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Comparators can do more
than just compare
Solid-state speed controls
for induction motors
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MODEL

MINIATURIZED
A.C.toD.C. POWER MODULE

These 3.5"x2.5"x1.25" encapsulated
sv @ 1 -5 amp power modules may be mounted

on p.c. boards. The Model 5E150 delivers

5V @ 1.5A with regulation of £0.3%

or and ripple of 1 mv. Price $98. The D15-35
-+ 1 5v @ 3 50 m A provides tracking = 15V; the D12-35,
=12V (350 ma per output). Regulation
=0.05%; ripple 1 mv; price $105.
Standard input 105-125 VAC, 47-420 Hz.

Many other models also available.
Three-day shipment guaranteed.

Acopian

Acopian Corp., Easton, Pa. 18042 e Telephone: (215) 258-5441
CHECK NO. 1
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curve tracer
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The new TELEQUIPMENT CT71
CURVE TRACER, with simple

omzr ﬁ ”‘“‘"

BASE SUPPLY

STEP AMPLITUDE

Displays Dynamic Charac-
teristic Curves of Diodes,
Transistors and FETs

Curve Comparison

5-inch CRT

1-kV DC Collector Supply

2-A Peak Current (15 W
max)

Safety Interlock

5-nA Leakage Measurements

200-mA or 20-V, Base Step
Generator Range

0 to 10 Base Steps
with Variable Offset

Plug-On Test Fixtures
accept TO-3s, TO-66s,
TO-18s, TO-5s and other
3-terminal devices

controls and a wide range of
Base and Collector voltage,
current and resistance settings,
now makes possible the
dynamic testing, evaluation,
matching, and selection of
many semiconductor devices

. at a very low price.

Dynamic characteristic curves
are easily interpreted and/or
compared on the large 5-inch
CRT. Two plug-on fixtures

‘TELEGUIPMENT <®>

with sockets and binding posts
accommodate many different
package configurations.

Its solid-state design assures
that rugged dependability
which schools, service centers
and calibration labs require

. . and at a weight of only
25 Ibs.

TELEQUIPMENT products are
marketed and supported in the

U.S. through the Tektronix, Inc.

a subsidiary of
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TELEQUIPMENT . . .

network of 58 Field Offices
and 34 Service Centers. The
instruments are warranted
against defective parts and
workmanship for one year.
For more information, call
your nearby TEKTRONIX Field
Engineer or write: P. O. Box
500, Beaverton, Oregon 97005.

TELEQUIPMENT Oscilloscope

prices start as low as $245.
U.S. Sales Prices FOB Beaverton, Oregon

Tektronix, Inc.



Our low-cost receptacles
give you low-cost pluggability.
Automatically.

Three lines for just a fraction more than a penny. That's the
cost of our reliable DIP and transistor receptacles. But only
the start of savings.

Put our high speed automatic insertion machine to work in
your plant, and you've got production rates of up to three
thousand mounted transistor receptacles per hour, or up to
18,000 DIP receptacles per hour.

That's the story. You get the pluggability you want at the
lowest applied cost available anywhere—a total economy un-
matched in the industry.

You also get long life expectancy, dependable performance
after repeated insertions and extractions, and special design
that accepts a wide variety of lead sizes. Plus, a special
feature that prevents solder from entering the contact area.
Both DIP and transistor receptacles are available for a wide
variety of boards and board thicknesses.

All the cost-saving, convincing details are yours for the asking.
Write for Bulletin T50-1 to:
AMP Incorporated, Industrial Division, Harrisburg, Pa. 17105.

AMP

INCORPORATED

Manufacturing and direct sales facilities worldwide: Barcelona, Brussels, Buenos
Aires, Frankfurt, London, Mexico City, Pans, Puerto Rico, Sao Paulo,
s'Hertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toronto, Turin, Vienna.

CHECK NO. 5
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TRW LVA diode...
the sharpest knee

below 10 Voits.

.‘v
i »

The current saver.

No other zener can approach TRW’s LVA perform-
ance below 10 volts. Available for operation down
to 4.3 volts, TRW LVA diodes minimize power con-
sumption in portable-battery operated equipment.
They're also ideal for instrumentation, where, as
reference elements,they draw as little as 50 uAmps.

TRW LVA’s are available in various package config-
urations, including passivated chip form for hybrid-

5.6 volt military zener -

SCALE ILLUM.

ASTIGMATISM
.

compatible packages. If you have a need for a low
current voltage regulator or any other product that
demands low current consumption, you should
check out TRW LVA zeners. When it comes to cur-
rent, they’re really misers!

For product information and applications assistance
write TRW Semiconductors, 14520 Aviation Blvd.,
Lawndale, California 90260. Phone (213) 679-4561.

TWX 910-325-6206.

SEMICONDUCTORS
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If you don’t want hybrids.
Can't afford high gear-up costs.
And need the reliability of discretes.

Have we got something for you.

CORDIP™ component networks. An entirely new class
of low cost, reliable, dual-in-line component networks
that give you a flexible new design option.

CORDIP component networks consist of pre-packaged
discrete components—resistors, capacitors and diodes
and can be designed to meet your circuit needs. You get
all the benefits of discretes: reliability, tight tolerances,
and the ability to adjust value and tolerance from
order to order.

They save money over discretes because there’s less
handling. The whole idea is very simple. If you can put a
lot of parts in at one time instead of part by part,

4

you’re bound to save time and money.

And you save space. CORDIP networks cut assembly
errors and assembly costs. Simplify wiring, and there
are fewer parts to order and keep track of.

Unlike hybrids, they’re economical in low volume.
Standard pull-ups and in-outs for as low as 76¢ in 1000
piece lots. Custom resistor-capacitor-diode networks
are economical too. Try us and see.

For full technical information on CORDIP component
networks, check your EEM catalog. Or write the
Electronics Products Division of Corning Glass Works,
Corning, N.Y. 14830 for our technical brochure.

CORNING

E LEC T RO NAC S
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Everybody wants your
components business.

But were doing

6 things to earn it.

Better components. From
1 ER through industrial, from

precision through general
purpose —we give you documented
reliability. You'll find our metal film
resistors outperform other metal
films (including glazed), wire-
wounds and carbon comps. And our
Glass-K" capacitors outdistance
monolithic ceramic capacitors

on all counts.

2 extra reliability costs you no
more. The fact that we've be-

come the country’s largest supplier

of metal film resistors says clearly

that we’re more than just

competitive.

Better prices. And this

Better delivery. Our dis-

tributors can give you off-

the-shelf delivery from an
inventory of over 50,000,000

components. And you'll find our
“ball parks” are the most accurate
and dependable in the industry.
You benefit in reduced expediting
and inventory costs.

Better QC. Enough better

so that many of our custom-

ers find they can totally
eliminate incoming QC testing of
our parts. Couple this with our
unique product configurations that
cut component insertion costs and
you'll find it costs you less to do
business with Corning even when
our per unit price is the same.

Better new products. Our

CORDIP" Component Net-

works let you replace most
of the outboard discretes you can’t
design into an IC. With a pretested,
dual-in-line package of up to 23
discrete resistors/capacitors/diodes.

Our FAIL-SAFE"flame proof
resistors give you an economical
replacement for non-inductive and
semi-precision power wirewounds.
But ours open —never short —
under overload.

Better support. We've built

the largest technically-

trained field force in the
industry. And have contracted
with the 30 most competent and
service-oriented distributors in the
country to give you in-depth
assistance whether your needs are
big or small.

Just let us prove it. Write
for full details to: Corning Glass
Works, Electronic Products Divi-
sion, Corning New York 14830.

Or call: (607) 962-4444. Ext. 838L

CORNING

EfE ECTRONICS

Resistors & Capacitors

for guys who cant stand failures
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your best buy in a 100-MHz scope

T e 82075
T e e s 2550
T i e el 82850
T o o Mz Srem s S1850

. . . and an excellent introduction to
the TEKTRONIX 7000-Series Inte-
grated-Test-System Concept.

Instrument options, plus a modular de-
sign, allow you to purchase the basic ; : ~ , ,;:oaoscnuuscore!
system and then expand it as your mea- = 2 e * z
surement requirements increase. A real o 0 Z3
time saver, CRT READOUT, can be
added to your scope for only $400. Its
use increases your measurement speed
and accuracy in set up, test, and CRT
photography. Other options give you:
® increased photographic writing speed
® a selection of CRT phosphors e sig-
nal outputs ® EMI modification.

The 7603 and 5%-inch rack R7603 are
three-plug-in scopes. They allow you
to mix or match plug-ins to suit your
requirements, and provide amplifier com-
binations up to four traces. You can
choose from 26 plug-ins including: Am-
plifiers, Time Bases, Curve Tracer, Op-
tical Spectrometer, Sampling, TDR, Spec-
trum Analyzer, and the newly introd - L F
Digital plug-ins. , . 1~ | T

1

The 7000-Series Digital plug-
onstrate the true value of the
gether, they give you the advanti
both worlds—confidence in seeir
you're measuring and the accu
digital techniques. TEK’s Digital PI ]
offer e Universal Counter/Timer wit
basic modes e Digital Delay Unit wi !
Delay-by-Time and  Delay-by-Events
modes ® 525-MHz Direct Counter ® DMM
with unique temperature mode . . . and -
more to come.

Take a look at this 100-MHz scope sys-

tem today and make it your best buy. y

Contact your local TEKTRONIX Field Tektronlx’ Inc'

Engineer or write: Tektronix, Inc., P.O. Offering sales, after-sales support
Box 500, Beaverton, Oregon 97005. and service . . . worldwide

CHECK NO. 9
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EDITORIAL

Do you know enough about CMOS?

If your memory is good and if you were at the Wescon show in 1966,
you'll remember that, there in Los Angeles, off-the-shelf CMOS devices
were announced and shown for the very first time. In spite of the fact
that we, as well as other magazines, reported on the introduction, the
impact of the announcement on designers was something less than
world-shaking. This was not too surprising, inasmuch as TTL was then
just beginning to come into its own, and because the first CMOS circuits
and those that followed were rather specialized devices with no second
sources available.

What a difference from today. Now, with the makers of electronic
equipment and devices looking to penetrate ever deeper into the com-
mercial and consumer fields, interest in CMOS is sky-rocketing. Its inher-
ent characteristics, such as low power requirements and immunity to
large supply voltage swings, has forced designers to sit up and take no-
tice—and their enthusiasm is fueled by the many devices available and
the numerous companies in the field.

For these and other similar reasons, EDN has prepared a six-part se-
ries on “Designing with CMOS.”” The purpose of the series is to increase
the individual designer’s appreciation and understanding of this emerg-
ing technology as well as his ability to design effectively with it. In ef-
fect, the series is an elementary-to-intermediate course on CMOS,
which will prepare readers for the wealth of more detailed and ad-
vanced literature, now being made available.

By publishing the series, we hope to accomplish a number of things.
First, of course, is to make designers aware of CMOS and its advantages
so that they will consider it when faced with the problem of choosing a
logic family.

Second, and equally important, by pointing out the limitations and
disadvantages of CMOS, the series will prevent designers from trying to
apply it, just because it's new, in applications where it doesn’t fit.

And third, the series will describe the design rules, considerations and
techniques inherent in the CMOS world, with emphasis being given to
how they differ from TTL practices. This should help designers avoid the
traps and pitfalls that always await them when designing with a new
technology.

The first part of the CMOS series begins on page 20. Successive parts
will be published on the 1st of each month.

Sl G

Editor



Great buy for the money:

The Heinemann Type B

time-delay relay.

Its continuous-duty coil
and 5-amp contact capacity
could spare you the need
for a separate load relay.

The continuous-duty coil enables the
relay to remain energized indefinitely
after actuation. If the load to be
switched can be handled by SPDT or
DPDT contacts of up to 5-amp
capacity (125V or 250V AC or 30V DC,
resistive), you can get by very nicely
without a load relay.

The Type B is definitely in the
moderate-price category, yet it isn’t
cheaply built. It has enclosed snap-
action contacts of gold-plated fine
silver, a vibration-resistant balanced

armature and, of course, a Heinemann

hydraulic-magnetic delay element.
The Type B is one of five models

in our Silic-O-Netic® time-delay relay

line. All are available in any of sixteen

standard timings, from ¥4 second

to two minutes, with any of nine 60Hz

AC or DC coil voltage ratings. Our

Bulletin 5006 will give you full

technical data. Yours for the asking,

of course. Heinemann Electric Co.,

2626 Brunswick Pike, Trenton,

N.J. 08602

HEIiNEMANN

CHECK NO. 10

10

Publisher
E. Patrick Wiesner

Editorial Staff

Frank Egan, Editor

Steven A. Erenburg, Managing Editor
Bob Cushman, Special Features Editor
Roy Forsberg, Senior Editor

Roger Allan, Associate Editor

Bill Furlow, Associate Editor

Jerry Moseley, West Coast Editor

Art Stapp, West Coast Editor

Art Staff
Dan Kicilinski, Director

| Patricia Rawlins, Illustrator

Ezio Mattassi, Illustrator

Elizabeth Garrenton, Illustrator
Richard Pierro, Illustrator

Production Staff

Wayne Hulitzky, Director
William Tomaselli, Manager
Susan Kennedy, Assistant

Circulation
Ron Kinnes, Manager

Marketing Services
Ira Siegel, Manager

Editorial Consultant

| John Peter

Editorial Office Addresses

. Executive (617) 536-7780

221 Columbus Ave.
Boston, Mass. 02116

New York (212) 689-3250
205 E. 42nd St.
New York, N.Y. 10017

West Coast (415) 383-4220
404 Wellesley Court
Mill Valley, Calif. 94941

West Coast (213) 933-9525

5670 Wilshire Blvd.
Los Angeles, Calif. 90036

EDN NOVEMBER 1, 1897 2



SHOWN ACTUAL SIZE

You can’t do better than our
Series 82 Trimmers for small
size and low cost...and, of
course, Helipot dependability:
These %, single-turn,
general-purpose cermet
models have the lowest
profile in the industry with

a proven cermet resistance
element that can be set to
any voltage ratio within
0.05% of full scale. Sealed
metal housings, solid stops,
and essentially infinite
resolution. They'll save

you space—they’ll save you
money. (Our prices start at
$1.40 list.) Two good reasons
to write for specs and prices
today.

S e -1 INSTRUMENTS, INC.

HELIPOT DIVISION
2500 Harbor Blvd., Fullerton, Calif. 92634

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE
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Here are the

flrst eight

of ournew
rowin

I/CMOS

family—

the fastest
low-power

devices

of their kind

available today.

If you're joining the big move to
CMOS, we've got your device. Or soon
will have. Because we've committed
ourselves to dielectrically isolated
CMOS (DI/CMOS) development on
amajor scale. The first eight are
available now. These devices offer
speeds twice as fast any comparable
ICs, typically 10ns with 10-volt power
supplies. They also offer a wide power
supply range (3 VDC to 18 VDC), while
providing large noise immunity,
typically 45% of supply voltage.In
terms of chip reliability, our engineers
currently report more than 230,000
device hours at+125°C without failure.

All of the new devices are available
in 14-pin dual in-line packages except
the HD-4009 and HD-4010, which
come in 16-pin packages. Because of
their compatible pin-out configurations
these circuits will replace or interface
with the CD 4000A series. For details
see your Harris distributor or
representative.

alms

HD-4000 Dual 3 NOR Gate

Pin for pin compatible with CD 4000A.

100-999 units
—40°C to +85°C
—55°C to-+125°C

HD-4001 Quad 2 NOR Gate

Pin for pin compatible with CD 4001A.

100-999 units
—40°C to +85°C
—55°C to #128°C

HD-4009 HEX Inverter

HD-4009

Pin for pin compatible with CD 4009A.

High speed 10ns
Low power 50nW

100-999 units
—40°C to +85°C $2.20
—655°Ct0 +125°C $5.25

HD-4010 HEX Buffer

HD-4010

Pin for pin compatible with CD 4010A.

High speed 10ns
Low power 50nW

100-999 units
—40°C to +85°C $2.20
—55°Cte +125°C $5.25

ED N N@AVEMBER 1, 19722



HD-4011 Quad 2 NAND Gate

HD-4011

Pin for pin compatible with CD 4011A.

10ns
1nwW

High speed
Low power

100-999 units
$1.00
$3.30

—40°Cto +85°C
—55°C to +125°C

HD-4012 Dual 4 NAND Gate

HD-4012

Pin for pin compatible with CD 4012A.

High speed 10ns
Low power 1nW

100-999 units
—40°C to +85°C $1.00
—55°C to 4+ 125°C $3.45

/4

HD-4013 Dual “D” Flip Flop

Pin for pin compatible with CD 4013A.

High speed 18MHz typical toggle rate

Low power 50nW

100-999 units
$2.10
$4.75

—40°C to +85°C
—55°C to +125°C

HD-4809
A Harris proprietary device.

High speed 10ns
Low power 50nW

100-999 units
$2.25
$5.30

—40°C to +85°C
—55°Cto +125°C

CHECK NO. 12

HD-4809 Triple/True Complement Buffer

HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS-INTERTYPE CORPORATION

P.O. Box 883, Melbourne, Fla. 32901
(805) 727-5430

WHERE TO BUY THEM: ARIZONA: Phoenix—Liberty.
Weatherford; Scottsdale—HAR (602) 946-3556
CALIFORNIA: Anaheim—Weatherford; El Segundo—
Liberty; Glendale—Weatherford; Long Beach—HAR
(213) 426-7687; Mountain View—EImar; Palo Alto—
Weatherford, HAR (415) 321-2280; Pomona—
Weatherford; San Diego—Weatherford, Western
COLORADO: Denver—EImar, Weatherford
WASHINGTON, D.C.: HAR (202) 337-3170 FLORIDA:
Hollywood—Schweber; Melbourne—HAR (305)
727-5430 ILLINOIS: Chicago—Semi-Specs,
Schweber; Palos Heights—HAR (312) 597-7510
INDIANA: |ndianapolis—Semi-S pecs MARYLAND:
Rockville—Schweber MASSACHUSETTS: Lexington
—R&D; Waltham—Schweber; Wellesley—HAR (617)
237-5430 MICHIGAN: Detroit—Semi-Specs
MINNESOTA: Minneapolis—Semi-Specs MISSOURI:
Kansas City—Semi-Specs; St. Louis—Semi-Specs
NEW MEXICO: Albuquerque—Weatherford NEW
YORK: Melville—HAR (516) 249-4500; Syracuse—
HAR (315) 463-3373; Rochester—Schweber;
Westbury—Schweber OHIO: Beachwood—Schweber;
Dayton—Semi-Specs PENNSYLVANIA: Pittsburgh—
Semi-Specs; Wayne—HAR (215) 687-6680 TEXAS:
Dallas—Weatherford. Semi-Specs, HAR (214)
231-9031 WASHINGTON: Seattle—Liberty,
Weatherford

LEGEND FOR HARRIS SALES OFFICES &
DISTRIBUTORS: Harris Semiconductor (HAR);

Elmar Electronics (Elmar); Harvey/R&D Electronics
(R&D); Liberty Electronics (Liberty); Schweber
Electronics (Schweber); Semiconductor Specialists,
Inc. (Semi-Specs); R. V. Weatherford Co. (Weatherford) ;
Western Radio (Western).
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DESIGN NEWS

Two-layer metalization
yields advantages in CMOS LSI

e ) T

—-j i

Polycrystalline silicon-gate tech-
nology has been successfully used
in N-channel and P-channel MOS
integrated circuits for some time.
The capability of two layers of in-
terconnection has been a major
advantage of silicon gate to N de-
vices and P devices. However,
only recently have manufacturers
of CMOS taken steps to adopt sili-
con-gate technology. Most CMOS
parts produced to date have a sin-
gle layer of interconnecting alumi-
num.

Micro Power Systems, Inc., of
Santa Clara, Calif., is one of the
first to employ two-layer metaliza-
tion for CMOS production. Ac-
cording to John Hall, President of
Micro Power, CMOS circuit densi-
ties can now be improved by 30%
to 40% over conventional one-
layer CMOS. This brings the ge-
ometries of CMOS circuits down
to about the size of P-channel
MOS circuits.

The use of two-layer intercon-
nect in CMOS designs is now be-
ing evaluated by several IC manu-
facturers; however, most silicon-
gate CMOS has not yet left the
laboratory due to poor yields and
high production costs:

Micro Power reports good
yields and cost advantages using
their high-density CMOS in cus-
tom LSI production. They decline
to give the details of their process-
ing, except to say that it is “‘similar
to silicon-gate.”

The use of two metalization
layers can substantially reduce the
size of CMOS circuit layouts. The
greatest advantages come in
higher overall interconnection
density on the chip and the capa-
bility to use matrices to implement
random logic arrays.

The advantages in interconnec-
tion using two layers of metal are
analogous to the density improve-
ments obtainable on pc boards

: BCD
2 counTer= %
2° |
+
Lan 10F 10
o 1 7-se£35m “
10F 10 ®
N)
|
1

«lsmnsl— 2 mits .Iwm“s I-

The decade counter and 7-segment display
decoder measures 39 X 30 mils. and is
part of a 130- X 130-mil. LSI circuit. The
decode logic (17 x 30 mils.) appears as
two complementary N- and P-channel ma-
trices. The same decoder designed with
conventional CMOS processing would be
three or four times larger. While the top
layer of metal appears as white traces, the
bottom layer shows as purple traces.

using double sided instead of sin-
gle sided boards. As an example,
Micro Power produces a D-type
flip-flop in 8 x 17 mils. (136 sq
mils.). Using. conventional single-
layer metalization techniques, a
D-type flip-flop is typically 12 x
20 mils. (240 sq mils.). A four flip-
flop decade counter employed in
one of Micro Power’s custom ICs
(see figure) uses only about 430 sq
mils. of chip space. The same
counter in a one-layer metaliza-
tion device would need about 760
sq mils. of chip space.

Hall also points out that the
reduction of node capacitance
using two layers of metal intercon-
nect improves the speed of the
device. The speed-power product
is reduced about 20%, according
to Hall, due to reduction of capac-

itances associated with smaller
geometries.
Another major advantage in

density improvement is the capa-

ED N NNO VVEM B ER 1. 1797 2



bility to do random logic with
matrix pairs. The circuit in the fig-
ure is a 4-bit decade counter with
its 7-segment display decoder. The
matrix technique used in the de-
coder is applicable to any random
logic design (any array of gates
that serves the function of a read-
only memory). The random logic
layout is done in a manner similar
to matrix layout of a mask pro-
grammed ROM. Conventionally,
this decoder would be designed
with 22 or 27 individual gate
structures, interconnected appro-
priately to generate the 7-segment
decode. That approach requires
much more chip area than the
matrix design possible with two
layers of metalization.

The processes used in produc-

ing the high-density CMOS (desig-
nated HD/CMOS by Micro Power)
are for the most part taken from
well-known and proven technol-
ogies. The breakthrough in density
has been achieved by applying
these concepts and technologies
to CMOS. Two-layer metalization
in CMOS is very similar to silicon
gate technology used in P-channel
devices. The concept applied to
CMOS reduces the circuit geome-
try to dimensions comparable to
those of single-channel silicon-
gate circuits.

The impact of two metal layers
in CMOS is cost reduction, which
may enable CMOS to take a sub-
stantial portion of the N-channel
and P-channel markets. More cost
effective now with high-density

CMOS are LSI devices for mo-
dems, calculators, portable test
equipment and watches.

The metalization used by Micro
Power is similar to polycrystalline
silicon. Thus, the problems asso-
ciated with oxide formation and
step coverage using aluminum are
avoided.

Two layers of dielectric are used
between the metalization layers.
This prevents pin-hole defects,
which normally occur in a single
layer of dielectric, from impairing
yield and reliability. The devices
are fully silicon-nitride passivated
and finally glass passivated. Ac-
cording to Micro Power, the best
known reliability has been directly
designed into the new high-den-
sity CMOS. O

At the 1st European Electro-Optics Markets
and Technology Conference and Exhibition

Geneva, Switzerland: The appli-
cations and technology of electro-
optics systems and components
were discussed today at the first
European Electro-Optics Markets
and Technology Conference and
Exhibition here. Some 500 atten-
dees and 3000 visitors represent-
ing over 16 European nations
heard three of the latest electro-
optical advances, which included
the use of a new IR diode for di-
rect control of exhaust emission, a
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Fig. 1—-A new flat-screen display uses a
succession of switching plates, each with a
matrix of fine holes that permit electron
passage from source to phosphor screen.
The 512-character display can also pro-
duce a gray scale and has a resolution of
40 line/in., with 80-line/in. resolution un-
der evaluation.

flat-screen display for use as a
computer-output terminal and ulti-
mately for use in TV sets, and
developments in low-loss fiber
optics for laser communication
systems.

Exhaust emission control

An inexpensive way to directly
control exhaust emission using a
single IR diode source was de-
scribed by Dr. Egon Loebner of
Hewlett-Packard’s Research Lab-
oratories.

Composed of an alloy mixture
of indium arsenide and indium
antimonide, the diode emits ener-
gy in the 3-to-6um band. This
band is all important in pollution
measurement, according to Dr.
Loebner, because carbon monox-
ide, hydrocarbons, carbon diox-
ide, water and many nitrous com-
pounds all strongly absorb radia-
tion within this region, transform-
ing radiant energy into molecular
vibrational and rotational energy,
thus yielding a distinct absorption
spectra which clearly indicates the
presence and concentration of
pollutants.

As a result, the diode can be uti-
lized as a cheap and rugged
source of infrared radiation for use
in exhaust-emission controllers or
““combustionstats”’. Equally impor-
tant, it could be used in portable
pollution monitors instead of the
bulky gas lasers currently being
used.

Development work on the new
diodes was initiated because exist-
ing infrared diode sources are lim-
ited to an emission wavelength of
0.9 um. Indium arsenide and in-
dium antimonide systems are the-
oretically capable of radiating in
the mid-infrared band, but until
now, they could only be produced
in a polycrystalline form which is
unsuited for diode manufacture.

However, using a new tech-
nique of crystal growth—liquid
transport under isothermal non-
equilibrium conditions — Dr. Loeb-
ner and his colleagues have suc-
ceeded in fabricating single crys-
tals of an indium-arsenide-indium-
antimonide alloy. These crystals
could produce sufficient photo-
flux, without cooling, for absorp-
tion spectrum analysis by the
transform-multiplex technique.



