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Leading 1C manufacturers use it —
and they can’t afford to take
chances in testing. They know that
the 8007B delivers the pulses they
need. And they know that the
$1,750 price is below competitive
models.

Look at the specs of this fast pulse
generator: rep rates from 10Hz to
100MHz, variable transition times
from 2.0ns to 250us, =5V ampli-
tude and =4V dc offset. It’s this
kind of capability that you’ll need
for testing ECL 11, ECL 10,000,
and other comparable families.

Also note the generator’s 50 ohm
source impedance — mighty impor-
tant for minimizing reflections
when you're working with fast

EXT NPT —emme
15V MAX
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ECL. Today'’s testing also calls for
a wide span of linear transition
times, like the 2.0ns to 250us of
the 8007B. You can really use this
when you’re measuring propaga-
tion delay to a manufacturer’s
specs (even test linear devices).

In addition to ECL, the 8007B
equips you to test most other 1C
families. You can, for example,
measure the sensitivity of a flip-
flop; or determine the noise immu-
nity of TTL circuits by adding
pulses onto as much as a 4V dc
level. These types of tests are made
possible because of the continu-
ously variable =4V offset.

If your test needs call for even
higher repetition rates (to 200

CHECK NO. 2

MHz) or faster transition time (to
1.2ns), you may also want to look
into its companion generator, the
8008A.

For more information on either the
8007B or the 8008 A fast pulse gen-
erators, contact your HP field en-
gineer.

For standards
in pulse generators,
think Hewlett-Packard.
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What's new
in function generators

COVER

Todays function generator is a highly
versatile instrument capable of pro-
ducing not only the three basic wave-
forms of sine, square and triangle, but
also a host of other signals such as
tonebursts, FM and AM, phase modu-
lated apd synchronized signals, as
shown courtesy of Wavetek Corp.,
San Diego, CA. For more details see

pg. 36.
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The industry’s first
LED-for-a-dime.

e

MLEDE4D S

2 mced at 20 mils
90° viewing angle
Clear diffusing lens

MLED650 .
1.4 mcd at 50 mils
140° viewing angle
Red diffusing lens

MLED655 -

2 mcd at 20 mils
90° viewing angle
Red diffusing lens

MLED500
19¢ 100-up
17¢ 1000-up

SN

MLED660F
1 mcd at 20 mils
90° viewing angle
Dark red diffusing lens

MLED665F
3 med at 10 mils
30° viewing angle
Red diffusing lens

tavailable shortly.
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The 10°LED.

Here. There. Everywhere.

1. Panel Indicators
2. Channel Indicators
3. Battery Indicators
4. Fault Indicators

5. Cameras

6. Stereo Indicators
1. Instrumentation

8. Calculators

We're geared up. We're ready to go.
And with a price of 10¢, how can you
afford not to design lots of LEDs into
your new equipment designs!

These new devices come off the same
high-volume, low-cost production lines
that made our transfer-molded, Uni-
bloc* plastic transistor outstanding the
world over for economical, low-cost
versatility. The result — the MLED500
series — now sets its own standard of
leadership where price is the #1
parameter.

« High luminous intensity — 0.3 mcd

typically at 20 mils

« Diffusing red lens — 110° field
of view

« IC compatibility — low power
consumption

You've tried LEDs produced by light
guys, bright guys and innovators. Now
try LEDs produced by a producer.
Motorola Optoelectronics.

" . -

MAKE ME AN OFFER | CAN'T REFUSE!

Quote me a price on these LEDs in the quantities
I've filled in:
MLED500
MLED640

MLED655
MLED660
MLED650 MLED665

Application: [] Immediate [] Long-Term

Title

Company

Address

City State Zip
Motorola Optoelectronics

Box 20912, Mail Drop TB209
Phoenix, AZ 85036

-
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“Trademark of Motorola, Inc.

