS cos 6
dB; =dB. €S o ="—~— — (3-3)
A (%
Or because delz h dl,
po |l h
=———cCos 9 3-4
L An P ol
Eq. (3-4) can be rewritten in function of OP = x = rcos 6:
po | hdl ,
dB, =~ ——cos’ ¢ (3-5)
4 X2
Finally, because tan 6 = %:
db__dl g ge—E
cost i@ X cos? 6
Eg. (3-5) becomes:
7]
dB, = ——cos 6 d# (3-6)
47 x

Integration of Eq. (3-6) over the entire positive face of the
magnet yields:

0 .
B,:‘“—omf "cos 6do = 4N ging
-,

47 X 2m X (3-7)

Using similar calculations, the contribution of the magnet
negative face to the flux density at point P is:
o |h

B, =27 (x+ [ 5" b (3-8)
Therefore, the total flux density at point P equals:
5 ~polh /sin g siné,
BB, - B =S A -0 L

Correction factor k is the ratio of the two flux density
values at point P. Ratio between Egs. (2-5) and (3-9) serves
as the correction factor for the flux density amplitude given
by Eq. (2-11). Therefore, the flux density distribution around
the magnetized bit is:

TB:\“ - %TB)\ cos [E =o't a)}

) (3-10)
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Therefore, the readback voltage pk-pk is:

v - 48x10" x 600 x 3.84 x 10
vk = 1550
[2n X 45 x 100 . 27 X 4.5 x 100
0.0043 0.0045
Ve = 0.9V

Empirical Results and Conclusions This analysis was suc-
cessfully used to estimate the effect of the read-head-
drum gap variation on the readback amplitude. Actual
measurements made on related hardware indicated
maximum readback signals of 800 to 900 mV, averag-
ing generally 600 to 700 mV. The fact that the cal-
culated readback signal is on the high side, compared
to the empirical results, is because of the idealized
models used in the analysis. When combined with

experimental measurements, the equations discussed
provide a better understanding of the magnetic drum
readback process without too greatly reducing the ac-
curacy of the design predictions.

Charles Benet is a senior engineer
with Singer/Kearfott Div., where he
has project responsibility for the Cen-
taur guidance computer. In France,
Charles received an Engineering Di-
ploma from the Institut Superieur
d’Electronique du Nord and an M.S. in
Physics from Lille University. He has
held various engineering positions in
France, Switzerland and the United
States.

TABLE |

N =
BN
4 3 2 1
DRUM
SURFACE
o
L2 OXIDE
! I 2
-
POSITION | ANGLEc | By | Wb/m?
| |
1 9 i 0.086 | 10-3
2 12 0296 | 1073
|
3 24 ‘ 38 | 107
4 90 | 0 [

|§;\ Wb/m2
4 B
3_
2.
4 DRUM
SURFACE
C — / \
/ ¢ !
I OXIDE
-14 1
= L | i
3]
-4

Fig. 4 —Magnetic flux density component normal to
the drum surface is evaluated for four specific
positions using Eq. (3-10) with H = 0.001 inch and
L' = 0.0043 inch. Results tabulated in Table | are
used to generate the curve.
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Fig. 5—Cross-sectional view shows the shroud, head and rotor arrangement of a
magnetic memory drum. Photo depicts read/write head arrangement.
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When you co
us for connectors,
you could have your whole job
wrapped up.

In the old days, we made con-
nectors only to your specifications.
We still do. But now we've gone a lo
further.

We added off-the-shelf connectors. And now
we’ll mount either type to your specifications. And we’ll
have them wrapped to your specifications.

In short, we'll give you a connector or a complete wired
backpanel assembly. Or anything else in between.

You save time, money and aggravation, because you don’t
have to set up an in-house operation.

And we can probably do it at lower cost because we make our
own plastic bodies, form our own contacts, and assemble our own
connectors. We even draw our own wire for wrapping.

It used to be you could only come to us for connectors.

Now you can throw the whole wrap at us.

To find out what we really can do, call Russ Sanders at 814-723-2000
or write him at GTE Sylvania, Precision Materials Group, Parts Division,
Warren, Pennsylvania 16365.

SYW/ANIA
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ROM./ RAM merger lorms a Sirong team -

An electrically alterable ROM is an ideal means for storing microprograms.
A semiconductor concept combines a RAM with a reprogrammable ROM.

Because biax and plated-wire memories are essentially
electrically alterable read-only memories (ROMs), they
have been an obvious choice for a microprogrammed
system in the past few years. Cost and availability of
these systems, however, have been generally un-
satisfactory for the gain in system performance. In the
search for a low-cost microprogrammed system with
high reliability, braided wire ROMs, diode matrices
and resistor matrices have also been considered.

More recently semiconductor ROMs have been well
received because of size, cost and power requirements
and improved performance. But access time is impor-
tant. In many cases, the 500- to 1000-nsec MOS de-
vices are too slow. Bipolar, on the other hand, is ex-
pensive, but offers the necessary access time. Both
MOS and bipolar ROMs lack ease of alterability, how-
ever —once an element is programmed it is permanent.

Now, solid-state reprogrammable ROMs are avail-
able with access times of 700 nsec—again too slow for
most applications. However, the combination of a
high-speed RAM with a reprogrammable ROM offers
an excellent vehicle for those in need of a high-speed
microprogram store. Such a system is easily changed
either by changing the system, changing the plug-in

MOS elements or by reprogramming the elements and
replacing them in the system.

The block diagram illustrates a system that contains
a reprogrammable ROM, a bipolar RAM and a control
section. When the system is turned ON, the contents
of the ROM are transferred to the RAM. The unit then
provides output data on a 75-nsec access time basis
from a stable address input.

This system is especially useful for debugging micro-
programs requiring bipolar speeds and applications
needing frequent program changes of the ROM. Be-
cause the ROM is reprogrammable, the cost of a pro-
gram change is only the time required to erase and re-
load new information. =

Hugh DeVries, one of the founders
and vice president of engineering of
Monolithic Systems Corp., Denver,
Colo., previously was chief engineer for
the Denver Systems Div. of Ferroxcube
where he directed memory and com-
puter system design. DeVries received
his B.S.E.E. from the University of Ne-
braska. He has two patents pending
and is a member of IEEE.

COUNTER
ADDRESS

P

ENABLE

MEMORY ADDRESS

EXTERNAL

CONTROL
ROM CIRCUIT
OUTPUT
RAM |, DATA
PROGRAMMABLE| WRITE MEMORY ADDRESS
ROM ENABLE (counter or external)

4\

COUNTER
ADDRESS

EXTERNAL
ADDRESS

RESTART

COMMAND

System block diagram illustrates the signal flow between
the reprogrammable ROM, the bipolar RAM and the
control circuitry. Control section consists of multi-
plexing and timing circuits, up/down counters, an oscil-
lator (clock) and a turn-on timer. When the system is
turned ON, the ROM contents, under control of the
oscillator and counters, are transferred to a location
in the RAM, indicated by Memory Address. Timer per-
mits external addressing of the bipolar RAM, thus pro-
viding high-speed access.

A microprogram instruction may require several ROM

ADDRESS

CARRY SN74193: 4-BIT UP/DOWN COUNTER

WRITE PULSE

words because of bit lengths. For example, if the ROM
words are only 8 bits in length, 12 ROM words will be
transferred into the RAM for a 96-bit instruction. The
unit then provides the output data on a 75-nsec access
time basis from a stable address input.

A workable system was developed that is TTL com-
patible and requires 5 and —12V dc. Word sizes were
256, 512, 1k and 2k with bit lengths up to 96 bits
(256-word system). The system is packaged on a 9.75-
by 15- by 0.4-inch PC board that has two 70-pin edge
connectors on the 9.75-inch side.
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Through Any Number

of Starts, Stops,

Reverses or Revolutions,
this RESPONSYN®

Fine Angle Stepping Motor

will Locate to any

Step Position

with an Accuracy of

=+ 5 Minutes of Arc
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Fine Angle Steppers

Write today for literature

USM Corporation

Gear Systems Division
Route 128, Wakefield, Massachusetts 01880

CIRCLE NO. 409

RESPONSYN'

New QT/D...

|ovv COSt LI mdlcator

uni orm|y bng Nt
over /D vi |

Selected LED’s graded for consistent luminous intensity and unique exclusive
micro-grooved lenses for improved light dispersion combine for substantially
better uniformity of brightness over a 170° viewing angle in the new low-cost
Series QT/D-200 LED Indicator . . . the first designed specially for LED panel
display applications.

Available for immediate delivery from Marco-Oak distributors in IC-compatible
ratings, the unit easily installs in a standard 9/32” dia. panel cutout, and is
offered with solder terminals; the diode is front-panel replaceable. For com-
plete details, write or call:

MARCO-0OAK

Subsidiary of OAK ELECTRO/NETICS CORP.
P.0O. Box 4011 207 S. Helena Street
Anaheim, Calif. 92803 e« Tel. (714) 535-6037

CIRCLE NO. 410
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events

coming soon...

1971 IEEE INTERNATIONAL COMPUTER SO-
CIETY CONFERENCE, Sept. 22-24, Bos-
ton, Mass. All topics relate to the
development and the use of quantita-
tive methods for designing and eval-
uating computer systems. The pre-
sentations will focus on the computer
component, be it hardware, software,
firmware or a combination.

Conference keynote speaker is
Edgar D. Mitchell, Apollo 14 Lunar
Module pilot, and the luncheon guest
speaker is Robert C. Townsend—
author of Up the Organization. Regis-
tration fees that cover the technical
sessions (total of 26) and a copy of the
conference proceedings are: $35 (ad-
vance) and $45 (at conference) for
members; $45 (advance) and $55 (at
conference) for nonmembers; free for
IEEE students and $2 for non-IEEE
students (sessions only). Students
must purchase the proceedings and
luncheon tickets separately. For ad-
vance registration, contact: 1971
IEEE Computer Conference, General
Delivery, Kendall Square Post Office,
Cambridge, MA 02142.

INPUT/OUTPUT SYSTEMS SEMINAR 1971,
Oct. 12-14, Chicago, Ill. This 3-day
seminar is dedicated to the total sys-
tems concept and will include presen-
tations by major manufacturers of
input/output equipment.

Presentations on Oct. 12 will in-
clude card oriented peripheral equip-
ment and output EDP printers, both
impact and nonimpact. The second
day will be devoted to plastic card ter-
minal equipment with applications in
such fields as banking, health/wel-
fare, industrial, retail and others,
plus memory products including per-
forated tape and key-input data entry.

OCR/OMR equipment and applica-
tions will be covered on the final day.
Two evening sessions will deal with
plastic card security and EDP sup-
plies.

For further information contact:

EDN/EEE September 15 1971
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Photoelectric contactless switch using an
LED & a phototransistor.

HEL :
only
@® HEl)

1 — 12 channel arrays. Phototransistors
aligned to +0.002".

HEL.
only
\ @ HEL)

/" PHOTO-_\
TRANSISTOR
CARD READER

12 Phototransistors on 0.25-in. ctrs for
standard punched cards.

HEL
only
\ @® HEL)

Call Pete Spaulding Now . . . (612)448-3510

H HElinc.

Jonathan Industrial Center
Chaska, Minn. 55318

OPTICAL SWITCH CIRCLE NO. 411
TAPE READER CIRCLE NO. 412
CARD READER CIRCLE NO. 413

pvents

C. A. Greathouse, Data Processing
Supplies Association, Box 1333, Stam-
ford, CT 06904.

AUERBACH DATA COMMUNICATIONS CON-
FERENCE, Oct. 5-6, New York, N.Y. The
2-day program will provide executives
with information on planning and
flanancing a data communications
system, emphasizing the use of in-
formation as an operational and
management resource. Registration
fee for all events and work material
is $300. Advance registration for one
or more individuals may be made on
company letterhead, accompanied by
a check made out to Auerbach Data
Communications Conference or with
approval to bill the registrant’s com-
pany. For further information and ad-
vance registration, contact: Auerbach
Data Communications Conference,
9th Floor, 300 Madison Ave., New
York, N.Y. 10017. Telephone: (212)
986-1270.

Coming courses...

COMMUNICATIONS TECHNIQUES FOR TELE-
PROCESSING, Oct. 10-13, St. Charles,
Ill. Participants will become ac-
quainted with the fundamental con-
cepts and constraints of communica-
tion techniques for teleprocessing.
They will learn telecommunications
fundamentals, become exposed to to-
day’s communication techniques and
evaluate current services, systems
and products. Topics to be discussed
include communication network con-
cepts and economics, modulation con-
cepts and modems, time-shared and
batch terminal characteristics, error
detection and protection, multiplex-
ing, message switching and data con-
centration. The latest terminal equip-
ment will be demonstrated, including
alphanumerical CRT, graphics and
facsimile. For 10 sessions, the cost is
$390. For further information, con-
tact: National Electronics Conference,
Inc., Oakbrook Executive Plaza, Suite
629, 1211 W. 22nd St., Oak Brook, IL
60521.

GENERAL (9 ELECTRIC

CIRCLE NO. 414
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Here are the LEDs you can order by

the brigade full. HP’s indicator lights—
unbeatable for brightness and wideangle
visibility. Use them on circuit boards—their
tough leads will keep them firmly in place.
Or mount them on a front panel; they just
clip on. In fact, you can put them anywhere
you want a small, tough bulb that needs only

2 volts DC to light the way.

CIRCLE NO. 415

L

\
»

Price? 65¢ in 10 K quantities. And
they’re available in any quantity
you want. Call your local HP office

for the exact figures and specs on the

TR

5082-4440. Or write Hewlett-Packard,

Palo Alto, California 94304; Europe: 1217
Meyrin-Geneva, Switzerland.

ll

HEWLETT ||

;i PACKARD.

SOLID STATE DEVICES

01108



LS| and LEDs Produce

Truly Portable

Digital Multimeter

PROGRESS
IN INSTRUMENTATION

Seventeen ranges at 3-1/2-digit resolution
are delivered by a little 2-1/4-1b multi-
meter being introduced by Weston. The
Weston 4440 joins the Honeywell 500 mul-
timeter (imported from France) in giving
engineers and technicians nearly bench-
type accuracy and measuring versatility
in a package that can be carried any-
where. The cost of the Weston 4440 is in
the same $300 range as the Honeywell 500
(both with batteries). However, the Wes-
ton “minimultimeter” carries its batteries
as an integral part of itself and has auto-
matic polarity switching.

The 4440 is a timely addition to the

Weston 1240 family of semiportable,:

bench-type digital multimeters. One 24-
pin MOS LSI DIP in the 4440 (made by a
well-known MOS vendor) replaces 18 bi-
polar DIPs (some MSI) used in the 1240.
One little plug-in card mounts 3-1/2 digits
worth of Monsanto LED segments in the
4440, replacing the 3-1/2 “Nixie” tubes
used in the 1240. Both these advances help
the 4440 save PC board space and power.
They are part of the reason that the 4440
can run 8 to 12 hours continuously off four
C cells, while the 1240, like some other
bench instruments, can only run approxi-
mately 6 hours off much larger and more
expensive add-on battery packs. (The 1240
pack uses 12V Globe “gel/cells.”) How-
ever, the 4440 does not have quite all the
ranges of the 1240, nor does its 0.3% accu-
racy quite match the 0.1% of the 1240.

LSI-Controlled Dual Slope

The 4440 uses the same continuously
self-adjusting type of dual-slope analog-to-
digital conversion as the 1240. Rotary and
pushbutton switches on the front panel
(see photos) connect the two leads directly
to the A/D converter in the instrument’s
basic dc mode (going by way of an atten-
uator on the higher ranges, of course). The
A/D converter consists of a “free-running”
IC op amp integrator with a 2-uF polyes-
ter feedback capacitor. It charges up and

‘Progress
in
Products

Less than $300 buys this little multimeter which can read ac and dc volt-
ages and currents and measure ohms, all with 3-1/2-digit resolution. It
is a beautiful example of how various aspects of modern technology —
MOS LSI, GaAs LEDs, high-performance IC op amps, PC-mountable
switches, injection-molded cases—can work together to produce con-
siderable “‘progress.” These photos are of the prototype; production
version will have a battery-test position on the front panel rotary switch
and won’t have transistor sockets and the PC boards.

down under control of the logic on the LSI
chip, counting out the digital result in the
process.

The dc voltage being measured is trans-
formed into the current that charges the
2-uF feedback capacitor by the op amp’s
input resistor, after the usual manner of
operational integrators. Charging con-
tinues until a four-decade master timing
counter on the LSI chip reaches 9999 and
overflows, going to 0000. This happens
five times a second because of the fixed
frequency of a driving clock on the LSI

chip. Then the chip logic causes the correct
polarity of the reference current to be
applied to the op amp integrator to “over-
power” the dc input being measured. The
capacitor now discharges.