At the same conference, design-
ers heard about a high-definition
multi-color  flat-screen  display
which could provide a cheap,
compact and rugged replacement
for the CRT as a computer-output
device. Developed by the Elec-
tronics Division of the Northrop
Corp., the laboratory prototype
could display up to 512 characters
(16 rows of 32 characters each).
This is a character capacity twice
that of rival plasma displays. The
display itself packs into a compact
glass envelope measuring 5.5 X
75 X 7 i

It is constructed —sandwich
fashion—from a sheet electron
source and a succession of switch-
ing plates each drilled with a ma-
trix of fine holes that permit the
passage of electrons from source
to phosphor screen (see Fig. 1).
The switching plates act much like
punched cards, each successively
blanking off electron flow by the

COMPCON ‘72

Creative ideas in the computer sciences

The sixth annual international
conference of the IEEE Computer
Society attracted over 700 profes-
sionals, eager to exchange ideas
and show accomplishments in the
computer sciences. The theme of
the 18 half-day sessions, conduct-
ed at San Francisco’s Jack Tar
Hotel, was innovative designs in
computer architecture.

Speakers came from education-
al institutions and computer man-
ufacturers in the US, Israel, West
Germany, the USSR, Japan, ltaly,
India and the Republic of China.
But the total number of distant
travelers to Compcon ‘72 were
few; most of the 80 papers given
were from the U.S. Reportedly,
attempts to host a delegation from
Mainland China failed for lack of
an official invitation from Wash-
ington.

Hardware cost vs speed

Optimizing the  computing

application of a retarding voltage
until a single elctron spot remains.
Then by sequentially addressing
selected combinations of switching
plates, the electron spot can be
made to scan across the phosphor
screen the same way an electron
beam does in a conventional cath-
ode-ray screen. ]

The switching plates are con-
structed from inexpensive glass
substrates and contain an array of
channels through which the elec-
trons flow. The surfaces of these
plates are coated with conductive
electrode patterns which connect
groups of channels according to
predetermined coding scheme.

An additional plate, called the
modulation plate, is also inserted
to allow the intensity of the elec-
tron beam to be adjusted, thus
producing a gray scale as in a
conventional TV. Alternatively,
voltage penetration phosphors can
be used on the target, thus permit-

machine to the target market is a
complex design task, and was
widely covered at the conference.
The designer must consider both
the hardware and the software of
the system in order to truly opti-
mize the system’s cost/performance
ratio.

Thomas G. Hallin of Bell Tele-
phone Laboratories and Michael ).
Flynn of John Hopkins University
gave the results of a study on pipe-
line implementation (see Box) of
arithmetic algorithms. In their
paper, ‘‘Pipelining of Arithmetic
Functions,” they numerically de-
fine hardware efficiency in order
to measure the merits of various
pipeline algorithms:

N
DG’
where N is the number of bits in
the operands, D is the delay in
each pipeline stage (uniform) and

G is the total number of gates, in-
cluding those used for latching.

Efficiency =

ting multi-color presentations.

Working prototypes of the dis-
play are now operating on a 40-
line-per-in. resolution. An 80-line-
per-in. version is under evalua-
tion. The existing displays cannot
yet compare with the 625-line-
per-in. TV resolution of today.
Nonetheless such a future applica-
tion is being considered.

Recently, (see “Thin LED dis-
play to replace CRT radar pictures
for air-traffic controllers’’, October
1, 1972, EDN, Volume 19,) a dis-
play made up of a matrix of Ga-
AsP diodes and measuring less
than 1-in. thick was introduced by
GEC Marconi Electronics Co. This
CRT has its diode matrix mounted
in groups and wired directly on
PC boards. The diodes are wired
in rows and columns, so that each
can be energized by supplying a
voltage across one row and one
column, similar to addressing a
memary array.,

This definition is essentially band-
width/cost.

The authors’ remark, “As circuit
technology approaches the ulti-
mate in high speed, faster circuits
alone will not be able to provide
significant increases in computing
speed and overall system capabil-
ity.”

Hallin and Flynn point out that

Capable of performing 100 million in-
structions per second, the Control Data
Star-100 can handle massive on-line data
bases in excess of 10 billion bytes, using
pipeline processing techniques.

E DN NIDIVE MiBIER ST 890720



Pipelines/parallel processors

Pipelining and parallel pro-
cessing are two ways to in-
crease the speed of a system. A
combination of the two tech-
niques in a system may be the
optimum solution.

In multiprocessing architec-
tures using pipelining, the pro-
cessors, or pipeline stages, are
arranged in series, with the
output of one processor feeding
the input of the next. The delay
through each processor s
uniform and small, allowing a
high rate of data flow through
the pipeline. Speed is achieved
by keeping the pipe full.

In parallel processing com-
puters, such as Burroughs llliac
IV and the Omen-60 comput-
ers, several processors function
simultaneously and in parallel
on different problems or parts
of the same problem. Some
prime considerations for opti-
mum speed in a parallel orga-
nized multiprocessing machine
are algorithms for coordination
of the independant processors.
The task is getting the data to
the right place at the right time
to keep all processors busy.

the goal of a pipelined system is to
have a steady flow through the
pipeline. When the stages are all
full, the pipeline is operating at
optimum speed.

Using their bandwidth/cost mea-
sure of efficiency, Hallin and Flynn
report that pipelining using the
Earle' latch increased the effi-
ciency of a conditional-sum adder
by 47% over an unpipelined con-
ditional-sum adder. Using three
pipeline stages with a delay of
four gates per stage, the efficiency
is 6.30 X 1073, Maximum effi-
ciency for carry look-ahead adders
is also realized with a fully pipe-
lined configuration. The carry
look-ahead adder’s maximum effi-
ciency of 6.0 x 1072 is still less
than the efficiency possible using
the conditional-sum algorithm.

In multiplication, three algo-

rithms were studied: unpipelined
and fully pipelined. The most effi-
cient multiplier of the three
proved to be the tree multiplier (8
stages with 4-gate delays per
stage) having an efficiency of
3 .48 x 10°* This {is 50% more
efficient than fully pipelined ver-
sions of either the iterative array
multiplier or the four-pass tree
multiplier (used in the IBM 360
Model 91). The study indicated
that a 230% increase in efficiency
can be achieved by pipelining
multipliers.

The authors conclude that,
“From the results achieved with
adders and multipliers, it appears
that pipelining would be applica-
ble to any combinational logic
circuit and should increase the ef-
ficiency if the Earle latch can be
used.”

Control Data Corporation’s Star-
100 computer is a pipeline pro-
cessor, with instructions that spec-
ify variable-length streams of data
from memory. This allows full use
of the arithmetic pipelines and the
memory bandwidth.

The Star-100 processor design
was described in a paper by R. G.
Hintz and D. P. Tate of Control
Data’s Advanced Design Labora-
tory in St. Paul.

The core memory and the data
bus configuration support a pipe-
line rate of 10% operations per
second, with 32-bit floating-point
format.

The Star-100 drew a good deal
of interest at the conference. An
entire session was devoted to it in
which four papers were given, in-
cluding “Star: A System Program-
mer’s View,” by Joseph E. Requa
of Lawrence Livermore Labora-
tory. Requa described LLL's pri-
mary concerns encountered in fit-
ting the Star-100 into its computer
system.

Case studies of parallel process-
ing computers presented in the
sessions featured the PEPE Com-
puter (Parallel Element Processing
Ensemble) designed for real-time
radar data processing.

PEPE evolved from Bell Labora-

tories’ work in the early 60's, re-
port the authors of “PEPE Comput-
er Architecture’”’ given in session
4. This paper was co-authored by
B. A Crane, M. J. Gilmartin, J. H.

-Huttenhoff, P. T. Rux and R. R.

Shively, all of Bell Telephone
Laboratories.

PEPE augments a conventional,
host computer in real-time radar
processing by taking over the job
of maintaining the data represent-
ing the objects under track. PEPE’s
highly parallel architecture allows
the simultaneous processing of
many object tracks, thus freeing
the host computer of this repetitive
and time-consuming task and
leaving it to perform higher level
activities. PEPE’s associative orga-
nization allows the host computer
rapid and convenient access to
object data as required in making
decisions during these higher level
activities.

““System studies have indicated
that a PEPE-host combination can
handle considerably more objects
than is possible with the host
computer alone,” say the authors.
“Economic realization of this in-
creased performance however,
requires that PEPE’s highly parallel
architecture be implemented by
MSI and LSI technologies. A de-
tailed feasibility design assuming
lowcost MSI logic circuits of
around 20 gates per chip and semi-
conductor memories of around
256 bits per chip has indicated
that PEPE is cost effective.”

PEPE is an illustration of the
dynamics of semiconductor tech-
nology and computer architecture.
There can be little doubt that new
semiconductor products, custom
and standard, will have great im-
pact on computer designs of the
70's:. ‘&
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MINESE

makes one of these miniature coaxial cables
three times stronger than any of the others.

Can you pick it out?

It’s the third from the left. Times’ new high-strength minia-
ture cable, designed and constructed to eliminate the con-
ductor breakage problems commonly experienced by users
of RG-178B/U, RG-179B/U and RG-180B/U.

The breakthrough is in the use of new conductor mate-
rials. They make our cable three times stronger than stand-
ard RG’s—and many times more reliable.

Designated HS-178B, HS-179B and HS-180B, these
new cables with their triple break-strength meet the needs

of airborne electronic and other types of electrical instru-
mentation applications where severe conditions prevail.
They protect you from accidental breakage during installa-
tion, operation and maintenance. They also meet all the
electrical and dimensional requirements of MIL-C-17D.
You can rely on 2
them. Write or cgll us TlMES o

today for details and @ WIRE AND CABLE COMPANY
complete information. wallingford, Connecticut 06492. Tel. (203) 269-3381
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Solitron's new 10 Amp NPN Silicon Power Darlington transistors are
unigue: They come in a small TO-66 package, but pack 30 watts
power dissipation and BV ceoranges of 50, 80 and 100 Volts. Identi-
fied as the SDM 2501-6 Series, they exhibit excellent second break-
down capability, but with low leakage characteristics similar to
planar devices.

Typical lcgo's at an elevated temperature of 100°C are less than 1.0
mA, with typical gains of 5000 @ 5.0 Amps and Vegfsat) @ 50 A
typically 1.2 Volts. ldeal for power switching, inverters, converters
and audio amplifier applications, all of these Darlingtons are low
priced and are now available for immediate shipment, from the
‘‘House of Power.”’

#Priced at $2.60 each in 100 quantities
For complete information, prices and engineering application assistance, dial toli-free 1-800-327-3243. Or write:

jolitron

DEVICES, INC.

1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA / (305) 8484311
TWX: (510) 9527610

SAN DIEGO, CALIF. RIVIERA BEACH, FLA. PORT SALERNO. FLA.  JUPITER, fLA TAPPAN, N.Y, KENT, ENGLAND  BEN BARAQ, ISRAEL TOKYO 105, JAPAN
8808 Balboa Ave. 1177 Blue Heron Bive.  Cove Road 1440 W. indiantown Rd. 256 Oak Tree Road Tubbs Hill House 51 Hayarkon Street Rm. No. 21,
CMOS, PMOS Circuits Hi-Rel Power Transistors Microwave Connectors Microwave Stripline Diodes & Reclifiers London Road, AEL Israel, Ltd. Kyodo Bidg.
Diodes, Rectifiers, & Si & Ge. Power Plaxial (R} Cable Components Ferrite & Ferrite Devices  Sevenoaks Full line of No. 410, 2 Chome
Zeners Transistors Precision RF Coaxial  Microwave Diodes High Voltage Assemblies  Solidey, Ltd. Sofitron devices  Higashi Shinbashi
FET & Dual FET Hi-Rel Power Hybrids Connectors RF and Microwave Power Rectifiers Full line of Minato-ku
Transistors PNP-NPN Industrial Teansistors Thick Film Solitron devices Fiilt line of
High Voitage Assemblies  Transistors Hi-Rel Power Hybrid Circuits Solitron devices
Linear & Monolithic ICs Transistors .
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EDN Design Course

CMOS—Part 1

Why go CMOS? The answer today is
a lot different than it was a year ago.

Bill Furlow, Associate Editor

Why would a designer who's been comfortable with
TTL for years consider CMOS in a new design? A
year or two ago he probably wouldn’t unless he was
forced to. Talk to an EE who used CMOS several
years ago, and chances are you’ll find that he be-
came a CMOS user unwillingly. Power consumption
was usually the driving force. At a CMOS seminar
we attended a few years ago, EDN's question, ““Why
go CMOS?” elicited an “I've got no other choice”
from nine out of ten engineers. Their additional
comments were also interesting, though, because
almost every excuse they used has fallen by the
wayside in 1972.

Reluctance to try CMOS is dissolving rapidly. As
more designers learn to use CMOS it is’becoming a
“glamor issue”. These things together with the
steadily increasing number of CMOS design articles
that we have received, and the enthusiastic response
to those we have recently printed persuaded us to
begin this Design Course. This is the first of six parts
which will run monthly in EDN. That gives you, the
reader, the opportunity to participate and actually
shape the remainder of the course. Your comments,
questions and reactions will play an important part,
so don’t hesitate to write.

Part | of this course is essentially divided into two
sections: one which describes the unique character-
istics of CMOS devices and answers the question
““why use CMOS?”, and a second, which describes
the operation and fabrication of the fundamental
CMOS device.

What are the advantages? — Let’s start by looking
at the advantages that CMOS has offered since the
very beginning. Using the CD 4000A series, from
RCA, as fairly typical of today’s devices (there are
other families, which will be covered later).

a CMOS gate will have the following properties:

*10 nW power dissipation (quiescent)

*3 to 15V operation

eNoise immunity of 45% of the supply voltage

20
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(a) Zener Diode and Resistor Provide Voltage Transient Protection
(b) 2.5V pp ripple — No effect on CMOS
Fig. 1 —Simple, inexpensive power supply, from an advertisement
by Motorola, can power a 10,000 gate CMOS system. The 2.5
ripple doesn’t bother CMOS.
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8.5V (b)

(a) IN4742
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*5 to 10 MHz operation

*Very high fanout (typically 50)

*10"€) input impedance
These six characteristics seem to stack up 5 to 1 as
advantages over bipolar logic systems, so let's run
through them carefully.

Power consumption—If your system will fly, or
operate from a battery, 10 nW per gate should really
put a smile on your face. But even if you'll be oper-
ating in a fixed location from a 110V line you're still
probably wise to the old “What do you care how
much power it draws, just plug it into the wall”
gambit. Power does cost money, and whether the
rule of thumb of ““a dollar a Watt” is accurate or not,
you can'’t afford to ignore power consumption in any
modern design. You can end up paying for your
power twice in most systems—once to use it, and
again to cool it.

A recent ad by Motorola, stressing the power sup-
ply savings afforded by CMOS, recommended the
power supply shown in the schematic of Fig. 1. With
a 2.5V, ripple component, it's probably the worst
power supply you've seen for a long time, but don’t
laugh! It will drive a 10,000 gate CMOS system op-
erating at 100 kHz for $3.75 total power supply cost.
But what about that 2.5V ripple? That brings us to
the next point.

Operating voltage — The RCA 4000A series CMOS
will operate from power supplies between +3 to
+15V (Motorola’s 14000A family is rated +3 to

EDN NOVEMBER: 1, 192



CMOS LOGIC LEVELS WITH 5V SUPPLY
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Fig. 2 —Excellent noise immunity of CMOS gates (a) for a CMOS
system operating at 5V (b) for CMOS operation from 3 to 15V.

+18V), so that 2.5V swing on the power supply in
Fig. 1 will have no effect on CMOS, even though it
would choke most bipolar logic systems. A wide
choice of supply voltages is a tremendous advantage
if you're designing an add-on system. It means that
the CMOS design can hang on almost any logic or
op amp power bus, so there is no expensive voltage
conversion required when you add CMOS to the
system. This is really a bonus and, as Bob Cushman
mentioned in the June 15, 1972 issue of EDN, you
have to add a lot of CMOS before you make a no-
ticeable difference in power supply drain.

Noise immunity —as shown in Fig. 2 and Table |
the supply voltage level will also define the logic
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Fig.4 — Propagation delays, rise and fall times are all directly de-
pendent on capacitive loading of the gate output.

levels at which the CMOS gates will operate. The
margin for noise error on the input, 45% typical,
30% guaranteed, is larger than any other logic fami-
ly—except high threshold logics (HTL or HNIL, and
they operate from a fixed 15V supply). The advantage
of this noise immunity in automotive and aircraft
environments, or for industrial control applications,
is enough to sell CMOS to many designers, even if
they have to make a lot of tradeoffs. The fact is, they
don’t have to make very many. But that does bring
us to one of the tradeoffs.

Operating frequency —The typical CMOS gate
operates to 5 to 10 MHz, and exhibits a propagation
delay of about 35 nsec. This is slightly poorer than

oo
SOURCE
P~ N
I ﬁ SUBSTRATE SN
GATE DRAIN
INPUT O—-v-—=@ OUTPUT
DRAIN
SUBSTRATE _ cHANNEL
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- Vs

Fig. 3 —CMOS power dissipation vs operating frequency. Unlike
TTL, CMOS’ power consumption varies directly with frequency.

Fig. 5—Basic complimentary inverter, consisting of two MOS
transistors, is the heart of the CMOS logic system.
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Fig. 6— Voltage and current transfer characteristics of a CMOS
gate. The transient current during switching can add considerably
to power requirements.

low power TTL, and about three times slower than
low power Schottky TTL. The standard of perform-
ance generally used by the semiconductor industry
is the ““Speed-Power Product’’, which as the name
implies, is simply the product of the switching speed
multiplied by the power consumed in one switching
operation. As you can see from Table Il, low power
TTL requires 30 p) and low power Schottky requires
20 p). The speed-power product for CMOS is given
at two operating frequencies, because the power
requirement for CMOS is much more dependent
upon frequency than it is for bipolar devices. Low
power and low power Schottky TTL remain constant
at their rated power levels until they approach the
upper limit of their capabilities. There the power
requirement begins to rise, but as you can see from
Fig. 3 CMOS power consumption is directly frequen-
cy dependent.

Let’s not beg the question —CMOS is not as fast as
TTL; at 2 to 5 MHz it loses its edge in speed-power
product. If higher frequencies are vital, you'd better
take another look, especially at low power Schottky.
Its speed-power product is very impressive. But if
system speed is one of the tradeoffs open to you,
CMOS can give you more reward for that tradeoff
than any other logic technology available to you
today.

Insulated substrates, as presently offered by Harris
and Inselek, promise speeds that will compete with
the speeds of standard TTL and Schottky LPTTL. The
few devices available now don’t make up a full
fledged family of high speed CMOS, but there is no
doubt that just such a family is on the way.

High fanout —Is there a logic designer who hasn’t
miscalculated his TTL fanout at sometime in his ca-
reer? It's not that the TTL design rules are vague or
complex; in many ways they are better defined than
the CMOS design rules. It's just that sooner or later
you're going to squeeze it a little too close or mis-
judge a capacitance or temperature. A typical CMOS
gate requires only 10 pA input and will handle at
least 0.3 mA output. That gives you a theoretical
limit of 107 inputs that can be driven by one output.
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If you are about to say: ““a fanout of 10 million is
absurd”’, you're right—most manufacturers put the
rated fanout at ““about 50.”” The key here, and one of
the keys to the operating frequency limitations, is the
input characteristic of a CMOS gate, which is the
next item we will cover. Let’s just leave fanout for
now with the fact that one standard CMOS gate will
drive more than 50 similar gates. For fanouts of more
than 2 gates, propagation delays will rise by 7 nsec
per gate (in a 5V system). Chances are that you
could drive hundreds of extra gates, but the system
would become very slow.

Input impedance — 10'2(Q), right? Well that's really
only half right. 102Q and 5 pF is the whole answer.
And the 5 pF is well worth repeating because it's by
far the more important of the two ratings.

Most TTL designers who have trouble with their
first CMOS design have simply ignored one of the
two key differences between CMOS and TTL. The
first is the fact that there is a specific time during
each output transition when both devices are con-
ducting, and we’ll look at that a little later.
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Fig. 7 —Fabrication of a CMOS device.
(a). Silicon-dioxide film is grown over an n-type silicon wafer.
(b) P-well is grown as a substrate for n-channel devices.
(c) P+ regions are diffused.
(d) N+ regions are diffused.
(e) Thick oxide layer is grown over the entire wafer.
(f) Thin gate oxides are grown above channel regions.
(g) Aluminum interconnects are deposited.
(h) Glass overcoating protects the device.
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The CMOS trait that we want to look at right now
is that 5 pF input capacitance. It is the result of the
metal plate which forms the gate, and the silicon
which forms the drain, source, channel and substrate
of the device. They are in very close proximity with
the insulator serving as a dielectric between them. In
TTL designs you really only have to worry about
sinking or sourcing the required amount of current.
But look at Fig. 4. In CMOS, the 5 pF per gate load
(and you can approximate another 3 to 5 pF as stray
and wire capacitance for each 2 gate loads) has a
drastic effect on the propagation delay and the tran-
sition time of the driving gate. This input capaci-
tance is a direct contribution to the increased power
requirement at high frequencies, though it is not the
only one. It is the major factor in deciding what your
allowable fanout will be.

Don’t get the idea that the capacitive input of a
CMOS gate is some sort of monster that will grab
you when you turn your back. Just remember that
it's there and that some engineering evaluation will
be required. If you don’t demand high speeds and
large fanouts from ultra low battery drains you can
handle the problem.

Silicon-gate CMOS avoids some of this capaci-
tance. Since the precise alignment of the gate to the
channel allows a smaller gate, the overlapping area
above the source and drain is eliminated in Si-gate
devices.

Motorola will probably be the first to offer Si-gate,
with two products scheduled for release in the last
quarter of 1972. Si-gate devices are under develop-
ment by most CMOS manufacturers, and should be
coming forth in large volume during 1973.

TABLE Il — SPEED AND POWER SPECIFICATIONS

Tl TTL [Schottky TTL| at2MHz | at 10kHz
Propoagation Delay| i .

Mool | W me 25
Power o L
(milliwatts) | ! o Lo
‘Speed-Power 5 PR e e
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All devices operating from 5V supplies

Good design habits are required

Before we move on, the first half of the input im-
pedance has brought a few, minor problems to some
designers. 10'2Q) may sound like the greatest thing in
the world, but if you're used to the lower input im-
pedance of TTL, keep that high impedance in mind.
First of all, you must reference all gate leads to Vg
or V,,,, whichever applies, even during breadboard-
ing. The second point is that you can’t be as casual
in handling breadboarded units as you were with
TTL. A finger touching a board, lead or socket is a
very attractive current path to a circuit looking into

10'2Q), and a PC board on a wooden bench top can
cause the same problem. The higher the humidity,
the worse these side effects become, and some pret-
ty strange things have happened to well engineered
units when it was time for prototype evaluation.
Good design habits will avoid both of these prob-
lems in the final hardware; it's just that a few of us
have picked up some rather sloppy breadboarding
habits because we got away with it with TTL.

Since this is an evaluation of CMOS covering both
its strengths and weaknesses, let's touch on that
other potential problem area we alluded to earlier:
the fact that both devices can be partially on during
switching. Fig. 5 is a schematic of a basic CMOS
inverter and Fig. 6 is a plot of the voltage transfer
characteristic of that inverter gate. Compared to
other logic families those transfer curves are very
sharp; but there is a period, as you can see, during
which the P- and the N-channels are both ON. For
example, on the 10V V, curve, there is evidence of
this from V, = 2.5 to 7.5V. Looking at this in con-
junction with the current drain (dotted line) will
show you why you want to get through that transi-
tion as quickly as possible, especially if current drain
is an important part of your design. This effect is the

CMOS CONSTRUCTION AND DOPING LEVELS
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Fig. 8 — Construction, doping and dimensions of a typical CMOS
inverter are shown here. The circuit diagram is also shown for
correlation.

chief culprit in the frequency-vs-power curves of Fig.
3 and can lead to some other problems, too.

For example, one of the nice features of CMOS is
that there is no pulse edge requirement; that is, rise
and fall times do not have to be a few nanoseconds
or less in duration in order for the gates to function.
In fact these times can be minutes, or even hours
long; but while the input is between 2.5 and 7.5V,
power dissipation of the package will be a lot more
than anticipated. This linear condition can carry
downstream a few gates, too, if everything is just
right (or just wrong).

What about price?
Going back to our original question (“Why go
CMOS?”), what about the price of CMOS devices?
We don’t hear as many of these responses this
year. CMOS prices, while not yet as low as TTL,
have just been reduced an average of 25%. Table 11l
gives a rough estimate of todays pricing picture.
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TABLE 11l — PRICE COMPARISONS — TTL TO CMOS

Current List Price Levels for a Quad 2-Input NAND Gate

7400N 74L00N 74LSO00N
Standard Low Power Schottky CDS&SSAE
Tl TTL LPTTL
$.48 each* $.64 each $.96 each $.78 each

Prices are based on orders of 100 units, in
plastic dual-in-line packages

*Distributors in Boston are offering substantial discounts
from this list price, as low as .21 in 100-piece quantities.

Manufacturers of CMOS have been wildly enthusias-
tic, when EDN has visited them, about future prices
of CMOS devices. CMOS is inherently easier to
manufacture than bipolar is. When you talk to the
manufacturing and process engineers you don’t hear
the ““black magic” stories that are so common at
other semiconductor plants (especially the linear
houses). They all agree that the CMOS manufactur-
ing processes are straightforward. This should lead to
more price cutting as volumes grow, and should
bring CMOS into the TTL ballpark. When? —by the
end of 1973 seems to be a target date.

Another complaint EDN used to hear was “it's a
little too new for me” or “I can’t get a second
source’’. CMOS is at least 8 years old, but in those
early years most of the devices were custom aero-
space units. RCA introduced the 4000 Series in 1968
and they must have felt very lonely for quite a while.
Now there are nine other makers of the 4000 family.
Most of these have introduced proprietary circuits in
addition to the RCA devices, and in many cases RCA
has already, or plans to, second source those new
devices. The family is now full fledged, but still
growing briskly.

In essence, then, why go CMOS? The answers

the +12V bus of the automobile is a very noisy
power source. Low power wasn't the prime reason,
but it was a solid second, because the alternator of a
modern auto, already heavily burdened with power
options, is not an infinite power source. The future
of automotive electronics will rely heavily upon
CMOS to solve problems without placing more bur-
dens on the electrical system.

Where will CMOS go? Will it drive TTL and P-
MOS from the market place? That is very unlikely.
CMOS and Schottky may in time drive standard TTL
from the market, but Schottky (especially the low
power line) is a very attractive technology. CMOS
will be hard pressed to ever replace it. P-MOS is in
such volume LSI production that it's hard to believe
it can ever be overcome. CMOS will definitely re-
place P-MOS for some of the portable calculators
and other applications, where battery drain is impor-
tant but speed is secondary. N-channel MOS will
gobble up some of the computer applications pres-
ently held by P-MOS. In short, two of todays tech-
nologies (standard TTL and P-MOS) may fall by the
wayside, but that’s at least five years away, and they
will be replaced by three technologies, not just one.