From Motorola, the,LED producer.
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*SIMPLIFY PROCUREMENT *

] : - a : l = E Save paperwork, money and time by ordering all your
NOW OFFE RS Mil Spec potentiometers from Bourns, the most com-

plete single source in the industry. It's sound logistics

— one purchase order, one approved source. At the

. A\\I I same time you’re protected by Bourns tradition of

‘ excellence. Each Bourns potentiometer is designed

. ‘ . ‘ ‘ and manufactured to consistently exceed Mil Spec
bl I“ " requirements.

POTENTIOMETERS/VARIABLE RESISTORS

* NON-WIREWOUND-MIL-R-22097

"RI24 ¢ r B et

BOURNS HAS MORE

POTENTIOMETERS

ON QPL THAN ANY
OTHER MANUFACTURER!

BOURNS, INC., TRIMPOT PRODUCTS DIVISION - 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507

* AVAILABLE FROM STOCK AT YOUR LOCAL BOURNS DISTRIBUTOR

Circle No. 4 Circle No. 21 »

8 EDN APRIL 20, 1973



EMI FILTER

CAPITAL OF THE WORLD

FROM CERAMIC POWDER TO MIL-APPROVED TEST LAB...
ERIE HAS IT ALL, UNDER ONE ROOF

Only one company can deliver your total EMI Ceramic Filter needs . . . ERIE. We've been
applying sophisticated ceramic and related technologies to developing superior filters for

35 years. Today ERIE has, by far, the broadest line of subminiature EMI Filters in the world.
From tiny high frequency filters to broad band filters to custom filter assemblies, ERIE offers
the ultimate in quality. And you get single-source responsibility too, for we build the
complete filter in a plant devoted exclusively to the design and manufacture of EMI Filters.
So come to ERIE for your filter needs. We'll put a team to work on your particular application.
Aerospace. Communications. Avionics. Industrial Equipment. Whatever the market, we can
help eliminate electromagnetic “‘noise’”” and emissions. In the meantime, write for our

complete catalog . .. EMI Filters or call 613/392-2581.

ERIE TECHNOLOGICAL PRODUCTS, INC.
Erie, Pennsylvania 16512
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POWER ON
e

AND LET LIVE.

If you use triac switching circuits, you've probably had
premature switching failures. But you won’t with Reedacs.
Because we found the “bug” was an unknown electrical
characteristic of the triac. And we developed exclusive cir-
cuitry to keep Reedacs immune from the “bug.”

Reedacs are offered in a wide selection of sizes and types.
Octal plug-in to DIP. Hybrid or Photo-coupled input. Syn-

chronous or random turn-on output. =
Switch to 240 VAC and 40 amps. e B
Now, get the facts on how to increase = G

your equipments’ life. Send for our free
report on the “bug”’ causing premature

failure and for all technical specifications E [ E:D

for Grigsby-Barton Reedacs.

*—

gb GRIGSBY-BARTON:

3800 Industrial Dr., Rolling Meadows, Ill. 60008
Phone (312) 392-5900 TWX 910-687-3789

Circle No. 7

EDN APRIL 20,

197 3



This problem should take you
about 42 minutes to solve.

Line up the 4 multicolored cubes so that no one color is repeated

on any side.t As an engineer you should do this in 42 minutes.*

With P«Bs four new time delay relays
you solve cost,accuracy and size problems.

These new solid state time delays—
each designed to solve different de-
sign problems—are built around our
compact, widely accepted R10 relay.
Each is available in 2 or 4 Form C
contact arrangements and may be
mounted directly to a chassis,
printed circuit board, special mount-
ing strip or in sockets having solder
or printed circuit terminals.

R12 Series. A high resolution, 15-
turn potentiometer provides delay on
operate timing variations within
ranges of 0.1 to 2.0, 1.0 to 30 and
5.0 to 120 seconds. Coils are for 12,
24 or 48V DC. Six contact styles
cover a load range from dry circuit
to 10 amperes.

Solving switching problems is what we’re all about.

1*'Instant Insanity". Copyright Parker Brothers

Immediately.

R14

R13 Series. These fixed, delay on
operate time delays are available in
10 timing ranges from 1 to 300 sec-
onds. They require less than 240
milliwatts of DC to operate. Operat-
ing voltages are 12, 24 and 48V DC.
Contact ratings: dry circuit to 5
amperes.