During the discharge, the master timing
counter on the chip is counting up from
zero, also performing the function of a
measuring courter. A high-gain thresh-
old-sensing amplifier detects when the
2-uF capacitor has been discharged and
causes the master timer’s count to be
copied into a buffer register. It is this buf-
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fer register’s contents that are displayed
without visible blinking on the LED read-
out. Obviously, the higher the dc voltages
being converted, the longer it will take
the given reference current to counteract
the input and discharge the 2-uF capaci-
tor, and the higher will be the count dis-
played by the LEDs.

To complete the cycle, the threshold am-
plifier also causes the reference current to
be turned off. Then the dc input, acting
alone, starts to recharge the 2-uF capaci-
tor. But the four-decade master timing
counter has not stopped. When it again
reaches 9999 and goes to 0000, it again
turns on the reference and the cycle re-
peats.

This version of the now universally-pop-
ular dual-slope A/D converter (Weston
owns the patents and charges others about
3% of sales for their use) is well suited to
battery-operated instruments. The clock
frequency can drift without affecting the
accuracy as long as it does so slowly, for it
is just the short-term ratio of the periods
that is being measured. But this version
does take three or four cycles to settle
down to an accurate reading after a large
step change of the input.

If the measured voltage is too large for
the manually-set range, the reference cur-
rent will not be able to discharge the ca-
pacitor during the 0000 to 9999 count
period of the master timing counter. Logic
on the LSI chip automatically detects this,
causing the overrange “one” and the prop-
er polarity sign to flash a warning. At the
same time, meaningless additional digits
are blanked to save power.

The LED segments are driven hard oN
at 125-Hz strobe rate, both to time share
the numeral pattern encoding and to pro-
duce short, high-current duty cycles that
push the LED diodes towards improved
electrical-to-optical conversion. It will be
noted from the photo that discrete tran-
sistors must be used between the LSI chip
and the LED display to provide this high-
current driving.

A Truly Miniature Power Supply

The ability to operate all this elegant
circuitry for over 8 hours on just four Ni-
Cad C cells results from very careful pow-
er budgeting, according to designer Irwin
Munt. “We power the LEDs and the opera-
tional rectifier used for conditioning ac
inputs and most of the MOS chip right off
the 5V from the cells,” he said. “We pur-
posely chose ion-implanted MOS proces-
sing to be able to run the LSI off this low
a voltage.”

The integrating op amp and the refer-
ence currents, however, do need a preci-
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sion +12V. For this, Munt incorporated a
small 100-kHz dc-to-dc converter followed
by a zener regulator. The photo shows how
small this could be made.

Tooled for Low Labor

“Weston is situated in one of the high-
est-cost labor markets in the U.S., so our
designers have had to become adept at
tooling products for low-labor-contact,”
Jack Stegenga, manager of new products,
stated. “But we need to be confident that
there is a 10,000-units-per-year market
for a product like this before we invest in
the tooling.”

The tooling in this little product is
impressive. It starts with the MOS chip,
which is a proprietary design worked out
by Weston and the semiconductor vendor.
It carries through in the way all the parts

are mounted on two PC boards with no
hand soldering. It is completed by the
sophisticated plastic cases for the instru-
ment and the batteries.

Weston has been a pioneer in using the
latest innovations in rugged, injection-
moldable thermoplastics (see EDN/EEE
Aug. 15, p. 14). An examination of these
parts reveals such clever details as mold-

.ed-in holes for spare fuses in the battery

case and molded-in slides for holding the
PC boards in the main instrument hous-
ing. They have even molded in additional
grooves for future improvements —a ther-
mal print-out being one possibility.
Weston Instrument Corp., 619 Freling-
huysen Ave., Newark, N J 07114. 359

Model 4440 Specifications

DC Voltage: Will measure from 0.1 mV to 1 kV with 0.3% accuracy (see
photo of instrument face for scales). Input impedance is 10 MQ except
on 200 mV and 2V scales, where it is 50 and 500 MQ.

AC Voltage: Same as dc except accuracy is 0.5%.

AC frequency range is 40 Hz to over 10 kHz.

DC Current: Range is 100 A and accuracy is =5 digits.

AC Current: Same as dc except accuracy is 0.7% of reading, =3 digits.
Ohms: Will measure from 1Q to 2 MQ.

Price: $285 (approaching $200 in OEM quantities).

TOP BOARD

EDN/EEE September 15, 1971



Miniature Capacitor First
With Multilayer Dielectric

PROGRESS IN
COMPONENTS

Nearly 14 years of research effort have
culminated in the introduction by Indus-
trial Condenser Corporation, Chicago, of
the first commercial, multilayer dielec-
tric, miniature metallized capacitors. The
new polypropylene molded units, desig-
nated Type LALZ “Multifilm” and avail-
able in values from 0.2 to 7uF, feature four
individually-applied and polymerized lay-
ers of a plastic lacquer dielectric totalling
no more than 2.5 microns in thickness.

The capacitors match the physical size
of conventional single-film, thin-layer,
miniature metallized types with identical
rating, and are substantially smaller than
metallizeci “Mylar” units. More signifi-
cantly, they offer higher reliability than
conventional film designs and, surpris-
ingly, cost less to manufacture, resulting
in a lower price tag.

For the future, the company reports that
even thinner multiple-layer dielectric
films are under development, which
should permit the production of the small-
est plastic-film capacitors ever marketed.

Why a Multilayer Dielectric?

The electronics industry has long de-
sired a multilayer, miniature plastic film
capacitor, but until now no one has been
to commercially produce such a device
whose total dielectric thickness did not
surpass the thinnest single-layer cast or
extruded films incorporated in convention-
al designs.

As a leading manufacturer of single-

film, miniature metallized -capacitors,
Industrial Condenser has long recognized
that a multilayer dielectric would in-
herently offer greater reliability for the
simple reason that pinholes or other im-
perfections would extend only as far
through the dielectric as the thickness of
one layer, rather than extending through
the entire dielectric as in single-film
types. The probability of pinholes in four
layers lining up is virtually nonexistent.
(Paper capacitors always contain multiple
layers because of the relatively large
number of pinholes in paper compared to
plastic film.)

In theory, multilayer miniature capaci-
tors could be produced using several thick-
nesses of extremely thin, discrete sheets of
cast or extruded film similar to that used
in conventional capacitors. The problem is
that such film is extremely costly and dif-
ficult to handle. The lacquer film genera-
tion technique has proven to be the more
practical answer.

Higher Reliability

The virtual elimination of through-
dielectric pinholes and other imperfections
in the new “Multifilm” capacitors should
substantially reduce the occurrence of
catastrophic failures and instantaneous
faults and clearings. Freedom from the
latter is especially important in applica-
tions where circuit energy is insufficient
to clear faults or where the circuit dis-
ruptions of instantaneous fault/clearing
cannot be tolerated.

An ongoing reliability test program re-
cently passed the 1,300,000 capacitor

® Non-polar
® Non-inductive
® Operating Temperature Range: —40 to 85° C
 DC Working Volts: 50vdc
e AC Working Volts: up to 120 Hz - 35 V rms
(AC Operating Voltage at higher frequencies
available on request)
e Surge Volts: 75 V dc
o Test Voltage: 100 V dc - 2 sec
® Pulse Circuit Operation available on request
e Insulation Resistance 25° C at rated voltage:
1uF and greater:250 MQuF minimum
Under 1uF: 750 MQ minimum

intended use is below this level.

Performance Characteristics

Use below 5 V dc presently under study — request specific application data if

® Power Factor 25° C 60Hz- 0.75 % max.
1kHz - 1.75% max.
® Also available for special applications:
10 Volt Rating - 20,000 Megohm .F
20 Volt Rating - 15,000 Megohm . F
e Std. Cap. Tolerance: Under 1,F+20%
1 uF and greater +10%
® Non standard tolerance: available to+5%
® Leads: tinned copper for PC board soldering
® Enclosure: Molded in high temperature
polypropylene
® Note: Under development is an additional
series of these capacitors having
higher insulation resistance.

hours mark at 85°C without a single dead
short, significant loss of capacitance or
change in other characteristics.

Extensive testing is also underway to
provide data on instantaneous faults and
clearing. To date, these test results indi-
cate that the number of instantaneous
faults and clearings is insignificant and
considerably lower than that of commonly
used metallized film dielectrics.

A further tremendous advantage is that
the “Multifilm” plastic is generated, met-
allized, wound, processed and completed
all in one plant, leading to complete con-
trol of quality from start to finish, where-
as the production of metallized film capac-
itors in general involves one manufacturer
producing the film, another metallizing
the film and another producing the capac-
itor.

Cost Advantage Too

Reliability tells only part of the story.
Production economies permit the new
“Multifilm” capacitors to be marketed at
prices substantially below comparable
single-film miniature metallized units and
also below the larger metallized “Mylar”
components. For instance, a 1-uF “Multi-
film” sells for $0.23 versus $0.60 for a
comparable thin-layer design and $0.35
for metallized “Mylar”. In the 4-uF size, a
“Multifilm” unit is about $0.54 versus $1
for metallized “Mylar”; in the 7-uF size,
about $0.87 versus $1.60.

Prospective Applications

Industrial Condenser foresees that its
new capacitors will replace aluminum and

New compact 7-uF “Multifilm' capacitor
on left; conventional 7-uF metallized

“Mylar’” unit on right.
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tantalum electrolytics in many applica-
tions, in addition to making substantial
inroads into markets typically served by
plastic film capacitors. Compared to elec-
trolytics, the “Multifilm” units offer very

(especially in the smaller sizes), lower
costs and more stable characteristics.
Additionally, they have unlimited shelf
life, offer better high-frequency character-
istics and are unaffected by voltage re-

Industrial Condenser Corp., 3243 N.
California Ave., Chicago, IL 60618. 360
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tance stability over a wide range of operating
temperatures is also a “"Multifilm’* feature.
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Typical temperature-insulation resistance character-
istics for 50V rating. Note: Typical 25° C insulation
resistance is four times specified minimum.

Second-Source Log Amps with a Difference

PROGRESS IN
PACKAGED CIRCUITS

Intech has introduced a pair of logarithmic
amplifier modules that have the same
model numbers as an earlier pair of log
amps from Teledyne Philbrick. But, al-
though the new Intech log amps (Models
A-4350 and A-4351) are interchangeable
with the Philbrick versions in many ap-
plications, there are also some important
differences.

Size vs Versatility

Intech offers smaller packages and
lower costs for its versions, whereas Phil-
brick offers greater versatility. Thus In-
tech’s A-4350 has package dimensions of
1.5 by 1.5 by 0.5 inch, while Philbrick’s
4350 is 2.7 by 2.7 by 0.5 inch. In quantities
of 1-9, the Intech modules cost $85, com-
pared with a price of $98 for the Philbrick
modules. But the Philbrick modules can
also be operated in the antilog mode,
whereas the Intech versions can only be
operated in the log mode.

Philbrick’s product manager, Skip Os-
good, points out that there would be no
advantage in eliminating the antilog func-
tion from his company’s modules because
the same amount of circuitry is needed for
both functions —only the interconnections
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change. Intech, however, used a complete-
ly different circuit approach and thus was
able to achieve economies by dispensing
with antilog capabilities, according to
Walter Kaelin, chief engineer. While the
internal circuits are different, the pairs of
log amps are pin compatible in the log-
arithmic mode, though Philbrick provides
extra terminals for antilog operation.

Positive or Negative

Both companies offer two versions of
their log amps —one to provide the log of a
positive voltage or current (4350) and the
other for use with negative inputs (4351).

Performance of the Philbrick and Intech
units is quite similar in most respects.
Both versions amplify input currents from
10~ to 10-*A or input voltages from 1 mV
to 10V. Both can be strapped to provide
slopes of 2/3, 1 or 2V per decade. Both have
temperature coefficients of +=0.04%°C over
operating temperature ranges of —25 to
85°C. Offset voltage drift (15V/°C) and in-
put offset current (50 pA) are identical for
the two pairs.

The two companies differ slightly, how-
ever, in the way they specify conformity.
Intech specifies accuracy (deviation from
best straight line) as =1% with 1V/dec-
ade scaling) over the whole input current
range. Philbrick has a similar +1% con-

formity spec for the same current range
but guarantees a tighter conformity of
+0.5% for the reduced current range of
10-% to 10*A. Intech engineers also claim
that their units have better accuracies in
the middle of the current range.

Intech Inc., 1220 Coleman Ave., Santa
Clara, CA 95050. 361

Teledyne Philbrick, Allied Dr. at Rte.
128, Dedham, MA 02026. 362

Intech’s compact new log-amp module is
only 1.5 by 1.5 by 0.5 inch. A similar unit
from Teledyne Philbrick is larger but can
also be operated in the antilog mode.
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Hewlett-Packard believes that design engineers doing
digital IC work should have a scope that’s intended for
digital IC work. You shouldn’t have to face a makeshift
adaptation of a scope that doesn't really “have what it
takes,” or an “overkill” unit with lots of capabilities you
don’t need and can’t afford.

That's why we've developed two new additions to the
HP 180 Scope System.

The first is a new mainframe, the 180 C/D. Like our
180 A/AR, it's compatible with all 180-System plug-ins
to 100 MHz real time, plus the easy-to-use 1 GHz sampling
plug-in and the 12.4 GHz sampling/TDR plug-in.

In addition, the 180 C/D incorporates new circuitry
advances that allow optimized CRT performance. A 15
kV accelerating potential now gives you greater bright-
ness and higher writing speed. Thus, photographic
writing speed is several times faster—1500 div/us (1
cm/div) with the standard P31 phosphor. These ad-
vanced capabilities make the 180 C/D fully compatible
in single-shot response with the 180 System’s fastest
plug-ins.

The second bright idea is a new 75-MHz vertical plug-
in—the 1808A. This bandwidth capability makes the 1808A
ideal for testing digital circuits using T2L or ECL, yet
saves you a healthy amount in comparison with a 100 —
MHz system.

Two bright new ideas

As you'd expect, the 1808A gives you the usual selec-
tion capabilities found in scopes of this class —deflec-
tion sensitivity (5mV/div to 5 V/div) and polarity. In
addition, however, the 1808A also gives you a new first—
selectable input impedance (50 ) and 1 MQ)!

And despite all these advantages, both 180 C/D and
the 1808A are priced very competitively. The 180C is
under $1,000; the rack-version 180D is slightly higher.
The 1808A is $880—$800 without probes. Compatible
time bases range from $450 to $700.

For further information on either of these new addi-
tions to the “more-to-come’” HP 180 System, contact
your local HP field engineer. Write Hewlett-Packard,
Palo Alto, California 94304, for data sheets. In Europe:
1217 Meyrin-Geneva, Switzerland.

Scopes are changing.
Are You?

081/17

|

HEWLETT ,hp; PACKARD

pin digital IC testing
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Computer Products

Synchro/resolver to digital converter
handles either 11.8, 26 or 90V input sig-
nals. Conversion accuracy and resolution
is =1 bit and conversion time is 500 usec.
Overall dimensions are 5.5 by 4.25 by 1.75
inches. Power requirements are +15V dc
+2% at 100 mA and 5V dc +=2% at 500
mA. Northern Precision Laboratories,
Inc., 202 Fairfield Rd., Fairfield, N J
07006. 202

Strip chart recorder Model 701, is a 4-inch
chart width unit with a span ranging from
1 mV to 1V full scale. Other features in-
clude 20 ips pen response, +0.5% accuracy
and wide selection of single and dual
chart speeds. Combination of floating in-
puts and zero adjust permit recording of
positive or negative signals. Price is $225.
Precision Standards Corp., 1701 Reynolds,
Santa Ana, CA 92505. 205

Digital data logger Model 210, features ref-
erence junctions, solid-state FET scan-
ning, automatic zero drift correction and a
periodic timer for unattended operation.
Three function programming allows two
thermocouple types and a linear mV
range. Basic 10-point system is ex-
pandable to 100 points in the same
chassis. Exhibiting +0.01% accuracy, the
price is $2000. Doric Scientific Corp., 7601
Convoy Ct., San Diego, CA 92111. 203

Digital comparators, Series 270, provide
instantaneous warning signals or process
control feedbacks whenever preset limits
are exceeded. Models are available with
front panel limit selection of 3- to 6-digit
unipolar or 3- to 5-digit bipolar inputs or
remote limit selection of 3- to 6-digit
bipolar. Price for the 2.5- by 5.25- by 7.75-
inch unit starts at $135. Newport Labora-
tories, 630 E. Young St., Santa Ana, CA
92705. 206

Optical ROM system, Model 401-22, uses
fiber optics rather than the complex and
delicate lens systems normally employed,
and offers storage capacities of up to 50k
bits mounted on an 11- by 13-inch PC
board. Standard access time is 150 to 200
nsec. The unit offers rapid and simple field
alterability, and can be dot ORed to any de-
sired capacity. Quadri Corp., 2950 W.
Fairmont, Phoenix, AZ 85017. 208

Touch-tone terminal T-500 features a 49-
key alphanumeric keyboard, which in-
cludes special characters for data entry via
an audio response system. Special cir-
cuitry restricts the terminal from sending
valid frequencies if more than one key is
depressed simultaneously. Unit dimen-
sions are 14.3 by 4 by 10.5 inches, and
weight is 5 lb. Price is $700. Wavetek Data
Communications, 9045 Balboa Ave., San
Diego, CA 92112. 209

sipieal GiOCK, designated “Digicator,” is a
do-it-yourself item available in either kit
form or assembled. Complete schematic
and bill of materials are furnished. The
unit displays time as hours, minutes and
seconds on 7-segment incandescent read-
outs. Time may be displayed on either 12-
or 24-hour basis. Cabinet is also available.
Discon Corp., 2820 N.E. 4th Ave., Pom-
pano Beach, FL 33064. 204

54

Impact printer mechanism DPM-30 is a
30-cps unit that provides all 94 standard
USASCII characters including upper and
lower case alphabet, numerals, symbols
and space. It accepts standard fanfold,
sprocket-fed paper in widths from 4 to 15
inches and can handle single or multiple
copies — up to four carbons. Unit OEM price
is $750. Typagraph Corp., 7547 Convoy
Ct., San Diego, CA 92111. 207

Desk-top calculator Model 909-01 speaks
the universal language of mathematics
bypassing the need for computer lan-
guages. All keys are programmable, thus
reducing programming efforts. As a high-
er-performance replacement for the Scien-
tist 909, this offers 256 program steps
and 26 storage registers. Base price is
$3200. Tektronix, Inc., Box 500, Beaver-
ton, OR 97005. 210
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5 AMP and 10 AMP POWER TRANSISTORS

FEATURING: Turn-on Time Less than 10 nanoseconds
® Planar Construction @ Typically 500 MH,, f;

Solitron’s ultra- fast switching SDT 6100 Series is now im-
mediately available at new low prices. These NPN power devices
are the fastest switching 5 Amp and 10 Amp transistors in
the industry. Order today.