A look at fabrication

The fabrication of a standard CMOS device, as
shown in Fig. 7, requires the use of seven photo-
masks in the following sequence:

1. Beginning with a silicon n-type wafer, a sili-
con-dioxide (glass) film is grown over the entire sur-

MINIMUM SEPARATION, P+ TO N+= 0.4 MIL
MINIMUM GUARD-RING WIDTH = 0.3 MIL

NCCEANNNITRNNN
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2

METAL GATE OVERLAP OF SOURCE AND DRAIN
DIFFUSIONS = 0.1 MIL

GATE METAL ' (a)

Fig. 9—Minimum spacing between guard band and MOS transis-
tor is the basic constraint on surface area required by a CMOS
gate.

today are enthusiastic. Take a look at some of the
new products that use CMOS. A pocket pager that
wouldn’t be possible with other technologies, a
heart pacer and an electronic wristwatch. The de-
signers of these products chose CMOS because of
the micro power characteristics. The digital automo-
tive clock for Chrysler cars marks the first major in-
road made by CMOS into the automotive market.
Noise rejection was the selling feature here, because
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(GATE METAL WIDTH = 0.5 MIL)
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(b)

Fig. 10 —Minimum metal widths and seperations— the gate metal
must overlap source and drain areas to allow realistic manufac-
turing tolerances.
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Fig. 11 —Typical layout and circuit diagram for a 2-input CMOS
NOR gate. The metallic ribbons labeled 1 & 2 in the surface draw-
ing correspond to the IN, and IN, lines of the schematic.

face. Photoresist is applied and the first mask is ex-
posed and developed.

2. The glass is etched away, using hydroflouric
acid, exposing bare silicon in those areas where the
p-wells will be grown. The p-wells are then diffused
very deeply into the wafer (at least 10u) and create
an artificial p-substrate within the n-substrate. N-
channel MOSFET transistors will be grown within
this p-well and p-channel FETs will be grown in the
bulk n-type silicon substrate. Again a glass film is
grown over the wafer, photomasked with the second
mask and etched.

3. The p+ regions are diffused in. These will form
the source and drain of the p-channel devices and
the guard ring of the n-channel areas.

4. The third mask will expose areas to be etched
and doped n+. These areas will provide guard rings
for p-channels and source and drain areas for n-
channel FETs.

5. The entire surface is etched clean of the glass
overcoating and a thick field oxide is grown over the
whole wafer. The fourth mask then defines areas
which will be etched in order to expose the gates of
all transistors.

6. The thin gate-oxide layers are grown and the
fifth photomask is used to provide holes through the
field oxide to all points where the metalization layer
will make contact with the silicon die.

7. The entire surface of the wafer is coated with
aluminum. This is done by a vacuum deposition
process in exactly the same manner used to alumi-
nize telescope mirrors.

8. Photomask number six is exposed and de-
veloped and all of the unwanted aluminum is etched
away, leaving the interconnect paths only where
required.

9. The wafer surface is completely covered with
glass and the seventh, and final, photomask is used
to open holes leading to the bonding pads, where
lead-wires are to be welded.

10. Extra material is now removed from the back
of the wafer and they are scribed, broken apart, wire
bonded and packaged.

The process we've just described is the one we
were shown first hand at RCA Solid State Division.
Most manufacturers use a very similar procedure.
Some variations do exist; for example, Motorola
grows the thick field-oxide layer first (instead of the
glass) and all subsequent steps are done through this
layer. Motorola also diffuses p+ and n+ regions in
reverse order to that shown here. Also, technologies
other than this basic CMOS, such as Si-gate and
SOS, will obviously differ from what we’ve shown.

Some of the physical measurements and doping
levels of the production process are shown in Fig. 8.
This example shows the single two transistor inverter
which is the standard building block for CMOS
gates.

A top view of a single transistor, shown in Fig. 9,
shows the size relation of the source and drain to the
channel which runs between them. The guard-ring
configuration is also more apparent in this view. The
guard-rings reduce leakage between adjacent de-
vices and prevent surface currents which can occur
beneath the metalization interconnects.

Metal patterns and their dimensions are shown in
Fig. 10. Note in Fig. 10 (a) the 0.1 mil overlap of the
gate metalization and the source and drain areas.
This is a manufacturing tolerance, required to assure
complete coverage of the channel by the metal gate.
It is also a contributing factor to the input capaci-
tance of the CMOS gate. Silicon gates, which are self
aligning, require no overlap.

NAND and NOR gates are composed of two or
more of the basic inverters arranged as required to
perform their particular function. Fig. 11 shows both
the physical orientation on the chip and the sche-
matic diagram of a 2-input NOR gate. The lower, or
n-channel, transistors are arranged in parallel so that
a HIGH on either of both inputs will turn the device
on, and the output will go LOW. The upper, p-
channel, devices are in series so that a LOW must
appear at both gate inputs to swing the output
HIGH. In just the reverse manner a NAND gate will
have parallel p-channel transistors and series n-
channel transistors as shown in Fig. 12.

Those, then, are the very rudiments of CMOS fab-
rication. Next month CMOS — Part Il will discuss the
operating characteristics and design considerations
of the CD 400A logic family. &

A word of thanks

Much of this CMOS Design Course is based
on a series of seminars conducted around the
country by RCA. EDN would like to express its
thanks to both RCA and the individuals in-
volved, who provided us with a wealth of sup-
port and assistance.
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A Ledex stepping
motor gives you a sim-
ple and economical
way to drive a load in
precise rotary incre-
ments. Its =1° index-
ing accuracy assures

bidirectional positioning

The next time you have a load to move in precise increments . . . consider a Ledex stepping motor

With a bidirectional
model, a pulse to one
coil gives cw step, to
the other, ccw. Stand-
ard shelf models move
in increments of 10, 15,
20, 30, or 36 degrees.

you of repeatability.

When your load is rotary, couple directly to the shaft. If it's linear,
you can use combinations of lead screws, gear trains, drive belts,
or pulleys. Step up or step down, to whatever incremental motion
you need.

To drive, all you need is a simple square wave pulse. No ex-
pensive logic circuitry. New Ledex Series 50/12S model goes
even one better. It has built-in pulsing circuitry, so it self-steps
as you apply voltage.

And if it's torque you're after, our 36-position (10°) model, for
example, gives you up to 246 ounce-inches. Of course, you can
always step this up, or down.

The next time you have a load to move...up, down, around,
back and forth...talk to our positioning technology people.

LEDEX INC.

the total technology~people 12 s Siee!
< (513) 224-9891
POSITIONING - SWITCHING - MICROELECTRONICS

Over 400 ways to turn ... push ... pull ...

index . . . step . . . and switch, plus new
microelectronic interface circuits. All from
the shelf.

i > Ask for Catalog A-9500
@AQA.} CHECK NO. 15
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Unique semiconductor mix
controls induction motor speed

Discrete components, IC packages and optical couplers produce an efficient
variable-frequency drive system for fractional-horsepower induction motors.

Thomas Mazur, Motorola Semiconductor Products

The variable-speed induction motor is an attractive
solution to many motor drive problems. Although
the speed of such a motor can be controlled in vari-
ous ways, the most effective is to vary the frequency
of the applied voltage (see box). A method for doing
this for split-capacitor fractional-horsepower induc-
tion motors that makes use of the latest semiconduc-
tor technology is described in this article.

The control system to be covered is a combination
of discrete components and IC logic circuitry. Com-
patability between these two types of devices is
achieved by the use of optical couplers, which pro-
vide isolation between the low-power control cir-
cuits and the high-power motor drive circuits. The
advantage of such a scheme is that the drive section
can be modified to accommodate a variety of motors
that differ only in their power requirements, without
affecting the design of the control section. The opti-
cal isolation also inhibits any transient feedback
from the drive circuit to the control circuit. The con-
trol section is further protected by the use of high
noise immunity logic devices.

Quadrature signals required
A permanent split-capacitor induction motor re-

quires two drive signals 90° apart. Normally a ca-
pacitor is used in series with one winding to obtain
the necessary phase shift when the motor is operated
from a single-phase power source. Since the capaci-
tive reactance is inversely proportional to frequency,
the capacitor cannot maintain the proper phase shift
when operation over a range of frequencies is de-
sired. An initial prerequisite, then, is to eliminate the
need for such a capacitor.

A pair of flip-flops, operated in time-quadrature,
can perform the same function as the phase-shifting
capacitor. As shown in the system block diagram
(Fig. 1), an oscillator is used to set the frequency of
operation. A shaping circuit then converts the oscil-
lator signal to high noise immunity logic levels.

The quadrature generator that follows performs
two tasks: first, it provides two complementary pairs
of quadrature-phased signals; and second, it distrib-
utes a pulse of fixed width to the pulse shapers. The
pulse shapers produce asymmetrical drive signals for
the LEDs. Due to the asymmetry of the drive signals,
the duty cycle of each LED is less than 50 percent.
The drive signals are coupled from the LEDs to
the detectors, via optical path hf, and then to the
power amplifiers. The power stages have a finite
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Fig 1 —The speed-control system consists of a low-power control section and a high-power drive section, with the two sections connected

by optical couplers.
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Fig 2 —Standard components are used in the variable speed-control circuit. These include IC packages, discrete transistors and optical

couplers.

switching speed that is dependent upon the type of
power transistor used and the load current. The
asymmetrical drive allows each transistor to turn off
before its complement is turned on.

The complete schematic of the control system is
shown in Fig. 2. It should be noted that the specific
parts called out, or their equivalents, can be used.
From the schematic, it can be seen that a UJT (Q,) is
used as a free running oscillator. The frequency
range of this oscillator is 40 Hz to 1200 Hz. Because
the logic that follows the oscillator section is in a
divide-by-four configuration, the actual drive fre-
quency range applied to the motor is 10 Hz to 300
Hz. This implies a speed range, for an induction
motor with two pairs of poles, of 300 rpm to 9000
rpm. In actual practice, however, the speed range
will be limited by a variety of losses.

The resistor in the base-1 lead of the UJT controls
the width of the oscillator output pulse, while the Q,
and Q, pulse amplifiers translate the oscillator signal
to high noise immunity logic levels to drive the set
and reset inputs of the X flip-flop. Since this flip-flop
is the R-S type, its operation is dependent on the
input levels and duration, exclusive of the input rise
and fall times.

The Q output of X, called X on both Fig. 2 and on
the timing diagram (Fig. 3) clocks the A flip-flop.
This flip-flop, used as a divide-by-two toggle, pro-
vides out-of-phase clock signals for the B and C flip-
flops, which toggle on the negative transition of their
clock signals. Since their clock inputs are 180° apart,
the B and C outputs are 90° apart due to their nor-
mal divide-by-two operation. In this manner, the
need for a phase shifting capacitor in series with one
winding of the motor is eliminated.

The MC673 AND-OR-invert gates combine the B
and C square waves with the X pulse. This combina-
tion results in a zero voltage step in the DA and @B
drive signals to the motor. The output power transis-
tors (Q, through Q.) require about one usec to shut
off. If one of these devices is turning off and its com-
plementary device turns on during this interval, cur-
rent would flow between the transistors without
benefit of any load-limiting impedance. This would
result in device overstress. So to insure protection, X
has been set to produce a 20 usec dead time during
the switching crossover.

The A flip-flop, in addition to providing clock sig-
nals for the B and C flip-flops, is also ANDed with B
and C’s outputs to prevent dead time from occurring
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Fig. 3 —Interrelationships between the various digital control sig-
nals and the output drive signals, @A and @B, are shown by these
waveforms.

in the middle of the DA and B drive signals.

The high noise immunity logic operates from
+ 15V; the motor drive from =160V. In order to
provide bipolar drive signals from unipolar control
signals, the optical couplers are used. With this tech-
nique, the drive circuits can be operated down to,
and including, dc without the problems inherent in
broadband RC coupling. Since photons are the cou-
pling mechanism and input-output isolation is
1500V, transients from the motor drive section up to
1500V will not be transferred to the control section.

Each output drive circuit, consisting of an MJ423,
MPSA42 and photo transistor, is normally off and is
turned on only when its LED is on. In this manner, if
anything happens to the logic power, the drive cir-
cuits are disabled, turning off the motor and pro-
viding a fail-safe feature.

The input power requirements for the drive sec-
tion of the system depend on the motor and its load.
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Fig. 4—Torque-speed diagram shows actual performance of the
speed-control system when driving a motor.

The control section power requirements are +15V
and 50 mA. If a high degree of noise in the motor
supply is anticipated, the control logic power should
be supplied via a transformer to prevent noise cou-
pling along an otherwise common voltage-return
bus.

This system has been used to drive a Class-F, 60
Hz, permanent split-capacitor induction motor with
a 13 oz in. load rating. As indicated on the torque-
speed diagram (Fig. 4), the load capacity increases
as the speed is decreased. This is a definite advan-
tage over a voltage-variable control, where the
torque falls off with decreasing speed. Resistors were
added in series with the windings to limit the cur-
rent, since the motor reactance is proportional to the
drive frequency. The value of R, for this motor was
250, 50W.

At 1700 rpm, and with a 13 oz in. load, the motor
temperature was 40°C when powered by the square-
wave drive. A 60-Hz sine wave produced a 32°C
case temperature at the same speed-load values. The
difference in temperature is attributed to the har-
monic components of the square-wave drive signals.
Because of the additional heat, care should be taken
to insure that adequate ventilation and heat sinking
are provided for the motor when it is operated by
this circuit.

Alternate circuit is possible

If isolation between the control and drive circuits
is not a requirement, as would be the case in a low-
noise environment, the scheme shown on Fig. 5 will
generate the same type of drive signals as the system
just discussed.

In this circuit, a UJT oscillator toggles a trigger flip-
flop designated X which in turn clocks a pair of J-K
flip-flops. The quadrature phased Band C outputs are
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Fig. 5 — Elimination of the optical coupling, as well as other circuit changes, yields a speed-controlcircuit with the pertormance of the cir-

cuit of Fig 2, but without its high noise immunity.

Controlling the speed of an induction
motor

The speed of an induction motor is deter-
mined, in general, by four factors: the number
of poles, the frequency and amplitude of the
supply voltage and the magnitude of the load.
When a fixed-frequency source, such as the
60-Hz power system, is used, the speed may
be controlled by varying the applied voltage.
This technique has a disadvantage in that the
torque of the motor is proportional to the
square of the applied voltage; therefore, at
slow speeds, the load capacity is reduced. If,
instead the voltage is held constant while the
frequency is varied, the maximum torque will
not decrease as the speed is reduced.

combined with fixed-width pulses, in the MC672, to
provide the zero voltage step in the JA and B out-
put drive signals. The fixed-width pulses are ob-
tained by differentiating the R-S flip-flop out-puts
and amplifying the positive-going transitions with Q,

and Q,. The pulse width is approximately 500 msec.
The NAND gate outputs are then translated, by
means of small signal amplifiers, to levels suitable to
drive the final transistors. The final stages are com-
plementary NPN-PNP pairs. &
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“ToMOS or not to MOS?” is a big question.
Here are the answers. In a form everyone can
understand. The OPTIMOS Book.

The Optimos Book is over 300 pages of comprehen-
sive information on MOS. It’s for every level of
MOS interest, from non-technical top management
to the working engineer at the bench. From eco-
nomic philosophy to product specifications.

The Optimos Book provides an overview of the
state of the art in MOS. Most specifically, the state
of our art, which we call OPTIMOS: the optimum
use of MOS/LSI technology, of all available cost
and design options for maximum return at mini-
mum risk. The practical use of MOS.

This book is a vital tool for management in mak-
ing the basic decision
whether to go MOS or
not.Once that decision
has been made and the
task of implementation
turned over to the work-

FAIRCHILED SEMICONDUCTOR |

high-density MOS technology. Where MOS/LSI
makes sense. Some of the risks involved.

MOS economies: An overview. How volume

and die size affect costs. Selecting the optimum
die size.

The critical MOS decisions: Critical cost factors.
Structuring the system for MOS. Standard vs.
custom MOS. Optimum partitioning. Proven MOS
processes that better your odds. How to evaluate
MOS vendors.

Getting the most through OPTIMOS. Fairchild’s
OPTIMOS approach. Its history. Planning early
with us for best balance between standard and
custom devices. Customer/Fairchild interface
options: design and performance responsibilities,
co-engineering and communications. Fine tuning
the design. Testing.

OPTIMOS Flow Chart

Our MOS production
capabilities. OPTIMOS
directions for the future.

Technical appendices:

More than 180 pages

ing engineers, they, in
turn, need the data,
the detailed answers to

of specifications and
application data on our
standard products. More

their engineering
questions, the tools to
do their job efficiently.
At this point The
Optimos Book is, if you
will, a cookbook. A
step-by-step guide on how

to design with MOS. How to get the best out for
what you put in, measured in terms of time, cost,
effort and objectives.

Everyman’s Guide
The chapter headings tell the story:

MOS/LSI today: The coming of age of low-power

than 60 pages of
specifications and

Micromosaic MOS
cell library and its
application in

design rules for our

computer-aided design.
Plus reliability data, packaging, ordering information.

The technical guts of a very gutsy book.
Free

Anyone interested in MOS will be interested in The

Optimos Book. If you request it on your company
letterhead, we’ll be glad to send you a copy.

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. (415) 962-5011. TWX: 910-379-6435
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Comparators can do more

than just compare

When considered as a general-purpose analog component, the comparator
becomes an extremely versatile device that can simplify a great many designs.

Robert C. Dobkin, National Semiconductor Corp.

There has been a wealth of design and applications
material devoted to the operational amplifier over
the past few years. However, the voltage compara-
tor, which is a special-purpose operational amplifier,
has not received nearly the attention given to gen-
eral-purpose op amps. This is regrettdble, since the
voltage comparator can be used in a wide variety of
applications to considerably simplify difficult circuit
designs. This article will show the versatility of the
voltage comparator in some unusual applications.

The circuits covered do not use the voltage com-
parator merely as a level detector, but take into ac-
count the full capabilities of the device as a general-
purpose analog component.

An operational amplifier is a high-gain feedback
amplifier, stable with almost any type of feedback
network. Like an operational amplifier, a voltage
comparator has very high gain; however, it is not
designed for use with feedback. The basic idea of
voltage comparators is to compare voltages and pro-
vide an output as fast as possible. For that reason, no
phase or gain compensation, which would slow
down its responses, is included in the comparator.
Any attempt to apply feedback around the compara-
tor with the same impunity as with an op amp will
result in oscillation. Other major differences from an
op amp are: the comparator is designed to operate
with large differential input voltages, and the output

Fig. 1—-The LM119 Dual Voltage Comparator, one-half of which is shown here, is representative of the complexity of modern 1C
comparators.
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stage is usually optimized to drive digital logic.

Before linear integrated circuit op amps reached
their present level of sophistication, they were well
developed as packaged modules. This was not the
case with voltage comparators. Comparators that
combine high speed and high accuracy have come
about only with the development of linear ICs. Dis-
crete op amps are more easily designed than are dis-
crete comparators. Since an op amp is used closed
loop, all transistors are operating in a linear mode
with their operating points well defined. Differential
amplifiers are balanced, which minimizes offset
drifts. With a comparator, on the other hand, all
stages may be either turned on or turned off. Differ-
ences in power dissipation between ““on’” and “‘off”
transistors give rise to temperature differences, caus-
ing shifts in the offset voltage. If high operating cur-
rents are used for high speed, the problem is worse.
However, in a monolithic IC, all components are at
virtually the same temperature and the problem does
not exist. Further, IC stray capacitance is greatly re-
duced from discrete stray capacitance —making the
comparator faster.

The basic working of a voltage comparator can be
seen from Fig. 1, which shows a schematic of a gen-
eral-purpose comparator. The input signal is applied
to differential amplifier pair Q, and Q,. Q, and Q,
are biased so that they do not saturate over the full
range of common-mode voltage. The amplified sig-
nal is applied through emitter followers Q, and Q, to
a second differential stage, Q, and Q. The followers
have a dual function: they buffer Q, and Q, in-
creasing the gain of the first stage, and they level
shift the signal toward the negative supply. The emit-
ter-base voltage drop of Q, and Q,, in conjunction
with the drop across R,, prevents Q. and Q, from
saturating under worst-case drive.

The signal is amplified by Q. and Q, and applied
to followers Q, and Q,. It is then level shifted toward
the negative supply by a resistive level-shift circuit
comprised of Ry, Ry, Q,, Q,,, and Q,,. The full differ-
ential signal from the collectors of Q, and Q; is both
level shifted and converted to single-ended form to
drive the output stage. Resistive level shifting is used
because it offers more than a factor-of-two increase
over the speed of lateral pnp transistors and will
operate below the 7V zener voltage needed for ze-
ner level shifting. This allows the comparator to op-
erate on a single 5V supply.

The output stage consists of driver Q,, and output
transistor Q,,. Transistors Q. and Q,, clamp the
output from saturation, while Q,, provides limiting.

The rest of the circuit consists of biasing resistor
R,, and an internal regulator to drive the current
sources of the differential amplifiers. The internal
operating currents are regulated against supply volt-
age changes and controlled over temperature to
minimize changes in gain. As with many of the new

Fig. 2—The pulse ratio modulator delivers a pulse train output
linearly proportional to input voltage.

comparators, no gold doping is used. This permits
higher transistor current gains.

Before describing actual comparator applications
it is appropriate to mention some of the problems
encountered with comparators.

The problem most often encountered is oscilla-

" tion. This is not unexpected since comparators have

high gain and wide bandwidths. (For example, the
LM111 has in excess of 80 dB at 1 MHz.) Stray ca-
pacitance from the output back to the input of the
comparator is usually the cause. Actually, stray ca-
pacitance from the output is not the only problem. If
the comparator drives digital logic, the output of the
logic can also feed back to the comparators inputs.

There are many approaches for eliminating oscil-
lation. First, the inputs should be isolated from the
output as much as possible. Input leads should be
short, and routed away from the output. Shielded
cable is a preferable method of connecting the input
to a distant point. Second, source resistance driving
the comparator should be low to minimize the ef-
fects of stray capacitance. If maximum speed is not
of importance, a small capacitor—1000 pF—across
the inputs to the comparator will help greatly. Final-
ly, oscillation can only occur when the comparator
is at threshold or in the linear region, so a small
amount of positive feedback to induce snap-action
and hysteresis will prevent oscillations.

The various types of comparators available have
different input stages. Depending on the circuit con-

GATE
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Fig. 3— The delta modulator has its output pulse width and transi-
tion time fixed by an external clock via JFET switch Q,.
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figuration, the maximum differential input voltage
can be anywhere from =5V to =30V. Exceeding this
limit, expecially for devices with =5V [imit, will
degrade performance. This is caused by the emitter-
base junction of the npn input transistor zenering at
about 6V. When the transistors zener, the H,, de-
creases, increasing the bias current and offset current
of the comparator.

Comparator forms pulse ratio modulator

This circuit (Fig. 2) provides an output, with the
average value of the output being proportional to the
input signal. The output is a pulse train which varies
both in width and frequency. However, over most of
the dynamic range, frequency is relatively constant,
with large changes occuring at the ends of the range.
Pulse ratio accuracy is excellent, with 0.1% easily
achieved. The circuit can be used to drive a power
stage to make high-efficiency switching amplifiers,
or for pulse-width/pulse-height multipliers.

The comparator is set to have about 10 mV of
positive feedback with R, and R,. This insures that
the output will be either “on”” or ““off"’, with about
20 mV of hysteresis. Negative feedback through R, is
applied back to the inverting input. With no input
signal, the circuit operates as follows: assuming the
ouput is positive, the non-inverting input will be at
+10 mV. The inverting input is less than +10 mV (or
else the output would be negative). Current through
R, charges C, until the voltage at the inverting input
reaches +10 mV. At this time the output switches
negative. The non-inverting input is then at —10 mV
and C, begins charging toward —10 mV. When C,
reaches —10 mV the output will switch again, start-
ing a new cycle. R, Q, and D, provide a symmetri-
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cal output drive since the LM111 has an open
collector output.

Current into C, from an input voltage either adds
or subtracts from the charging current through R,. If
the current adds, C, will charge faster and the width
of the output pulse will shorten. If it subtracts, the
width will elongate.

Since the inverting input is always within =10 mV
of ground, it acts as a summing junction of an invert-
ing amplifier. The gain of the amplifier is fixed by
the input and feedback resistor (R,, R,) at unity, but
any gain can be set. If the modulator is used with a
power output stage, the feedback resistors, R, and
R,, should be connected to the power stage output.

A simple modification of the pulse-ratio modulator
makes a delta modulator. With delta modulation, the
average value of the output is also proportional to
the input; however, the output pulse width and out-
put transition time are fixed by an external clock.

Fig. 3 shows a delta modulator. Resistor R, in Fig.
2 has been replaced by a JFET switch (Q,). When the
clock is negative, the FET is ““off” and large positive
feedback is applied to the non-inverting input of the
comparator. This locks the output either positive or
negative. When the clock goes positive, the positive
feedback is shorted to ground. The input signal to
the comparator is the voltage stored on C,. This volt-
age is the integrated error between input signal and
the comparator output. If the error is positive the
output will switch negative, and if the error is nega-
tive the output will switch positive.

The size of C, is chosen to keep the error signal at
the inverting input in the order of £20 mV for the
chosen clock rate. Thus, the inverting input will act
as a summing junction of an inverting amplifier with
a pulse train output. Gain is again set by R, and R,.

SQUARE WAVE

Fig. 4—Wide-range function generator produces square and
triangle output waveforms whose frequency can be varied over
five decades by potentiometer R, .
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Fig. 5— Voltage controlled oscillator has both square and triangle
wave outputs.
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The clock pulse width must be much less than the
clock period to minimize the uncertainty of the out-
put transition time.

A simple analysis will help to understand why
both of these circuits (Fig. 2 and 3) offer high accu-
racy. The error between the input and pulse-train
output appears at the inverting input of the compara-
tor. Since this error never exceeds 20 mV, the over-
all steady-state error cannot be greater than 40 mV,
or 1% of a 4V signal. This is only a simple approxi-
mation showing 1% error; however, the actual error
is much less.

Wide range generator is also possible

The circuit of Fig. 4 shows a wide-range oscillator
having both a square and triangle wave output. The
operating frequency may be varied over five decades
without range switching. Two transistor pairs are
used to exponentially vary the charging current to a
timing capacitor. The output current from the transis-
tor pairs is controlled by a linear potentiometer, so
that rotation of the potentiometer is proportional to
the log of the output frequency. With the component
values shown, the frequency is smoothly variable
over about 1 Hz to 100 kHz.