R14 Series. Seven timing ranges
provide delay on operate (R14) or
interval timing (R14A) from .025 to
600 seconds. Available fixed or ex-
ternally adjustable with coil voltages
of 6, 12, 24 and 48V DC. Contacts
may be specified from dry circuit to
10 amperes.

R15 Series. AC operated from 12,
24, 48 and 115V power sources,

Circle No. 6

R15

these compact time delays may be
ordered fixed or externally adjust-
able in seven timing ranges from
.025 to 300 seconds. Delay on oper-
ate (R15) or interval timer (R15A)
modes are available.

Get complete specifications from
your local P&B representative or call
Potter & Brumfield Division AMF
Incorporated, Princeton, Indiana
47670. 812-385-5251.

*Think you can readily solve the puzzle
shown above? Ask your P&B representa-
tive for one.

AMF

Potter & Brumfield
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EDITORIAL

There’ll be some changes made

Point 1: The ““average American consumer’’ has been described as a
middle-aged male, dressed in a Hong Kong suit and Italian shoes, who
sits in his Canadian easy chair, nibbles on Swiss cheese with a bottle of
Dutch beer at his elbow, watches a Japanese TV set on which a Volks-
wagen commercial is being telecast at an American football game and
between halves complains to his wife about imports.

Point 2: Many labor leaders in the United States feel that large, U.S.
based multinational companies have reached beyond the national juris-
dictions of the unions and as a result are able to negate the effects of
strikes. They want legislation forcing the multinational companies to
limit their activities to the United States.

Point 3: The United States represents 6% of the world’s population,
leaving 94% of the total world market for goods and services outside of
the U.S.

Point 4: The United States imports all or most of its natural rubber,
tin, nickel and chrome and has a shortage of crude oil, iron ore and
copper. The so-called “American automobile’’ contains basic materials
or semi-manufactured goods from 32 countries, while the ordinary tele-
phone has ingredients from 18 countries.

Point 5: Current tariffs, quotas and other import restrictions imposed
by the U.S. are estimated to cost American consumers between 10 and
15 billion dollars a year in higher prices.

Point 6: Despite two devaluations, the American dollar is still beset
by problems in the world money markets, thanks to our still unfavorable
balance of payments.

Point 7: Meat and other food prices continue to soar, in spite of ac-
tions such as last year’s relaxation of beef import quotas.

What do all these divergent and contradictory points mean?

As a minimum, they show that world trade is the kind of issue that
can set brother against brother and family against family —with one’s
viewpoint being strongly colored by economic position, industry affilia-
tion and even specific job function.

More importantly, the above points typify the kinds of things that both
Congress and the Administration are now wrestling with in their at-
tempts to come up with a foreign economic and trade posture that is
best for the country. Most people agree that our present policies need
revising. But how?

Is the rather radical Hartke-Burke Bill, which is described as “‘neces-
sary”’ by its backers and “isolationist suicide’” by its opponents, the way
to go? Or should we try for international agreements, wherein each part-
ner voluntarily limits its exports. Another possibility is outright subsidies
for hard-hit companies or industries.

Decisions can’t be put off too much longer, and when they come the
electronics industry is going to be affected as much as any other indus-
try and more than most. Those who don’t fully understand the issues
and their ramifications may be surprised, and even unhappy, with the
results. But doesn’t someone who deliberately remains uninformed for-
feit the right to complain?

Hiiod G

Editor
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Our solid-state relays s
take tough load
switching problems
off your hands.