Type Number Type Nu_mber t on t oFF
TO-5 TO-60 BVeso | BVeeo max. max.
SDT6101 SDT6104 65 30 50 ns 50 ns
SDT6102 SDT6105 65 40 50 ns 50 ns
SDT6103 SDT6106 65 50 50 ns 50 ns
10 Amp Series I 1]
Type Number | Type Number t on t oFF o
TO-5 TO-60 BVeeo BVeeo max. max. !
| sote110 SDT6113 65 30 65 ns 65 ns =
SDT6111 SDT6114 65 40 65 ns 65 ns
SDTe112 SDT6115 65 50 65 ns 65 ns _J
5 Amp Series 10 Am Series
SWITCHING TIME vs ¢ ® SWlTCHING TIME vs I¢
| e —
‘0 SN\
T o ~——
—_— 1sd—4 gso .\trff—o\; \_ ——
tf 2
fs =
2.0
0.1 1.0 0 o 0.2 05 10 20 50 10

SAN DIEGO, CAL
8808 Balboa Avenue
FET & Dual FET
Transistors
MOS/FET Devices
MOS Memory Arrays
Shift Registers
Monolithic IC's
Small Signal
Transistors

RIVIERA BEACH, FLA.

1177 Blue Heron Blvd.
Hi-Rel Power Transistors

SI & Ge. Power
Transistors

Hi-Rel Power Hybrids

PNP-NPN Industrial
Transistors

COLLECTOR CURRENT, Ic (AMPS)
--------------------

COLLECTOR CURRENT, I¢ (AMPS)

For complete information, prices and engineering application
assistance, dial toll-free 1-800-327-3243. Or write:

Clolitron

DEVICES,

INC.

1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA / (305) 848-4311
TWX: (510) 952-7610

PORT SALERNO, FLA
Cove Road

Plaxial (R) Cable

Precision RF Coaxial

Microwave Connectors

JUPITER, FLA

1440 W. Indiantown Rd

Microwave Stripline
Components

RF Semiconductor
Microwave Integrated
Circuits

CIRCLE NO.

TAPPAN, N. Y.

256 Oak Tree Road
Diodes & Rectifiers
Zeners

Microwave Semiconductor High Voltage

Assemblies
Power Rectifiers
Thick Film Hybrid

Circuits

KENT, ENGLAND

Tubbs Hill House

London Road,
Sevenoaks

Solidev, Ltd

Full line of

Solitron devices

Ferrite & Ferrite Devices

Film Resistors

28

BEN BARAQ, ISRAEL
51 Hayarkon Street
AEL Israel, Ltd
Full line of
Solitron devices

TOKYO 105, JAPAN

No. 5, 3-Chome

Shibahamamatsu-Cho

Minato-Ku

Matsushita Electric
Trading

Full line of

Soltiron devices

o L L T e ——
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This new 32 digit panel meter combines excellent specs., an
aesthetic design, quick delivery, compact size and OEM prices
of $95 (Uni Polar) and $101 (Auto Polar).Check these additional
benefits: «

= 100% overrange — 1999

= 0.1% -+1d accuracy

= Zero bias current

= 100uV sensitivity

= 0 to +60°C temp. range

Send for complete specs.
and prices in Bulletin 88.

NOW WE'RE
“SMALLEST”
ENOUGH
TO BE NO. 1

“Smallest” Price
$95 «
“Smallest” Size
| 206" W .x3.2"H.x4. 6”&

ital products group
111 Paulison Avenue + Clifton, N. J. 07013 +[(201) 478-2800

CIRCLE NO. 29
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Computer Products

Plastic card punch, Model 625, converts
any properly prepared CR-80 credit/iden-
tification card into a dialer card. The ma-
chine punches at a rate of 10 cps both data
and sprocket holes per Western Electric
Specification A-590456 into either em-
bossed or nonembossed cards. Datron Sys-
tems, Inc., 100 Route 46, Mountain Lakes,
N J 07046. 211

Memory unit, Model 639, accomplishes in-
put/output signal conditioning, control,
scan conversion and storage functions.
Using a single-ended scan converter tube,
input signals are processed and stored for
driving TV displays, printers and other
devices. Hughes Display Systems, 2020
Oceanside Blvd., Oceanside, CA 92054.
212

Portable trend recording system C-750
monitors and continuously records the
speed of a section or the speed differences
between sections of an operating process.
Recorder uses a 20-division strip chart
3 inches wide at a standard chart speed of
3 inches/hr (up to 90 inches/hr is avail-
able). The Louis Allis Co., Div. of Litton
Industries, Dept. P, 427 E. Stewart St.,
Milwaukee, WI 53201. 213

Plated-wire add-on memory for the PDP-11
minicomputer, NM-8000 Series, has a to-
tal system capability of 64k 16-bit words.
The memory is enclosed in a 20- by 12.25-
by 19-inch cabinet. Systems may be pur-
chased with either 4 or 8k modules and are
field expandable. Nemonic Data Systems,
Inc., 1301 W. 3rd Ave., Denver, CO 80223.

214

Miniature data recorder combines three
proven components. Series 7701 bidirec-
tional totalizer offers up to 7-decade dis-
plays including sign. The 13-column high-
speed printer, Series 7703, has 16 charac-
ters/column and uses standard 3-1/2-inch
paper tape. A bidirectional rotary pulse
generator, Series 1848, has electro optics
capable of producing from 1 to 1200 pulses/
revolution. Veeder-Root, 70 Sargeant St.,
Hartford, CT 06102. 215

Two moving-head disc cartridge drives,
Models 4047A and 4047B, provide high
performance mass storage for NOVA com-
puters. The 4047 A contains one removable
cartridge (1.247 x 10% 16-bit words/car-
tridge) and two 2200-bpi moving heads.
The 4047B contains both fixed and remov-
able discs and has four 2200-bpi moving
heads. Data General Corp., Southboro,
MA 01772. 216
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Flammability
protection

“SCOTCH” BRAND FLAME “SCOTCHCAST” BRAND FLAME
RETARDANT TAPE NO. X-1266. RETARDANT RESIN NO. XR-5217.

Resin-fiber construction with flame-retard- For radial and axial lead components —
ant pressure-sensitive thermosetting adhe- thermistors, resistors, RC networks, film foil,
sive for 130°C use. Excellent conformability. = ceramic, tantalum, diced chip and mica ca-
Handles like conventional paper or acetate  pacitors. Suited for semi-automatic or auto-
cloth tapes. Flame-out in 3 seconds or less mated production equipment. Coats at 300°-
(ASTM-D1000-70 test). Meets UL flame re- 350°F. Fast cure time: 2 min. at 350° to 30
tardancy requirements for SE-O materials, min. at 275°F. Meets flame retardancy re-
as well as UL Standard 492. quirements of UL Standard 492.

Check these other flame “SCOTCHCAST” BRAND nesms ‘
retardant materials. ack-resistant

“SCOTCH” BRAND TAPES.
No. 69 — glass cloth, thermosetting
( adhesive.
66 — vinyl, UL recognized 105°C
MIL 1-7798-A.
64 — epoxy web solvent-
and cable ID tape : i 4
' Brand No. 2585 — non- d vinyl, ¢ For comp/ete /nformation, write: 3M
ve vinyl plastic, flexible, self- ! ated Co., DM&S Div., 224-64, St. Paul,
extinguishing. S0 tite’’ No. 3 - heat shrink- Minn. 55101.

Dielectric Materials 3
COMPANY

£ Systems Division
CIRCLE NO. 30




Now the
famous
8‘;9,I,|as
a G for
good

measure!

Calibrate or Measure
with the

RFL Model 8296

RFL’s famous 829, for 15 years the in-
dustry calibration standard, now gives
way to the new 829G — still the industry
calibration standard, but now it's twice
as useful. The 829G provides a precision
source of AC and DC volts, amps and
ohms — plus precision measurements
of these parameters from external
sources. It offers four-terminal sensing
in both source and measurement modes,
and high accuracy, resolution and regula-
tion, with 5-digit readout. 5 ranges of
AC or DC, 0.1 to 1000V. 6 ranges of cur-
rent, 100 uA to 10A. 50, 60, 400, 1000 Hz
AC plus EXT. And many other features —
all for just $3,600. OO Write for complete
data today. RFL Industries, Inc., Instru-
mentation Div., Boonton, New Jersey
07005. Tel: (201) 334-3100 / TWX: 710-
987-8352 / CABLE RADAIRCO, N. J.

RFL Industries, Inc.

CIRCLE NO. 31

Computer Products

Seven-inch reel magnetic tape transport,
7000 Series, has a tape velocity of 18.75
ips and comes in a rack 8.75 inches high.
An unusual tape loading feature elimi-
nates the need of a take-up reel, thus sim-
plifing loading and handling operations.
Peripheral Equipment Corp., 9600 Iron-
dale Ave., Chatsworth, CA 91311. 217

Pair of modules, Types 16 and 17, provide
signal handling and control logic required
for operation of “OMNIGRAPHIC” 3000
strip chart and 4000 T-Y recorders as point
plotters. Distances between successive
points are 0.025, 0.05, 0.075 and 0.1 inch,
selected from the front panel. Houston
Instrument, Div. of Bausch & Lomb, Inc.,
4950 Terminal Ave., Bellaire, TX 77401.

218

X-Y position indicator, Model 60-228, de-
tects the center of a laser beam at dis-
tances up to 30m with an accuracy of +4
urad (£0.1 mm at 25m) in each of two
axes. Price is $175. Metrologic Instru-
ments, Inc., 143 Harding Ave., Bellmawr,
N J 08030. 219

Digital logic trainer 2010 permits experi-
ments to be performed in Boolean algebra,
counters, registers, arithmetic -circuits
and other computer functions. Each type
of circuit is represented on the front panel
using MIL-STD symbols. Price, including
software and training manual, is $395.
Digiac Corp., Ames Ct., Plainview, NY
11803. 220

Multiconductor cables for connecting com-
puters and peripheral equipment may be
ordered in bulk, cut to length or complete
with specified connectors at one or both
ends. Also available are cables for connect-
ing CRT terminals with display control
units. Anixter Wiring Systems, 325 S.
Union St., Aurora, IL 60505. 221

Option 121 for Series 2000 X-Y plotters,
plug compatible with TTY or CRT ter-
minals, permits hard-copy graphic plots.
Using the terminal keyboard as an input,
the operator inserts the program based on
plotter control characters. Printout, iden-
tical to the data used for the plot, verifies
the operator’s program. Valtec Corp.,
17751 Sky Park Circle, Irvine, CA 92664.

222

Tightly-sealed cartridge, compatible with
IBM 2420/3420 tape drives, reduces tape
mounting time to seconds and increases
reliability and operating efficiency. Hu-
man hands never touch the tape because
threading is completely automatic. Mem-
orex Corp., Computer Media, 1200 Mem-
orex Dr., Santa Clara, CA 95052. 223

Optical rotary encoders, MOD-CODER/R,
come as complete “do-it-yourself” as-
sembly kits that include incremental en-
coders with direction sensing and zero in-
dexing, tachometers up to 5000 cycles/rev,
rugged all metal construction and plug-in
lamp modules with 100,000-hour life. In
quantity, price is $50 each. Sequential
Information Systems, Inc., 249 N. Saw
Mill River Rd., Elmsford, NY 10523. 224

Paper-tape readers, Models 5101 and
5401, continuously adjust slewing speed
from 300 to 625 cps and/or operate from a
50 to 400 Hz ac input. Controller mounts
inside the reader chassis. Chalco Engi-
neering, 15126 S. Broadway, Gardena,
CA 90247. 225

Modular data acquisition system, Model
7100, is a general-purpose data logger
with a full range of optional accessories
to scan, digitize and record up to 100 ana-
log inputs. With an optional acoustical
or hardwired coupler, the built-in tele-
printer operates as a computer terminal.
Monitor Labs, Inc., 10451 Roselle St.,
San Diego, CA 92121. 226

Console card reader M 1200 fills the need
for an economical high-speed large-capac-
ity punched card reader for standard 80-
column EIA cards. Reading speed is 1200
cpm and hopper and stacker capacity is
approximately 2250 cards. Documation,
Inc., 841 E. New Haven Ave., Melbourne,
FL 32901. 227

Microfilm print head for a computer output
consists of a 5- or 9-inch precision CRT,
deflection driver, high-speed stroke-type
character generator and page systems.
Configured for OEM usage, the unit has
spot sizes from 0.001 to 0.004 inches. Char-
acter set and fonts are available per cus-
tomer request. Kratos Display Div., 7825
Deering Ave., Canoga Park, CA 91304.

228
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OUR

NEWEST

MOS CLOCK

DRIVER

IS QUITE
A HUSTLER.

Speed’s the name of the game in the MOS
clock driver business these days. Whether
you're driving a long shift register or one of the
new MOS memories like the MM1103.

That’s why the new two-phase MH0026
comes complete with a repetition rate of SMHz
and rise and falls times of 15ns (even while
driving a 500pF load). Which makes the
monolithic MH0026 as fast as the best hybrids
and discrete modules on the market. (Which
is even nicer when you consider the long term
cost advantages of monolithic over hybrids
or discretes.)

The speedy new MH0026 has also been
designed to be driven from standard DTL/TTL
circuits.

All in all, the MH0026 is a welcome addition
to a line of clock drivers which already includes
the industry’s only TTL compatible clock

driver (MHO0007), one capable of dc operation
(MHO0009), a 10MHz clock driver (MH0012),
a dual ac coupled driver (MH0013), the world’s
first monolithic (the low cost MH0025) and a
TTL-to-MOS memory interface driver (MH0027).
Incidentally, our drivers are available
in TO-5, TO-8 and one watt mini dip packages.
For clock drivers, it would behoove you
to write, phone, TWX or cable us today.
(Although orders more than a week old will also
receive prompt attention.)
National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara,
California 95051. Phone (408) 732-5000.
TWX: (910) 339-9240. Cable: NATSEMICON.

CIRCLE NO. 32
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Components

%

o
Socket pins are designed for PC board
mounting of bi-pin incandescent lamps,
indicator lights and LEDs. Component re-
placement can be done with no additional
soldering with the SP-202 pins. Price is
$0.05/pair in quantity. General Illumina-
tion, Inc., 2233 University Ave., St. Paul,
MN 55114. 229

Thumbwheel switches are available in 11,
12 and 16 positions with replaceable code
discs. The Type B switch has nine contact
springs that wipe across the PCB code
disc, and provides up to 9 output lines.
Interswitch, 770 Airport Blvd., Burlin-
game, CA 94010. 230

Subminiature rotary switch with 1/2-inch
diam is designed for PC mounting. Models
are available in 1, 2, 3 and 4 poles on a
single deck with a maximum of ten posi-
tions. Prices start at $2.97 each in 100 lots.
Alcoswitch, Div. of Alco Electronic Prod-
ucts, Inc., 8 Marblehead St., North An-

dover, MA 01845. 231

60

Two dc torque motors in a single housing
—each driving a separate shaft— provide
a compact tape or reel drive unit. Each
motor has a peak torque of 1200 oz-in.
Model H5500-1000 can be modified to
customer requirements. Magnetic Tech-
nology, Div of Vernitron Corp., 21001
Kittridge St., Canoga Park, CA 91303.