Since the circuit operates over such a wide dy-
namic range, the op-amp integrator must have low
input current for proper low-frequency operation as
well as good 100 kHz response. In this case, a FET
hybrid op amp is used. Transistor pair matching is
also critical. Offset mismatches between the transis-
tors will cause a non-symmetrical output. This can
be somewhat compensated for by using non-sym-
metrical zeners (D, and D,), or a small resistor in the
emitter of Q, or Q,. The best solution though, is to
avoid the problem by using good transistor pairs. A
sensistor (R,) is used to compensate for the tempera-
ture sensitivity of transconductance of the transistor
pairs, thus keeping the frequency constant.

As well as voltage controlled oscillators

Highly-linear voltage controlled oscillators are
perhaps one of the more difficult designs encoun-
tered by a circuit designer. A relatively simple VCO
is shown in Fig. 5. The circuit provides good lineari-
ty, with about three decades linear range. Addition-
ally, the peak value of the triangle-wave output is
precisely set at 2.44V and OV by the reference volt-
ages at the non-inverting inputs of the comparators.

In operation, comparator A, drives the load for
“low” outputs while A drives the load when the
output is ““high”. With A, “low”, Q, is ““off” and the
LM118 integrates the input voltage to form a nega-
tive going ramp at its output. When the ramp voltage
crosses the reference (OV), A, goes “high” and
latches ““high”” because of positive feedback through
D, and R,,. Q, turns “on”" and the ramp goes posi-
tive. At a ramp voltage of 2.44V (2 times the 1.22V

Fig. 6 —Power-supply overvoltage limiter can handle load cur-
rents up to 50 mA.
reference), the output of A, goes negative. A, going
negative also stops the positive feedback around A,,
so the output stays negative due to A,. Therefore, the
ramp integrates negatively toward zero volts again.
For good results with this circuit, certain precau-
tions must be taken. Due to offsets, it is necessary to
balance the LM118. This insures good linearity and
symmetry at at low input voltages. The switching

“transistor Q, must be reasonably fast, as well as hav-

ing low reverse “on’’ voltage. Actually, a FET would
be a better switch, but it is somewhat difficult to find
low ““on’’ resistance FETs for use with =5V supplies.

And an overvoltage limiter

A simple overvoltage protection circuit for circuits
drawing less than 50 mA can be made with a single
comparator. Fig. 6 shows a limiter circuit for 12V.

In the circuit, a fraction of the input supply is
compared to a 1.2V reference by the LM111. When
the input exceeds the reference level, power is re-
moved from the output. Since the LM111 has both
the emitter and collector of the output transistor
available, it can be used as the power switch for cur-
rents up to 50 mA. The drop across the internal cir-
cuitry of the LM111 when ““on” is about 1.8V. If this
is unacceptable, an external pass transistor could be
used to reduce the drop to a few hundred millivolts.
When the circuit is used to limit negative voltage,
the drop is only the saturation voltage of the output
transistor, or about 0.8V at 50 mA. For application
with dual output, a dual comparator, like the
LM119, can be used. =
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How to lieeze 60 dB bf swept frequency response

from10 m

It's simple. Just use the new HP 8755
Frequency Response Test Set. Its
extremely high sensitivity (—50 dBm)
delivers a full 60 dB dynamic measure-
ment range from 100 MHz to 18 GHz
using modern solid-state sweepers

like the HP 8620.

But that’s just the beginning. Its flat
(£0.5 dB) response means that you can
make accurate swept measurements of
insertion loss/gain and return loss, even
on frequency translation devices like
mixers. And it doesn’t drift with time
and temperature because it's a modulated
system. This high stability means

HP sales, service and support in 172 cities in 65 countries. For more infor
, CH-1217 Meyrin 2, Geneva. Switzc

of RF drive.

minimal recalibration. Isn’t that what
you need for production testing?

Yet with all of its sophistication, the
system is really easy to use. It’s direct
reading and fully calibrated with push-
button selection of operating functions.
You can simultaneously display forward
and return loss either as a ratio or an
absolute response. Everything is designed
for time-saving, error-free measurement.

You can take this lightweight, all
solid-state and rugged system out into the
field to test cable runs, antennas and
the like. Another important and practical
advantage for field use: you can operate

CHECK NO. 18

on write: Hewlett-Packard, 1501 P:
and: Japan: YHP. 1-59-1, Yoyogi,

the detectors up to 200 feet away from
the display!

There’s economy too: a complete
8755 system with analyzer inan HP 182A
large screen scope display, modulation
unit and three detectors costs just $3200.

Ask your HP field engineer for the
new brochure on the 8755L. It'll give
you the complete story on why it’s so
much system for so little money.

HEWLETT hp; PACKARD

04206

ce Mill Road, Palo Alto, California 94304; Europe:
ibuya-Ku, Tokyo, 151
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GaAsLITE

The new MV5054 is so bright you
can actually use it to illuminate
things. Like on-off pushbuttons and
switches and cash registers that
tell clerks what to do next. Good
for telephone PABX'’s. They're
being used for computer panel
backlighting, too.

Wherever you used to think
incandescent you can now think
GaAsLITE. These illuminators form
their own beam, so there’s no light
wasted lighting up the inside of

the two bright

MV5054-1
2 mcd at 10 mA

MV5054-2
3 mcd at 10 mA

Any
“GaAsLITE GUARANTEED"”
product that burns out during
the lifetimeT of the equipment
in which it is installed will be
replaced free of charge by an
equivalent device provided
that it has been run at or
below data sheet ratings.

tLifetime defined as system life of original
equipment or ten (10) years, whichever
comes first.

Monsanto

CHECK NO. 19

1Imnovation to work.

the switch. And since you’ll never
replace a GaAsLITE, you can mold
it as part of a button. That gets

rid of all the pieces and a big
assembly cost.

The TTL-compatible MV5054 is
made to illuminate a ¥4” circle

and the lifetime cost is 65¢ or less.
You can mount it in a number of
ways on your PC board and we also
have a transparent mounting clip.

For more information and
applications ideas call us at (408)
257-2140 or write us a letter. We
have distributors all over the world
who’ll sell them to you.

Monsanto Commercial Products Co.
Electronic Special Products

10131 Bubb Road

Cupertino, California 95014



Is your work starting to bore you?
Beat monotony, and cure boredom!

If you are not careful, monotony and boredom can creep into your work, and
productivity will suffer. Here are some ways to prevent it from happening.

Ernest W. Fair

Boredom and monotony are the enemies of every
man in business, from engineer to chief executive.
They do not necessarily happen during slack peri-
ods, but can develop even when he is busy all of the
time. A constant effort is required to develop pro-
cedures to assure their absence as much as possible.

You can start by paying more attention to the
people you are involved with, rather than just their
everyday working problems. Business problems are
all fairly similar to one another; humans are not. If
you deal with customers for example, such attention
can open up new interests because attention is di-
rectly focused upon them, as well as upon the prob-
lems involved in taking care of their needs.

It doesn’t hurt to rock the boat

Whenever you feel boredom arising from what
you are doing, right then and there is the time to
rearrange your work schedules. Do so primarily with
the goal of destroying any element of monotony in
your work. That element of monotony is a great con-
tributor to boredom in what one is doing, while on
the other hand, variety in one’s efforts invariably
arouses an increased interest. Its absence will de-
stroy interest and much initiative.

Constantly look for something new and different in
what you are doing, regardless of where your assign-
ment leads you in the structure of the business oper-
ation. Sometimes such things can slip by unnoticed.
Each one has the potential of combating boredom.
The challenge of anything new and different invari-
ably makes any job more interesting. Set up your
own challenges regularly. If you wait for them to
originate elsewhere, they are usually slow in com-
ing, if at all. After a certain period of time, you prob-
ably feel that you have met most of the challenges
connected with your work. If this is the case, it is
necessary to search diligently for new ones.

Do as many of the necessary but dull routines

. i i - ) : Fig. 1—-This is an excellent way to beat boredom, but the boss
involved with your job the first thing each morning. might object.
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Fig. 2 There’s no monotony in this office, but it's rough on the
secretaries.

This is a far better procedure than having them in-
trude on everything else being done throughout the
day. Dull routines are always great cultivators of
boredom.

Get out of the rut!

Avoid over-systemizing your work. Too high a
degree of such systemization is always one sure way
of generating boredom anywhere. When that hap-
pens, an individual becomes nothing more than a
machine in what he does, and while machines can-
not become bored with such circumstances, human
beings most certainly will.

Pay more attention to other people’s ideas than
you have in the past. This listening process will al-
ways help to break any existing feelings of boredom
that may have arisen. Countless experiences have
proven that when this concept is explored in depth,
some very useful benefits for the business invariably
emerge.

Take a breather from your work every couple of
hours. It need only be for three of four minutes at the
most. Usually it's best to do something entirely dif-
ferent from what you have been doing previously.
This is especially valuable when one becomes bored
with an uninteresting task of any nature.

Stop taking your work home with you, and don't

Fig. 3 —Reading professional magazines will break the monotony
of every-day routines.
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INTRODUCING Becironc
THE EA 1502 BIPOLAR Vi | i
COMPATIBLE 1024-BIT RAM A"

501 ELLIS STREET
MOUNTAIN VIEW, CALIFORNIA 94040
(415) 964-4321 TWX: 910-379-6985

Stocking distributors: Bu

The EA 1502 is another new addition to the grow-
ing line of N-Channel silicon gate products from
EA. The EA 1502 accepts TTL inputs without ex-
ternal level shifting and sinks 1.6 mA on the out-
put. It has an access time of typically 130 nano-
seconds and dissipates only 115 mW (typical). In
fact, in a systems configuration the EA 1502 out-
performs the so-called high performance versions
of the 1103, with lower power, bipolar compatibil-
ity, automatic refresh and low cost to boot! Oh
yes, there's no address cycling requirements
either. A single write pulse refreshes all data in-
dependent of the state of the address and chip
enable inputs. Place your order early, everyone
else is. $27.50 in 100 quantities.

To make it easier for you to evaluate our EA 1500
series RAM's, we have an evaluation P.C. board
available which contains all of the necessary inter-
connections for building a 2K by 4 memory. Ask

bring your home problems to work each morning.
This is a sure method of adding to boredom whenev-
er and wherever it is practiced. Each acts to counter-
balance efficient performance of the other.

Pick out one procedure each day or week and try
to approach it a little differently than you have been
doing it in the past. Look for a better way to accom-
plish the desired result. When this is a regular
method of operation in any man’s business life, he
seldom has any acquaintance with boredom at his
work at any time. Of course, this method of opera-
tion won't hurt your professional stature either.

Don’t overlook the people around you. They can
also use some help to combat this same negative
condition of boredom with their work. Otherwise,
their attitudes can rub off on you before you ever
realize what is happening. Boredom is a catching

about it!

MORE FROM THE |
VERY SAME FOLKS
WHO BROUGHT YOU
N-CHANNEL

SILICON GATE.

CHECK NO. 20

Free Design Data

disease in any business.

Slow down the pace you have been setting in your
daily working life. Speed-ups of any kind tend to sys-
temize everything into a boring routine, simply be-
cause such speed is seldom attained unless every-
thing has been worked out to the point where it is
virtually an automatic procedure.

Don’t make work a drag!

‘ Inject a little more fun and humor into your work
than you have in the past. The complete absence of
| this pressure-releaser will make everything that you
are doing less attractive; and therefore, more boring.
Remember some of those enthusiastic approaches
that you had during your first year or two out of
school? Seek them out and use them once again.
There was probably no element of boredom in your
work at that time. Reuse of these approaches and at-
titudes toward your work can give them equal value
once again.

When you leave each day also leave something
interesting to come back to and tackle the next
morning. This assures that not even a small degree of
boredom will be present at the start of the next busi-
ness day. @

R R R T SRR
500-line Real-Time Spectrum Analyzer
' MINI-UBIQUITOUS® ACtS I.lke 650-|_IneS

PORTABLE . NS 3
SPECTRUM ANALYZERS Second generation Mini-Ubig™ ‘

Model UA-15A low frequency ‘
real-time spectrum analyzer —
smaller, lighter, easier to use }
and less expensive than Fed-
eral’'s famous Ubiquitous®
500-line analyzer — is better J
for on-the-sopt frequency anal-
ysis, machine noise diagnosis,
computer automatic systems.
Incorporates a sharper, com-
puter-designed filter for increased selectivity — can sepa-
rate closely spaced components as if it had 650 frequency
lines. Widest choice of range — 12 ranges from 10Hz to
50kHz; highest frequency and amplitude accuracy; com-
puter control of input amplitude range, analysis range,
and presampling filter; operation with weighting function
on or off; sweep termination adjustable for high sweep
rates; earphone monitor of filtered input. Request Free Bro-
chure and Free Wallchart of Waveform Comparisons in
Time/Frequency & Probability Domains. |

federal scientific

Author’s biography

Ernest W. Fair is one of a
rare breed — a free-lance au-
thor. For 37 vyears his by-
line has appeared on arti-
cles in many of the leading
business magazines of the
nation. When he’s not trav-
eling on assignment or dig-
ging out details for a story,
he makes his home in Port-
land, Oregon.

Federal Scientific Corp.
615 West 131st St., New York, N.Y. 10027 (212) 286-4400
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2500 rpm, 115V D-C. Available with

New PM

motors/gearmotors

The people at Bodine have a new
permanent magnet field D-C
motor line: The 42A. But, there’s a
lot more to it than meets the eye.

High quality barium ferrite magnet
material, magnetized and
stabilized by Bodine gives you
consistent output capabilities.
Day to day. Over the long haul.

42A Motor Lin: Diameter is 4.3
inches. Standard continuous duty
ratings are '8, Y% and Y4 hp at

or without NEMA Type C face
mounting shield.

42A-E Gearmotor Line: Output
torques to 350 Ib-in. Output shaft rota
in large needle bearings providing

From motor to motor, lot to lot.

The 42A delivers more power from
a smaller, lighter package. It runs

cool. Quiet. Has surprising control
capabilities. Other design benefits
include: High-starting torque, low-
speed operation and self-braking.

Brush life is outstanding: A unique
thermoplastic end-shield assembly

high overhung load capabilities.

R - T
B ER iy
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s

has precision metal brush boxes
and constant force roll-type
springs that continuously maintain
even brush pressure.

Bodine application engineers are
ready to help you apply the 42A.
Bodine Electric Company,

2500 W. Bradley Place,

Chicago, Ill. 60618.
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DIN] DESIGN AWARDS

Absolute value circuit uses only five parts

Robert ). Wincentsen, King Radio Corp.,
Overland Park, Ka.

Here is an absolute value circuit that uses only five
components and requires only three precision parts.
The circuit has been tested from —55°C to +85°C
and the output had less than 1% change from
+25°C measurements. The circuit is useable and
linear from zero input to op amp saturation. How-
_ever, CRT must be a low-reverse-leakage diode,
such as a TN914A, to have min. effect on the posi-
tive transfer and low offset at zero input.

The circuit is basically a voltage follower, A,
whose input is positive regardless of V,,. With a posi-
tive V,, input, the inverting amplifier, A,, is discon-
nected by D,. With a negative V,, input, the inverting

amplifier applies a positive input to the voltage fol-
lower through D, to null the inverting amplifier. =

20k 1%

Voltage follower A, is provided with a positive input regardless of
the polarity of input signal V,,. The circuit transfer function is
therefore, V. =

out
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Two ICs convert excess-three Gray code to BCD

Douglas M. Risch,
Wall Electronics, Albuquerque, N.M.

Often, the output of a shaft encoder is in the form of
excess-three Gray code. An easy way to convert this
code to BCD using two TTL integrated circuits is
shown here. To convert a regular Gray code to BCD,
eliminate the 7483 4-bit adder.

Since the Gray code is a distance-one Hamming

code it is easily decoded by the parity-checking ex-
clusive-ORs in the 7476. The X-3 Gray code is simply
a regular Gray code shifted down by three. Thus, by
using the 7483 to subtract three, the desired output is
obtained. The scheme is easily expanded by cascad-
ing exclusive-ORs and adders. ™
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BCD GRAY X3 GRAY = &r Goiiodi - 13 3T1T sy

10111
0000 0000 0010 9 - —
0001 0001 0110 v 5 4 o
0010 0011 0111 w - 6 7 6
0011 0010 0101 G By
0100 0110 0100 - 3 4 , BCD
0101 0111 1100 Siig? B,
0110 0101 1101 MSB 16 2
0111 0100 1111 = SN7483 [T B,
1000 1100 1110
1001 1101 1010 8] !"_’]

= NEU

Exclusive-ORing followed by a subtraction of three converts the excess-three Gray code to BCD.
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Linear circuit integrates pulse trains

Andres J. Baracz,
Sparta, N. J.

The circuit shown performs linear integration in a
very simple manner. The circuit consists of a compli-
mentary transistor which can be turned on and off by
means of short pulses of alternate polarity, or by
spikes applied to the base of transistor Q,. A dif-
ferentiated square pulse will produce a positive spike
corresponding to its leading edge, and a negative
spike, corresponding to its trailing edge. The positive
spike will turn the transistors on, charging the capaci-
tor via the constant current device, a negative spike
will turn the transistors off. Thus, the charge on the
capacitor C, will be controlled by the time interval
between positive and negative spikes, or by the dura-
tion of the square pulses.

The charging of the capacitor via the constant cur-
rent device will generate a linear voltage ramp at the
terminals of the capacitor C,. The final magnitude of
this voltage will be directly proportional to the time
integral of Q. Any subsequent pulse will produce an
additional voltage increment proportional to its
duration.

A train of pulses will generate a staircase function,
with increments proportional to the duration of the
pulses. Square pulses in the nsec range will actuate
the circuit. &

O

. DIFFERENTIATOR
\ C,R OUTP.
® t
g y
INPUT PULSES.
t
At =roe

*Capacitor C, assists the cumulative action during the
turn off part of the working cycle.

Pulses in the nsec range will actuate this linear integrator. It's
output is a linear function of input current and pulse duration.
Capacitor C, assists the cumulative action during the turn off part
of the cycle.
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Video amp solves high-frequency differentiation problems

Dan McCranie, Signetics Corp.,
Sunnyvale, Calif.

Traditionally, differentiation of high-frequency, low-
level signals has required closely matched compo-
nents in order to avoid common-mode noise prob-
lems. A typical method of differentiation is shown
in Fig. 1. The RC networks of each side of the dif-
ferential amplifier must be matched to within 0.1%
in order to exceed 60 dB common-mode rejection.
Obviously, the capacitors will have to be selected
for both absolute value and temperature tracking
equivalence.

By using the NE592 differential video amplifier
and a single component, a high-frequency differen-
tiating amplifier with excellent common-mode rejec-
tion can be made with no critical tolerance compo-
nents. This circuit is shown in Fig. 2.

The NE592 is a differential-input/differential-out-
put video amplifier with a restructured input. With

the modified input, the amount of signal to be differ-
entially amplified is dependent on the amount of
signal coupled between pins 4 and 9. If pins 4 and 9
were left open, for instance, the differential gain of
the device would be 0. If the two pins were shorted
together, the differential gain would be max., or
about 400. The capacitor between pins 4 and 9,
therefore, will cause the device to function as a
high-pass or differentiating amplifier.

(f, <1/Rc)

vV Kncav‘
o=l

Fig. 1—Conventional differentiation scheme requires matched
passive components.
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The voltage transfer function for the circuit of Fig.
2:i5t

V,(#) $
Vi g [s + 1/40 c]

If the frequency of operation is much less then
1/RC, the output will be:
av,
aT

Since only one capacitor is used, the comon-
mode rejection ratio of the circuit is independent of
passive component tolerances and is dependent sole-
ly on the CMRR of the active element. The CMRR of
the NE592 at 100 kHz is typically 86 dB. =

U, = 1.4 X 10°C

Fig. 2—No component matching is required with the NE592 dif-
ferential video amplifier.
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Voltage doubler prevents supply from losing regulation

Alexander Paterson, Hoffmann La Roche
Research, Nutley, N. J.

When building 5V power supplies, it is often conve-
nient (and inexpensive) to use a 6.3V filament trans-
former. A limitation is imposed, however, since at
low line inputs (below about 105V) a conventional
supply can lose regulation due to malfunction of the
components driving the pass transistor base and the
regulator section. This circuit uses a voltage doubler
to drive these components so that regulation is main-
tained down to the saturation voltage of the pass
transistor (Q, in the circuit).

Operation of the circuit is as follows: On one-half
cycle (V, >V,), C, charges to approximately the
secondary peak voltage through D,, and C, does
likewise via D,, D, and D,. On the other half cycle
(Vg >V,), Dy is back-biased and C, charges to
roughly twice the peak secondary voltage via C,, D,
and D,. (Alternatively, referring all voltages to
ground, D; and C, peak-detect the voltage on the
positive terminal of C,; this voltage consisting of a
dc component, V, across C,, and a half-wave alter-
nating component with peak value V, existing on
the negative terminal of C,.) The voltage doubler
output is used to drive both Q,, which provides
‘Q,’s base current, and Q,, a diode connected FET
which provides the collector current of Q, and base
current of Q,.

The remainder of the supply is conventional. For
production type circuits, Z, could be replaced by a
3.6V zener diode powered by a resistor to +5V, and
the base of Q, fed from a voltage divider across the
output.

For the component vlaues shown on the illustra-
tion, the following results were obtained:

Line regulation

Vo295 '— 1 35V AV g b MV

46

Load regulation

I, :0 — 400 mA AY et 3 MV

V,y: 115V O

Voltage doubling is accomplished by operation of C,, C,, D,, D,,
D, and Dy
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Dual 7V reference developed from a single uA723

David Weigand,
Gulf and Western Research, Swathmore, Penn.

In analog designs, dual polarity references are often
required. The temperature stability and regulation
capability of the uA723 IC voltage regulator makes it
highly useful for such purposes. The circuit shown in
the illustration generates both +7V dc and —7V dc
from a single uA723 chip. The +7V reference is ob-
tained directly from the 723 temperature stabilized
zener reference amplifier. This positive reference is
also applied to the internal error amplifier connected
as a unity-gain inverting op amp. The resulting output
from this error amplifier is the —7V reference.

The trick in using the single-supply error amplifier
is to keep both inputs and output within the dynamic
range of the amplifier (+2 to +9V). This is done by
upward level shifting the output voltage with zener
diode D, and the input error voltage with the R, R,
voltage divider.

Changing the R,, R, ratio will result in different
negative reference values. An optional 5V diode
clamp on the plus reference will prevent power-on
lockout from the negative power supply.

-

4
15V \‘ Vaee,
\\ ~ REF. = 7.15 * 0.2Vdc
- ‘ 0.015%/C° MAX.
OPTIONAL
CLAMP
Vee =
12 to 15Vdc

—
-

The negative reference voltage in this dual reference circuit is
obtained from the internal error amplifier of the uA723.
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Design Entry Blank

$20 Cash Award for all entries selected by editors.
An additional $50 U.S. Savings Bond Award for
winning circuit each issue, determined by vote of
readers. Additional $1000 Bond Award for annual
Grand Prize Circuit, selected among semi-monthly
winners by vote of readers

To Circuit Design Program Editor

EDN

Cahners Publishing Co., Inc.

221 Columbus Ave., Boston, MA 02116.

| hereby submit my entry for the CIRCUIT DESIGN
AWARD PROGRAM of EDN

Name
Title
Company.
Division (if any)
Street
City.
Circuit Title

State.

Print full name (no initials) and home address on
line below exactly as you wish it to appear on Bond,
if entry is selected for publication.

Entry blank must accompany all entries. Circuit en-
tered must be submitted exclusively to EDN, must be
original with author(s) and must not have been pre-
viously published (limited-distribution house or-
gans excepted).

Circuit must have been constructed and tested.
Exclusive publishing rights remain with Cahners
Publishing Co., Inc., unless entry is returned to author
or editor gives written permission for publication
elsewhere.

In submitting my entry, | agree to abide by the
rules of the Award Program.

Signed

Date.

Your vote determines this issue’s winner. All
circuits published win $20 cash. All issue win-
ners receive an additional $50 U.S. Savings
Bond and become eligible for the annual $1000
U.S. Saving Bond Grand Prize.

Vote now, by circling the appropriate num-
ber on the reader inquiry card.

Submit your own circuit, too. Mail entries to
Circuit Design Program Editor, EDN, 221 Co-
l[umbus Ave., Boston, MA 02116.
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from the HAMILTON tradition of fine watchmaking...

Hamilton metal science

...a hew name for advanced technology of metals

A new name for precision strip and foil
Ultrathin foil to 0.000070"”. Precision strip
and wire. In the size, quality, dimensional
tolerance, surface finish you require. Abso-
lutely to specifications. From specialty melt-
ing through precision rolling, we deliver a
wide range of precision products you can
rely on. Tight production controls assure
material integrity.

More on
metals processing?

Circle No. 40

Hamilton metal science

You knew us as Hamilton Precision Metals. Now, know us as
Hamilton Metal Science. A name that better reflects the
scope of our business and our products. A new name that
more clearly embodies our present and planned prod-
ucts, processes and critical technologies. Our new
triangular logo signifies our multifaceted operation:

metals processing,
The logo’s delta symbol, meaning

products.

parts fabrication, advanced

change, reflects our determination to be even

more responsive to customer needs. The red

growth bar describes the forward thrust of
Hamilton—today and in the future.

i S v

A new name for photoformed parts

Photoforming responds to the expanding
need for critical tolerance parts: everything
from magnetic recording head laminations
to TV tube and solar cell grids to high-speed
printer tapes. This advanced chemical-
etching process assures low-cost parts within
your strict design limitations. Dimensional
stability and fast delivery is guaranteed.

More
Photoforming details?

Circle No. 41

A

Hamilton metal science

A new name for precision components
Hamilton expertise is expanding swiftly in

metals processing, parts manufacturing,
magnetic material manufacturing and test-
ing, and functional engineering to supply
subassemblies, devices and finished compo-
nents. Single-source, in-house solutions to
components and device assembly problems
lift many burdens from customers, result in
cost savings and improved product quality.

A

Hamilton metal science

New literature!

Circle No. 42

a division of HMW Industries, Inc., P.O. Box 1707, Lancaster, Pa. 17604
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CABLEBILITY — “‘The specialized skill of
designing and producing quality electrical

and electronic cables to meet the sophisticated

requirements of today's industry.”’

Our word yes, and our definition — but we
think it aptly describes our ability to
provide the best possible solution to

your multi-conductor cable problems. But

CABLEBILITY is even more than that. It's a

blend of experience and technical know-how
combined with the virtually unlimited
resources and facilities of Cities Service. . .
your assurance of dependable and practical
cable constructions to fulfill your most
exacting requirements.