Wherever you have to switch tough, high-power AC loads
(like motors, solenoids, resistance heaters, lamps or trans-
formers) turn to Crydom’s proven solid-state relays and
solve lots of problems. Their rugged all-solid-state design
assures long term reliability, even under high surge condi- Roy Forsberg, Managing Editor
tions,andgives you completely silentoperation.Overallcosts Bob Cushman, Special Features Editor
are less too, because you save on bothdown-time and main- Roger Allan, Associate Editor
tenance. John Bond, Associate Editor

Their photo-isolated design and zero-voltage turn-on | E?ﬁ'ig;g‘v“s;;g*;iigtce‘aé‘;if(‘)jr"o’
provide complete signal-to-load de-coupling and eliminate \ e {
. S ) Art Stapp, West Coast Editor
RFI. They operate from either AC signals, or directly from ‘
low-level DC logic signals. All this, plus the broadest range

Publisher
Hugh R. Roome

Editorial Staff
Frank Egan, Editor

] Art Staff
of ratings in the industry — now from 2.5 through 40 Amps, Dan Kicilinski, Director
and for 120 or 240 VAC line operation. Send for the details. Patricia Rawlins, ustrator
Elizabeth Garrenton, Illustrator
NO‘N @APPROVED Richard Pierro, Illustrator
\
? All solid-state. No

~ Heavtyer(j;itx;a(ssc'smv'de contacts or reeds Production Staff
ransfer-molded rugged connections to wear out.

encapsulation fully
protects from humidity,
shock and vibration.

Wayne Hulitzky, Director
— o o s e —I William Tomaselli, Manager

‘ ‘ Susan Kennedy, Assistant
Thyristor

Widest range of
ratings in the
industry (contactor
versions thru 200A).

Circulation
| Ron Kinnes, Manager

‘ Marketing Services
Trigger Ira Siegel, Manager
Circuit
Zero-voltage

switching eliminates

RFI/EMI. Editorial Consultant

John Peter

Photo
Detector

S'%trfo?(; nglaatréd I Editorial Office Addresses
design. l Executive (617) 536-7780
221 Columbus Ave.
I Boston, MA. 02116
Explosion Resistant, I

No Arcing Low-level AC

or DC inputs.
New York (212) 689-3250
205 E. 42nd St.

New York, NY 10017

l.___________l West Coast (415) 383-4220
23 Bayview Terrace
Mill Valley, CA. 94941

T
CRYDOM CONTROLSTER| v cons 13 onr00s
DIVISION OF INTERNATIONAL RECTIFIER 5670 \/VIIShII’E BIVd
1521 Grand Ave., El Segundo, California, 90245 (213) 322-4987 Los Angeles, CA. 90036
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Honeywell announces

the end.

Our new Honeywell Model Ninety-Six
isn't just another high-performance mag-
netic tape recording system. As far as
state-of-the-art will reach...it's the end—
the ultimate—an instrumentation system
that incorporates every feature you have
been asking for in a laboratory system.

For example, like previous Honeywell
recorders, our Model Ninety-Six has a
vacuum-buffered, low-tension tape drive
for gentle tape handling, minimum head
and tape wear. But unlike all other tape
recorders, it will handle 16" reels, through
nine tape speeds from 15/16 to 240 ips,
and incorporates six other important im-
provements that together spell the end in
tape recording:

The end of head wear worries. All of the
new Honeywell solid ferrite heads are
warranted for 3,000 hours. This alone
should help solve one of your biggest
headaches.

The end of spectral pollution. Two
Honeywell features, FM flutter compen-
sation, and an all new wideband phase
lock servo system combine to give you
the cleanest reproduce spectrum in tape
recording. You'll be happy to know, too,
that this servo system offers flutter atten-
uation at a band-width we believe you
simply cannot buy anywhere else.

The end of configuration problems.
Tired of trying to match your available
electronics to a new task? The 28-channel
Model Ninety-Six has omniband elec-
tronics. This means you can configure the
recorder—at minimum expense—to
match your needs as your needs change.
Which also means...

The end of support concerns. Omniband
signal electronics require only six basic
plug-in assemblies to accommodate
all record and reproduce functions,
including bias oscillator,
head drivers and preamps.

The end of maintenance hang-ups. Our
new Model Ninety-Six is probably the .
most thoroughly tested tape system ever
offered. We've spent thousands of hours
wringing the bugs out. ..to make sure you
don't have to. What's more, the testing,
front panel access and built-in transport
calibration system all were designed to be
simple and reliable. ..to minimize service
requirements.