232

AVGAT, INC.

L%, Socket Ansemblics

LED socket assemblies for 8- and 14-lead
displays are made of glass-filled nylon
with mounting holes and polarization
notch. Single units are standard for print-
ed circuit or chassis mounting. Multi pat-
terns are available. Augat Inc., 33 Perry
Ave., Attleboro, MA 02703. 233

Power/clock-pulse distribution bar in-
cludes four 13() timing-pulse distribution
paths, a ground and three voltage distribu-
tion lines. Each timing-pulse line is pro-
vided with solder eyelets for mounting
termination resistors. CAPITRON, Div.
of AMP Inc., Elizabethtown, PA 17022.

234

Variahle capacitor, Model 7271, features
low-loss ceramic dielectrics for fine tuning
of crystal oscillators from kHz to GHz
frequencies. Range is 0.6 to 4.5 pF with a
Q of >2000 at 250 MHz. Price is $7 to
$1.50 each. Johanson Manufacturing
Corp., 400 Rockaway Valley Rd., Boonton,
N J 07005. 235

Cabinet latch installs in seconds with a
push-on clip and a positioning set screw.
Pawl position is shown by a styled knob
that indicates latched or unlatched posi-
tion at a glance. Southco, Inc., 200 Indus-
trial Highway, Lester, PA 19113. 236

Panel meter features input impedance of
10 MQ. Optional memory capability holds
the last-taken meter reading within an ac-

curacy of 1%. Various meter styles are
available, with prices ranging from $25
to $30 in 100-unit quantities. Ideal Pre-
cision Meter Co., Inc., 214 Franklin St.,
Brooklyn, NY 11222. 237
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Lean and mean!

Modular instrumentation amplifiers
with rack-mount performance.

With the recent introduction of seven new units,
Burr-Brown now offers over twenty modular instru-
mentation amplifiers, including programmable gain
types, that provide a low-cost approach to systems
instrumentation. Performance is equivalent to that
of rack-mount units — we've simply removed the
frills and packed them into compact, rugged, low-
cost, modular packages. Of course, if you have to
have rack-mounts, remember, we supply those too.

These versatile amplifiers all feature a wide range
of gain, set by a single external resistor. Because of
their small size, ruggedness, and low-cost, they lend
themselves to a variety of instrumentation applica-
tions including amplification of signals from trans-
ducers — such as strain gage bridges, load cells,
thermistor networks, thermocouples, and biological
probes. Other applications include: recorder pre-
amplifiers, multiplexer buffers, servo error ampli-
fiers, current sensing, and the measurement of any
small differential signal riding on common mode
voltages.

VISIT US AT ISA — All that's new in Burr-Brown
instrumentation, interface, and data acquisition

modules will be on display at -

BOOTH #572, at the ISA Show

A SAMPLE OF THE VARIETY OF PERFORMANCE FEATURES AVAILABLE

FET INPUT - LOW DRIFT MODEL 3621

HIGH INPUT IMPEDANCE Input drifts as low as 54V/°C, max. Input
LOW COST impedance to 10" ohms. 24V input noise,
peak to peak. Single unit price from $39.00

MODEL 3620

Input noise only 1uV, peak to peak. Gain
nonlinearity, .01%. Both 1xV/°C and
3xV/°C max input drifts available. Single
unit price from $85.00

MODEL 3622

150V/ usec slew rate. Settles to +0.1% of
final value in less than lusec. 3MHz band-
width at gain of 100. Single unit price from
$79.00

LOW NOISE - LOW DRIFT

HIGH SPEED
WIDE BANDWIDTH

PRICES FOB, TUCSON, ARIZONA, USA

FOR COMPLETE TECHNICAL INFORMATION on Burr-
Brown's complete line of modular and programmable
gain instrumentation amplifiers, use this publication’s
reader service card or contact your Burr-Brown Repre-
sentative.

BURR-BROWN

RESEARCH CORPORATION
International Airport Industrial Park e Tucson,Arizona 85706
TEL:602-294-1431¢ TWX:910-952-1111 « CABLE: BBRCORP
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Components

&
Mll spec Nylon rivets can be easily installed in elec-

trical panel boards with a low-cost hand

o & tool for inserting rivets and driving the
sync ro lgl a center post through the rivet body. Price
converters:

®

is $3.50. Taylor Industries, Inc., Fisher
Rd., Howell, MI 48443. 238

& « Electropneumatic sensor can detect devia-
L ; tions or movements as small as 0.0001
inch with repeatability to 0.00002 inch.
Basic sensor module is priced at $20 in
lots of 100. Landis & Gyr, Inc., 4 West-
chester Plaza, Elmsford, NY 10523. 239

Cooler for vertical mounting of plastic
power devices will accommodate most
single mounting tab and hole-through-
case configurations. For thermal match-
ing, the 6025 will accommodate two de-
vices, one on each side. Prices vary from
$0.14 to $0.35 depending on quantity and

-

We’ve got’emin cards finish. Thermalloy Co. 8717 Diplomacy
L Row, Dallas, TX 75247. 240

Or cased. “ .
Pee Wee Ductor” is a shielded inductor
> o for micro-miniature hybrid circuits that
or o e s e measures approximately 1/8 inch between
its leads. Inductance values range from

- 0.10 to 1000 uH, +10%. Nytronics, Inc.,
e lvery. Orange St., Darlington, SC 29532. 241

Kearfott can solve your conversion problems with two

One-part epoxy coating powder for fast

production model solid state synchro/resolver digital packaging, Novaloy 6521, processes as
converters. Both meet MIL-E-5400. low as 120°C and coats as fast as 1 sec at
TRIGAC I—A low cost, successive approximation higher temperatures. Rogers Corp., Rog-
converter, accurate to 12 minutes. ers, CT 06263. 242
TRIGAC lllI—Using demodulators, integrators, inverters
and zero crossing detectors, this converter offers high Miniature variable autotransformers oper-
accuracy at moderate cost. ate at 50 to 2000 Hz with an output volt-
Typical Characteristics age from 0 to line voltage or 10% above.
TRIGAC | TRIGAC IlI Ratings are 2A for 201 Series and 3A for
Model Number C70 4773 001 C70 4773 013 291 Series. Staco, Inc., 2240 E. Third St.,
Input Signal 3 wire synchro 11.8 V line-to-line Dayton, OH 45403. 243
400 Hz
Output 13 bit BCD code or 14 bit natural
13 bit natural parallel Stepping motor features high torque out-
parailel t and fast Designed for
Resolution 6 minutes arc LSB—1/9" pu hdn 3 requnﬁe. leS]gI,“ oL “}‘:e
; /ith computer peripheral equipment, the
Accurac 12 minutes arc + 2 LSB ek
ngic Le)\(/e|s Logic “1" = +5V+10% Model SM-024-0035-AA has a step angle
Logic “0" = 0—0.5 V of 15° and step accuracy of +15 min. maxi-

f ; ; mum non-cumulative error. Price is $35
We can supply either cards as shown, or in corrosion in quantities of 1000. Motion Control Sys-

resistant metal enclosures. Write today for new catalog. tentn T “Wanker- Rlectic Hoiks &
The Singer Company, Kearfott Division, 1150 McBride Clutch Co., 449 Gardner St., Beloit, WI
Avenue, Little Falls, New Jersey 07424. 53511. 244

SINGER

AEROSPACE & MARINE SYSTEMS

CIRCLE NO. 34
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AiResearch electronic
cooling systems are
built into the F-14. At

We have designed and built complete
electronic cooling systems for hun-
dreds of airborne applications
—both on board and pod mounted.
In fact, a Garrett AiResearch built
electronic cooling system is on
board the Grumman F-14 air-superiority fighter. [
Whatever your specific airborne electronic cooling
requirement, come to Garrett AiResearch for total
system optimization.

Garrett AiResearch enclosures are also cooling
the pod mounted ALQ-76 and ALQ-99 electronic
countermeasures systems. The enclosure in the
ALQ-99 pod (shown above) for the EA-6B utilizes
surface heat exchangers as the ultimate heat sink.

AiResearch Manufacturing Co.
9851 Sepulveda Boulevard, Los Angeles, Calif. 90009
one of The Signal Companies f!]

CIRCLE NO. 35
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What makes low-cost

Dialight readouts
so reliable

and easy-to-read?

Reliable because of simple module construction and long life lamps. Designed
for use with neon or incandescent lamps to meet circuit voltage requirements.
Easy-to-read from any viewing angle. 1” high characters are formed by unique
patented light-gathering cells, and may be read from distances of 30 feet. Sharp
contrast makes for easy viewing under high ambient lighting conditions.

Dialight Readout Features

1. Operate at low power.

2. 6V AC-DC, 10V AC-DC, 14-16V AC-DC, 24-28V
AC-DC, 150-160V DC or 110-125V AC.

3. Non-glare viewing windows in a choice of colors.
4. Available with RFI-EMI suppression screen.
5. Available with universal BCD to 7 line translator driver.

6. Can be used with integrated circuit decoder devices
now universally available.

7. Caption modules available; each can display 6 messages.

Send for catalog

Catalog-folder contains complete specifying and ordering data
on numeric and caption modules, translator drivers, mount-
ing accessories. Dialight Corporation, 60 Stewart Avenue,
Brooklyn, New York 11237. Phone: (212) 497-7600.

DIALIGHT

CIRCLE NO. 36
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Components

Mildly activated liquid rosin flux is non-
spattering and low fuming for microelec-
tronic soldering. Microflux No. 5004 ex-
hibits good bonding to passivated surfaces
and eliminates the possibility of corrosion
after bonding. Alpha Metals, Inc., 56 Wa-
ter St., Jersey City, N J 07304. 245

Aluminum magnet-wire conductor called
“Hytek-20” possesses high conductivity
with improved mechanical properties in
the annealed state. It is available in a
wide range of magnet wire insulations
and sizes. Anaconda Wire and Cable Co.,
9501 W. Devon Ave., Des Plaines, IL
60018. 246

Cermet trimming potentiometers are 3/8-
inch square single-turn units compatible
with wave soldering practices and board
washing techniques. Prices of the Series
72 are $0.70 in 1 to 9 quantities and $0.49
for 1000 quantities. Helipot Div., Beck-
man Instruments, Inc., 2500 Harbor Blvd.,
Fullerton, CA 92634. 247

Metal hybrid cases are available in 17
standard sizes to accommodate substrate
areas of 0.375 by 0.5 inch through 1.125
in®>. Tekform Products Co., 2780 Coronado
St., Anaheim, CA 92806. 248

PC board mounting kit consists of a 15-pin
connector and screw terminals mounted
on a small PC board that provides inter-
connection. Priced at $10 each, the Model
2005 is ideal for installations where sol-
dering is inconvenient or impractical.
California Electronic Mfg. Co., Box 555,
Alamo, CA 94507. 249

Electrically conductive silicone elastomer
has a nominal volume resistivity of 1.0
ohm-cm. “SC-Consil” has a temperature
range of —75 to 400°F and 65 +5 durom-
eter Shore A. Tecknit, 129 Dermody St.,
Cranford, N J 07016. 250

Compact optical shaft encoder features
solid-state light source. Measuring 1.5
inch in diam by 1.2 inch long, the “Rota-
switch” 860 Series is available with a
sine- or square-wave output at various
pulse rates and in unidirectional or bi-
directional versions. Standard version
price is approximately $125 in single
quantity. Disc Instruments, Inc., 2701 S.
Halladay St., Santa Ana, CA 92705. 251
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Our new planar memory:
a thing of beauty

The Store/233 core memory system stands out in
a crowd. It’s modular, fast, low in cost, and reli-
able. These features lift it out of the “plain” planar
category, and onto a new plateau of its own. Start
with modularity: a basic 4K x 18 matrix on one
planar board. Extend it to 16K x 18 in 4K incre-
ments, to 64K x 18 in four parallel units. Look at
speed: a cycle time of 650 nanoseconds and an
access time of 275 ns. This makes it a natural, for
example, as a minicomputer add-on memory.
Check the low cost: about a penny a bit in OEM
quantities. Semiconductor-memory components
alone cost that much. And the 2-board planar
design slashes spares inventory and makes main-

DATA PRODUCTS

tenance easier. Look at reliability: the same basic
circuitry as its predecessor, the Store/33, which is
operating in more than 400 installations. The not-
so-plain 233 uses low-cost
cores fabricated at our
Core Memories Division

with our exclusive roll/

cut process. And if you

need more speed, ask us

about our new 500-nano-
second option using our 14-
mil cores. For delivery information, telephone
one of our OEM Marketing offices listed below.
See our memory products in the EDN Caravan.

OEM marketing 16055 ventura Bivd., Suite 419, Encino, California 91316

Boston. Massachusetts (617) 237-1950, Bethesda, Maryland (301) 652-8120; Cherry Hill. New Jersey (609) 667
5485, Los Angeles. California (213) 981-9600; Minneapolis, Minnesota (612) 927-8747; Amsterdam, The Netherlands 020-452-457: Tokyo. Japan 493-6451, London, England 01-579-2917. Vienna, Austria 34 53 61

7555; Dallas, Texas (214) 231-2240; Southfield. Michigan (313) 354-5858. Los Altos, Cafifornia (415) 941

34 44 16
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NEW
memory

film
substrate

G.G.G.”

The Only Substrate
Material for Epitaxial
Growth of Thin
Magnetic Film for
Bubble Domain

Generation

*Gadolinium Gallium Garnet . . .
its growth, specifications,
physical properties, pricing
and delivery are all presented
in a new technical data sheet.

The literature also describes
critical criteria perfected by
Lambda/Airtron in producing
GGG for bubble memory
devices; the crystalline per-
fection of the substrate, the
quality of the surface.

[ |
L/JE

e S |

" G:adolinium
allivarr Garnet g
SINGLE CRYSTAL SUBSTRATES 5

Write for your copy e
[H LAmMBDA / Amrrron
tITTON 200 EAST HANOVER AVENUE

MORRIS PLAINS, NEW JERSEY 07950 - (201) 539-5500

CIRCLE NO. 43

66

Components

Cadmium-mercury batteries feature long
life and operating temperature range from
—65 to 200°F. Estimated shelf life at room
temperature is 25 years. ESB Inc., 5 Penn
Center Plaza, Philadelphia, PA 19103.
252

Edgeboard connector with bifurcated bel-
lows contacts on 0.156-inch centers is de-
signed for use on 1/16-inch circuit boards.
Available with single or double readout
and 6 to 22 contact positions, the EB7 will
adapt to variations in thickness from
0.050 to 0.071 inch. Dale Electronics, Inc.,
Box 609, Columbus, NE 68601. 253

Solid-state proximity switch senses metal-
lic material at preset distances from
0.0005 to 0.15 inch. Weighing less than
0.5 oz, the Model 630801 operates from
—65 to 250°F. Dynasciences Corp., 9601
Canoga Ave., Chatsworth, CA 91311. 254

“Tinnerman” wire-harness clamp with ad-
hesive back is made from PVC extrusion.
Retaining leg can be locked or unlocked
for easy wire or hose insertion and remov-
al. Various sizes are available. Eaton
Corp., 25 Chatles Ave., Massillon, OH
44646. 255

Taut-band movement panel meter features
a 250° scale. Accuracy of the Model 1105
is +2%. Price for 1-mA meter in 1000
quantity is $4.55 each. Faria Meter Corp.,
Uncasville, CT 06382. 256

Sealed pushbutton switches are “O”-ring
sealed, bushing-to-panel and plunger-to-
bushing, eliminating the need for external
boots or other sealing means. Prices range
from $1.50 to $2.52 in 100-piece quanti-
ties. Grayhill, Inc., 555 Hillgrove Ave., La
Grange, IL 60525. 257

Moving-coil motor features “ironless”
armature for extremely high acceleration
capability. Acceleration of up to 850,000
rad/sec* is achieved in the low-cost M-
1030. Electro-Craft Corp., 1600 Second
St. S., Hopkins, MN 55343. 258

Brushless dc tachometer-generator incor-
porates an entirely new commutation
principle to produce an output of 2V/1000
rpm with maximum ac ripple of 2% pk-pk,
unfiltered. Life expectancy of Model TG-
140 is over 50,000 hours. Linearity curve
essentially goes through the zero point.
Dynetics Corp., 8740 49th Ave. N., Min-
neapolis, MN 55428. 259

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 QR
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. lMlus. 192 pp. $10.95 |

COMPLETE
GUIDE TO

PROJECT
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 ‘
lIllll..lIlIllllIllllllllllllElDINl/lElEEI‘
Cahners ook pivisioN
270 St. Paul St., Denver, Colo. 80206
- Quantity Title

{|
| NAME____ o
| POSITION b

| COMPANY =
| ADDRESS . —=

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

Beckman®

INSTRUMENTS, INC.