CITIES SERVICE COMPANY

CHESTER CABLE OPERATIONS
CHESTER, NEW YORK 10918




proven by performance

Leading manufacturers in such fields as electronics, automa-
tion, nucleonics, communications and electronic data process-
ing have learned to depend on Cities Service quality cables.
This industry-wide acceptance has resulted in four expansion
programs since 1945 to keep pace with increasing customer
demands. Thanks to enlarged research and development facil-
ities, exceptional technical manpower and the latest production
equipment, we furnished more than 1,000,000 miles of in-
sulated cables and wires to our customers last year.

Today, our CABLEBILITY is your assurance that Cities Service

CITCO brand cables will meet your specifications . . . be com-
petitively priced and will be delivered to you on time. No matter
what your requirements . . . check first with Cities Service . . .

we know you’ll be glad you did.

CITCO AUDIO SOUND CABLE: 25
shielded pairs, stranded copper con-
ductors, low loss insulation, twisted
with uninsulated drain wire, isolated
aluminum tape shields, cabled PVC
jacket.

CITCO TV CAMERA CONTROL CABLE:
Camera control cable for Audio and
Video signals: a composite of PVC and
polyethylene insulated conductors,
cabled, overall braid shield, PVC jacket.

CITCO AIRCRAFT CONTROL CABLE: 12
triples shielded jacketed, stranded
copper conductors, PVC insulated, in-
dividual shield jacket color coded,
cabled overall PVC jacket.

CITCO ELEVATOR CONTROL CABLE: 35
conductors, stranded copper, PVC in-
sulated, conductors coded by colors
and printed numbers, cabled with
open binder; individual conductors
U/L listed.

CITCO INTEROFFICE COMMUNICATION
CABLE: 250 conductor interoffice com-
munication and signaling cable: solid
bare copper, PVC insulation, paired,
cabled, PVC jacket; U/L listed.

CITCO STATION CONTROL CABLE: 37
conductors, stranded polyethylene and
PVC insulated, color coded, cabled,
overall tough PVC jacket; per NEMA/
IPCEA Specifications.

CITCO MUNICIPAL COMMUNICATION
CABLE: 50 pairs, polyethylene insu-
lated, cabled, continuous layer of cop-
per shielding tape, PVC jacket; per
spec. IMSA-19-2, 600 volts.

CITCO SHIPBOARD CABLE: Stranded
conductors, nylon-jacketed PVC insu-
lation, pairs shielded and jacketed,
cabled, PVC jacket, and aluminum
lérgild5 armor overall; per spec. MIL-

CITCO COAXIAL CABLE: Type RG-218/U,
solid copper conductor, polyethylene
insulated, copper braid shield, PVC
jacket; per spec. MIL-C-17/79.

CITCO REMOTE CONTROL BROADCAST-
ING CABLE: Stranded conductors, poly-
ethylene insulation, pairs and triples
shielded and jacketed, cabled, PVC
jacket overall.

CITCO COMPUTER CONTROL CABLE: 55
conductors, stranded copper conduc-
tors, PVC insulated, formed into 7
groups of 7 conductors, cabled, PVC
jacket; U/L listed.

CITCO BUS DROP CABLE: 3 PVC in-
sulated stranded conductors, with split
uninsulated grounding conductor,
cabled, overall PVC jacket; U/L listed;
per NEC.

OTHER CITIES SERVICE WIRE & CABLE PRODUCTS

APPLIANCE WIRE « BUILDING WIRE +« FLEXIBLE CORDS + FIXTURE WIRE
GAS TUBE SIGN CABLE <+ HIGH VOLTAGE CABLE + HOOK-UP WIRE
LEAD-IN CABLE + MACHINE TOOL WIRE & CABLE <+ SHIELDED WIRES
WEATHER-PROOF WIRE « DEEP-WELL SUBMERSIBLE WATER PUMP CABLE
LOW ENERGY CIRCUIT CONTROL CABLE « GASOLINE & OIL RESISTANT WIRE

CITIES SERVICE COMPANY

CHESTER CABLE OPERATIONS
CHESTER, NEW YORK 10918

Phone: (914) 469-2141 TWX (914) 469-9801



Electrocube metallized
mylar capacitors are first

i st with the least.

5678010
1o adaai é}:;:;:,‘:};" We mean the least volume. As little as 39% of standard
Bisieaanm 252027202030 units. A 2.0 mfd 100 VDC unit is only .25 x .34 x .78 instead
30 of .33 x .49 x .95. Look at the before and after comparisons
below. And they’re smaller without changing performance
or price.

Capacitance values are from .0010 to 50.0 mfd. Voltage
" ratings are 100, 200, 400 and 600 VDC. More than 840 case
; sizes and six case styles, including epoxy and hermetically

/‘ ’ sealed metal cases are available in this new 230 series.
. '. Y/ a ‘ We're ready to ship them from stock in small quantities, and
) Zad . in 4-5 weeks for production.

Call (213) 283-0511, TWX 910-589-1609, or write to 1710

South Del Mar Avenue, San Gabriel, California 91776.

APPOINTMENTS

l' . )
. 7 {L‘ .
ATt

ectrocube

S’ Capacitors, EMI filters,

RC networks, transformers, ballasts
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Solitron has it!

v Give us a quick call

( ‘ today, and test our m »
producibility or call | i, "
your local Distributor M DEVICES, INC.
listed below.
Solitron Devices, Inc., P.O. Box 1416 Telephone 714/278-8780
San Diego, California 92112 TWX 910-335-1221
EAST M:ssachusetts, Boston  Buffalo, New York Kierulff (303) 343-7090 WEST San Diego Washington, Bellevue
Florida, Orlando D:*Aambro Electronics Summit Distributors, Inc. lllinois, Intermark Electronics Farwest (206) 747-1515
Hallma’rk Electronics (617) 787-1200 (716) 884-3450 Elk Grove Village Arizona, Phoenix (714) 279-5200 Seattle
(305) 855-4020 Needham Heights North Carolina, Raleigh Ibakeland (312) 595-1000 Kierulff (602) 273-7331 Kierulff (714) 278-2112 Intermark Electronics
: Kierulff/Schley South Eastern Radio hio, Dayton California, Culver Cit (206) 767-3160
Rlaheus, Huntwille  (617) 449:3560 (919) 828-2311 Kierulff (513) 278-9411 AfnL?'('é'ﬁ) 836.7200 jaMtaAna o Kielff (206) 763-1550
(205) 539-0691 New York, Binghamton  Pennsylvania, Trevose Kettering Los Angeles ;‘1‘2”";50 1§§2’°”'°5
Maryland, Baltimore  Federal (607) 748-8211 Hallmark (215) 355-7300 Arrow (513) 253-9176 Klerulff (213) 685-5511 f,an ?\‘uys : CANADA
Radio Electric Service ~ Hauppauge MID Texas, Dallas Menlo Park Intermark Electronics uebec, Montreal
(301) 823-0070 Semiconductor Concepts WEST Component Spec. Bell (415) 323.9431 (213) 782-0362 grelco Electronics, Ltd.
Savage (516) 273-1234 Colorado, Denver (214) 357-4576 San Carlos ’
i Al Intermark Electronics i Utah, Salt Lake City (514) 389-8051
Pyttronics, Inc. Hicksville (303) 936-8284 Houston :25‘?"‘5&5 Ellgztlromcs Alta Toronto
(301) 792-7000 Kierulff/FIR Component Spec. ) d (801) 486-7227 Carsten Electronics
(516) 433-5530 (713) 771-7238 (416) 751-2371
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PROGRESS IN PRODUCTS

‘“Isolated”” CMOS
has higher speed and lower power

PROGRESS IN
SEMICONDUCTORS

Two IC  manufacturers— Harris
Semiconductor and Inselek —have
come out with higher-speed ver-
sions of some of the 4000A CMOS
logic family. The 1-1/2 to 3 times
higher speeds are the result of di-
electric isolation that cuts down
the output capacitances of the
CMOS gate stages to essentially
zero plus a few pF for output pin
wiring rather than the 5 pF (or
more) for the conventional junc-
tion isolated CMOS from RCA,
Motorola, Solitron and others. Har-
ris achieves this isolation by sur-
rounding the device tubs with poly-
crystalline silicon while Inselek
forms its devices as islands on a
sapphire substrate.

Comparing the two processes,
the Harris approach appears to
give a larger speed advantage and
a lower static leakage. Harris
claims speeds 2-3 times as fast as
the standard CMOS while Inselek
is only claiming a 50 percent speed
advantage. Harris claims an order
of magnitude lower quiescent cur-
rent while Inselek is claiming no
particular advantage here. But both
say that the first devices they are of-
fering do not begin to tap the per-
formance potential of dielectric
isolation. This seems reasonable
because RCA Research Laboratory
at Princeton, N. J., has already
demonstrated that speeds as high as
50MHz are possible with isolation.
Right now, the thrust of Harris and
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A. TEST CIRCUIT ‘

I

e ——— e ——

e ——— e —

4000 CONNECTED 4013 CONNECTED
AS RING OSC. AS COUNTER
ISOLATED
10MHz
CONVENTIONAL
0scC.
FREQ.
TMHz
100KHz t—t—t—t i
24 4 & 8 1 38 10 11 172 13 1 5
Vdd, Volts

B. RING. OSC. FREQ. VS VOLTAGE

Quick and dirty circuit (a) used by EDN to compare the new dielectrically isolated CMOS
to previous junction isolated units. The three gates formed a self-oscillating ring that ex-
ercised the flip-flop counter. Values in curves (b) do not accurately indicate full speed
potential of either type as ring oscillators tend to produce sloppy sinewaves rather than
sharp squarewaves. Incidentally, it can be seen that CMOS circuits with their wide operat-
ing voltage ranges produce useful VCOs. This circuit could span the entire AM broadcast

band with just a few volts variation on Vdd.

Inselek appears to be the produc-
tion of conservative, manufactur-
able devices that can be sold at the
same prices as standard CMOS.

As neither Harris nor Inselek
will have the complete 4000A line
for a while, most designers will
be considering these higher-speed
devices in systems mainly made up

of the existing slower junction iso-
lated CMOS 4000 (or National’s
CMOS replacement for low-power-
ed TTL). Here the degree of advan-
tage gained becomes a tricky ques-
tion. The Harris gates, for example,
use larger transistors to reduce the
ON-resistance from the standard
CMOS levels of 500-to-750 ohms

E DLNL NSO SVEE MABRESRES1E 318970 2




or higher down to 200 ohms. This
is possible because with dielectric
isolation, Harris doesn’t pick up
additional output capacitance with
larger devices. However, the in-
creased device size means some of
the Harris gates have higher input
capacitance—7 pF vs 5 pF. This
presents no problem as long as the
Harris devices are being used with
each other, for the significantly
lower ON resistance more than
makes up for the slight increase in
input capacitance. But if Harris
gates are being driven by regular
CMOS devices, this increase in
capacitance could actually slow
down the system! If, on the other
hand, Harris (or Inselek) devices
were driving regular CMOS de-
vices, the logic fanout and speed
could be increased, again because
of the lower ON resistances feas-
ible with isolation.

Where both the Harris and In-
selek technologies will really shine,
however, is not at the gate level of
the first announced units, but at
the complex level of future MSI
units. Then there will be enough
stacked-up on-chip delays, cou-
pled with controllable low on-chip
capacitances, that the performance
gain will really leave standard junc-
tion isolated CMOS in the dust.
EDN noted this when it plugged a
Harris 4013 dual D flip flop in
place of an RCA 4013 in a counter
circuit. The Harris unit would con-
tinue to toggle at speeds in the
6 MHz and above region after the
RCA unit had started to skip. As ex-
plained by Harris designer Bill
White, the isolated unit could prop-
agate the signal through the five
gate delays in this master-slave
flip flop and get the Q output back
to the D input in time for the next
clock pulse, while the RCA unit
could not.

Our comparison-by-substitution
tests indicated that speeds of stan-
dard CMOS (from RCA and Motor-
ola) and the isolated CMOS (Harris)
are equally sensitive to supply vol-
tage. At the low-voltage end—3V
—the circuits slow down to just
the 1 MHz level (though the iso-

Comparison of CMOS Family Types
Parameter
Form of Isolation Junction Junction | Dielectric | Dielectric (SOS)
Supply Range (V) 3-15 3-18 318 5-15
Gate Output Resistance 750 500 200 200-300
(Ohms)
Gate Output Cap. (pF) 5 5 2 (stray) 2 (stray)
Gate Input Cap. (pF) 5 5 7 5
Propagation Delay (nS) 25 25 10
(at 10V supply)
FF Clock Rep. Rate
(MHz at 10V supply) 10 10 15
Ga(te:N (;‘uuiescent Power 0.025 0.025 0.001 0.025
u

Isolated CMOS Devices

Now Available

(in terms of 4000 family num-
bers)

From Harris: 4000, 4001,
4009, 4010, 4011, 4012,
4013 plus 4809, a Harris ad-
dition to the family. (35 total
4000 units within a year)
From Inselek: 4012 (Two
more units, 4027 and 4030 to
be available soon).

lated unit still retained its 2:1 to
3:1 speed advantage). White ex-
plained that this was due to the
reduced drive margin (over the 1-
1-1/2V device thresholds) for turn-
ing the channels hard ON. At low-
er voltages the channel ON resis-
tance is higher.

The standard 4000A family test
measurements do not do the faster
isolated units justice at higher vol-
tages where they can operate quite
fast. The standard test waveforms
have slow 20-nsec rise times and
are not really representative of the
operating waveforms a 10-nsec
propagation delay isolated gate
system would experience. White
says this is one explanation for
the fact that Harris 4000-type spec
sheets showing diminishing in-
creases in speeds for supplies over
10V. With sharp step test inputs,
the Harris devices will show con-
tinued improvements in speed as
the supply voltage is raised to the
full 18V limit (military units), White
says.

EDN has not had the opportunity

to examine any of the Inselek units.
Carl Rapp of Inselek told EDN that
Inselek will introduce the 4000A
series with their SOS technology at
a slower rate than Harris. He agrees
with Harris that these first gate-
level units do not begin to show off
the full speed and power-saving
ability of dielectric isolation tech-
nology. He believes that future im-
provements such as self aligned
gates and ion implantation (which
Harris is phasing into its produc-
tion line) will allow speeds up to
50-100 MHz. But these future im-
provements will only be meaning-
ful at the LSI level.

One question that will not be
answered until Harris and Inselek
get into volume production is
whether they can really meet the
ever-lower pricing of junction iso-
lated CMOS. Harris obviously is
banking its hopes on its ability to
produce high yields of 3-in dia-
meter wafers. . . and it appears to
be hedging its bets by also coming
out soon with a fine geometry junc-
tion isolated version of CMOS, (us-
ing the poly-iso-planar process).
Harris projects costs as low as
0.06¢/gate by 1975 if it can
achieve 10 percent overall yields.
It will probably need these yields
if it is to achieve its targeted 15-25
percent share of the CMOS market
by 1975 —a market that Harris pro-
jects at $130 million.

Harris Semiconductor Div. of
Harris-Intertype Corp., Melbourne,
FL 32901. (305) 727-5430 164

Inselek, 743 Alexander Road,
Princeton, N ] 08540. (609) 452-
222) 165



EQUIPMENT

3-1/2-DIGIT SYSTEM DPM Model AD2003
features a true-differential-instrumentation-
amplifier input, fully latched BCD outputs
and a $93 price in 100’s. The 5V dc
powered AD2003's input amplifier provides
CMR of 80 dB minimum, NMR of 40 dB and
minimum  common-mode  voltage of
+2.5V. It accepts bipolar and differential
signals over 0 to £199.9 mV with a maxi-
mum error of 0.05% =+ 1 digit. Polarity and
overload indications are provided. The
AD2003 has a seven-segment green filtered
incandescent Numitron display and is
housed in a 1.8 x 3 X 2-in. aluminum
case. Analog Devices, Inc., Route 1 Indus-
“trial Park, Norwood, MA 02062. Phone
(617)329-4700. 200

C-V SYSTEM FOR MOS-WAFER AND
VARACTOR-DIODE EVALUATION. The
Model 179A is a low-excitation-level, 1-
MHz “turn-key”" system for producing C-V
data on MOS wafers and varactor diodes. It
consists of a Boonton Model 72A, 1-MHz
capacitance meter, a Boonton Model 16A
ramp voltage generator and an 8-1/2-x-11-
in. X-Y pen recorder to automatically pro-
duce capacitance vs dc-voltage data in the
form of X-Y plots. Ramp voltages are pro-
grammable over a =100V range and ramp
rates may be set from 0.1V/sec to 2.0V/sec.
The system including enclosure costs
$3650. Boonton Electronics Corp., 1279 US
Route 46, Parsippany, N ] 07054. Phone
(201)887-5110. 201

MINIMUM/MAXIMUM DIGITAL INDICA-
TOR SHOWS PROCESS LIMIT CONDI-
TIONS. The new meter enables a designer
to inexpensively record actual process ex-
treme conditions encountered during a test
period. Any Digilin 1000, 2000 or 3000 Se-
ries instrument can be used with the meter;
BCD information is fed from the measure-
ment meter to the minimum/maximum
meter. Depending on whether minimum or
maximum has been selected, the display is
updated only when the new reading is
lower or higher than the old reading. The
measurement meter displays show the ac-
tual reading while the minimum/maximum
meter shows the extreme variations. Both
three ($204) and four-digit ($240) units are
available. Digilin, Inc., 1007 Air Way, Glen-

dale, CA 91201. Phone(213)240-1200.
202
PANEL-MOUNTED DIGITAL TIMING

INSTRUMENTS for .use in manufacturing
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test and process-control applications. The
LT20B Series digital timing instruments pro-
vide accurate measurements of fractional
time periods in 30 different models that
provide the selection of any range and con-
figuration from microseconds to minutes.
Used as a replacement for many electro-
mechanical devices, all 30 models use start
and stop action that can be triggered sepa-
rately or from a single line. A choice of 2 to
5-1/2 digits with prices starting at $106 in
single quantities is available. Durgin &
Browne, Inc., 80 Allen Rd., S. Burlington,
VT 05401. Phone(802)863-6873. 203

SINGLE AND DUAL-OUTPUT POWER
SUPPLIES AVAILABLE IN LX-EE PACK-
AGES. Lambda has expanded its LX line to
include seven new single-output voltage
power supplies and one dual-output voltage
power supply in the “EE”" package size —7-
1/2 X 16-1/2 X 4-15/16 in. All the sup-
plies are guaranteed for all labor and parts
for 5 years. Some prices and ratings are as
follows: LXS-EE-5-OV (5V at 25 to 45A,
depending on temperature) at $425; LXS-
EE-15 (15V at 14 to 28A) at $400; and LXD-
EE-152 (£15V to =12V at 7-12.5A to 6-
10A) at $435. Lambda Electronics Corp.,
515 Broad Hollw Rd., Melville, NY 11746.
Phone(516)694-4200. 204

512-MHZ COUNTER GIVES 9-DIGIT
RESOLUTION MEASUREMENTS IN
1/10TH NORMAL TIME. The $895 Model
5700A counts directly to 220 MHz and only
pre-scales by two for its 512-MHz opera-
tion. It measures from 5 Hz to 512 MHz and
offers a sensitivity of 10 mV rms at 512 MHz.
It also incorporates an optional $75 fre-
quency offset capability; hence, its desgina-
tion as the Autoconvert frequency counter.
Other features are a quick-recognition dis-
play achieved by logical grouping of the
display numerics, and front-panel pushbut-
ton blanking of unused or unwanted digits.
Ballantine Laboratories, Inc., Box 97, Boon-
ton, NJ 07005. Phone (201) 335-0900. 205

IMPULSE GENERATOR GIVES +1-dB
OUTPUT FROM 500 Hz to 35 MHz. The
output of the Model 93453-1 generator is
useful from dc to 400 MHz. The output lev-
el is adjustable in 1/4-dB steps from 0 dB
above 1 wV/MHz to 121 dB above 1
uV/MHz. Pulse repetition rate is variable
from 2 to 100 pps while a single pulse can

‘also be obtained from a manual switch.

Pulse width is 10 nsec. Model 93454-1 is
intended for making receiver bandwidth
measurements, rapid gain checking of
tuners, test noise suppression filters and
receiver alignment. Singer Instrumentation,
Los Angeles Operation, 3211 S. LaCienega
Blvd., Los Angeles, CA 90016. Phone(213)
870-2761. 206

HIGH-VOLTAGE PULSE GENERATOR
Model PG-030 features variable-output pul-
ses to 30 kV, nominal rise time of 6 nsec,
negligible time jitter and total trigger-to-
output delay of less than 100 nsec. It can be
triggered either by a minimum 5V pulse
input or by an internal variable repetition
rate or by a single-shot trigger generator.
Output pulse widths from 5 nsec to 10 usec
are available by using auxiliary plug-in
pulse-forming networks. The PG-030 is
used in light-modulation and laser-control
applications. Kappa Scientific Corp., Box
30585, Santa Barbara, CA 93105.
Phone(805)967-2396. 208

3-1/2-DIGIT MULTIMETER COMBINES
WITH 10 MHZ FREQUENCY COUNTER.
By combining a frequency counter with ac
voltage measurement capability, the Model
3003 becomes ideally suited for measuring
center frequency and deviation limits asso-
ciated with FM tape recorder calibration
requirements. The unit has 5 dc and ac volt-
age ranges with 100 wV resolution, 6£)
ranges, 5 current ranges and 5 ranges of fre-
quency counting. Price is $395. Valhalla
Scientific, 7917 Balboa Ave., San Diego,
CA92111. Phone(714) 277-2732. 209

TRUE-RMS POWER MONITOR Model 165
measures true-rms voltage, current and
time-average power for standard line volt-
ages in two voltage ranges, with the capa-
bility of alternately monitoring two lines on
the lower voltage range. It features accuracy
of 1/2 percent of full-scale range for voltage,
current and power. Ranges are: power—
1500 to 15000W full scale; voltage—150
and 300V single-phase and 150V 3-phase;
and current—10, 20 and 50A rms. $3495.
Monroe Electronics, Inc., 100 Housel Ave.,
Lyndonville, NY 14098. Phone(716)765-
2254, 210
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PORTABLE  $3388 EIGHT-CHANNEL
RECORDER FEATURES LIGHT WEIGHT
and extra-wide channels. Called the Super
8, the recorder is a complete unit includ-
ing precision high-speed galvanometers,
amplifiers, power supplies and a multi-
speed chart drive. It offers full 50-mm-wide
channels and is lightweight (only 57 Ibs).
The instrument will record data from dc to
150 Hz with a true rectilinear presentation
at a basic sensitivity of 10 mV/mm. Input
impedance is 100 kQ and the input circuit is
single ended and floating. Astro-Med, Divi-
sion of Atlan-Tol Industries, Inc., Atlan-Tol
Industrial Park, W. Warwick, Rl 02893.
Phone(401)828-7010. 211

SIX-DIGIT COUNTER WORKS TO 15,000
COUNTS/MINUTE. The Model EC10
counts switch-closure (spdt break-before-
make) inputs. The count input is unaffected
by contact bounce and minimum contact
closure time (either throw) is 2 msec. The
counter employs a 7-segment readout and
requires 10V ac, 60 Hz, at 10W for opera-
tion (power transformer is included for op-
eration at 115V ac). Size is 2-in. high by 5-
in. wide by 5-in. deep. $195 each. ENM
Co., 5350 Northwest Highway, Chicago, IL
60630. Phone (312) 775-8400. 212

PORTABLE 10-1b  STRIP-CHART RE-
CORDER TR-711 is protected by a cast-
aluminum case (finished with scratch-proof
epoxy enamel) that will withstand rugged
field use. It will record voltages as low as
10mV/div. over dc to 125 Hz. Accuracy is
1% with a drift characteristic of 1/3 mm/8h.
Chart speeds ranging from 1 through 50
mm/sec are switch selectable. A heated sty-
lus records on a 40-mm-wide channel using
no ink. Gulton Techni-Rite Electronics, Inc.,

Route #2, E. Greenwich, Rl 02818.
Phone(401)884-6800. 213
ANALOG TELEMETERING PROVIDES

ACCURATE REMOTE MEASUREMENTS.
The QATS-20 system permits accurate re-
mote measurement of quantities that can be
converted into dc voltages or currents. By
means of variable frequency modulation of
an FS audio-tone channel, accurate read-
ings of these quantities can then be trans-
mitted any distance. Transmission can be
over leased telephone lines, radio or the
switched network. This form of telemetering
uses a portion of a voice-grade channel
bandwidth. Quindar Electronics, Inc., 60
Fadem Rd., Springfield, N ] 07081. Phone-
(201)379-7400. 214

THERMOCOUPLE THERMOMETER USES
ROM with 512 points of linearization that
provides a 0.25°F conformity to NBS curves
over an ambient temperature range of 0 to
+50°C. The digital ROM linearizer has zero
TC which eliminates the error that normally
occurs due to ambient temperature change
of conventional linearizer circuits. The
Model 9500 is available for use with types |

and K thermocouples in either Fahrenheit or |

Centigrade temperatures. Total instrument
drift in six months is within 0.1% of full-
scale. $425. Electronic Research Co.,
10,000 W. 75th St., Overland Park, KS
66204. Phone(816)421-6430. 215

SELF CONTAINED PULSE GENERATOR
FEATURES WIDE FREQUENCY RANGE.
The PG610 is a $98, compact
(2 x 3.75 X 6.25 in.) digital pulse genera-
tor that provides output pulses at repetition
rates from 10 Hz to 5 MHz in six overlap-
ping ranges. Output is compatible with TTL,
DTL and RTL logic levels. The device has
independent adjustments for spacing and
pulse width. Computer Products Inc., 1400

N.W. 70th St., Fort Lauderdale, FL 33307.
Phone (305) 974-5500. 216
10-INCH STRIP-CHART RECORDER

COSTS $395. The OmniScribe features a
multi-speed chart drive independent of line
frequency. Four pushbutton selectable
speeds range from 1 in. per minute (2.5 to
20 cm/min.). The unit is also available with
a divide by 1, 10 and 60. A sprocketless,
positive-feed paper drive eliminates sprock-
ets and sprocket holes in the chart paper,
which is standard 11 in. x 100 ft. Houston
Instrument, 4950 Terminal Ave., Bellaire,
TX 77401. 217

STATIC ELECTRICITY DETECTOR/MONI-
TOR IS BATTERY OPERATED. Model 230
“‘Stat-Arc”’ is a new type of hand-held, bat-
tery operated electrostatic fieldmeter for use
in detecting accumulations of static elec-
tricity.
small probe which can be removed from
the barrel of the instrument and mounted
remotely or hand-held. Price is $395.
Monroe Electronics, 100 Housel Ave.,
Lyndonville, NY 14098. Phone(716)765-
2254, 218

|

Its most significant feature is the |

a good way
to reduce
costs...