For full details on the new Honeywell
Model Ninety-Six, call or write: Charles O.
Miller, MS211, Honeywell, Inc., Test
Instruments Division, P.O. Box 5227,
Denver, Colorado 80217, (303) 771-4700.

Honeywell

‘The Automation Company
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RCA introduces its_
one-transistor Darlington.

No we haven’t changed the Darlington
circuit. We've just turned it into the
Darlington transistor. By putting the
whole circuit on a single monolithic
chip.

In the RCA Darlington transistor
design, optimum use of the silicon real
estate and single level metallization
provide improved performance charac-
teristics. You get greater control over
parameters and increased peak current
handling capacity ...up to 15 amps.

It’s all spelled out in black and
white. Ig/g Eg/g and Thermal Cycle
ratings are all specified...even the
output diode is characterized.

International: RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Tokyo, Japan.

16

And they don’t come any more rug-
ged. All steel (TO-3) package, con-
trolled solder chip mounting and
heavy duty clip connections make the
RCA Darlington transistor a depend-
able workhorse in your system.

So if you're working with discretes,
you can now get higher packaging den-
sities, lower your overall system cost
and, at the same time, increase system
reliability by reducing the number of
external connections.

Why not give your system the ad-
vantage of all these benefits by switch-
ing from the Darlington circuit to the
RCA Darlington transistor. It's at your

Circle No. 62

distributor, waiting for you right now
in the following configurations:

TO-3pkg. Tp@25°C VERSAWATT Tp@25°C VCEO!(sus)

plastic pkg. VceR(sus)
2N6385 100w 2N6388 aow 80V
2N6384 100w 2N6387 40w 60V
2N6383 100w 2N6386 aow aov

Want more data? Write RCA Solid
State, Section 50D015/UTL37, Box 3200,
Somerville, N.J. 08876. Phone (201)
722-3200.

RGAAS::

products that make products pay off

In Canada: RCA Limited, Ste-Annc de Bellevue 810, Canada.

EDN APRRIL 20, 1973



For built-in reliability,
‘design with
‘Scotchflex”

Flat Cable/Connector

‘SCOTCHFLEX’’ IS A REGISTERED TRADEMARK OF 3M CO.

“Scotchflex” Flat Cable and Connectors
can offer you trouble-free packaging for
your next generation equipment.

There’s built-in reliability for your circuit
inter-connects. Our flat, flexible PVC Cable
has up to 50 precisely spaced conductors.
The gold plated U-contacts are set into a
plastic body to provide positive alignment.
They strip through the insulation, capture
the conductor, and provide a gas-tight
pressure connection.

Assembly cost reductions are built-in,
too. “Scotchflex”” Connectors make up to
50 simultaneous connections without strip-
ping or soldering. No special training or

costly assembly equipment is needed.

Off-the-shelf stock offers you flat cable
in a choice of lengths and number of con-
ductors from 14 to 50. Connector models
interface with standard DIP sockets, wrap
posts on .100 x .100 in. grid, or printed
circuit boards. Headers are available to
provide a de-pluggable inter-connection
between cable jumpers and printed circuit
boards (as shown). Custom assemblies are
also available on request.

For full information on the “Scotchflex”
systems approach to circuit-
ry, write to Dept. EAH-1, 3M 3
Center, St. Paul, Minn. 55101. COMPANY
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believes there
is a

Today, our capability is the industry’s best. We’'re making it better.
AVX is doing something today about tomorrow. We’'re building a new
addition at Myrtle Beach — substantially increasing our two million a

day capacity. We're beefing up our capability to help fill the ever-

increasing demand for multi-layer ceramic capacitors.

AVX is refining what is already a proven production process. Computerized control
speeds product off the end of the line. Every conceivable means, including
proprietary mechanization and in-line testing, is used to deliver customer orders
to spec and on time.

AVX believes there is a tomorrow and that’s why we’re doing so much today. If you
need help with multi-layer ceramic capacitors, ceramic discs, tubular feed-thrus,

chips or ceramic filters, write AVX Ceramics Corporation, P.O. Box 867,
Myrtle Beach, S.C. 29577 or telephone (803) 448-3191. We’ll help you.

i7AV/A

THE Ceramic Capacitor Manufacturer
Braintree, MA.
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Fluke problem solvers

Two new digital
multimeters with
price and performance
you can't refuse.