HELIPOT DIVISION
FULLERTON, CALIFORNIA

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE.

CIRCLE NO.

THE HALF-BUCK

Here they are: the best buys. Our new Series 72
single-turn 38" cermet trimmers at an eye-opening
49¢ each in the 1,000 quantity. They’re equally
well-priced in other quantities, too. One alone
costs just 70¢.

But there’s also that dependable Helipot quality
and performance, plus things you don’t get
elsewhere. Like our resistance and slider stability
...change is less than 0.5% in the first 1,000
operation hours, progressively less thereafter.
Impressive, when the life expectancy exceeds five
years’ continuous duty under full-rated power.
And the Series 72 sealing — compatible with wave
soldering, low-viscosity potting, and board
washing even with chlorinated solvents.

Add the wide range of values, =100 ppm/°C
tempco, and off-the-shelf availability from 17
nationwide stocking points and what have you got?
The best reasons in the world for requesting
complete specs and data on this breakthrough
line of Helipot cermet trimmers. Do it now — it
won't cost you a cent.

38



Circuits

i

Thick-film hybrid IF amplifier, Model AL-
1014, has an operating center frequency of
440 MHz and a maximum noise figure of
2.5 dB. Maximum input VSWR is 1.5:1
and maximum output VSWR is 1.7:1. Min-
imum gain is 25 dB across the entire 120
MHz bandwidth with gain stability across
the band of +0.5 dB. Input and output im-
pedance is 50Q). Optimax, Inc., Colmar,
PA 18915. 2717

YIG-tuned multipliers WJ-799 provide se-
lected harmonic power over the 2 to 12.4
GHz frequency range. These units exhibit
up to 3 mW of power delivered at 12.4-
GHz output frequency with power avail-
able from 1 to 18 GHz. Inputs may range
from 100 MHz to 2 GHz and be fixed-tuned

or broadband. Up to 60 dB rejection of

unwanted adjacent harmonics is available
as an option. Watkins-Johnson Co., 3333
Hillview Ave., Stanford Industrial Park,
Palo Alto, CA 94304. 278

LET A

o0y 0504 5

* anzg,

¥

Eight-bit D/A converter DAC 329 comes
complete with internal reference, output
amplifier, resistor ladder and switches.
The unit may be ordered with either 8-bit
binary or two decades BCD coding. Full-
scale output current is 2 mA. A high-speed
(400 nsec settling) current output version
designated DAC 329-1 is also available.
Price for 1 to 9 quantity is $29 each. Hy-
brid Systems Corp., 95 Terrace Hall Ave.,
Burlington MA 01803. 279

68

Double-balanced mixer, Model 761, has a
broadband characteristic that permits
HF, VHF and UHF operation. Dimen-
sions of the 8-pin hermetically sealed
package are 0.785 by 0.39 by 0.235 inch.
Maximum isolation specifications range
from 40 to 45 dB (3 to 100 MHz) and 25
to 30 dB (100 to 1000 MHz). Price for 1 to
4 units is $50 each. Summit Engineering
Corp., 1820 S. 7th Ave., Bozeman, MT
59715. 280

Solid-state time delay relay, Series MOR,
comes with either factory-fixed or six ad-
justable delays that range from 0.5 sec
to 5 min. Other features include 5A output
contacts, built-in transient protection,
temperature and voltage stability from
—10° to 65°C and DPDT output configura-
tion. Eight 0.25-inch quick-connect ter-
minals provide the required interface.
Prices range from $8.70 to $5.50. Omnet-
ics, Inc., Box 113, Syracuse, NY 13211.

281

ANALOG
uogwcss

MODEL

4" ‘mm
P AMP T8
i

Differential op amp, Model 46, features a
slewing rate of 1000V/usec with settling
time to 0.1% in 100 nsec. Common mode
rejection is 2000:1 for =10V input. Other
features include a 6 dB/octuve frequency
roll off and 40-MHz bandwidth. Two ver-
sions are available, depending on the volt-
age drift required. Prices are as low as $62
each in lots of 100. Analog Devices, Inc.,
Route 1 Industrial Park, Box 280, Nor-
wood, MA 02062. 282

Encapsulated power supply PM 572 pro-
vides 5V dc at 1A and can be mounted di-
rectly on a PC board. Input requirement is
115 =10V ac, 47 to 400 Hz. Other features
for the 3.5 by 2.5 by 1.25 inch module in-
clude +0.4% load regulation, =0.2% line
regulation, TC of 0.03%/°C and 1 mV rms
ripple and noise. Unit price is $58.95.
Computer Products, 1400 N.W. 70th St.,
Box 23849, Fort Lauderdale, FL 33307.

283

Programmable instrumentation amplifiers,
Models 3602K, 3603K and 3604K, are en-
capsulated 2- by 2- by 0.4-inch units for
PC board mounting. Models 3602 and
3603 each have four gain steps of 1, 10,
100 and 1000 and 1, 16, 256, 1024, respec-
tively. For logic inputs, the unit is pro-
grammed in gain steps of 1 through 16,
thus providing binary or BCD gain pro-
gramming. Price is $115 each. Burr-
Brown Research Corp., International Air-
port Industrial Park, Tucson, AZ 85706.

284

Encapsulated power supply produces 200V
at 25 mA from 115V, 50 to 400 Hz or 220V,
50/60 Hz. Designed primarily as a power
source for cold cathode displays, the 3.5-
by 2.5- by 1.25-inch unit can be mounted
directly on a PC board or used with mating
socket. Ripple and noise is 2V pk-pk and
operating temperature range is —25 to -
70°C. Single quantity price is $18. Instru-
ment Displays Inc., Granite St., Haverhill,
MA 10830. 285
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RAYTHEON

SEMICONDUCTOR.

OUR OP AMPS

HAVE PARAMETERS
WITH TEETH.

Our new products are taking a chunk
out of the operational amplifier market
with parameters that are easy on de-
signers and tough on competition. All
of our dc parameters are specified over
the entire voltage range — with no
fall-off.

The new RM4131. It's unique in bi-
polar IC’s, with input offset voltage of 2
mV maximum and 0.7 mV typical. Input
offset current of 10 namp maximum and
2 namp typical. This high gain op amp
has slew rates four times that of 709’s
and 741's. Typically 2 volts per micro-
second with unity gain bandwidth of 4
MHz. And if low current drain at 20 V
of 1.6 milliamps maximum is still not
enough to put the RM4131 on your pur-
chase order the large voltage signal
gain should. it's typically 106 db from
3 to 20 volts.

The new RM4132. It cuts power dis-
sipation by two orders of magnitude
and needs no external bias or compen-
sation. This proprietary micropower op
amp has typical current drain as low as
22 pA. At maximum, 35 xA. Input offset
current is reduced to 0.7 namp. It main-
tains unity gain bandwidth of 150 KHz.
And it means further perfection in your
battery operated circuits.

Proprietary linear circuits is one of
our great strengths. But it's not our only
strength. We're rapidly adding to our
extensive line of off-the-shelf linear cir-
cuits as well. We provide the tightest
parameter specs you can get in mono-
lithic op amps, differential and dual
comparators, voltage regulators, line
receivers, and sense amplifiers. All avail-
able now at franchised Raytheon Semi-
conductor distributors.

CHOMP!

CIRCLE NO. 40

Raytheon Semiconductor has
changed. We have a new technical
team. And new development programs
providing new design tools. We're
working on things like new digital ana-
log interfacing that allow active switch-
ing and amplifying. Greater integration
of external parts in voltage regulators.
Greater circuit stability from improve-
ments in temperature tracking. And
we're going beyond the parameters
established for slew rates, offset volt-
age, noise, bias current and offset
current.

If you haven't been keeping up with
us lately you've got a surprise coming.
Write for our complete IC catalog and
see. Raytheon Semiconductor, 350 Ellis
Street, Mountain View, California 94040.
(415) 968-9211.



MORE THAN 10,000,000
CYCLES* OF
UNMATCHED PERFORMANCE,
SURVIVING IN MOST ANY
RIGOROUS ENVIRONMENT

The TC-1 sealed-in construc-
tion accounts for unique reli-
ability at a significantly low
price. But it is the internal,
multi-element, parallel contact
grating that obsoletes all other
switches. Thus, these unusual
advantages:

» 50 nanoseconds turn-on time.
» Zero (0) noise to 10,sec.
e Immunity to inductive loads.

+ In excess of 10,000,000 cycles
life (low load); 1,000,000 cycles
life* (high load).

« Unchanging, consistent
performance.

« Consumer oriented cosmetic
appeal.

» Choice of styles, colors,
surface designs, illuminations.

The TC-1 is also basic to
Wild Rover’s MonolithicTM Keyboards.

Write for details.
WILD ROVER CORP.
Closter, N. J. 07624

(201) 768-8393
CIRCLE NO. 41
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Circuits

EMI/RFI filters incorporate special IEC con-
nector and conform to European market
requirements. Designed for 115 or 230V
ac, 50 to 400 Hz power lines, the units fil-
ter both sides of power line thus eliminat-
ing the need for two filters. Price is $9.75
to $4.95. Components Corp., 2857 N. Hal-
sted St., Chicago, IL 60657. 290

Wideband amplifier, Model 725, has a
range of 50 kHz to 500 MHz with a gain
of 27 dB. Gain flatness is =3 dB. Dimen-
sions are 7.75 by 4.75 by 2.25 inches. Price
is $150 each. Measurement Specialties
Laboratory Inc., Box 3654, Santa Monica,
CA 90403. 291

Miniature thermal relay, Model 180, fea-
tures <1 uV offset, fully guarded contacts
and <0.01 pF direct capacitance between
contacts and coil. Dimensions are 1.375 by
0.562 by 0.5 inch. Price for 1-9 quantity is
$8.50 each. Multitech Automation Prod-
ucts, 583 Monterey Pass Rd., Monterey
Park, CA 91754. 327

Noise generator cards, Series 3600B, cover
the 10 Hz to 5 MHz range with an output
level of 3V rms open circuit. A dynamic
range of 3.5 to 1 pk-to-rms is provided.
Price is from $154 to $521 each. Elgenco,
Inc., 1550 Euclid St., Santa Monica, CA
90404. 293

Operational amplifier, Model VDA-100, ex-
hibits the following characteristics: <60
nsec settling time, >100 MHz bandwidth,
1 V/nsec slew rate, =10V at 100 mA out-
put and <0.16 nA/°C drift. Valid Data
Corp., Box 441, Calabasas, CA 91302.
294

Voltage isolator SVI completely separates
a low voltage source from its load. Unit
accepts 0 to 5V dc. Field accuracy is =0.2%
full scale from 0 to 55°C and from 105 to
125 line volts. Halmar Electronics, Inc.,
1544 W. Mound St., Columbus, OH 43223.

295

Three-in-one infrared detector features a
windowless pyroelectric crystal with a
wide operating temperature range —no re-
poling is required for average power in-
puts as high as 0.4W. A three-position
switch permits selection of response times
as short as 5 nsec or responsivities as high
as 20 V/W into a 50Q load. Molectron
Corp., 930 Thompson Pl., Sunnyvale, CA
94086. 296

Varactor-tuned transistor oscillator Wd-
2800 provides 20 mW minimum micro-
wave power in the 4 to 8 GHz frequency
range. Two transistors in a push-pull con-
figuration generate output power at the
second harmonic of the fundamental oscil-
lator frequency. Watkins-Johnson Co.,
3333 Hillview Ave., Stanford Industrial
Park, Palo Alto, CA 94304. 292

Clock oscillator CO-231L drives 10 TTL
loads within the 200 kHz to 30 MHz range.
Only 0.3 inch high, the stability is better
than +0.0025% over 0 to 70°C. Price range
is from $20 to $90. Vectron Laboratories,
Inc., 121 Water St., Norwalk, CT 06854.

328

Three-phase bridge rectifiers, B-20 Series,
are rated at 35A average dc current at
55°C and have a single-cycle surge rating
of 400A at continuous load. Package di-
mensions are 0.75 by 2.25 inches. Tung-
Sol Div., Wagner Electric Corp., 630 W.
Mt. Pleasant Ave., Livingston, N J 07039.

329

Modular power supplies, T27 Series, pro-
vide the three most popular voltages: 5,
+15 and 24V dc. Also three classes of regu-
lation are available—0.01% (T27), 1%
(T27X) and 10% (T27Z). Modular Power
Inc., 15302 Oak Canyon Rd., Poway, CA
92064. 330

High-voltage, high-current driver supplies
10A at 60V (pulsed). The dual circuit is
housed in a 12-pin, TO-8 hermetic pack-
age. Unit price is $10.32. Micropac Indus-
tries, Inc., 905 E. Walnut St., Garland, TX
75040. 331

High-voltage bridge rectifiers are chassis
mounted and fully insulated. Dimensions
are 0.75 by 0.75 by 0.25 inch and the peak
inverse voltage is 1 to 6 kV, rated at 50
mA. True rms voltage is 700 to 4200V.
Computer Diode Corp., Pollitt Dr. S., Fair
Lawn, N J 07410. 332

Voltage sensor, Model 551 “Voltsensor
Controller”, detects low and high points
of an analog signal generated by a trans-
ducer. Set points can be set independently
for a trip point range of +25V, or with
separate trip point voltage reference up to
+150V. For 100 pieces, price is as low as
$47.60 each. California Electronic Mfg.
Co., Inc., Box 555, Alamo, CA 94507. 333
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designers will have a PICNIC with these new relays

NON-POSITION SENSITIVE MINIATURE MERCURY WETTED REED RELAY CLASS
137MPC—This amazing new relay represents a significant state-of-the-art advance-
ment in relay technology. The low-profile miniature PC-mounting mercury wetted
reed relay offers bounce-free operation in any position. Now circuit designers will
have new freedom of design. Further, the relay is only 1.12 x .40 x .375 inches,
requiring minimal area on printed circuit boards. This relay features stable contact
resistance of 100 milliohms over its long life of over 20 million bounce-free opera-
tions with diode suppressed coil. CIRCLE NO. 22

SOLID STATE (HYBRID) TIME DELAY RELAY CLASS 214CP—Magnecraft takes great
pride in announcing this new time delay relay. Proven hinge-pin reliability designed
into the output relay driven by a solid state circuit used in thousands of our timers,
gives you the best low cost small size timing relay on the market. Operate delay
timing ranges are offered between 3 hundred milliseconds and 4 minutes with *=5%
repeatability and input supply of 115VAC.

We are sure you will share our enthusiasm in this new product when you apply the
small size and cost savings to your circuit designs. The body of the timer is only 1.4
x 1.4 x 2.1 inches, the size of our 88 general purpose relay case. The adusting
potentiometer gives full range timing control and the very popular octal socket pins
extend just a bit beyond the body of the time delay relay to an overall height of 2.3

inches. CIRCLE NO. 23

DUAL-INLINE-PACKAGED REED RELAYS CLASS 107DIP, 108DIP, 117DIP AND 118-
DIP—Magnecraft is proud to announce its new DIP (dual-inline-package) line of 8-
pin reed relays. These new relays are designed not only to be compatible with the
standard packaging developed for integrated circuits, but to offer Magnecraft quality
at a lost cost. This unique design gives further savings by offering the user the
optimum in automated insertion and other economical installation techniques associ-
ated with printed circuit applications.

These fantastic new epoxy molded reed relays are ideal for use in circuits where
high density packaging is essential. The 5VDC IC compatible versions of these relays
will operate directly from TTL or DTL circuits.

Other standard coil voltages are available from stock in 6, 12, and 24 VDC as well as
contact configurations in 1 form A, 2 form A, 1 form B, and 1 form C. Most versions
are also offered with a choice of an internal clamping diode. The size of this device
is a tiny .750 x .300 x .210 inches. CIRCLE NO. 24

SOLID STATE (HYBRID) PRINTED CIRCUIT TIME DELAY RELAYS CLASS 502PCSR
AND CLASS 503PCSR—These new time delay relays make use of hybrid circuitry
combining a monolithic silicon structure in the control function with a dry reed relay
performing isolated circuit switching. Two fully adjustable timing ranges are afforded
by using a remote pot or fixed resistor giving 0.2 to 100 seconds or 1 to 300 seconds
each with + 2% repeatability. Standard coil voltages are available from stock in 12
and 24VDC as well as contact configurations in 1 form A rated at 1 amp and 1 form C
at 0.5 amp. The size of this time delay relay is a mere 2.25” x 1.25” x .75".

CIRCLE NO. 25

Magnecraft®ELecrn.c COMPANY

5575 NORTH LYNCH AVENUE « CHICAGO, ILLINOIS 60630 » 312 » 282-5500 « TWX-910-221.5221

See you at |.S.A. Booth 658
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FREE CATALOG

An easy to use, 40 page catalog
containing over 150 configura-
tions designed to quickly solve
your electronic cooling prob-
lems. Simple selection guide
eliminates complex calculations.