FLEXIBLE LEAD DESIGN

///

PLUG-IN DESIGN w/THERMOPlASTIC SHEATH

1

PLUG-IN DESIGN w/PRE-MOLDED CASE

TYPE11Z
TRIGATE®
PULSE
TRANSFORMERS

can be obtained promptly
at factory prices from
your nearby Sprague
Industrial Distributor%
Call him now for more infor-
mation, or write to:
Sprague Products Co.

491 Marshall Street
North Adams, Mass. 01247

*Popular ratings off-the-shelf,
backed by extensive factory stocks.

SPRAGUE

THE MARK OF RELIABILITY
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COMPONENTS/MATERIALS

MINIATURE KEYBOARDS UNVEILED FOR
MINI-CALCULATORS. A 0.33 in. package
profile, 1/16 in. key travel and fast switch-
ing of low level signals are among the fea-
tures of the new Microthik miniature key-
board. The contact has a transient noise of
less than 1 msec, and requried operating
force is 3 ozs. Sample boards are available
at $15 each. Wild Rover Corp., 97 Oak St.,
Norwood, NJ 07648. Phone(201)768-
8393. 219

WELDABLE LEAD RESISTORS ARE SPE-
CIALLY ENCAPSULATED. 1/3W, 5% and
10% copperply-weldable lead carbon film
resistors are ideal for neon glow lamp appli-
cations. A temperature coefficient begin-
ning at 180 ppm/°C max., a moisture resis-
tance change of +1.5% max., and shelf life
change of 0.15% guarantees parameters
superior to carbon composition type resis-
tors. Phier International Corp., 1239 Rand
Rd., Des Plaines, IL 60016. Phone (312)
287-1560. 220

ULTRA-MINIATURE TOROID FITS IN A
WATCH. The toroid is approximately 0.100
in. in diameter and 0.150 in. thick, and re-
places a much larger cup-core inductor in
wristwatch circuits. The maker feels the
new ultra-miniature toroid will find wide
application in electronic instrumentation
and in ultra-miniature high-frequency radio
receivers. Vanguard Electronics, 930 Hyde
'Park Blvd., Inglewood, CA 90302. Phone
(213)678-7161. 221

MAGNETICALLY ACTUATED PROXIMITY
SENSORS OFFER VERSATILITY. Actuation
is by permanent magnets molded into
matching packages. Mode of operation is
varied, it can be by head-on, slide or rotary
motion, or by shunting. The 5800 Series will
switch 1/2A at T0W ac or dc, 100V dc. The
5900 series, incorporating a triac, will
switch 1 1/2A at 120/240V ac, 50/60 Hz.
Hamlin Inc., Lake and Grove Sts., Lake
Mills, WI 53551. Phone (414)648-2361.
222

56

MOLDED ABS THERMOPLASTIC CON-
TAINER AVAILABLE FOR CUSTOM CIR-
CUITRY. A container molded of high im-
pact ABS thermoplastic has been added to
the popular line of “BLACK BOXES.” The
new box, Model 3850, measures 2.69
in. x 1.81 in. X 1.37 in., supplied with
ABS cover and four self-tapping screws.
Pomona Electronic Co., Inc., 1500 E. Ninth
St., Pomona, CA 91766. Phone(714)623-
3463. 223

DO IT YOURSELF KIT MAKES INSTANT
RESISTORS. “Instant Ohm’ is ideal for
making resistors, shunts, or multipliers, for
repair, production and experimental use —
on the spot—for about 2c each. Each kit
contains 7 resistance wires ranging from 0.5
to 300€Q)/ft., 11 epoxy bobbins, instructions
and simple schematics. Kit price is $12.95
each. Chronomite Labs., 21011 S. Figueroa
St., Los Angeles, CA 90047. Phone(213)
224

320-9452.

DISC THERMISTORS OFFER COST SAV-
INGS. These Disc Thermistors have resis-
tance values extending over the very low
ohmic to the extremely high ohmic range.
They are ideally suited for use in applica-
tions where medium power dissipation is a
requirement and space not a problem. The
Disc Thermistors are available with stan-
dard lead configurations as well as special
types engineered to satisfy design require-
ments. Fenwal Electronics, 63 Fountain St.,
Framingham, MA 01701. Phone(617)872-
8841. 225

STANDARD DISCRETE RESISTOR NET-
WORKS IN DIPs. CORDIP dual-in-line re-
sistor networks in four standard configura-
tions for pull-up or in-out functions com-
bine up to 15 resistors in a package. The
standard networks provide savings in han-
dling and insertion costs. They also increase
component density and enable correspond-
ing board size reductions. CORDIP net-
works are available in 14 or 16-pin DIP
packages that meet EIA and industry stan-
dards and are fully compatible with existing
automatic insertion equipment. Corning
Glass Works, Corning, NY 14830. Phone
(607)962-4444, 226

8-POSITION ROTARY SWITCH COMES IN
TO-5 Can. The SP7T (7 live and off-posi-
tion) or SP8T (8 live positions) low-energy.
switching devices for printed circuit or pan-
el mount applications are available in knob,
or screw driver actuated versions. Price is
$1.63 each for basic rotary switch in 1000
lot quantity. Chicago Switch, Inc., 2035
Wabansia Ave., Chicago, IL 60647.
Phone(312)489-5500. 227

MINIATURE OPEN TRANSFORMERS ARE
LOW COST. Miniature open transformers,
bifilar wound, with solder pot strippable
wire offer versatile applications. You can
eliminate core search and winding time by
specifying these mini-transformers for_your
balun, floating switch, inhibit drive and
coupling applications. Order 500 and
they're 25c each. Pulse Engineering Inc.,
P.O. Box 12235, San Diego, CA 92112.
Phone(714)279-5900. 228

COATING FOR METALS ABSORBS HEAT
and increases light reflection. The newly
developed Metal Cold Mirror (MCM) coat-
ings will absorb up to 75% of the focused
heat while controlling color and increasing
visible light reflectance. Applications of
MCM coatings will increase the amount of
light reflected from the metal substrate by
up to 15%. Steel and nickel reflectors can
operate at temperatures up to 950°F and
aluminum reflectors can operate up to
550°F. Bausch & Lomb, Rochester, NY
14602. Phone(716)232-6000. 229

BREADBOARD SYSTEM FEATURES CARD-
EDGE CONNECTORS. PL-1 and PL-2, Plug-
in Socket Boards, feature one or two patent-
ed EL SK-10 component sockets on a 4-1/2
in. X 9 in. glass epoxy G10 pc board. The
board includes a 22-pin card edge connec-
tor and card extractor handle. There is no
soldering required; connections are made
with standard 22-24 AWG hook-up wire. EL
Instruments Inc., 61 First St., Derby, CT
06418. Phone(203)735-8774. 230
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GLASS RESISTORS ARE RATED FROM 100
TO 100,000 MQ). Model 104 high M resis-
tor measures 0.250 x 0.070 dia. Operating
temperature is —200°C to +150°C. Capaci-
tance is 0.1 pF. The resistive element is
semi-conductive glass, fired as a non-spi-
raled, continuous thick film on a ceramic
rod. Price is $2.50 each (1000). Eltec Instru-
ments Inc., Central Industrial Park, Daytona
Beach, FL 32014. Phone(904)252-0411.
231

PC TRANSFORMERS. The ““Lady Bug”, a
new line of commercial-grade audio PC
transformers, includes 4 case sizes and 46
electrical configurations with power ratings
from 50 mW to 2W. Lady Bug transformers
operate to +85°C ambient, withstand stor-
age to —40°C, handle an axial pull of 2 Ibs
for 5 sec and withstand solder head of
260°C for 5 sec. This new line of audio
transformers is designed for sale as a stock
item through distributors. ADC Products,
Inc., 4900 W. 78th St., Minneapolis, MN
55435 Phone(612)929-7881. 232

MINIATURE . REED RELAY FEATURES 1
BILLION OPERATIONS in both power and
dry-circuit applications. The 1A spdt indus-
trial reed relay is offered in both latching
and non-latching versions. The new Series R
relay has bifurcated rhodium or gold-plated
contacts, high sensitivity, and fast response
for operation to 500 Hz. Two constructions
are offered — plastic-encapsulated and mag-
netically-shielded. Three modes are avail-
able: polar single-side stable, single-coil
bistable latching and double-coil bistable
latching. Babcock Electronics Corp., 3501
N. Harbor Blvd., Costa Mesa, KA 92626.
Phone (714)540-1234. 233

PHOTOMETRIC  SENSOR  PRECISELY
MATCHES HUMAN-EYE SENSITIVITY.
Called the Y-BAR-1, this new sensor will be
used for the measurement and testing of
light intensity. The silicon sensor has a spe-
cial computer-designed composite glass
absorption filter that corrects the specially
selected silicon cell to match the photopic
luminosity curve as adopted by the Interna-
tional Commission of Illumination. It's re-
sultant spectral response is within 1% lin-
earity over a light-level range of six de-
cades. Photon Products, Box 1230, Cuperti-
no, CA 95014. Phone(408)296-5226. 234

PRECISION 1/2-IN. POTENTIOMETERS
WITH 0.15% LINEARITY. The rotary con-
ductive-plastic potentiometers include ab-
solute standard linearities of 0.35%, with
special linearities as close as 0.15%, a resis-
tance range of 250€) min. to 130 kQ max.,
low inertia, low torque (less than 0.1 in.-
0z.), a power rating of 1/2W and an am-
bient temperature range of —65 to +125°C.
Overall case length is 1/2 X 1/2 in. New
England Instrument Co., 14 Kendall La
Natick, MA 01760. Phone(617)873-9711.
235

HYBRID THYRISTOR REGULATOR HAN-
DLES 0.5 TO 3 kVA. The new unit offers the
facility to change from phase control to
burst control by a simple wiring change.
The hybrid assembly consists of a power
semiconductor chip (thyristor or triac), an IC
chip combining firing and control circuits,
and ancillary components, all mounted on a
2-%-1-in. substrate. The assembly is resin-
encapsulated with a mild steel plate for
mounting and heat transfer. The package
measures 2 X 1 X 0.6 in. and operates
from a 110/220V, 50-Hz power line. West-
code Semiconductors, 282 Belfield Rd.,
Rexdale, 605, Ontario, Canada. Phone(416)
677-5881. 236

GOLD V-BAR KEYBOARD SWITCHES fea-
ture low-bounce characteristics, 15-million-
cycle expectancy and low cost—less than
20c each in production quantities. These
mechanical ‘“gold v-bar”’ switches are so-
named because of their switching action
which is accomplished by moving a thin
gold wire beam spring into the vee formed
by the gold terminals. This arrangement
combines the best features and proven relia-
bility of wiping and cross-point contact. The
spring-on-spring design has the further ad-
vantage of providing high hysteresis. Me-
chanical Enterprises, Inc., 5249 Duke St.,
Alexandria, VA 22304. Phone(703)751-
3030. 237

BOURNS

COMMERCIAL/INDUSTRIAL

TRANSFORMERS

FOR POWER SUPPLIES, POWER
ISOLATION, AUDIO, CARRIER
AND BROAD BAND
APPLICATIONS

features

o Primary Voltages
to 240 volts, 50 & 60 Hz

PC Pins or Flex Leads
Designed for Your Application
High Quality

Volume Production Capacity
Low Cost

BOURNS

COMMERCIAL/INDUSTRIAL

INDUCTORS

¢

29 ea. in 100,000 piece lots
¢

36 ea. in 10,000 piece lots
¢

45 ea. in 1,000 piece lots

features

O Inductance
350 MADC, 1V, 120 Hz

o0 DC Resistance .. 0.2 ohms max.
O Size....1%"” x 1" x 1%2" approx.

For a prompt ‘‘competitive’’ reply to your
special application requirements, contact

]BOURNS PACIFIC MAGNETICS CORP

A owvision of BOURNS. Inc.

28151 HIGHWAY 74, ROMOLAND, CA. 92380
TELEPHONE: 714/657-5195 TELEX 67-6446
or
P.0. BOX 544, CONCORD, MA. 01742
TELEPHONE: 617 369-6249

CHECK NO. 24

w

~N



CIRCUITS

12-BIT D/A CONVERTER MAINTAINS
+1/2-L1SB ACCURACY FROM -55 to
+125°C. The MN413H converter may be
user-configured either as a straight 12-bit
converter or as an 11-bit-plus-sign multiply-
ing converter. The linearity of +1/2 LSB and
absolute accuracy of +1 LSB are main-
tained over the full =55 to +125°C temper-
ature range. Input logic is both TTL and
CMOS compatible and power dissipation is
500 mW. Price: 1-24 pieces ($265). The
MN413 (0 to +70°C) costs $225. Micro
Networks Corp., 5 Barbara Lane, Worces-
ter, MA 01604. Phone (617)756-4635. 170

HIGH-PRECISION  INSTRUMENTATION
AMPLIFIER Model 8300XWB-E, features a
gain accuracy of £0.01% and a gain linear-
ity of £0.01%. The amplification factor of
this preset, fixed-gain amplifier can be spec-
ified for any value between 1 and 2000X.
Bandwidth is also preset, and may be speci-
fied for any value between 10 Hz to 100
kHz at the 3-dB point. TC is less than 0.3
wuV/°c (referred to input). Preston Scientific
Inc., 805 E. Cerritos Ave., Anaheim, CA
92805. Phone (714)776-6400. 171

SOLID-STATE INDICATING TEMPERA-
TURE CONTROLLERS feature plug-in con-
struction which allows the entire control
unit to be removed from its housing without
disturbing the customer wiring on the back
housing. The controllers are accurate to
+0.5% and have a scale length of 5-3/4 in.
They are available in “proportioning con-

trol”” and “‘on-off limit"” types. Omega Engi-
Box 4047, Stamford, CT*®

neering, Inc.,

06907. Phone (203)322-1666. 172

ELECTROMECHANICAL BCD DECODER/
DRIVER WITH MEMORY. The improved
relay-tree type BCD decoder/driver employs

58

a magnetic latching relay which plugs di-
rectly into a PC board without soldering or
sockets. The decoder module is packaged
on a PC card which measures only 3 x 4
in. This decoder/driver will take any 5, 6, 12
or 24V binary-coded (1248) dc logic and
ouput the corresponding decimal. $31.50.
Printact Relay Div., Executone, Inc., Box
1430, Long Island City, NY 11101. Phone
(212)EX2-4800. 173

DIGITAL
TRANSLATOR

DIGITAL ANGLE TRANSLATOR WITH
500-nSEC SPEED. The DD-107 translator
bridges the interface between binary coded
shaft-angle data and angle scaled numerical
displays, printers and shaft-positioning de-
vices. Input resolution is 15 bits, output res-
olution is 0.01° and accuracy is +0.015°.
In quantities of 1-9, the 5-digit DD107-5 is
priced at $190 and the 4-digit DD107-4 at
$160. Interface Engineering, Inc., 386 Lin-
delof Ave., Stoughton, MA 02072. Phone
(617)344-7383. 174

DIP ATTENUATORS FOR UHF FREQUEN-
CIES. Ultra-high-frequency operation due to
short conductor lengths (0.15 in.) highlights
this new series of attenuators. Conservative-
ly rated to 500 MHz, they are available in
attenuation values of 3,6,10,15, 20 and 30
dB at 500 impedance. All are rated at 100
mW of power dissipation. The series fea-
tures thick-film construction, has a VSWR
rating of 1.2:1 and is available from stock to
2 weeks. Morris Enterprises, Inc., Microcir-
cuit Div., 16799 Schoenborn St., Sepulveda,
CA 91343, Phone(213)894-9103. 186

PHASE LOCKED OSCILLATORS COVER
5855 TO 8500 MHz. A new series of phase
locked oscillators for both the common-
carrier and military-band relay-link systems
operate in the frequency ranges of 5855
through 8500 MHz. The Model 4818 Series
provides a minimum of 50 mW of power
output with =0.0005% stability over the
temperature range of —30 to +70°C. Zeta
Laboratories, Inc., 616 National Ave.,
Mountain View, CA 94040. Phone (415)
961-9050. 187

CONDUCTION-ANGLE POWER CON-
TROLLER LPA-1 is a new single-phase SCR
unit designed to control 50/60 Hz of power.
It operates into resistive loads and can also
operate transformer coupled loads under
certain conditions. The output power corre-
sponds to a command signal from a process
controller. Models are available for 120,
208/240 and 480V operation. Standard out-
put currents are 30 and 50A in a 50°C am-
bient. Halmar Electronics, Inc., 1544 W.
Mound St., Columbus, OH 43223. Phone
(614)276-0131. 175

ISOLATED POWER MODULES. The
CEATA Series provides integral isolation
from 20 dB (standard) up to 100 dB (option-
al) protecting against destructive and an-
noying extraneous voltages. This high de-
gree of isolation is obtained by reducing the
primary-to-secondary capacitance of the
power transformer. The Series offers such
standard features as shielded transformers
for electrical isolation within the system,
100% testing after a 16h burn-in for guaran-
teed specification (test data included with
shipment) and a three-year guarantee for
parts and labor. CEA, Div. of Berkleonics,
Inc., 1 Aerovista Park, San Luis Obispo, CA
93401. Phone (805)544-5454. 176

LOW COST AC/DC-TO-DC CONVERTER
LINE. Termed the Q4-25 Series, the new
line operates from 103 to 127V ac, 45 to
880 Hz and 140 to 180V dc. Outputs are
available in 5, 6, 12, 15, 24 and 28V at
25W. Efficiencies of up to 70% are avail-
able with regulation of 0.5% for line and
2.0% for load. Ripple is 0.2% rms, operat-
ing temperature is —20 to +71°C and size is
4 X 4 X 2in. Price is $140 each in 1-to-4-
piece quantities. Aaron-Davis Co., 1720
22nd St., Santa Monica, CA 90404. Phone
(213)829-1834. 177

POWER AMPLIFIER PROVIDES 300 mW
FROM 2 TO 500 MHz. The Model 500 L
combines the advantages of thin-film hybrid
ICs with an IC power supply to boost the
output of any signal source by 27 dB. $295.
Electronic Navigation Industries, Inc., 3000
Winston Rd. S., Rochester, NY 14623,
Phone (716)473-6900. 178

E D:N N-ONMEM BIERFA 1297 9



TUNABLE L-BAND DIPLEXER COVERS
962 TO 1213 MHz. Model 2905 diplexer
has two channels that are tunable over the
frequency range of 962 to 1213 MHz.
Channel bandwidth is constant at 13 MHz
with a 1-dB loss. Isolation is 66 dB with a
63-MHz channel separation. The connec-
tors are type N and systems mounting holes
are provided. Small-quantity price and de-
livery is $720 and 4 weeks, respectively.
Microwave Filter Co., Inc., 135 W. Manlius
St., E. Syracuse, NY 13057. Phone (315)
437-4529. 179

UNIVERSAL 3-PHASE RFI POWER-LINE
FILTERS. New 3-phase 5-section T Series
RFI power-line filters feature the smallest
high-current types available (4 X 4 X 4 in.)
and come in 20A (20T48), 30A (30T48) and
60A (60T48) models for operation at 115 to
440V ac, 50 to 60 Hz. The T Series RFlfilters
have 1.5 mA of maximum leakage current

and will withstand a 2100V dc high-pot |

test. Price ranges from $29.50 to $90. Cor-
com, Inc., 2857 N. Halsted St., Chicago, IL
60657. Phone (312)327-6566. 180

THREE NEW HYBRID CATV AMPLIFIER
MODULES: Type MHW560 provides 16-dB
power gain, 8.5-dB noise figure and a band-
width of 40 to 300 MHz (within =0.3 dB).
The MHW561 provides an additional 15-dB
gain and is intended as the output function
in a line extender. Cross-modulation distor-
tion is =57 dB at 47 dB mV output (21
channels). Type MHW562 offers 15-dB gain
which is provided with cross-modulation
distortion of —60 dB (+50 dB mV output
and 21 channels). Prices for 25 to 99 quanti-
ties are MHW560 ($39), MHW561 ($44.50)
and MHW562 ($50.50). Motorola Semicon-
ductor Products, Inc., Box 20924, Phoenix,
AZ 85036. Phone (602)273-3466. 181

are

bones

recorder

Now, for the first time, you can buy an O.E.M. configuration recorder
at the low O.E.M. price.

This is a complete eight channel recorder. Included is precision high
speed galvanometer (d.c. to 150 Hz), amplifiers, power supplies, and
multi-speed drive.

Just plug it in and put it to work for only$3 388 I
’ =

INDUSTRIES
INC.

A DIVISION OF ATLAN TOL INDUSTRIES. INC

CHECK NO. 22

ATLAN TOL INDUSTRIAL PARK
WEST WARWICK. RHODE
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new shaded-pole motor

speed regulated with precision speed control

Accurate speed control over a wide torque range (see speed /torque curve).
Infinitely variable speed adjustment within speed range while motor is running
—selected by externally setting a potentiometer control. No-load to full-load
speed regulation throughout the 10:1 speed range of 300 — 3000 rpm. Up to .01
hp with standard control circuitry. Preassembled speed control circuits now
available for prototype model testing. Consult your Barber-Colman
representative for details, or write direct for new Bulletin No. F-14897.

BARBER
COLMAN

BARBER-COLMAN COMPANY

Electro-Mechanical Products Division

Dept. K, 12106 Rock Street, Rockford, lllinois 61101

CHECK NO. 42

N you buy our DPM’s

because of low price,

expect some pleasant surprises.

Newport builds low-cost
DPM's loaded with standard fea-
tures not even possible on compe-
titive models.

Take our new Series 2000B
— 4% digits for $280. Reads a full
20,000-counts at 30 readings per
second without sacrificing 0.01%
accuracy. And only Newport gives
you *BIG-BCD outputs (*Buffered,
Isolated, Gated) to reliably drive
long cables or to form a multiplex-
ing data buss.

Plan to significantly reduce
checkout time. With the Series
2000B you can ignore ground loops.

True differential inputs compensate
for common-mode noise voltage
and guarantees immunity up to 6
volts. All this plus so much more
are protectively packaged in an
extruded-aluminum shield-case.

See for yourself! Ask for some
pleasant surprises with details on
the Series 2000B DPM, or any of
Newport's 150 matching meters.
The panel instruments you install
and forget.

Newport Laboratories Inc.,
630 East Young Street, Santa Ana,
California 92705 (714) 540-4914.

SERIES 2000B DPM: 19,999 counts ® DC voltage and current models
30 rdgs/sec ® 2Y2"H x 472"W x 5”D. ® 0.01% accuracy ® BIG-BCD output

Newport Digital Panel Instruments

CHECK NO. 43
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CIRCUITS

HIGH-VOLTAGE POWER SUPPLY DE-
SIGNED FOR PHOTOMULTIPLIER USE.
Model RMX308 has an output voltage from
1250 to 2500V and Model RMX309 from
2300 to 4000V. Each can deliver 200 mW
output at all voltages in its range. Input cur-
rent is less than 60 mA. Load regulation is
0.5% for the RMX308 and 2% for the
RMX309, for no-load to full-load regulation.
Both units have +0.05% line regulation for
28V dc, +10% input variations. Ripple is
0.01% rms. Each encapsulated supply mea-
sures 2 X 2 X 2 in. Spellman High Voltage
Electronics Corp., 1930 Adee Ave., Bronx,
NY 10469. Phone(212)671-0300. 182

LOW COST DOUBLY BALANCED MIXER
OPERATES TO 500 MHz. Model DBM-166
mixer, is for general purpose use in CATV
translators, low-cost receivers, modulators
and other commercial communication
equipment. Conversion loss is typically 6
dB, and Interport Isolations of 40 dB are typ-
ical up to 100 MHz. Price (1-24, $15.00)
(100-999, $6.95). The Vari-L Co., 3883
Monaco Pkwy, Denver, CO 80207. Phone
(303)321-1511. 183

WIDEBAND TUNABLE COAXIAL MAGNE-
TRON OKH1663 DELIVERS 75 kW PEAK
POWER OVER 32 to 35 GHz. Pulse width is
0.1 to 1.0 usec with a duty cycle of up to
0.001. Peak voltage is 16.5 kV with peak
current of 16.25A. The magnetron can be
supplied with either a knob-type tuner drive
or a shaft extension to accommodate a mo-
tor drive. The 12-Ib tube is air cooled and
has an integral magnet package. Raytheon
Co., Microwave and Power Tube Div.,
Foundry Ave., Waltham, MA 02173. Phone
(617) 899-8400. 184

MINIATURE THERMOCOUPLE AMPLI-
FIER IS SELF-POWERED. The OMNI-AMP |
is a completely portable microvolt amplifier
that will boost thermocouple signals up to
100 times. A choice of seven fixed gains
plus a variable gain are provided. The fre-
quency response is from dc to 10 kc. Priced
at only $85 complete with batteries, jacks
and adaptors. Omega Engineering, Inc.,
P.O. Box 4047, Stamford, CT 06907. Phone
(203)322-1666. 185

EDN NOVEMBER 1, 1972



y o s

\ g; \\5§
N
N :

ABC or ACB?

PHASE SEQUENCE INDICATORS
AND RELAYS PROTECT YOUR EQUIPMENT
Technical information available on request

"’ -TEKCORPORATION

2220 S. Anne St., Santa Ana, Ca. 92704  (714) 540-3520
CHECK NO. 26

pesmisl Lock

COMPLETE GUIDE TO

PROJECT
MANAGEMENT

by Dennis L. Lock

arce DU EG |

=
2
€3
=
=

Here is the perfect introduction to project management, the
technique that was created to deal with the complex activities
of modern industry—planning, costing, controlling and eval-
uating projects so they are completed on time and to specs
and budget.

With over 60 how-to-do-it illustrations and many practical
examples, this book covers all the basics including defining
the task, estimating costs, pricing, planning the time scale,
scheduling, materials control, maintaining the program, modi-
fications, build schedules, concessions and relating achieve-
ment to expenditures. CPM and PERT are also explained.

Complete Guide to Project Management is essential reading
for anyone, on either the technical or managerial side of
industry, with any responsibility for projects. 224 pp. $10.95

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

Cahners Book DIVISION
89 Franklin St., Boston, Ma. 02110

$58/M0809

\-----------

If you’re on the verge of open insurrection
over frequency counters that deliver too
much price and not enough performance...
JOIN THE HEATH/SCHLUMBERGER
COUNTER REVOLUTION!

S

We've got a new series of high frequency counters
that combines exceptional performance and features
with low cost. Standard features on all three models
include 7-digit LED readout plus overrange...high sta-
bility time base...automatic decimal point switching...
very high input sensitivity...combination carrying
handle/tilt stand.

Revolutionary Idea #1: our new SM-110A...Direct
counting 1 Hz to 200 MHz range...input sensitivity:
10 mV @ 35 MHz, 15 mV @ 200 MHz...one megohm/
15 pF and 50 ohm inputs...4 time-base ranges...1 MHz
crystal time base with 7.5 ppm/yr stability...all for
only $495.00*.