8350A

5% digits, autoranging
0.005% accuracy
5 ranges dc volts
5 ranges of ohms
4 ranges ac volts
$1495, complete DMM

8375A

5% digits, autoranging
0.003% accuracy
Functional self-test

5 ranges dc volts

7 ranges of ohms

4 ranges true RMS ac volts
Powerful systems options
$1995, complete DMM

Both instruments use Fluke's patented recirculating remainder a-to-d converter for low parts count, low power consump-
tion and boast a calculated MTBF of at least 10,000 hours. ® Either instrument gives you more multimeter for your money.
Now isn’t that an offer you can’t refuse?

FLUKE}

For details call your local Fluke sales engineer. In the continental U.S., dial our toll free number, 800-426-0361 for his name and address. Abroad and in
Canada, call or write the office nearest you listed below. Fluke, P.O. Box 7428, Seattle, Washington 98133. Phone (206) 774-2211. TWX: 910-449-2850.
In Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Phone 13-670130. Telex: 884-55237. In the U.K. address Fluke International
Corp., Garnett Close, Watford, WD2, 4TT. Phone, Watford, 33066. Telex: 934583. In Canada, address ACA, Ltd. 6427 Northam Drive, Missisauga, Ontario.
Phone 416-678-1500.

Circle No. 14
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If you're not really
serious about designing

power supplies, then this
kit will cost you
$25.00

If you are
serious—
it's FREE!

Here’s What You Get...

A 12-page brochure, DESIGNING SWITCHING REGULATORS, which
gives theory of operation, detail description, schematics, curves,
component selection and more ... Application and Designers Notes
... Engineering Inquiry and Sample Request Form...a Library of
Article Reprints on recent technical articles describing power supply
design ... full descriptive material on CDE’s new UFT Low Induc-
tance Aluminum Electrolytic Capacitors . .. and more!

Write on your company letterhead to Cornell-Dubilier Electronics,
150 Avenue L, Newark, New Jersey 07101 — if you can’t wait, call
(201) 589-7500.



DESIGN NEWS

Channel display uses MOS/LSI

The impact of MOS/LSI technol-
ogy is just beginning to be felt in
the commercial-television mar-
ket. One of the first uses of
P-channel MOS in a commercial
set is in a circuit to display the
channel number on the TV
screen for about one second
after a channel has been
selected (Fig. 1).

Designed for OEM use by
Hycom, Inc., Santa Ana, CA, the
circuit consists of a gated
oscillator, display-time gener-
ator, read-only memory, shift
registers and associated logic
as shown in (Fig. 2).

Numbers of the 12-VHF chan-
nels and of 8 preset UHF
channels—designated as U-1
through U-8—are stored in the
ROM. Inputs from the channel
selector are decoded to select
the appropriate number which is
then read out of the ROM using
the horizontal- and vertical-
sweep frequencies for timing.

Fig. 1—Channel number is displayed for
1.2 sec after a channel is selected.

The output modulates the CRT
beam at a clock frequency of
about 400 kHz which gives a
minimum vertical line width of
about 1in. on a 19-in. screen.

Channel-number display just
begins to scratch the surface of
the potential applications for
this type of device. For several
years some commercial TV
stations have been transmitting
time and frequency signals on
some of the unused horizontal
lines of the TV raster in
cooperation with the National
Bureau of Standards. (See EDN,
Sept. 1, 1971, p. 15). Because of
the cost of the equipment
needed to decode the transmit-
ted signals and display the
information on the TV screen,
there has been no attempt to
offer this capability on consumer
sets so far.

As low-cost LSl circuits with
higher practical speed become
available, this basic technique
can be used to decode, store
and display a variety of informa-
tion that could be transmitted on
the unused horizontal lines. And
it could do it at a cost that would
be practical for consumer use.