OVER 40

NEW PRODUCTS
Including:
o DIP HEAT SINKS
e PLASTIC POWER HEAT SINKS
e VERTICAL HEAT SINKS
e DISC PACKAGE HEAT SINKS
e LIQUID COOLED SYSTEMS

SEND FOR

FREE
CATALOG

Thermalloy

8717 DIPLOMACY ROW
DALLAS, TEXAS 75247
PHONE:214/637-3333
TWX: 910/861-4410

CIRCLE NO. 42
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Circuits

Secondary lightning arrester, Model 1250-
02, is a one-pole, two-wire device, rated
0 to 175V rms, that has a hermetically
sealed spark gap plus silicon-carbide
series element. Joslyn Electronic Systems,
Div. of Joslyn Mfg. & Supply Co., Box 817,
Santa Barbara Research Park, Goleta,
CA 93017. 269

Repeat cycle timers for periods as long
as 1 month are available in special low
power versions for battery operated sys-
tems. Power is only 100 uW. Prices for the
“B” series modules are under $30 in 1000
quantities. Gould Ionics Inc., Box 1377,
Canoga Park, CA 91304. 270

Frequency multiplier accepts an input sig-
nal at 0 dBm in the 74.8- to 78.4-MHz
band and provides 30 mW of CW power in
the 2095- to 2195-MHz band. No tuning
is required, and spurious signals are held
at least 60 dB below the output signal
level. Model 5001-00 is contained in a
23-inch® housing and requires 160 mA
drive at +28V. Zeta Laboratories, Inc.,
616 National Ave., Mountain View, CA
94040. 286

High power hybrid assemblies of the
“PACE/pak” Series contain passivated
assembled circuit elements. Current han-
dling capacity is up to 50A and such ele-
ments as SCRs, diodes, FETSs, and others
are contained in the single packages.
Semiconductor Div., International Recti-
fier Corp., 233 Kansas St., El Segundo,
CA 90245. 287

Automatic dialing telephone module han-
dles either local or long-distance phone
numbers and eliminates the need for
special lines. Price of model 904 138 is
<$100 each in quantity. G-V Controls
Div., 101 Okner Pkwy., Livingston, N J
07039. 288

Broadband microwave IC power amplifiers
cover the frequency range of 1.4 to 2.4
GHz with 1-dB bandwidths of 200 to 300
MHz. All units of the PA1100 Series op-
erate from 24V dc. Power outputs of 0.5
to 5W are available with power gains of
10 to 20 dB and efficiencies greater than
25%. Prices range from $625 to $975 each.
TRW Semiconductor Div., 14520 Aviation
Blvd., Lawndale, CA 90260. 289

Everything you need
to do statistical
analysis . . . without
a computer...

this new book will show

you how to get all the
information you need with
a minimum of experimenta-
tion and effort — without
anything more complicated
than an adding machine.
Here are the methods,
tables, examples and
graphs you need to analyze
data simply and without
errors of prejudice, bias,
planning or judgement.
All you do is find a problem
similar to yours among the
107 examples; then apply
the recommended
procedures and use the
handy tables indicated.
This book will pay for itself
many times over the first
time you use it. Order your
copy today. You’'ll want it
to tackle that next
statistical analysis job.

If you have the figures,

Cahners Books
270 St. Paul St.
Denver, Colo. 80206

15-Day Free Examination
Satisfaction Guaranteed
Send Payment and We Pay Shipping
Please send me______copies of
SIMPLIFIED STATISTICAL
ANALYSIS at $13.50 each.

[J Payment enclosed [ Bill me

|
|
|
|
|
|
|
|
|
[J Bill Company l
|
|
|
|
|
|
|
I

ADDRESS

et S S S S S S S S S S S et et et
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Heath/Schlumberger?

That’s right . .. Heath/Schlumberger. A new name in design-quality,
factory assembled and calibrated instruments.

The “Heath” part of our name comes from being a division of
that well known manufacturer of kits. But we don’t make Kkits. In fact,
Heath/Schlumberger is an entirely separate operation.

The “Schlumberger” (pronounced Shlum-bear-zhay) part of our
name comes from being a member of that world-wide corporation
devoted to measurements of many kinds. Schlumberger is one of the
leading European manufacturers of electronic instrumentation.

With that background, you can see why we are producing state-
of-the-art, ready-to-use, instrumentation ... comparable to some of
the best in performance . .. but with better performance/price ratios.

So when you are ready to buy electronic instruments, check the
growing Heath/Schlumberger line.

We’re the group to watch.

To order or receive additional information, write Dept. 520-23.

HEATH Heath/ Schlumberger
Scientific Instruments

Benton Harbon,
Schlumberger o McHaRRS ET/AS

A. SM-104A 80 MHz counter. BCD output. 1 MHz TCXO with 1 ppm/yr. stability. $500.

B. EU-205B solid-state strip chart recorder. 23 speeds, 30 in/min. to 0.2 in/hr.; 18 calibrated
ranges, 1 mV to 500 V full scale. 0.5 sec. pen response. 0.1% tracking accuracy and linearity.
Completely programmable. $675.

C. EU-70A solid-state dual trace scope. DC-15 MHz. Complete dual trace capability. Triggered
sweep. 18 calibrated time bases. X-Y capability. $595.

D. SM-105A 80 MHz counter. Same as SM-104A above but without BCD output and uses a
1 MHz crystal with =10 ppm/yr. stability. $350.

E. EU-81A function generator. Sine, square and triangle wave output. 0.1 Hz to 1 MHz. Linear
dial. External voltage control. $245. EK-308

0000000




Equipment

Voltage-tuned receiver covers from 1 to
900 kHz, provides AM, FM and CW detec-
tion modes and has selectable IF band-
widths of 1.6, 20 and 50 kHz. Frequency
is displayed on a 5-digit LED readout to
an accuracy of =10 Hz. Digital AFC per-
mits locking of the WJ-340’s local oscilla-
tor in 10-Hz increments over the entire
tuning range. Watkins-Johnson Co., 6006
Executive Blvd., Rockville, MD 20852.

260

HICKOK

DMM measures ac and dc voltage, ac and
dc current and resistance, yet sells for
$385. Model 3301 provides five ranges
each for both ac and dc voltage and current
and seven for resistance. Features in-
clude automatic zeroing, 3-1/2 digit non-
blinking display, autopolarity, and flash-
ing out-of-range indication. Options in-
clude battery pack and BCD output. Hic-
kok Electrical Instrument Co., 10514 Du-
pont Ave., Cleveland, OH 44108. 261

i ¢
Infrared thermometer makes non-contact
surface temperature measurements of
components as small as 0.1 inch to an ac-
curacy of +1%. Model HSA-8E measures
over a range of 0 to 600°F. The target area
is defined by a light beam. Heat Spy Div.,
William Wahl Corp., 12908 Panama St.,
Los Angeles, CA 90066. 262

74

Pulse generators offer repetition rates
from 1 Hz to 100 MHz with amplitude ad-
justable from 0.3 to 3V. Rise/fall times are
less than 1 nsec. Model PM 5775 provides
a single positive or negative output, while
Model PM 5776 provides two outputs.
Pulse widths are adjustable from 5 nsec
to 100 msec. Philips Electronic Instru-
ments, 750 S. Fulton Ave., Mount Ver-
non, NY 10550. 263

Portable dual-channel oscilloscope has dc
to 35 MHz frequency response, deflection
factors to 10 mV/div, sweep speeds to 10
nsec/div and delayed sweep. Operating
modes include storage, variable persis-
tence and normal. On storage, the Model
1703A can retain a waveform for more
than an hour. Tentative price is $2700
(Model 1702A without delayed sweep—
$2350). Hewlett-Packard Co., 1601 Cali-
fornia Ave., Palo Alto, CA 94304. 264

Digital test probe, priced at $59.95, oper-
ates from the 5 or 6V dc supply of the sys-
tem under test. Logic levels are detected
and defined by colored indicators. The “Dy-
Nos-Stick” is individually available from
stock. Nu-Concept Computer Co., 306 W.

Logan St., Norristown, PA 19401. 265

. i pioneer/Instrumentation

: L —
Transient voltmeter, the “Peaklok”, senses
and displays the highest positive or nega-
tive peak value of any ac or dc voltage
within the range from 0.1 to 1000V full
scale. It responds to peaks as short as 1
usec in duration and holds the reading
until reset. Meter accuracy is 1.5% of full
scale. Pioneer/Instrumentation, 4800 E.
131st St., Cleveland, OH 44105. 266

Expandable test system for MOS uses the
pulser-per-pin approach. Software in-
cludes a machine-oriented program that
translates functional commands into oper-
ational commands for each system unit,
and an operator-oriented program to
translate the operator’s test requirements
into functional commands to the system.
System price range is from $115,000 to
$300,000. E-H Research Laboratories,
Inc., Box 1289, Oakland, CA 94604. 267

Solid-state timer with digital readout is
offered in 2- or 3-digit versions, with the
price starting under $200 for a 2-digit
unit. The end of the count is indicated by
either an output signal or triggering of an
oN/oFF control. AP Electronics, Inc., In-

dustrial Rd., Alpha, N J 08865. 268
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3851 in this publication.

Facit 3851 - the conventional typewriter

There are holesn the e bar.

A phototransistor unit detects code holes in each type
bar to provide photoelectric readout. This is a unique
sensing method and enables you to make:

m Parity checking right from the source ® Type bar
velocity check = Echo check

There is further interesting information on the new Facit

with input/output

For further information, contact
in US: Facit-Odhner Inc., 501 Winsor Drive, SECAUCUS, New lersey
outside US: Facit AB, Albygatan 102, 171 84 Solna, Sweden

CIRCLE NO. 45

<L

YSPERRY RAND
Compare:

P;'ice
Delivery
Performance

you’ll choose:

SEIRRY

BRUSHLESS
DC TORQUER

. qult to your specifications
* With 10 years brushless motor experience

SNy

MARINE SYSTEMS DIVISION

BRUSHLESS DC MOTOR DEPT.
CHARLOTTESVILLE, VIRGINIA 229801
(703) 973-3371

CIRCLE NO. 46

Beckman
simplifies time-sharing,
data acquisition
and display.

Auto-Pro 3500
Digital Plotter
Costing about $1000
less than most other
plotters and de-
signed for the sci-
entific user, the
AP-3500 is simple
to use with either
time-share or small
computers. The
combination of a digital-to-analog converter Y axis and
an incremental stepper-driven X axis removes paper size
restrictions and affords complete capability for 90% of all
plotting/recording applications. The AP-3500 displays
computer-calculated digital data or analog information
directly. As a time-share plotter, information is accepted
serially in ASCIl arrangement at either standard or high-
speed rates; as a minicomputer peripheral, data is accepted
in bit parallel form, permitting even higher plotting speeds.

Plotting is in continuous form — forward or reverse — on roll
chart paper, with only one data word and control character
required to uniquely position the pen. Usable with modern
high-speed data terminals, the AP-3500 plotter has overall
accuracy of better than *+0.25% and is an ideal analytical
tool in most scientific applications, ranging from bio-
chemistry to circuit design. Request Bulletin AP-2402 for
complete details.

Auto-Pro Intercouplers

Designed as a com-
plete data system,
Beckman’s AP-3111
Intercoupler takes an
analog input, converts
the information to dig-
ital form, then prints
and punches the data
on an ASR-33 tele-
typewriter. Companion
unit to the AP-3111 is
Beckman’s Auto-Pro
3109 which accepts
up to 16 BCD data bits
in place of the analog input. Paper tape outputs of both
instruments are directly time-share compatible and include
automatic line number update and special control charac-
ters. Other features are local or remote control; preselectable
reading interval and number of readings per sample. Request
Bulletins AP-2400 and AP-2401 for complete details.

Beckman®

INSTRUMENTS, INC.
AUTOMATION PRODUCTS ACTIVITY
2500 Harbor Blvd., Fullerton, Calif. 92634
HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE

Ayraoeen aaid
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NEW irom [{] TECHNIPOWER ..

LOW COST, HIGH PERFORMANCE POWER SUPPLIES
NOW IN [SINGLE| AND [DUAL| OUTPUT MODELS

“THE PRACTICALS".. . they make
systems engineers
cost-efficiency experts!

Out Specs All

Comparatively Priced Units
AC-DC Regulated Power Supplies

Specifications:

Input voltage range: 105-125 volts.

Input frequency range: 47-420 Hz.

Regulation-Line and Load Combined: +.5%

Ripple (RMS): (with either positive or negative terminal
grounded): 10 mv. :

Temperature Coefficient: (TYP.) 0.05%°C or 5 mv/°C
whichever is greater.

Polarity: May be used positive or negative.

Output voltage and current: See model listings.

Output adjustment range: See model listings.

Short circuit protection: Automatic circuit protects the
power supply if the output is shorted continuously.
Automatic return upon removal of short circuit.

Remote sensing: Provisions are made for remote
sensing to eliminate effects of lead resistance
on dc regulation.

Operating temperature: 0°C to +55°C for current
ratings specified in model listings.

Storage temperature: —20°C to +-85°C.

Recovery time: (TYP.) Less than 50 usec,

12 L to FL.
Ambient temperature rated: To 55°C.

Length - 8% "
Width - 318"
Height - 258"

SINGLE OUTPUT SERIES DESIGNED FOR
BROAD COMMERCIAL APPLICATIONS

$ 75 All Models
10 or more
combined units

DUAL OUTPUT TRACKING SERIES DESIGNED FOR
OP-AMP AND OTHER COMMERCIAL APPLICATIONS

$ 75 All Models
10 or more
VOLTAGE AND combined units

CURRENT RATINGS

VOLTAGE AND | ADJUSTﬁBLE i . PRICE PRICE
OUTPUT TPUT STANDARD 1.4 5-9
CURRENT RATINGS I VOLTAGE CURRENT MODEL NO. UNITS UNITS
ADJUSTABLE PRICE  PRICE | +12.05% 1.2 LPDT-12.0-1.2 $89.75  $79.75
OUTPUT OUTPUT STANDARD 1-4 5-9 *15.05% 1.0 LPDT-15.0-1.0 89.75 79.75
VOLTAGE CURRENT MODEL NO. UNITS UNITS I
Modification of standard output voltages can be provided over the
h range of =5 to *28 volts at slight additional cost. Voltages below
5.0%5% 5.0 LP5.0-5.0 $49.75 $44.75 | +7 volts not available in Tracking models.
—— - —————— e — Independent output adjustment provided at slight additional cost.
6.0=5% 4.5 LP6.0-4.5 49.75 44.75
° I BOTH MODELS BACKED BY TECHNIPOWER 5-YEAR WARRANTY
12.0+5% 25 LP12.0-2.5 49.75 44.75, I Mr. Arthur Riley, Vice-President, Technipower, Inc. =
e I Benrus Center, Ridgefield, Conn. 06877 -
15.0+5% 2.0 LP15.0-2.0 49.75 44.75 [] Please have your representative call. &
| [] Please send me your complete power supplies
24.0+5% 1.5 LP24.0-1.5 49.75 44.75 I Catalog and Data Book No. 701.
28.0+5% 1.2 LP28.0-1.2 49.75 44.75 Name
Title B
I Company
All models available with overvoltage protection, add $5.00. Prices Address = = = =
for large quantities quoted upon request. Custom specifications to | City State Zip
order. =
See our product in the 1970/71 EEM/Electronic Engineers Master Pages 1231-1255
CIRCLE NO. 38
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ac., de.volts. amps. ohms
2o ranges

0.01% de accuracy

650 complete

¢

SAMPLE RATE

DIGITAL MULTIMETER

MODEL 7004

Systron-Donner’s new all-function 7004 Digital
Multimeter. Measures everything—dc and ac
voltage, dc and ac current, and resistance. Built-in
shunts for current measurements. Fully guarded
input for highest common mode isolation. Dual-
slope integration design. 1,000 megohm input
impedance on three lowest ranges. Optional
battery pack with recharger ($95) mounts
internally. For lab, field or systems use (with
DTL/TTL compatible BCD outputs $45). Ask your
local Scientific Devices offices for technical data
or contact: Concord Instruments Division, 888
Galindo St., Concord, CA 94520. Phone (415)

682-6161.
SYSTRON @ DONNER

A\ll()lh(‘l‘ S'—l) illsll‘ll]ll(‘lll ﬁl‘Si! Electronic counters/ Digital voltmeters/ Pulse generators/ Data gen-

erators / Time code generators / Sweep generators / Spectrum analyzers / Digital panel meters / Digital clocks / Signal generators
Oscillators / Laboratory magnets/ Precision power supplies/Analog & analog-hybrid computers/ Data acquisition systems.