Revolutionary Idea #2: the SM-110B...features the
same range, input sensitivity and separate inputs as
the SM-110A above...plus 1 MHz TCXO time base
stable to 1 ppm/yr...complete programmability for
Range, Reset, Input Select, Count Inhibit, all standard
TTL-level. Outputs: 7 digits of BCD, Overrange Flag,
Decimal Points, Print Command, 5 V reference and
ground...just $625.00.*

Revolutionary Idea #3: the new SM-110C...with all
the features of both the A and B models above...plus
a 600 MHz range (prescaled by 10) for the high fre-
guency input. Imagine... measurement capability into
the UHF region for only $795.00!*

Use the coupon below to send for the free SM-110
series brochure...and join the Heath/Schlumberger
Counter Revolution!

P.S.: We've also got a complete line of counters, pre-
scalers and timers starting at $350...send for our
free catalog for complete information.

T B e (e

Schlumberger
Heath/Schlumberger Scientific Instruments
Dept. 531-231
Benton Harbor, Michigan 49022

[JI'm ready to join the Counter Revolution... please send the SM-
110 series brochure.

[ Send complete instrumentation catalog . . . including addresses and
telephone numbers of the 36 company-owned distribution centers
that provide sales and service.

Name
Company/Institution
Address.
City. State Zip.

Prices and specifications subject to change without notice.
*Mail order prices; F.0.B. Benton Harbor, Michigan X
EK-350

CHECK NO. 27
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Miniature, Crystal
Controlled Clock Oscillators
Have 300,000 Hrs. MTBF

And at competitive prices too!. Available in
T0-5, T0-8, and DIP versions, the new line of
Q-Tech crystal clock oscillators have an MTBF
of 300,000 hours. TO-5 units have a range of
6-25 MHz, while T0O-8 and DIP versions have a
range of 400 Hz to 25 MHz. Temperature ranges
available from —55°C to 105°C and 0°C to
50°C.

These new hybrid, thin film oscillators have
outputs capable of driving a multiple TTL load,
are designed to start under any combination of
temperature and voltage, and are capable of
withstanding high levels of shock and vibra-
tion.

Prices start at $13.00 each at the 1000 level
Write or call for complete details.
CRYSTAL OSCILLATORS AND FILTERS

Q-Tech Corporation
11529 W. Pico Bivd., Los Angeles, Calif. 90064
(213) 473-1105

~ CHECK NO. 48

Help college

help you:

Businesses like yours gave over
$340,000,000 to higher education last year.

It was good business to do so. Half of
all college graduates who seek work go into
business. The more graduates there are,
and the better educated they are, the more
college serves the business community.

Your money was vital to colleges. It
relieved financial pressures, made planning
more flexible, and contributed to the kind
of basic and applied research that puts new
knowledge and technology at the service
of industry.

So that colleges can continue to help
you, give to the college of your choice now.
For information on ways to do it, please
write on your letterhead to Council for
Financial Aid to Education, Inc., 6 East
45th Street, New York, N.Y. 10017. Ask for
the free booklet, “How Corporations Can
Aid Colleges and Universities

EE Council for Financial Aid to Education, Inc.

Advertising contributed for the public good. ‘€Z)"

-,

| Phone(609)829-8900.

- COMPUTER PRODUCTS

DISC PACK SYSTEM FOR MINIS STORES
UP TO 44M BITS and is composed of a disc
controller and one to eight disc drives. The
controller is an automatic transfer, block
oriented device. Read, write, and select rou-
tines provide the software required to put
this system on-line, while a diagnostic pro-
gram verifies correct operation, or notifies
the user of malfunction. Per Data’s disc sys-
tem is available for any of the computers in

| use today —mini or maxi. Per Data, 102

New South Rd., Hicksville, NY 11801.
Phone(516)938-2851. 244

‘ DATA ENTRY SYSTEM IS ACTIVIATED BY
‘VOICE. The VIP-100 can be used by any
| speaker regardless of language, vocabulary
or accent for machine control and computer
data entry systems. Expansion for multi-
speaker operation is available. A number of
options are available on the system includ-
ing vocabulary expansion to 100 words,
telephone interface, voice response, hard
copy and special visual display. The basic
system, including teletypewriter, minicom-
puter and display, costs $17,500. Threshold

Technology Inc., Cinnaminson, N ] 08077.
245

READ/WRITE CORE MEMORY HAS 330
NSEC ACCESS TIME. This 3D-3 wire mem-
ory is available as 4k x 18 or 8k x 8 bits
with a 900 nsec cycle time. It is field altera-
bleto 32k x 18 or 64k x 9 bits, with oper-
ating temperature range 0-50°C and features

a power protect circuit. The board size is
15 x 10 X 0.6 inches and uses two 72 pin
edge connectors with 0.125 in. centers.
Prices start at $1199. Unicom International,
1275 Bloomfield Ave., Fairfield, N J 07006.

246

DIGITAL PRINTER COMES IN KIT FORM.
The Model 722k main frame provides for
10, 20, 30, 40, or 60 Ips with a line width of
22 numeric or A/N characters. A/N charac-
ters follow the ASCIl format but without
lower case. Accessories of all kinds are
available . . . from slide tracks to complete
cabinets, as well as power supplies, circuit
boards, switches and similar electronic
items. Price of the basic unit is under $500.
Datadyne Corp., 37A Valley Forge Ctr,,
King of Prussia, PA 19406. Phone(215)265-
1793. 247

ELDORADO

NEW MINICOMPUTER BOASTS EASE OF
USE. The ee 200 features: a universal bus
with space for 12 memory and/or peripheral
devices in the basic unit, DMA, priority in-
terrupts, bipolar or core memory, 69 basic
instructions which are both 8-bit byte and
16-bit word oriented, 4k bytes of core
memory standard, 16 levels of 16 GP regis-
ters, a bootstrap loader and serial teletype
interface, and a stack pointer for fully recur-
sive programming. $1915 w/4k bytes of
core, $2600 w/8k bytes. Eldorado Electro-
data Corp., 601 Chalomar Rd., Concord,
CA 94518. Phone(415)686-4200. 248
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CARD READERS READ BOTH MARK-
SENSE AND PUNCH CARDS. Models 6028
and 6029 are compact units designed to
read punched and hand-marked data simul-
taneously or separately to a computer or
magnetic tape. Model 6028 reads cards in
the IBM format—80 punched columns and
27 marked columns—and Model 6029
reads cards with a pre-printed timing
track —80 columns for punched or marked
data. The units can read the cards face-
down or face-up, at a rate of 225 or 400
cards/min. $2780 and $2900. Mohawk
Data Sciences Corp., 781 Third Ave., King
of Prussia, PA 19406. Phone(215)337-1910.

249

READ/WRITE MEMORY ADDED TO PDP-
14 PROGRAMMABLE CONTROLLER. Digi-
tal’s new read/write memory option is a sin-
gle 4k word package priced at $2750. It is
specially protected for harsh industrial envi-
ronments and it allows the user to make
quick on-line changes in the controlled
machinery, without dedicating a computer
to the application. It is implemented with
standard relay symbology or Boolean equa-
tions. Digital Equipment Corp., McCormick
Place, Maynard, MA 01754. Phone
(617)897-5111. 250

GIVE YOUR MINICOMPUTER A VOICE. |

The S-11 is a new peripheral for PDP-11s
which plugs directly into the UNIBUS. Out-
put is through a speaker or headset. Also, a
TOUCH-TONE input decode option pro-
vides remote two-way communications.
Standard software consists of an output rou-
tine for generating speech from a stored
vocabulary table and a composer for use in
adding words or modifying inflections. In-

terfaces and software for most other mini-

computers are also available. Interface Sys-
tems, Inc., 5 Research Dr., Ann Arbor, Ml
48103. Phone(313)769-5900. 251

ADD-ON CORE MEMORY QUADRUPLES
MEMORY OF HP 2114 A/B MINIS. The
DSS system is available in seven sizes, 4k,
8k, 12k, 16k, 20k, 24k, and 28k, thus allow-
ing for combinations of HP and DSS memo-
ry totaling 32k words. The DSS extension
memory is completely hardware and soft-
ware transparent to the HP 2114 A/B com-
puters. The controller and memory mod-
ule(s) are housed in a standard 5-1/2 in.
RETMA rack unit. Digital Systems Services,
P.O. Box 1239, Mountain View, CA 94040.
Phone (415)968-4257. 252

SEMICONDUCTOR MEMORY REPLACES
CORE IN PDP-12. The RAM, which plugs
directly into the PDP-12 chassis, is both
electrically and physically compatible with
the DEC core memory. It provides up to
twice the storage capacity in the same
space, requires less power drain and has
wider operating margins. 4k of expansion
memory costs $2850 while 8k is priced at
$4050. The add-on memory is expandable
in 4k increments to a total of 28k. Signal
Galaxies, Inc., 6955 Hayvenhurst Ave., Van
Nuys, CA 91406. Phone(213)988-1570.
253

INCREMENTAL CASSETTE RECORDER
OFFERS HIGH SPEED. The PI-72 permits
bidirectional character by character opera-
tion during both record and playback on a
completely asynchronous basis at any rate
from 0 to 300 cps. The PI-72 is free of all
code, format, and record length restrictions
and it provides a ninth bit for control or for
use with extended code sets. Thus full 8-bit
binary data can be recorded without restric-
tion. Single unit price is $1015. Internation-
al Computer Products, Inc., P.O. Box
34484, Dallas, TX 75234. Phone (214)239-
5381. 254

NEW RARE EARTH

COIUmb’a first for
‘/ transducers and control

CHECK NO. 28

SELF AMPLIFYING PIEZOELECTRIC PRESSURE SENSOR

RANGES FROM .01 to 50,000 psi

The COUMBIA Series INP-50 Transducers are made with a
. newly discovered piezoelectric crystal composition to pro-
vide self amplification. These completely self-contained
units did not require auxiliary electronics and are
., ready for immediate use to measure and control
» blasts and surges in all pressure systems.

COLUMBIA RESEARCH LABS., INC.
Woodlyn, Pennsylvania 19094
Telephone: (215) 532-9464

Call or Write:
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We re the power
3 semiconductor
| specialists.

od for us.
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That's right, better for you. And
for more reasons than one.

When a company has specialized
for 25 years in rectifiers and thyristors,
it can come up with better new prod-
ucts to answer almost any design
requirement.

New products. Better design al-
ternatives. One good example is our
Schottky Power Rectifier, which
makes great increases in power con-
version efficiency. Another is the
PACE/pak™ molded assembled cir-
cuits, which reduce costs many ways.

Now, we are far along in the de-
velopment of some exciting new
products. Like new series of faster
recovery rectifiers, low-cost, high per-
formance SCRs, and high-frequency
SCRs, including what we believe is
the best 125 Amp device ever built.

But the present and future prod-
ucts are just one of the reasons you'll
do better with IR.

100% testing. Quality assur-
ance programs. Since rectifiers and
thyristors are our only business, we've
grown by solving problems for our
customers. Our products have to be
tops. Our service has to be exception-
al. We can't afford anything less, be-
cause you can't.

That's why we maintain a highly
effective QC program, and do exten-
sive testing...still 100% on both
high and low power devices. Some
companies may have abandoned this
practice in the face of today's high
costs. But for us, abandonment is too
high a price to pay.

25 years of applications know-
how. We also know it takes more than
a good data sheet to help equipment
designers arrive at the best circuit de-
sign with the best device. That's why
we've continued to expand our Appli-
cations Engineering group.

When you need an applications

Better for you.

engineer with a strong background in
your productfield, that's what we send.

Leadership. International
strength. When you consider a
source, it is always good to know its
standing in the field. And in the field
of power semiconductors, IR builds
and sells more devices world-wide
than any other company.

However, as good as specializa-
tion has been for us, it can be even
better for you.

If our better design alternatives
improve your product, you win new
customers.

If we can help you lower costs,
your profit grows.

And if we provide higher relia-
bility, it helps you keep your customers.

We've done these things for other
companies. We'd like to do the same
for you. Write International Rectifier,
233 Kansas Street, El Segundo, CA,
90245.

International
Rectitier

...the innovative power people

CHECK NO. 44
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TEMP-R-TAPE:

GREAT ELECTRICAL
PROPERTIES

PLUS

MOST ANYTHING
ELSE YOU MIGHT
WANT IN A TAPE.

Like high tensile or tear
strength; excellent abrasion,
thermal, and chemical
resistance; exceptional
dimensional stability;
excellent conformability; and
a low-friction, easy-release
surface. Because
Temp-R-Tape® is a complete
tape ‘‘family’’ available in a
variety of materials like
polyester, polyester/rope
paper laminate, Teflon*,
Kapton*, and fiberglass.
Supplied with thermosetting,
silicone, or acrylic pressure-
sensitive adhesive.

Find your CHR distributor in
the Yellow Pages under
“Tapes, Industrial’” or in
industrial directories. Or

write for details and sample.
The Connecticut Hard Rubber
Company, New Haven,
Connecticut 06509.

*T.M. of DuPont

a HITCO company

CHECK NO. 29
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y SEMICONDUCTORS

90-KEY ENCODER FEATURES TRI-STATE™V
DATA OUTPUTS. The new MOS/LSI key-
board encoder is a complete interface sys-
tem capable of encoding 90 single pole,
single throw switches to a usable 9-bit code.
It is organized as a bit-paired system ca-
pable of either N-key or two-key rollover.
Pricing in 100-up: Ceramic DIP is $18.16;
Epoxy-B DIP is $15. National Semiconduc-

| tor Corp., 2900 Semiconductor Dr., Santa
Clara, CA 95051. Phone(408)732-5000.
188

HIGH SPEED 741 OP AMP IS 4 TIMES
FASTER. Input offset (l,5) and input bias (1)
currents are also improved. The 741HS,
available in MIL and commercial tempera-
ture ranges, is a pin-for-pin equivalent to the
standard 741. 100-piece price for the com-
mercial-temp version, packaged in a plastic
8-pin MINIDIP or TO-5 can, is $0.95. Inter-
sil, 10900 N. Tantau Ave., Cupertino, CA
95014. Phone (408)257-5450. 189

DUAL AUDIO AMP IC IS RATED AT 2W
PER CHANNIEL. The LM377 has a high in-
put impedance (>10m{) which is ideal for
the ceramic phone cartridges found in most
home stereo sets. Gain is 100 dB and distor-
tion is only 0.5% at 1 kHz. Power band-
width for the LM377 is 65 kHz. Supply volt-
age is 18V dc. Itis priced at $3.95 in quanti-
ties of 100. National Semiconductor Corp.,
2900 Semiconductor Dr., Santa Clara, CA
95051. Phone (408)732-5000. 190

LINE DRIVER FACILITATES PARTY-LINE
OPERATION. The MC75113 was designed
to be used in data transmission systems
where numerous drivers and receivers share
a common twisted-pair line. It features a
TTL compatible four input OR gate and out-
put currents of nominally 20 mA. Output
current mismatch is a max. of 3 mA. Propa-
gation delay time is 25 nsec. The device
sells for $3.10 in 100-up quantities. Motoro-

la Semiconductor Products Inc., P.O. Box
20912, Phoenix, AZ 85036. Phone
(602)273-6900. 191

PHOTOTRANSISTORS PROVIDE HIGH
GAIN AT LOW LIGHT LEVELS. Designated
the SD 3442 and SD 5442 Series, they offer
the stable performance associated with reg-
ular phototransistors along with the ability
to function at very low light levels —typical-
ly 1T mW per CM? compared with the 20
mW per CM? generally required. Prices are
$4 each at the 1000-piece level. Spectron-
ics, Inc., 541 Sterling Dr., Richardson, TX
75080. Phone (214)231-9381. 192

HIGH SPEED MOS UNIVERSAL SYN-
CHRONOUS RECEIVER TRANSMITTER
(U-SRT) subsystem achieves input strobe
widths of 200 nsec, output propagation de-
lays of 250 nsec, and receiver/transmitter
rates of 250 kilobaud. TRI-state output lev-
els are also provided for those output signals
which are busstructured. Available in a 40-
lead dual inline cermaic package, the price
is $30 in small quantities. Standard Micro-
systems, Corp., 1230 Bordeaux Dr., Sunny-
vale, CA 94086. Phone(408)734-8444.
193

SI-PLANAR TRANSISTOR OPERATES AT
FREQUENCIES UP TO 5 GHz. The low-
power epitaxial NPN Silicon microwave
planar transistor is characterized by a low
noise figure, high gain and low distortion.
The ceramic strip-line metal casing (approx.
3.5 mm X 3.5 mm) has been designed for
use in microwave integrated circuits. Sie-
mens Corp., 186 Wood Ave., Iselin, N |
08830. Phone (201)494-1000. 194

DUAL LINE RECEIVER FEATURES +100
mV INPUT SENSITIVITY. The device re-
quires input current of less than 100 uA al-
lowing it to be used in bus organized sys-
tems. As many as 100 receivers may be
used per line. The SN75140P features ex-
ternally adjustable threshold from 1.5 to
3.5V. Price in 100-piece quantities is
$2.52. Texas Instruments Inc., 13500 N.
Central Expressway, Dallas, TX 75222.
Phone(214)238-2011. 195
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SEVEN MORE FUNCTIONS JOIN 54/7400
TTL SERIES. 54/74124, universal pulse gen-
erator features clock and delayed pulse
generation, and positive Schmitt trigger
input. 130, 131, quad 2 input, open collec-
tor AND power drivers, features 100 mA
T 15 and 30V ratings. 138, 139, quad 2
input, open collector OR power drivers are
pin compatible with 54/7432. 135 and 137,
quad/hex nand Schmitt triggers features
high input impedance —compatible with
54/74L, MOS, HLL and high voltage trans-
ducers. ITT Semiconductors, 3301 Elec-
tronics Way, West Palm Beach, FL 33407.
Phone(305)842-2411. 196

MONOLITHIC PHASE LOCKED LOOP
OPERATES TO 500 kHz.The XR-567 oper-
ates over a 0.01 Hz to 500 kHz frequency
band and has a logic compatible output
which sinks up to 100 mA of load current.
The center frequency stability rated at 25°C
case temperature is 35 ppm/°C. Bandwidth
is adjustable from 0 to 14% and the PLL cir-
cuit is designed to reject out-of-band signals
and noise. Exar Integrated Systems, Inc.,
750 Palomar, Sunnyvale, CA 94086.
Phone(408)732-7970. 197

HIGH-POWER SCRs ARE MOUNTED IN
WATER COOLED PACKAGES. A new fam-
ily of high-power SCRs and diodes incor-
porating a 2-1/2 in. diameter silicon slice,
designated type D1200, is offered in a cap-
sule package or in a flat-base package for
single sided cooling. The SCRs have current
ratings of up to 1500A and handle transient
voltages to 3.5 kV. Surges of up 16,000A
can be accomodated. Diodes have current
ratings up to 1500A. Westcode Semicon-
ductors, 282 Belfield Rd., Rexdale 605
Ontario, Canada. 198

ECL DRIVER AND RECEIVER INTERFACE
WITH TTL AND MOS. The ““10124"" quad
differential line driver can also function as a
TTL-to-ECL translator. Inputs are diode-
clamped and compatible with standard
Schottky TTL levels, and the outputs operate
at standard “ECL 10,000” levels. In plastic,
they sell for $4 each when purchased in
100-piece lots. Signetics, 811 E. Arques
Ave., Sunnyvale, CA 94086. Phone(408)-
739-7700. 199

25¢ to buy

; hours to ship

Low price for open trans-
formers-bifilar wound with

two color, solder pot strippable
wire. Try them for your balun,
floating switch, inhibit drive and
coupling applications. Order 500
and they are only $.25 each.

ELECTRICAL SPECIFICATIONS

¥ Quick delivery means shipped

within 24 hours of your order,
any part shown below. Delivery is

in lots of 50. Ask for a quote

when you want thousands.

Eliminate core search and winding

time.

Primary ET Cww LL DCR
Catalog Turns OCL Volt-usec pf uH ohms
Number Ratio 5% xH min Min max max max
PE 52104 1:1 10 1.0 1.5 0.18 .14
PE 52106 1:1 20 1.3 2.0 0.20 S B
PE 52108 1:1 35 1.6 2.5 0.20 .23
PE 52110 1:1 60 1.8 3.5 0.22 25
PE 52112 124 85 21 4.0 0.22 .28
PE 52114 11 125 2.7 5.0 0.22 .30
PE 52116 14 160 2.8 6.5 0.22 .35
PE 52118 14 215 2.8 8.5 0.22 .35
PE 52120 12l 240 3.2 10.0 0.22 .37
PE 52122 121 290 3.6 12.0 0.22 41
PE 52124 1:3 360 3.9 12.5 0.24 42
PE 52126 14 385 4.2 12.5 0.28 .48
PE 52128 1:1 445 4.4 14.0 0.28 .50
PE 52130 1:1 515 4.9 14.5 0.32 .54
PHYSICAL DIMENSIONS
Lead Length: Rating Range
Start 1.5 in. min. Average Power Rating (40°C Rise) 250 mw
Finish .75 in. min. Dissipation Rating 75 mw
0.D.—0.220 max. Peak Pulse Voltage 50 volts
Height—0.100 max. High Potential Test 200v rms

Inspection per MIL STD 105 1% AQL Level 2

Pulse
Engineering
Inc.

Insulation Resistance 10,000M ohms

A Varian Subsidiary

Pulse Engineering, Inc.

P. O. Box 12235 * San Diego, Calif. 92112
Phone 714-279-5900 ¢ TWX 910-335-1527

CHECK NO. 30
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LITERATURE

TRIMMERS/POTS/SWITCHES/RESISTOR

NETWORKS. A new 8-page distributor
short-form catalog describes the operating
characteristics of 56 types of cermet, carbon
and wirewound trimmers, potentiometers,
cermet DIP resistor networks, and rotary
selector switches. CTS Corp., 905 North

West Blvd., Elkhart, IN 46514, 255
FRACTION/DECIMAL/MILLIMETER
EQUIVALENTS CHART. A free frac-

tion/decimal/millimeter cquivalents chart
on 8-1/2-x11-in. card stock includes milli-
meter equivalents to the third decimal con-
forming to the adopted standards as pub-
lished by the National Bureau of Standards.
A 15-month calendar on the reverse side
shows the year 1973 and the first 3 months
of 1974. Boker’s, Inc., 3104 Snelling Ave.,
Minneapolis, MN 55406. 258

HIGH-TORQUE AC TIMING MOTOR is
featured in a new bulletin. The two-page
bulletin describes the S9100 Series indus-
trial timing motor. This unit offers high
torque in the 720-to-20-RPM timing range.
Dimensional drawings, a wiring diagram
and general electrical and torque specifica-
tions are included. North American Philips
Controls Corp., Cheshire Industrial Park,
Cheshire, CT 06410. 269

‘TECH TIPS’ EXPLAINS RIGHT AND
WRONG WAYS TO FIRE THYRISTORS.
“Tech Tips 4-2,” explains the one correct
way and the two incorrect ways of causing a
thyristor to turn on. Illustrations help give a

better understanding of how firing occurs.
Westinghouse Electric Corp., Box 2278,

Pittsburgh, PA 15230. 265

LIQUID-CRYSTAL INFORMATION. “Lig-
uid Crystals,” Kodak Publication No. JJ-14,
describes liquid-crystal compounds and
their classifications —nematic, smectic and
cholesteric. For application in the measure-
ment of surface temperature variations, the
publication lists more than 100 liquid-crys-
tal mixtures available from Eastman Organ-
ic Chemicals. B

Eastman Kodak Co., 343 State St.,

Rochester, NY 14650. 268

68

DATUM SHORT-FORM CATALOG. This
12-page catalog covers the general product
areas of each of the company’s four divi-
sions. It contains a brief description of the
company, specifications on typical magnet-
ic tape input/output systems, digital cassette
drives and mass memory devices, all with
software and interfaces to a wide range of
minicomputers. DATUM, Inc., 170 E. Liber-
ty Ave., Anaheim, CA 92801. 256

DIRECTORY OF ELECTRONIC DATA
PROCESSING FIRMS. The Directory con-
tains a listing of nearly 600 organizations in
the computer services industry who offer
data processing, software and timesharing
services. ADAPSO'’s membership represents
more than 40% of the total industry as re-
ported in the directory. $10. ADAPSO, 551
Fifth Ave., New York, NY 10017. 260

DIGITAL TRANSMISSION SYSTEMS. This
short form catalog includes information on
systems capability, and products such as
D1, D2 subscriber-carrier, wideband data
and SM-T terminals. Also detailed are VI-
COM'’s  multiplex-microwave capability,
outside line equipment, test equipment, and
span terminating equipment. Vicom, 77

Ortega Ave., Mountain View, CA 94040.
263

SOLID-STATE CONTROL DEVICES. A full
line of solid-state control devices—timers,
photoelectric controls, resistance-sensing
and multi-pole relays—is described in a
condensed catalog sheet. Regent Controls,
Inc., Harvard Ave., Stamford, CT 06902.
267

PROXIMITY-FOCUSED IMAGE INTENSI-
FIER. An 11-page booklet entitled ““The
Proximity-Focused Image Intensifier’” ex-
plains the basic operation of the proximity-
focused image intensifier and compares it to
other types of image intensifiers. It also con-
tains a section on the Channeltron electron
multiplier array and how it is used in con-
junction with proximity-focused image in-
tensifiers. Bendix Corp., Teterboro, N |
07608. 261

SEMICONDUCTOR MEMORY TEST SYS-
TEM. A new page brochure illustrates
the Venture Il Semiconductor memory test
system, a dedicated system that provides 10
MHz real-time functional testing of MOS,
TTL, and ECL RAMs, ROMs and shift regis-
ters. Computest Corp., 3 Computer Dr.,
Cherry Hill, N ) 08002. 257

MODULAR DATA COMMUNICATIONS
SYSTEM. An 8-page brochure describes a
new modular approach to adding low-cost
IBM-compatible data communications cap-
abilities to either an existing or future sys-
tem. The brochure contains a functional
description and suggested design configura-
tions for the data communications modules.
Pertec, 10880 Wilshire Blvd., Los Angeles,
CA 90024. 262

VIDEO DELAY LINE. Product bulletin
MCA-5.04 entitled "“Video Delay Line”
describes how the device is used to store
analog signals for TV vertical enhancement
and other image-processing functions. The
data sheet provides a photo of the device
showing its glass ultrasonic delay line and
associated circuitry, a block diagram and
electrical and mechanical specifications.
Corning Glass Works, Raleigh, NC 27602.