Clock frequencies achievable
with N-channel MOS would
provide minimum vertical line
widths of about 1/4 in. allowing
the technique to reach its full
potential for alphanumeric dis-

CODED CHANNEL
INPUT FROM TUNER |

.

DECODER

VERTICAL [ =
|SHIFT REGISTER[ ] “mO 7

.

ANNELL nispiay | |
e v B
| ceneraTor]

Fig. 2 — Information stored in the ROM
is used to modulate the CRT beam at a
clock frequency of about 400 kHz.

play applications.

Although TV sets using this
circuit have only recently been
offered to American consumers,
they have been available in
Japan since August 1972 when
they were introduced by Sharp
Corp.—AS -]

Meet the editors—and learn how to write

for publication

If you want to write for
publication, but don’t really
know the ins and outs of getting
into print, here’s your chance to

24

find out what the editors want
and how they can assist you. In
two one-day seminars, sche-
duled for May 25 and October

19, you'll have a chance to meet
with the editors of the 14
national technical publications
headquartered in Boston.
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They will explain what they’re
looking for and how you can get
your stories into the news and
feature sections of their publica-
tions. You'll have lunch with one
editor and dinner with another,
both of your choice. In addition,
the editors will be available after
dinner for private consultations
about your specific publishing
problems. You'll learn:

+« How to determine which
publications may be interested
in your article

« How to deal with the editors

« How to get all kinds of help

and guidance from them

« How to become a news-
maker

« How to get different ver-
sions of your story printed in a
variety of publications as “in-
field exclusives.”

Your time won’t be wasted
with textbook discussions of
grammar, sentence structure
and style. Rather, the seminar
will provide you with practical,
hard-core details on how to get
into print. You'll meet with the
editors of 14 publications, in-
cluding EDN.

Power-su[H)Iy modification

turns stan

How does a calculator designer
give his company a sales
advantage despite the fact he's
forced to use the same LSI chip
that all his competitors are
using? One answer to this
modern-day dilemma comes
from Sinclair Radionics Ltd, a
small British firm. Sinclair pow-
ers one of the standard chips (a
General Instrument 500 series)
with a short ON duty cycle
followed by a longer OFF cycle.
This allows the Sinclair designers
to reduce their battery size and
thus scale down their calcu-
lator’s overall size and weight, to
the point that it has an obvious
““difference’” to the buying
public.

Clive Sinclair, head of the
company and the main circuit
designer, told EDN that the
power-supply oscillator runs at
about 100 kHz, and when no key
has been depressed, applies
power to the chip ata1:20 or so
duty cycle. This keeps the chip’s
memory alive and reduces the
power consumed from the usual
300-mW level to about 20 mW.
When the user depresses a key,
the supply steps up to a 1:3 duty
cycle for the length of the time
needed to make the calculation.

Sinclair says he has applied for

a patent on the principle and
expects his product will retain its
uniqueness on the marketplace
for awhile. Probably, some of
the new micropower CMOS
calculators that the Japanese say
they are about to introduce will
be the first challengers to
Sinclair. Yet, it is interesting to
note that the prototype of the
CMOS calculator that Ragen
announced 1-1/2 years ago—and
has yet to be delivered—was
several times thicker than Sin-
clair’s 3/8-in. thick package. This
may be due to Ragen’s trying to
obtain a full year’s operating life
on a battery, while Sinclair is
only claiming 3 months average
battery life. Incidentally, Ragen’s
present excuse for its delay is
that it is having difficulties
obtaining useful vyields on
CMOS chips that will meet its
original one-year battery-life
specification. Perhaps they, too,
ought to duty cycle their power
supply.