CIRCLE NO. 63
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AMPERITE
\DELAY
RELAY

Thermostatic
DELAY RELAYS

Offer true hermetic sealing ...
Assure maximum stability and life.

Delays: 2 to 180 seconds”
Actuated by a heater, they operate on A.C., D.C., or
Pulsating Current...Being hermetically sealed,
they are not affected by altitude, moisture, or cli-
mate changes ... SPST only — normally open or
normally closed ... Compensated for ambient tem-
perature changes from —55° to +80°C. ... Heat-
ers consume approximately 2 W. and may be ope-
rated continuously. The units are rugged, explosion-
proof, long-lived, and inexpensive!

TYPES: Standard Radio Octal and 9-Pin Miniature.
List Price, $4.00
*Miniatures Delays: 2 to 120 seconds.

All Amperite Delay Relays are recognized under
component program of Underwriters’ Laboratories, Inc.
for all voltages up to and including 115V.

PROBLEM? Send for Bulletin No. TR-81.

AMPERITE

BALLAST REGULATORS

Hermetically sealed, they are not

affected by changes in altitude, am-,
bient temperature (—50° to +70°C.), | ‘
or humidity .. . Rugged, light, com- i
pact, most inexpensive. il voere

REGULATOR
List Price, $3.00
No.

for 1
600 PALISADE AVE., UNION CITY, N.J. 07087

Telephone: 201 UNion 4-9503
In Canada: Atlas Radio Corp., Ltd.,

50 Wingold Ave., Toronto 10

CIRCLE NO. 52
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Programmable 500-MHz universal coun-
ter/timer has an 8-digit in-line “Nixie” dis-
play. Measurements are referenced to an
internal 10-MHz crystal oscillator with
aging rate less than 0.3 PPM for 30 days.
Price is $1595. Eldorado Electrodata
Corp., 601 Chalomar Rd., Concord, CA
94520. 315

Varactor capacitance ratio meter, Model
172A, provides rapid, simultaneous mea-
surements of the capacitance ratio of
varactors at pre-selected upper and lower
bias voltages and of their capacitance at
chosen bias level. Available in December,
it will be priced at $2700. Boonton Elec-
tronics Corp., Rte. 287 at Smith Rd.,
Parsippany, N J 07054. 316

Programmable test fixture for use with
Tektronix 576 curve tracer permits pro-
gramming of up to 11 sequential tests
without manual setting of the 576 con-
trols. A variable rate control allows the
operator to select the test sequence rate.
Fixture price is $1400. Tektronix, Inc.,
Box 500, Beaverton, OR 97005. 317

Variable rise- and fall-time pulse genera-
tor, Model 116, is a 50-MHz unit priced at
$850. Rise and fall times are linear and
independently variable from less than 5
nsec to greater than 0.5 sec. Systron-
Donner Corp., Datapulse Div., 10150 W.
Jefferson Blvd., Culver City, CA 90230.

318

Repeat cycle timer covers from 0.02 to 300
seconds in seven timing ranges with re-
peat accuracy of +1% of dial setting. Mod-
el TM101 is all solid-state, operates on
115V, 50/60 Hz (+10% or —15%), and is
guaranteed for 500 million operations or
5 years. Price is $42 each in lots of 100.
Regent Controls, Inc., Harvard Ave.,
Stamford, CT 06902. 319

DVM/Multimeter, Model 7004, uses bipolar
integration. There are five ranges each of
dc and ac volts, dc and ac current and re-
sistance. Price is $650 for the 4-1/2-digit
multimeter, $95 extra for 12V battery
pack if desired. Systron-Donner Corp., 888
Galindo St., Concord, CA 94520. 320

Why our 2 -ounce,
loo'ooo,ooo-cycle'
$4.00 EF
keyboard isn't
perfect for

every application
Very simply, it’s a flat board. It
measures just 0.156 inch above
the panel and 0.430 inch be-
low the panel, including the
depth of the pins. There are no
moving parts. There’s no key
travel. This board is ideal for
control panels or other places
where you need not duplicate
the feel of a typewriter. (Other
models do offer key travel.)

A sample, 16-key board will
cost you $8.00, but the price
comes down to $4.00 on volume
orders. A 12-key board is yours
for $7.00, with a volume price
of $3.00. Or we can send
a technical bulletin. Write

CHOMERICSK

where basic research in materials
leads to new ideas

77 Dragon Court,
Woburn, Massachusetts 01801.
Tel: (617) 935-4850

CIRCLE NO. 64
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Equipment

AC level converter for monitoring and re-
cording ac voltage or current levels, Model
11-5201-18, has 15 msec response to a step
input, which allows accurate recording
of transients less than one cycle in dura-
tion on 50- or 60-Hz power lines. Measure-
ment range is from 50 mV to 700V rms or
0.5 to 10A full-scale. Frequency response
is flat from 50 to 5000 Hz. Gould Inc.,
Brush Div., 3631 Perkins Ave., Cleveland,
OH 44114. 321

High power pulse generator delivers over
31 kW of peak power at 1.5% duty factor.
The output of the Model 360 is continuous-
ly variable to 2500V. Price each is $4990.
Velonex, A Varian Div., 560 Robert Ave.,
Santa Clara, CA 95050. 322

Solid state wattmeter, Model M1/SC1,
measures true rms voltage, current and
electrical power over the frequency range
of 5 to 100 kHz. Power range is 20W to 20
kW full scale. Price complete with record-
er output is $495. Wave Energy Systems
Inc., Newtown Commons, Newtown, PA
18940. 323

Series LV thermal control units accommo-
date up to 2 kW of dissipation by semicon-
ductors mounted on heat sinks clamped
to a temperature-controlled pipe. They
accommodate up to 40 TO-3 transistors,
and will maintain heat sink temperatures
within +=2°C over the range from 60 to
200°C. Units are sold either as complete
systems or modules. Wakefield Engrg.,
Inc., Systems Div., Audubon Rd., Wake-
field, MA 01880. 324

Sonic tester, for detecting voids in any ma-
terial, Model 301, operates at 13.4 kHz
with power demand of 4W from either
115V ac or battery. Model 301 weighs only
6 Ib and measures 9 by 6 by 6 inches. Tek
Tran, Box 460, Newark, OH 43055. 325

Modular photomicrographic attachment
camera system, Model PM-10, features
both automatic and manual camera bodies
that use interchangeable film backs.
holders and other accessories. The Model
PM-10 system adapts to existing micro-
scopes of all makes. Olympus Corp. of
America, 2 Nevada Dr., New Hyde Park.
NY 11040. 326

DPMs

Actual Size

In 2Y.,3Y. or 4'/.-digit models.
We’'ve got them all.

Just ask us.

DIV. OF GENERAL MICROWAVE CORP. « 155 MARINE ST., FARMINGDALE, N.Y. * 516-694-3600

GRALEX

I'NDUSTR
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The First
Complete

NEW

Operational Amplifiers

OPERATIONAL
AMPLIFIERS

Design and Applications

Prepared by Burr-Brown
Research Corporation

At last —an expert, over-all guide to
operational amplifiers based solidly
on accepted electronics theory and
actual electronics practice. It covers:
test circuits and methods « amplifier
design techniques - specific circuit
applications « basic theory and defi-
nitions!

Edited by Gene E. Tobey, Product Mar-
keting Engineer; Jerald G. Graeme,
Manager Monolithic Engineering,
Burr-Brown Research — pioneers and
leaders in the op amp field — and
Lawrence P. Huelsman, Consulting
Engineer and Professor, University of
Arizona.

You can retire that file of manufacturers’
bulletins — now all the information is avail-
able in one single source so you can answer
recurring questions —how to select an oper-
ational amplifier = how to test it « how to
find error sources —and also broaden con-
siderably your range of design skills.

Part 1 covers circuit design techniques used
inside operational amplifiers and generally,
also, in linear integrated circuits: input-
stage: intermediate-stage, and output-stage
design; noise, dc stability; frequency com-
pensation, chopper stabilization; varactor
diode bridge amplifier, etc.

Part 2 reviews circuit operation principles,
analyzes error factors and gives a great
many applications —linear and nonlinear cir-
cuity, multiplier/dividers, A/D conversion
techniques, active filters, signal generation,
modulation, de- modulatlon etc.

The appendlxes cover basm theory, defini-
tions, and test terms. 474 pp. $15.00.

Order your Free Examination Copy today!

McGraw-Hill Book Company

330 W. 42nd St., New York, N.Y. 10036

Send me OPERATIONAL AMPLIFIERS (649170)
for 10 days on approval. At the end of that
time | will either remit $15.00 plus tax,
postage, and handling, or return the book
without obligation.

This offer valid only in U.S. and subject to
acceptance by McGraw-Hill.

Name

Address
City
State Zip

23-EDN915
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Digital repeater for synchro-to-digital con-
version is described in six-page Bulletin
67-11B. Theory of operation, applications
and full specifications are included. Theta
Instrument Corp., 22 Speilman Rd., Fair-
field, N J 07006. 297

Selector switches are described in a 16-
page catalog with complete electrical and
mechanical specifications for the CTS 223
Series. Detailed printed circuit switch
mounts for both perpendicular and paral-
lel terminal mount styles are included.
CTS Corp., 1142 W. Beardsley Ave., Elk-
hart, IN 46514. 298

Thermocouple meters and pyrometers are
the subjects of this four-page brochure
that details the Series 7000 meters and a
new low-cost electronic readout meter.
Dimensions, various options and prices
are included. Omega Engineering Inc.,
Box 4047, Stamford, CT 06907. 299

“A Unique Concept in Printed Circuit Re-
lays” is the title of an eight-page catalog
describing printed circuit relay that plugs
directly into a PC board without sockets
or soldering. Information concerning PC
board preparation and prototype testing
is included. Printact Relay Div., Execu-
tone, Inc., 29-10 Thomson Ave., Long Is-
land City, NY 11101. 300

Optoelectronic components including dis-
plays, LEDs, IR emitting diodes and photo-
transistor opto-isolators are described in
this 12-page catalog. European Electronic
Products Corp., 10150 W. Jefferson Blvd.,
Culver City, CA 90230. 301

Capacitors, filters and microcircuits are
featured in this 228-page product specifier.
Capabilities in thin and thick films, hy-
brid microcircuits, chip arrays and DIPs
are discussed along with technical data on
capacitors and filters. Copies are avail-
able by letterhead request to AVX/Aero-
vox, New Bedford, MA 12741.

Microelectronic packages are covered in
this 16-page illustrated catalog with di-
mensional drawings of 45 standard con-
figurations and construction details of
over 100 standard packages. Sealox Div.,
National Beryllia Corp., Greenwood Ave.,
Haskell, N J 07420. 302

Electrical/electronic measurement system
is described in an eight-page catalog. Bas-
ic components are arranged to provide
Wheatstone, Kelvin, inductance or capac-
itance bridges; differential voltmeters;
millivolt potentiometers; ac/dc transfer
unit; and others. Laboratory Systems Re-
search, Inc., 2732 29th St., Boulder, CO
80303. 303

Electromagnetic delay lines are featured
in Catalog No. 10, a 20-page booklet giv-
ing specifications and descriptions for a
broad range of delay lines. ESC Electron-
ics Corp., 534 Bergen Blvd., Palisades
Park, N J 07650. 304

. .
e g sy KECHIIOR

Electronic keyboard system utilizing a
scanning technique is described with a
diagram, specifications and a listing of
standard and optional features. Also in-
cluded is a six-page keyboard designer’s
specification sheet to aid in keyboard de-
sign. Cherry Electrical Products Corp.,
3600 Sunset Ave., Waukegan, IL 60085.

305

Core memory systems are introduced in a
catalog describing the 400 Series with
storage capacity from 4k X 9 bits to 65k
x 36 bits. Fabri-Tek, Inc., 5901 S. County
Rd. 18, Minneapolis, MN 55436. 306

RSSO AND MERCURY
WETTED CONTAST HELATE

Designer’s handbook of reed and mercury-
wetted contact relays is available in the
fifth edition. It contains a glossary of
terms, principles of operation, applica-
tions, design requirements, specifying and
testing data and new product information.
Copies are available by letterhead request
to Magnecraft Electric Co., 5575 N. Lynch
Ave., Chicago, IL 60630.
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“‘Optogram” is a monthly technical bulle-
tin describing customer applications, new
products and exciting activities in the op-
tical and laser field. A. D. Jones Optical
Works, Inc., 64 Cambridge St., Burling-
ton, MA 01803. 307

Indicator lights, light-emitting diodes and
incandescent lamps are completely de-
scribed in an eight-page catalog. General
[llumination, Inc., 2233 University Ave.,
St. Paul, MN 55114. 308

Data sets and modems are the subject of a
12-page brochure describing the Series
1300 transmitter/receiver units that
greatly improve the efficiency of dial-up
data systems even where telephone line
performance is seriously deteriorated.
Several pages of the brochure are devoted
to design features and circuitry that make
this high-performance possible. Dataserv,
770 Airport Blvd., Burlingame, CA 94010.

309

FET-input op amp with fractional picoamp
bias current is described in a two-page
data sheet with specifications, prices and
application information. Analog Devices.

Inc., Box 280, Norwood, MA 02062. 310 ;

Multiple-output power supplies are de-
scribed in a catalog containing condensed
data on modular units and custom units
for computer CRT terminals, card reader
and digital cassette OEM applications.
Also included is information on MIL-spec
custom units and a four-output lab supply.
Astro-Space Labs., Inc., Research Park,
Huntsville, AL 35806. 311

Thin-film resistor networks for D/A and
A/D converters feature utmost tempera-
ture stability and tracking, and are cov-
ered in a data sheet describing three mod-
els and various packaging options. Analog
Devices, Inc., Pastoriza Div., Box 280,
Norwood, MA 02062. 312

Conductive coatings are covered in this
six-page booklet from Acheson Colloids
Co., Box 288, Port Huron, MI 48060. 313

Single-ended CATV amplifiers are dis-
cussed in a position paper which reviews
basic CATV amplifier designs. Pro and con
aspects of push-pull, split-band, distrib-
uted and single-ended amplifiers are con-
sidered. AEL Communications Corp., Box
507, Lansdale, PA 19446. 314

speed regulated with variable-speed control

Introducing the Type FYQM, a new 1.3-inch dia, subfractional hp,
commercial d-c motor. Speed control circuit board and built-in tachometer
generator permit speed adjustment while motor is running, with close
regulation at selected speed. Available with or without speed control. Gear-
heads also available. For details, ask for Bulletin F-14652.

BARBER-COLMAN COMPANY

Electro-Mechanical Products Division
Dept. U, 12106 Rock Street, Rockford, Illinois 61101

BARBER
COLMAN

BC-m-4

CIRCLE NO. 55

PERFORATED
MATERIALS

WRITE FOR

NEW

176-PAGE

GENERAL

CATALOG
No. 85

THE )

Harrmgton &

ing

INC.

PERFORATING CO.,

CHICAGO OFFICE AND WAREHOUSE
5650 Fillmore Street
Chicago, lllinois 60644

EASTERN DIVISION
E. Crescent Ave. at Arrow Rd.
Ramsey, New Jersey 07446
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for electrical

and electronic
components

thinsheet

@ precision thin gauge strip
@ tin coated metals
@ edge tinning

Thinsheet has long been an important
supplier to the electrical and electronic
industries. Our thin gauge strip is the
finest available.— in brass, copper,
bronze, phosphor bronze and nickel
silver. Gauges from .014 to .0006” with
tolerances of + .0001” in widths from
1/16” to 26". Thinsheet tin coated
metals and edge tinning are unexcelled
in quality and uniformity, processed on
equipment of our own design and
exclusive with us. Thinsheet is as fussy
about delivery as it is with quality. In
many areas Thinsheet is delivered direct
to you in our own fleet of trailer trucks.
Thinsheet Metals Company, Waterbury,
Conn. 06720, Phone (203) 756-7414.

For fast direct line from Newark, N.J.,
Phone 642-1624.
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Spectrum analyzers, sweep generators,
programmable attenuators and lumped-
component miniature low-pass and band-
pass filters are featured in a 20-page illus-
trated catalog with physical and electrical
characteristics, applications and prices.
Texscan Corp., 2446 N. Shadeland Ave.,
Indianapolis, IN 46219. 334

Panel-mounted accumulator that totalizes
events occurring during a programmed in-
terval at rates up to 1 MHz is described in
Bulletin 2457. Electronic Instruments
Div., Beckman Instruments, Inc., 3900
River Rd., Schiller Park, IL 60176. 335

Precision components catalog contains
446 pages with over 35,000 electrical and
mechanical components in this 35th edi-
tion. PIC Design Corp., Box 335, Benrus
Center, Ridgefield, CT 06877. 336

Solid-state pushbutton module featuring a
magnetically actuated Hall effect inte-
grated circuit chip is described in Product
Sheet 101SN1. Micro Switch, Div. of
Honeywell Inc.,11 W. Spring St., Freeport,
IL 61032. 337

‘A Reliable Plastic Power Transistor Fam-
ily Aimed at the Heart of Television Appli-
cations” is the title of Publication 1CE-
406 which describes the procedures that
produce the mean-time-before-failure of
275,000 hours for RCA-2N6177 family
transistors. RCA Commercial Engineer-
ing, Harrison, N J 07029. 338

Solid tantalum capacitors of the ENS Se-
ries, with values ranging from 0.0047 to
330 wF and ratings from 6 to 100V, are
covered in Bulletin 830. National Compo-
nents Industries, Inc., 5900 Voss Rd.,
West Palm Beach, FL 33407. 339

Switch catalog has 28 pages providing a
guide to the basic criteria for switch se-
lection, and complete specifications and
ordering information for a variety of
switches. Tech Labs, Inc., Bergen and
Edsall Blvds., Palisades Park, N J 07650.