264

IBM REPLACEMENT MEMORY. A new bro-
chure describes operation and specifica-
tions of the Ampex Model ARM-22 main-
frame core memory, which replaces and
expands IBM 360/22 mainframe memory
economically. Request brochure C-165/5-
72. Ampex Corp., Marketing Communica-
tions, 13031 W. Jefferson Blvd., Marina del
Rey, CA 90291. 259

COMPUTER BROCHURE —A new 12-page
brochure on the 24-bit DC 6024/5 comput-
er includes details on how the new comput-
er can be useful to end users and original
equipment manufacturers, with details on
input/output, I/O transfer, operator’s display
and control console, and the CPU. Other
information includes a description of the
DC 6024/5 system configuration, software,
and technical specifications. Datacraft,
1200 Northwest 70th St., Ft. Lauderdale, FL
33307. 266
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Miniature Solid State
Audio Indicator

Mini-Size * Reliability * Low Power Consumption
80 Decibel Volume

Compact size and high sound output give this unique
buzzer wide applicability .. . intercom sets, timers, test
apparatus, automotive warning signals, alarm clocks,
sensors and other portable or battery-powered products.
Solid state ... no moving contacts, no arcing, no spark-
ing, no electrical interference or RF noise. Easy to install
with or without our versatile panel mounts. Weight: % oz.
Sound output 400 Hz. Measures .88” x
.61” x .39”. Current consumption only
mA at 1.5 volts. Even operates from
a hearing aid battery! Two models:
1.5-3VDC and 12 VDC. Engineering
evaluation sample avail-
able for $4.50 handling
charge. Please send
check or money
order; $5.95 |
each if in-
voiced against
purchase order.

projects
unimitede
3680 Wyse Road
Dayton, Ohio 45414
Tel. 513-890-1918
TWX 810-450-2523

T-1% Bi-Pin LED
Replacements

Remember how you only gef§600 hours, at the
most 10,000 hours, from the use of an incan-
descent bulb? Well, Unique Devices has a
replacement bulb with a gallium arsenide
phosphide light source that will deliver a mil-
lion hours. This highly reliable Bi-Pin LED
has a built-in current limiting resistor. Polarity
marking on the black molded case. Fully
guaranteed. Stocked for immediate delivery.
Specify series resistor wanted.

Call or write for details:

Unique Devices Company
P.O. Box 70, Bountiful, Utah 84010 « (801) 295-4252

» CHECK NO. 32

Now there are 3
Breadboarding Systems!
Design, layout, test build any

combination of components FREE for 5 days!

Elite 1 features built-in
wide range pulse gen-
erator, variable power
supply, independent
circuit monitor logic
lights, isolated push-
buttons and toggle
switch arrays. Plus
universal component
acceptance with SK-10
socket, unlimited fan
in / fan out capability
and common hook up
wire interconnections.
Only $650.

Elite 2, advanced design
concept, features func-
tion generator, dual
output pulse generator,
3 independent power
supplies, 12 buffered
monitor lamps, 4 SK-10
universal component
sockets, isolated switch,
pushbutton arrays and
a variety of 1/0 con-
nectors. Over 3,503
interconnection con-
tacts simulating hi-
density p.c. card
layouts. $1,300.

Elite 3, the basic econ-
omy package bread-
board, including built-
in. independent circuit
monitor logic lights,
isolated pushbuttons
and toggle switches,
plus universal com-
ponent acceptance with
SK-10 socket, common
hook-up wire inter-
connections and un-
limited fan in / fan out
capability. Only $350.

Send purchase order now. Try FREE for 5 days! If not
completely satisfied, just return! Write for literature.

EL INSTRUMENTS, INCORPORATED
61 First Street, Derby, Conn. 06418
Telephone: 203/735-8774

EL

CHECK NO. 33

mi-cro-temp (mi’kro temp’)
A patented, positive safety thermal cutoff.

It will interrupt a circuit when the operating
temperature exceeds the rated temperature
of the cutoff. Normally
employed as a back-up
safety protector to cut off
power to electronic cir-
cuits or components that
develop abnormal tem-

perature build-up, this de- 7\
vice is fast, reliable and
accurate to = 3°F. MI- :
CROTEMPS are UL/CSA _/
listed and insure product
safety. Costing as little as
7.5¢ each, MICROTEMPS
are available in a wide
range of configurations,

ratings and terminations

to suit your individual ap-

plications. MICROTEMPS are hermetically
sealed; unaffected by vibration, shock, aging
or positioning. For specific details regarding
your requirements, call or write:

%% % MICRO DEVICEScore

VAVAVA 1881 Southtown Blvd.Dayton, Ohio 45439
\ Ph. (513) 294-0581 Telex: 28-8087

MICROTEMP
Safety Thermal
Cutoff

CHECK NO. 34
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The White House responds

After reading a draft of EDN’s
news story concerning S.32 (Octo-
ber 1, 1972, page 14), the Presi-
dent’s Office of Science and Tech-
nology responds:

Thank you for the opportunity
to read over your proposed article
on S$.32, the Kennedy Bill, and let-
ting us check the accuracy of our
viewpoints as expressed in the
piece.

The major comment is that the
section which supposedly states

the administration’s position is

not accurate. As you are aware,
we have worked on the very prob-

lems this bill addresses for a long
time. . . . Based on our experi-
ence in dealing with these prob-
lems, we have concluded:

S.32 is inadequate to meet the
needs. It could not make a signifi-
cant impact in the foreseeable fu-
ture. It fails to bring to bear the
technical capabilities of the de-
partments and agencies best
equipped to work on civil prob-
lems. The scheme outlined in S.32
would, therefore, create expecta-
tions that would not be ful-
filled. . . .

Furthermore, the administration
feels that a much more effective
and immediate way to put engi-

“"Well naturally if you look for mistakes
you're bound to find some.”"

70

neers to work on civilian problems
is to expand the R&D going on in
existing 1ederal agencies such as
NASA, AEC, HEW, DOT, etc,
rather than trying to push the nar-
rowly science oriented NSF into
these engineering-type programs.

As for employment, the admin-
istration wants the nation’s unem-
ployed and underemployed scien-
tists and engineers working at real
jobs, not temporary make-work
projects. These people are a vital
national resource and our goal is
to get them into jobs where they
can do themselves and the coun-
try the most good. That means the
creation of jobs. That's our goal.
We see new jobs in expanding
agency programs and industrial
R&D as far more immediate than
developing potential jobs under
an expanded bureaucracy. As far
as retraining is concerned, we in
the administration agree with
those representatives of the unem-
ployed who testified at the original
S.32 hearings. They said then, that
retraining and retreading is a
waste of time and money if there
are no jobs. . . . Many thanks for
your courtesy. Office of Science
and Technology, Executive Office
of the President Washington, DC
20506

It won’t work that way!
Dear Sir:

There were some serious errors in
my CDA article, “Sine Wave Syn-
thesizer’” on page 52 in Aug. 15
EDN. These errors will cause the
reader to seriously doubt the credi-
bility of my article. The errors are

as follows:
1. Both inputs to the 741 op

amp (through the 100k resistors)
are connected to the same point.
One of the resistors should have
been connected to the other sum-
ming node.

2. The label SQUARE WAVE
INPUT is misleading. It should
have been labeled INPUT CLOCK
=16X DESIRED FREQUENCY.

The square wave input to the
transversal filter is actually derived
by the SN74L93 and exists at pin
12 of that chip.

3. Capacitors C, and C, should
have had values given along with
the appropriate comment. For
example 0.033 uF gives —50 dB
harmonic distortion at 2400 Hz.
Also, the feedback resistor on the
op amp should be 100 k€.
Sincerely,

Lee J. Mandell

Communications

Data Systems Div.

Litton Systems, Inc.

Van Nuys, CA 91409

The truth shall win out . . .
Dear Mr. Egan:

We wish to take this opportunity to
thank you for your coverage on our
new product release outlining
polypropylene-foil capacitors. You
may be interested to know that to
date, this release has generated
over 300 inquiries from your mag-
azine alone.

There is some speculation on our
part regarding the validity of these
inquiries. By this we mean, wheth-
er or not a certain percentage of
inquirers believe what they read or
are seeking to determine whether,
in fact, we can make a 150°C poly-
propylene capacitor which, of
course, is impossible. In our re-
lease to you, the maximum tem-

~perature specified was 105°C. You

will note your magazine carried it
as ‘“150°C".

Is there some way in which you
can acknowledge this error? It
would be appreciated as | am sure
there will be many people who
will classify our release as mislead-
ing, when comparing the informa-
tion to our data sheet.

Very truly yours,
James R. De Santy
Marketing Manager
Wesco Electrical Co.
Greenfield, MA 01301

EDN NOVEMBER:1, 1972



PHOTO CONTROLS

FOR EVERY PURPOSE
303 TYPES « 3003 VARIATIONS

= AUTOMATION

m COUNTING

m PACKAGING

m CONVEYORS

m CUT-OFF

= DIE PROTECTION
m PROCESSING

= JAM-UP

m REGISTRATION

m MEASURING

® SMOKE DETECTION
m SORTING

m FAULT DETECTION
m LIMITING
m ORIENTATION
m POSITIONING
m INSPECTION
m TENSION
m TRAFFIC CONTROL
m WEIGHING
m WINDING
an endless variety
of applications

Send for FREE

Complete Catalog

Contains latest released infor-
mation on photo-electric con-
trols developments, applica-
tion survey, 61 complete
application sketches and di-
mensional diagrams for in-
numerable practical uses.

| AUTOTRON, INC.

co“‘!’llol-s
| 3629 N. VERMILION ST.
= DANVILLE, ILL. 61832
- PHONE 217—446-0650

CHECK NO. 35

NEW Heathklt 22 Digit DMM

only 799"

A compact, solid-state multimeter with
digital readout — at a fantastic kit-form
price. The new Heathkit IM-1202 has four
overlapping ranges to measure voltages
from 10 mV to 1000 V on DC (either po-
larity), 10 mV to 700 V rms on AC, 10 uA
to 2.5A on AC or DC current. Five resis-
tance ranges measure from 1 ohm to 2.5
Py megohms. Front panel polarity switch re-
) gehs)es inputs without changing leads.

only

1699%"

-

The Heathkit 1B-1100 gives 1 Hz to over 30 MHz counting on a
full 5-digit readout with 8-digit capability. The lighted overrange
indicator makes misreading virtually impossible. Stable time-base
circuitry assures accuracy better than =3 ppm from 22° to 37°
C. Diode protected J-FET gives improved triggering over 100 mV
to 150 V input range. Solid-state circuitry mounts on one large
board for easy assembly. 6 Ibs.

Send for FREE '73 Catalog
HEATH COMPANY, Dept. 57-11

Benton Harbor, Michigan 49022

l[] Please send FREE Heathkit Catalog. Schiumberger l
[JEnclosedis$—_, plus shipping.

l Please send model(s)

Name
Address.
City. State Zip
Prices & specifications subject to change without notice.
Mail order prices; F.0.B. factory.

------------J
CHECK NO. 36

Profit
Through
Quality

By Sidney Weinberg

A practical guide to help production and general
managers analyze quality and reliability policies for
their companies. The author discusses the basic re-
quirements for a Q and R policy and shows how and
where to use them to increase profits.
CONTENTS: Profit in Quality and Reliability;
Basic Requirements of Q and R Policy; Human Con-
tribution to Quality; Increasing the Proportion of
Good Quality; Standardization and Specification;
Role of Inspection; Development I: Innovation and
Improvement; Development II: Increase in Re-
liability; Purchase of Quality.
Order now. If you are not convinced that this book
will help improve your company’s profits, return
within 15 days for full refund or credit.

[llus. 192 pp. $10.95

$58/M0809

Cahners Bsook pivision

89 Franklin St., Boston, Mass. 02110

NEW

SNAP=-IN SWITCH
MOUNTING SPEEDS
ASSEMBLY, IMPROVES
APPEARANCE

e Available in 6 to 20 amp McGill rocker and paddle
switches—including miniatures

e No fasteners needed

e Positive-action hardware holds securely

e Attractive metal and plastic bezels for clean design.
Choice of color combinations—enhances color
coordination.

e Wide range of ratings and circuitry to meet applica-
tion requirements.

e U.L. Listed, C.S.A. Approved

For complete specifications, request Catalog 89

MGILL
.
ELECTRICAL DIVISION

VALPARAISO, INDIANA 46383 ENGINEERED SWITCHES
CHECK NO. 38

McGILL MFG. CO., INC.
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£ CHDOSE FAOM OVER £.000
UNUSUAL BARGAINS:

OPTICS » SCIENCE
ELECTRONICS

v usuAL ““",‘““-v
- g"“,.oms I
BVIS'

27 uan

Brand new 164 -page easy-to-read edition packed with new
products, charts, diagrams, illustrations. On-the-job helps;
quality control aids, unique, exclusive items to speed your
work, improve quality, cut development and production
costs! Loaded with optical, scientific and electronic
equipment available from stock for industry, research
labs, design engineers, experimenters, hobbyists.

ONE SOURCE FOR ALL YOUR NEEDS
Tremendous variety. Terrific savings. Countless hard-to-get
surplus bargains. Many ‘‘one-of-a-kinds'' nowhere else.
Ingenious scientific tools. Thousands of components:
lenses, prisms, wedges, mirrors, mounts, all types of ac-
cessories. Hundreds of instruments: pollution testing
equipment, lasers, comparators, magnifiers, microscopes,
projectors, telescopes binoculars, photo attachments, eco-
logical items, black light equupment and America's largest
collection of unique lighting products.

BUY DIRECT WITH MONEY-BACK GUARANTEE
Edmund ships over 5,000 orders monthly to America's
largest industrials — every item guaranteed! You must be
satisfied, or return your purchase in 30 days for your
money back. Shop the catalog of America’s largest Science-
Optics-Electronics Mart with confidence! Get your FREE
copy without obligation. No salesman will call. Write now
for free catalog “Ao 1

3

EDMUND SCIENTIFIC CO.

300 EDSCORP BUILDING
BARRINGYON, NEW JERSEY 08007
TELEPHONE: 609-547-3488

~ CHECK NoO. 39

IN THE DARK
OVER SWITGHES?

Let Maxi-Switch shed some light on the subject. Ask for free
literature on 1600/1800 Series keystrips, numeric blocks and
encoded keyboards. Also available: 1200/1400 ¢

Series keystrips and panel assemblies.

THE &=

3121 WASHINGTON AVE. NO. * MINNEAPOLIS, MINNESOTA 55411
612-529-7601 G

See Maxi in EEM
CHECK NO. 37
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DESIGN DATA

Application

TWO ENGINEERING BULLETINS, giving
application information on Koolmeter elec-
tro-chemical timing cells and operating
considerations for these miniature timers,
are now available. The brochures are in-
tended to help circuit designers looking for
methods of using solid state devices to re-
place many forms of electromechanical in-
tegrators and timers. Sprague Electric Co.,
551 Marshall, N. Adams, MA 01247. 238

MAGNETIC DIODES DESCRIBED IN 4-
PAGE APP. NOTE. Magnetic diodes are
magnetic-sensitive semiconductor devices,
which (like indium-antimony devices)
change their internal resistance as a func-
tion of an external magnetic field. By alter-
ing the magnetic field, signals may be ob-
tained which allow the conversion of non-
electrical quantities into electrical quanti-
ties. European Electronic Products Corp.,
10150 W. Jefferson Blvd., Culver City, CA
90230. 239

GETTING HIGH-SPEED DATA IN THE 1-
TO-10-MHz REGION INTO DIGITAL
FORM for on-line storage or processing is a
problem which is becoming increasingly
prevalent. “How to Make a Thousand
Words as Good as a Picture’”” discusses the
types of error which can degrade a signal
in the A/D process and even turn an 8-bit
converter into a 4-bit one. Computer Labs,
1109 S. Chapman St., Greensboro, NC
27403. 240

Notes

BULLETIN DESCRIBES APPLICATIONS OF
FOUR-QUADRANT IC  MULTIPLIER.
Called Bulletin AO11, it discusses in detail
the uses of the 8013, a +0.5% accuracy
general-purpose monolithic analog multi-
plier. Block diagrams depict use in multipli-
cation, division, squaring and square-root
applications. Intersil, 10900 N. Tantau
Ave., Cupertino, CA 95014, 241

APPLICATION NOTE ON USE OF SOLID-
STATE PHOTODETECTORS in small-signal
detection systems available free. ““The Use
Of RCA Solid-State Photodetectors In Small-
Signal Detection Systems’’, RCA AN-4849,
develops the basic equation for noise equiv-
alent power (NEP) and provides two nomo-
graphs that will be useful to all users of sol-
id-state photodetectors. RCA, Electronic
Components, 415 S. Fifth St., Harrison, N |
07029. 242

RESISTOR ENGINEERING HANDBOOK. A
newly expanded and revised version of
RCL’s “Resistor Engineering Handbook”
updates technical specifications on a large
selection of precision and power wire-
wound and high-reliability resistors. Also
included is information on chip resistors for
use in computer and peripheral equipment
applications, plus 100 and 250W alumi-
num-housed resistors. Millimeter conver-
sions, as well as a Mil-Spec reference guide,
are also included. RCL Electronics, Inc., 700
S. 21st St., Irvington, N J 07111. 243
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INDEX TO ADS, PRODUCTS AND LITERATURE

I.R. PG.

NO. NO.
CIRCUIT MODULES/CARDS
Ac/dc-To-dc Converters 177 58
A/D Converters 240 713
Angle Translators 174 58
CATV Amplifier Modules 181 59
Computer Voice Responses 251 63
Converters 170 58
Core Memories 246 62
Decoder/Drivers 173 58
DIP Attenuators 186 58
Hybrid Oscillators 48 72
Instrumentation Amplifiers 171 58
L-Band Duplexers 179 58
Memories 250 63
PC Transformers 232 57
Phase-Locked Oscillators 186 58
Photomultiplier Supplies 182 59
Power Amplifiers 178 58
Power Controllers 175 58
Power-Line Filters 180 59
Power Supplies 1 Cov. Il
Power Supplies 176 58
Semiconductor Memories 253 63
Temperature Controllers 172 58
Thyristor Regulators 236 57
COMMUNICATIONS EQUIPMENT
CATV Amplifier Modules 181 59
Computer Voice Responses 251 63
Data Control Systems 245 62
L-Band Duplexers 179 58
Phase Oscillators 187 58
Power Amplifiers 178 58
Telemetering Systems 214 55
DATA HANDLING EQUIPMENT
A/D Converters 240 73
Card Readers 249 63
Computer Voice Responses 251 63
Core Memories 246 62
Data Control Systems 245 62
Digital Printers 247 62
Disc Memories 244 62
Incremental Cassette

Recorders 254 63

Keyboard Switches 37 71
Memories 250 63
Minicomputers 248 62
Readout Systems 3 Cov.lV
Semiconductor Memories 253 63
DISCRETE SEMICONDUCTORS
High Frequency Transistors 194 66
Magnet Diodes 239 73
Photodetectors 242 73
Phototransistors 192 66
Power Darlingtons 14 19
Power Diodes 198 67
Power Semiconductors 44 64-65
SCRs 198 67
Thyristors 265 66

ELECTROMECHANICAL COMPONENTS

Digital Printers 247
Incremental Cassette
Recorders 254
Keyboard Switches 237
Keyboards 219
Motors 21
Panel Switches 38
Precision Potentiometers 235
Proximity Switches 222
Reed Relays 233
Rotary Switches 227
Switches & Potentiometers 255
Time Delay Relays 10
Timing Controls 267
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Timing Motors
Variable-Speed Motors

ENGINEERING AIDS
Decimal/Millimeter Charts
Engineering Aids

Socket Boards

INSTRUMENTATION

Chart Recorders

Digital Indicators

DPMs

Eight-Channel Recorders
Electric Counters
Electric Counters
Impulse Generators

Instrumentation Amplifiers

Memory Test Systems
MOS-Wafer Testers
Pressure Sensors

Pulse Generators

Pulse Generators
Read-out Systems
Spectrum Analyzers
Strip-Chart Recorders
Strip-Chart Recorders
Telemetering Systems
Temperature Controllers
Thermocouple Indicators
3-1/2-Digit System DPMs
Timing Meters
Varactor-Diode Testers

MATERIALS/HARDWARE

ABS Thermoplastic
Containers

Cables

DIP & Transistor
Receptacles

Liquid Crystals

Metal Products

Miniature Coaxial Cables

Reflective Coatings

Timing Cells

MICROWAVES

Coaxial Magnetrons

DIP Attenuators

L-Band Dupiexers
Phase-Locked Oscillators
Power Amplifiers

MONOLITHIC/HYBRID ICs

CATV Amplifier Modules

CMQS Devices

Dual Audio Amp ICs

Dual Line Receivers

ECL Drivers

Keyboard Encoders

Line Driver ICs

Monolithic Phase Locked
Loops

MOS Handbooks

Op Amps

Operational Amplifiers

RAMs

Use card for free product information
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NO. NO.
269 66
47 60
258 66

18 Cov.llI
230 56

Synchronous Receiver/Trans-

mitters
TTLICs

PASSIVE COMPONENTS/NETWORKS

High Megohm Resistors
Miniature Transformers
Mylar Capacitors

Open Transformers

22 59
202 54
43 60
211 55
212 55
205 54
206 54
171 58
57 66
201 54
28 63
208 54
216 55
3 Cov.lV
30 42
217 55
213 55
214 55
172 58
215 55
200 54
203 54
201 54
223 56
49 49-50
5 2
268 66
40-42 48
13 18
229 56
238 73
184 60
186 58
179 58
187 58
178 58
181 59
12 12-13
190 66
195 66
199 67
188 66
191 66
197 67
17 32-33
189 66
6 3
20 42
193 66
196 67
231 57
228 56
45 51
30 67

Passive Networks

Pulse Transformers
Resistor, Capacitors
Resistor Kits

Resistor Networks
Resistors

Resistors

Transformer Inductors
Trimming Potentiometers
Weldable Resistors

POWER SUPPLIES
Ac/dc-To-dc Converters

Phase Sequence Indicators

Photo Multiplier Supplies
Power-Line Filters

Power Supplies

Power Supplies

Power Supplies

SPECIAL PRODUCTS
Audio Indicators
Breadboarding Systems
MOS Handbooks
Optical Components

SPECTRAL DEVICES
Image Intensifiers
Indicator Lights

LED Lamps

Liquid Crystals
Photo Controls
Photometric Sensors
Read-Out Systems
Video Delay Lines

SYSTEMS/SUBSYSTEMS
Card Readers

Computer Voice Responses

Core Memories

Data Control Systems

Digital Printers

Disc Memories

Encoder-Counter Systems

Incremental Cassette
Recorders

Memories

Memory Test Systems

Minicomputers

MOS-Wafer Testers

Semiconductor Memories

Telemetering Systems

Varactor-Diode Testers

TEST EQUIPMENT
Combined Multimeter/
Frequency Counters
Curve Tracers
Digital Indicators
Digital Multimeters
Eight-Channel Recorders
Electric Counters
Electric Counters
Frequency Counters
Frequency Counters
Impulse Generators
Memory Test Systems
MOS-Wafer Testers
Oscilloscopes
Pulse Generators
Pulse Generators
Spectrum Analyzers
Static Electricity Detectors
Thermocouple Indicators
3-1/2-Digit System DPMs
Timing Meters
True-RMs Power Monitors
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224 56
226 56
243 73
255 66
24 57
16 27
20 56
177 58
26 61
182 59
180 59
176 58
204 54
1 Cov. !
31 69
33 69
17 32-33
39 72
261 66
19 39
32 69
268 66
35 71
234 57
3Cov. IV
264 66
249 63
251 63
246 62
245 62
247 62
244 62
207 54
254 63
250 63
257 66
248 62
201 54
253 63
214 55
201 54
209 54
4 1
202 54
36 71
211 55
205 54
212 55
36 7l
27 61
206 54
257 66
201 54
4 1
208 54
216 55
30 42
217 55
215 55
200 54
203 54
215 55
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Inhale ... exhale. It takes about 4.5
seconds. Just about any XY recorder
could chart the volume of air in a
human breath—if doctors were willing
to settle for a flow loop the size of a
half dollar. But they won’t. In a breath
analyzer, a small flow loop means
imprecise, hard-to-read measurements.
And Hewlett-Packard’s new Model
7041A High Speed XY Recorder is the
only unit fast enough to chart a large,
accurate picture of the lung’s “vital
capacity.” In real time.

The 7041A is an OEM machine from
the ground up, designed for speeds in
excess of 30 in/s. It’s the only XY

recorder built on a one piece, die-cast
aluminum mainframe. And you can
choose from nearly 40 independent
options to customize the recorder to
your special application (standard or
high speed). You'll get just what
you want . ..and only what you want.
Our standard features make sense in
any OEM system: Autogrip electrostatic
holddown, IC circuitry, long-life hybrid
potentiometer, disposable pens and
more. All the things we learned while
pioneering the development of XY
recorders for two decades.

CHECK NO. 2

One OEM xy recorder
works at breathtaking speed.

H-P’s new cast aluminum XY
recorder: high accuracy at breathtaking
speed. Make your own diagnosis, get
specifications and discount data from
Hewlett-Packard, 16399 West Bernardo
Drive, San Diego, California 92127.
Europe: 1217 Meyrin-Geneva,
Switzerland.

112-01

HEWLETT @ PACKARD




whatever your computer says...

i

PANEL DISPLAYS

16/18 Character Position Panel, 5 x 7 Dot Matrix, Characters 0.4” High.
Available as numeric only or alphanumeric panel with 64-character format.

32/37, 80 Character Position Panel, 5 x 7 Dot Matrix, Characters 0.2"” High.
Alphanumeric panel with 64-character format.

ARECDEFGH1

2 5 BRO
SELF-SCAN Panel Display Subsystem, 256 Characte o
Capacity, 5 x 7 Dot Matrix, Characters 0.25"” High.
64-character format, available with all drive electronics
including memory, character generator, and timing.

FORSTUUMKYZPRRSTUMWRYZ

Whether it's a police officer in a patrol car requesting informa-
tion on a suspect, an architect specifying coordinates for
plumbing fixtures in a new building, or a type setter verifying type
for a mail-order catalog, SELF-SCAN panel displays guarantee
the most accurate transfer of data between the operator and

the computer. If you need a computer display and demand
error-free communications, follow the lead of Kustom Electronics
(1) in Chanute, Kansas; Science Accessories Corporation

(2) in Southport, Connecticut; Automix Keyboards (3) in
Belleview, Washington, and the many other SELF-SCAN panel
display users. Have a Burroughs salesman demonstrate his
“terminal in a briefcase.” You'll see why the SELF-SCAN panel
display is the most effective man/machine interface device
available today.

Burroughs

CHECK NO. 3

Burroughs Corporation, Electronic Components Division,
Plainfield, New Jersey 07061. (201) 757-3400.