340

Chip capacitor data sheet, CZ5B, features
hundreds of “Vee Jem” values and in-
cludes suggested mounting methods, de-
tailed specifications and close-up photos.
Vitramon, Inc., Box 544, Bridgeport, CT
06601. 341

“Lock-In Amplifier Versatility” is the title
of a 12-page specification and application
guide which describes many different
lock-in systems that can be created at min-
imum cost by the addition of special pur-
pose plug-in modules. Ithaco, Inc., 735 W.
Clinton St., Ithaca, NY 14850. 342

Drafting aids catalog contains eight pages
describing unique drafting and engineer-
ing aids, including zero center scale and
“Decimal Keeper” slide rule. Devonics
Inc., 1515 Chatsworth Blvd., San Diego,
CA 92107. 343

Digital audio signal delay unit, Model 101,
is described with illustrations and appli-
cations in a six-page brochure. Gotham
Audio Corp., 2 West 46th St., New York,
NY 10036. 344

Solid-state time code generator module is
the subject of Bulletin CG526 which in-
cludes specifications, dimensional data
and information on a 7-segment LED time
display. A. W. Haydon Co., 232 N. Elm
St., Waterbury, CT 06720. 345

System 390 universal card tester for auto-
matically testing digital, analog and hy-
brid PC boards, modules and components
is described in a 16-page brochure. The
system is discussed in general terms and
specific details. Instrumentation Engi-
neering, Inc., 769 Susquehanna Ave.,
Franklin Lakes, N J 07417. 346

Test report on the MD53 and RMD53 high-
density, multi-pin series connectors has
eight pages showing tests performed, MIL
spec requirements and results. Connector
Div., Microdot Inc., 220 Pasadena Ave.,
South Pasadena, CA 91030. 347

Digital head selector for Datum-Series 1/2-
inch IBM-compatible recording heads is
designed in the form of a circular slide rule
and provides essential technical data on
the company’s line of tape heads. Nortron-
ics Company, Inc., 8101 Tenth Ave. N.,
Minneapolis, MN 55427. 348

Digital panel meters, a limit set compara-
tor and a digital multimeter are described,
along with pertinent specifications and
prices, in a four-page short-form catalog.
Digilin, Inc., 1007 Air Way, Glendale, CA
91201. 349
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NEVER-SEEZ

ANTI-SEIZE AND LUBRICATING COMPOUND

HERE'S THE ANSWER TO
COSTLY MAINTENANCE

® Prevent seizure to 2000°F.
® Eliminate galling, pitting
and corrosion

® Reduce repair time

NEVER-SEEZ is easily applied for uniform parts coverage to
assure absolute parts protection. Speeds assembly and dis-
assembly. Available in 8 oz. brush top cans, ¥ and 1 Ib. ap-
plicator top plastic squeeze bottles, 16 oz. aerosol spray con-
tainer and Y4 Ib. to 425 Ib. standard metal containers.

WRITE FOR FREE 16 PAGE CATALOG

NEVER-SEEZ COMPOUND CORPORATION
2914-24 S. 18th Avenue, Broadview, lllinois 60153

CIRCLE NO. 48

controls
for
every

need

51 sketches showing
photo controls for

* conveyors « cut-off
« automation « counting
« die-protection « jam-up
« inspection o limit
¢ measuring e orientation
« positioning « processing
« packaging s« registration
+ smoke detection « sort-
ing « tension .« traffic

control « weighing « wind-
ing « many, many others.

EYES ofF

AUTomarion

NEW Catalog 71

297 pre-engineered photo con-
trols including retro-reflective,
specular reflective, fiber optic
and solid state; ON/OFF and
tremendous
selection of photo sensors and
Proximity Con-
trols. Counting Eyes. Bin level,
smoke, current surge and im-
illustrated,

Timing Controls;

light sources.

pact controls. All
described and priced.

See the AUTOTRON MAN in your
area or send for Catalog 71 NOW

AUTOTRON, INC.

Ph 217-446-0650

3627 N. Vermilion, Danville, IIl. 61832
TWX 910-244-1455

CIRCLE NO. 49

Test any
semiconductor
with just one
test set. Only $695

for mainframe)

You start with Precision Standards’ Model 70 mainframe
containing power supplies and basic metering circuitry.
Then, plug in one of 8 interchangeable and ultrareliable
modules to test beta (pulsed); high frequency param-
eters; hybrid parameters; pulsed breakdown; saturation
voltages; zener parameters; low leakage and break-
down; and DC parameters. Result: a truly flexible test
station with operating parameters matching more expen-
sive systems at a fraction of the cost. And, continuing
new module development ensures against obsolescence.
For detailed specs, request Bulletin 70. Ask about our
value line of manual, automatic, and computer controlled
IC test systems. PSC test equipment was formerly
marketed by Birtcher Corp.

EE PRECISION STANDARDS CORPORATION

1701 Reynolds, Santa Ana, Calif. 92705« 714/546-0431

Interchangeable
modules plug in
here. Module
prices range
from $595 to
$795 each.

CIRCLE NO. 50

SERIES 31
(lllustrated above)

®15 amps continuous

o1 to 20 poles

e 1 to 10 sections

e Wide range of
circuits & options

e UL and CSA Listed

COMPACT
MULTIPOLE
ROTARY

SWITCHES
for

INDUSTRIAL

CONTROL
APPLICATIONS

Other Switches? You can
order literally hundreds of
types from stock...or specify
a special assembled from
millions of components off-
the-shelf!  Specs range from
1/2 to 200 amps...from one
to 75 poles per switch...push-
button, rotary, cam, detent

and snap action types.

Send for Bulletin C-1...our
“catalog of available catalogs”!

ELECTRO SWITCH
CORP.
Weymouth e Massachusetts 02188

Telephone: 617/335/5200 TWX: 710/388/0377

CIRCLE NO. 51
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Additional “—Right and Wrong Ways

to Design MOS Systems”

After complimenting Evelyn Berezin on
her article on MOS systems (July 1 EDN/
EEE), Rob Walker, manager of Micro-
mosaic Engineering, Fairchild Semicon-
ductor, contributed these additional points
on MOS design:

“1. Digital simulation is of great aid in
verifying a design; for example, worst
case combinations of gate delays are
hard to analyze on a breadboard.
Some types of dynamic logic are es-
sentially impossible to breadboard,
and simulation is the only answer.
Digital simulation is also helpful for
test pattern generation.

2. An advantage of breadboarding the
MOS design (after partitioning) re-
lates to system checkout. Chances
are all arrays won’'t be completed
simultaneously, and will dribble in
to the customer one at a time. By
proper impedance and voltage match-
ing, the LSI array may replace bread-
board components one at a time,
shortening checkout time.

3. Part of the extra engineering cost of

LSI goes into a very complete analy-
sis of the design. Timing, critical de-
lays and worst case tolerances are
studied in greater detail than nor-
mally afforded conventional designs.

We are all aware of the high cost of

field modifications required because
of incomplete or careless analysis. To
some extent then, the conversion cost
of LSI is partly an investment in
customer satisfaction.”

=

Gentlemen:
Recently, while making a technical in-
quiry about silicon rubber wire (to Gen-
eral Electric), a secretary referred me to
their semiconductor department with this
quip: “They make silicone transistors
there.”

Thought this might be good for the
Signals & Noise Dept.

Dale E. Barbour

Systems Engineer
Magnavox Research Labs
Torrance, CA 90503

“"Higgins has come up with something which will

make thermal runaway a thing of the past!"

Earth

“A planet doesn’'t explode of itself,” said drily

the Martian astronomer gazing off into the air.

“That they were able to do it is proof that highly

intelligent beings must have been living there.”
—John Hall Wheelock

846 kinds — from ""The Cube."” The first full line in this new
high temperature dielectric. Capacitance from .0010 to 20
Mfd. In 100, 200, 400, and 600 VDC ratings. Over 200 values
for each voltage rating. In round or oval wrap and fill; rec-
tangular epoxy with axial or radial leads; plus round and
rectangular hermetically sealed metal cases. Stable within
1% over the temperature range. Sizes and prices com-
parable to metallized polycarbonate units. And we're ship-
ping within 3-4 weeks — and from stock in small quantities.
Specify a value and we'll send you a sample. Write us at
1710 South Del Mar Avenue, San Gabriel, California 91776
Or call (213) 283-0511

S” e|eCtFOCUbe /Capacitors, EMI Filters, RC Networks

ROCKER &

05k2¢ MINIATURES

New series of econ-
omy ‘‘snap-in’’ )

switches have high
6 amps rating. Fea-
tures ease of instal-
lation in .49 x .59”

hole. Choice of

SPDT & DPDT in 4

colors, adds distinc-

tion to front panel. SPDT ROCKER

Molded “silver” ter- (N
minals & contacts. SPDT PADDLE

ALCOSINITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS,
CIRCLE NO. 20

‘wenren PUSHBUTTON
LIGHTED

We have available a

variety of lens styles,

colors, and switching

configurations used
with attractive etched

INC., LAWRENCE, MASS.

plates to make your
own low cost lighted
Push Button switches.
Send for descriptive
literature.

150° metallized
polysulfone capacitors

ALCOSWITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS.

CIRCLE NO. 21 CIRCLE NO. 60
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the grabber

Our plunger action Mini-Test Clip

is designed specifically for reaching
into densely packaged miniaturized
circuitry to make rapid, reliable tests.

» Gold plated copper contact hook makes positive
connection, and won’t damage lead wires.

+ Specially designed tip slides down over square
Wire-Wrap*pins for solid contact.

* Integrally molded wire assures greater reliability
and eliminates time-consuming assembly.

» Molded nylon probe provides complete insulation
to point of connection.

« Four models offer widest selection of connecting
plugs. Write for complete information and prices.

1500 E. Ninth St., Pomona, Calif. 91766 « Telephone: (714) 623-3463

*Registered trade-mark of Gardner-Denver Co.

G POMONA ELECTRONICS
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The newest in panel meters

from‘}foyf' 38

* Modern blend of
bakelite and glass

* Smooth satin finish

* Rugged case —no plastic

* Long wide scale

* Fast two stud mount

* Available with complete
line of movements

Write or phone for complete quotation and specifications.

f HOYT ELECTRICAL INSTRUMENT WORKS, INC.
ov BURTON-ROGERS COMPANY Sales Division
556 TRAPELO ROAD - BELMONT, MASSACHUSETTS 02179 - (617) 489-1520
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Design Data

Application Notes

Motor and gearmotor overspecification is
the subject discussed in the “Chief Engi-
neers Handbook” section of Motorgram
(Vol. 51, No. 3). Relationships between
custom specifications, performance and
cost are discussed. Bodine Electric Co.,
2500 W. Bradley Pl., Chicago, IL 60618.

350

Tape recorder Handbook 1330 is a prac-
tical guide for users of instrumentation
tape recorders. This 43-page handbook
contains an introduction to magnetic tape
systems, a glossary of instrumentation
terms and a concise explanation of how
magnetic heads work. Bell & Howell Co.,
360 Sierra Madre Villa, Pasadena, CA
91109. 351

“Testing for Forward-Bias Second Break-

down in Power Transistors” is the title of

Application Note AN-4573. This six-page
note describes a non-destructive test cir-
cuit that determines the forward-bias
second-breakdown safe operating locus for
power transistors. Test circuit diagrams,
typcial waveforms and figures illustrating
the physical process of second breakdown
are included. RCA Commercial Engineer-

“What Every Temperature Chamber User
Should Know About CO,” is a booklet in-
tended to help users get better utilization
of the product. Techniques are described
that can save engineering time, improve
safety, reduce chamber maintenance and
cut down on CO, consumption. Vacon,
2946 Adams Ave., San Diego, CA 92116.

353

IC voltage regulators, Types 723 and 823,
are described in a 17-page application
note including information on parameters
and a discussion of bias limitations, ripple
rejection, external sensing, thermal ef-
fects, current limiting, current capability
and special applications. Teledyne Semi-
conductor, 1300 Terra Bella Ave., Moun-
tain View, CA 94040. 354

“Primer of Plant Noise Measurement and
Hearing Testing” is a 24-page booklet
which gives a capsule analysis of current
government regulations enacted to protect
the hearing of nearly everyone exposed to
industrial noise hazards and describes the
techniques and equipment used to mea-
sure plant noise and monitor employee
hearing as required by the new statute.
General Radio, 300 Baker Ave., Concord,

“Thyristor Selection and Calculations for
Pulse Applications” is the first title in a
new series of “Tech Tips” articles on the
selection, application and use of discrete
power semiconductors and subsystems.
Westinghouse Electric Corp., Semicon-
ductor Div. Marketing Services, Young-
wood, PA 15697. 356

Low-noise FETs are compared with low-
noise bipolar transistors in a five-page ap-
plication note discussing noise relation-
ships. Included are basic definitions, how
to determine noise figures, test procedures
and information on the use of equivalent
noise and current sources. Teledyne Semi-
conductor, 1300 Terra Bella Ave., Moun-
tain View, CA 94040. 357

‘“Analog Dialogue”, in a 16 page issue,
covers such technical topics as a review of
the AD504 1 wV/°C monolithic IC op amp,
a note for the designer of 12- and 16-bit
D/A converters, floating differential in-
strumentation, design of a data-acquisi-
tion system to protect a 128-MW dc power
supply and some tips on short cuts to men-
tal arithmetic. Analog Devices, Inc., Rte. 1
Industrial Park, Box 280, Norwood, MA

ing, Harrison, N J 07029. 352 MA 01742. 355 02062. 358
R I - l j I I
e n I“ s Ava I a n e in this issue are offered as follows:

R.S. No. Title Page No.

L61 What's Happening in MOS 21
L62 Speakout 28
L63 Designing Precision Integrators with High-Speed Mode Controls 34
L64 Switching Regulator Designed for Portable Equipment 39
L65 Plagued by Triac Hysteresis? 42
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~ Ascrewdriver is
“all you need to hook up
to most P&B relays

The new Potter & Brumfield socket
system with screw terminals gives
you a whole new world of relays to
choose from.

How?

By converting octal and quick-
disconnect tab termination relays to
screw terminals.

Quickly. Simply.

Our system comes complete
with mounting channel.
Brackets. Retainers.

Spacers. And sockets
made of virtually inde-
structible Lexan.

Think of it!

Now you can use newer, more
sophisticated relays.

Just as compatible as the ones
you’ve been using. And every bit as
reliable.

But they cost less. And take up
less space.

CIRCLE NO. 61

(You probably can save as much
as 75 percent of the space you're
now using.)

This is just part of what’s possible
with P&B’s new socket system.

To find out more, write or call

Potter & Brumfield Division,
AMF Incorporated. Prince-
ton, Indiana 47670, (812)
385-5251.
Or talk to your local P&B
distributor or representative.

AMF
POTTER & BRUMFIELD




Interchange.
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Specify Dale Edgeboards

Dale is ready to deliver your choice EB 7 New .156" model with reliable bifurcated
of three of the industry’s most pop- l@Jl@Jh“QHQHQJ bellows contacts. Single row (6, 10, 15, 18, 22
ular edgeboard connectors...very contacts). Double row (12, 20, 30, 36, 44 contacts).

well made...very interchangeable... Solder eye terminals. For 1/16" board.

ol competitively p.”ced' '.f yours l—‘ L’ EBT 156 Top-selling .156” model with rugged
looking for an edge in meeting pro- T tuning fork contacts (8, 10, 12, 15, 18, 22). Dip,

duction schedules and holding the solder eye or wrap terminals. For 1/16” boards.

line on costs, contact Dale today.

EBTL 950 Industry’s thinnest .050" model. Only
Get your edge by ummrrmnrmnmrrrl_] .158" thick for 1/32" boards; .190" thick for 1/16

boards. Cantilever-style contacts (8, 16, 20, 25,

Ca//ing 605—665-9301 32, 50, 64 per side).

DALE ELECTRONICS, INC.
East Highway 50, Yankton, South Dakota 57078. In Canada: Dale Electronics Canada, Ltd., A subsidiary of The Lionel Corporation
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