As can be seen from the
cut-a-way view of the Sinclair
calculator, the big reduction in
thickness comes from the use of
small hearing-aid batteries
which is permitted by the duty
cycling. To take advantage of
this, Sinclair also had to have a

The seminar, HOW TO WRITE
FOR PUBLICATION, will be held
at Boston University’s George
Sherman Student Union. The
registration fee of $75 includes
lunch, dinner, cocktail hour and
all materials. Make checks pay-
able to Boston University—SPC,
and mail them to Mrs. Shirley
Coyne, BU-SPC, 640 Com-
monwealth Ave., Boston, MA
02215. Phone(617)353-3488. The
seminar is sponsored by BU’s
Science Communication Div. of
the Graduate School of Journal-
ism.—RF =

ard calculator chip into unique product

Duty-cycling the power supplied to the
LSI/MOS chip allows this calculator to be
very light (2-1/20z) and slim (3/8-in.
thick).

low-profile readout and key-
board. The display problem was
solved with a Bowmar LED
assembly, but it was not so easy
to find a standard keyboard that
was thin enough. Sinclair ended
up developing its own.

The bottom half of the Sinclair
keyboard, which can be seen in
the cut-a-way view, is formed by
conductor-land patterns etched
on a pc board. The top halves
are formed by small spring-
metal tines that are pressed
against the lands underneath by
the buttons that protrude
through the calculator case. This
home-brew approach seems to
us less reliable than some of the
newer U.S. keyboards that also
have low profiles (we’'ve been
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Sinclair Exscutive

Bowmar LED

Display

Main LSI chip

General Instrument

Type 500 or 550

contact land
Keyboard PC

Power Supply
Oscillator

Hearing-aid
Batteries

—’l l‘“ 3/8 inch thickness

Side view

Cut-a-way view of Sinclair calculator shows the discrete-component oscillator that
supplies the intermittent power to the General Instrument calculator chip above. The
bottom half of the keyboard is formed by the printed circuit. The display is a Bowmar

LED unit.

impressed with asample of T.1."s
““metal-bubble” type, for exam-
ple.). One cannot help wonder-
ing if Sinclair with its bold 5-year,
guarantee won't live to regret
their keyboard’s open contacts.

The oscillator circuitry that
does the duty cycling must be an
expensive addition for a calcu-
lator, for it is made up of
discrete components and must
be assembled by hand labor.

Nevertheless, Sinclair believes it
has made an overall gain. The
marketing strategy has been to
dub the thin calculator “The
Executive’”” and then to convince
buyers at high priced depart-
ment stores like Saks Fifth
Avenue, Abercrombie & Fitch
and Nieman Marcus in the U.S.
and similar high-ticket stores in
Europe to carry it as a luxury
item. In these fashionable en-
vironments, the higher price
that Sinclair must charge ($195 as
compared to the $100-$130
prices for other calculators using
the same chip) does not phase
the customers so much, if they
become attracted to the slim
form factor. The initial interest
and sales have been quite good,
we've been told, and Sinclair is
predicting sales of 40k units/year
in the U.S.

The lesson here for circuit
designers ought to be obvious.
There is still a place for
circuit-level ingenuity, even in
these days of identical LSI
“guts.” —RC -]

Automated-graphics system takes the drudgery

out of drafting

A computer and a paper “‘key-
board”” form a novel system for
converting freehand sketches
into fully proportioned draw-
ings. The experimental system is
designed to speed the creation,
filing and updating of large
volumes of graphic material
such as maps and engineering
drawings. It is the result of
collaboration between IBM’s
Research Div. and Advanced
Systems Development Div.

Placed at random on a special
electronic tablet, a rough sketch
and the paper keyboard are
simply touched with an elec-
tronic pen to enter graphic or
alphanumeric data and to initiate
computer program functions.

In addition to the tablet and
pen, the graphics system in-

26

cludes control units and special
programs for the IBM 1800 Data
Acquisition and Control System
to which the equipment is
attached. A conventional televi-
sion monitor and hardcopy
plotter serve as output devices.

A user wishing to create a
drawing places his rough sketch
and the paper keyboard any-
where on the tablet to suit his
work methods. He enters the
sketch into the computer by
quickly outlining it with the pen,
merely pointing the pen at the
keyboard to specify such details
as broken or dotted lines,
arrows or circles. To create a
circle, for example, he would
touch the keyboard’s cir-
cle-drawing function with the
pen and then, on the sketch,

indicate the center of the circle
and any single point on its
circumference.

The user can also add dimen-
sions and labels by selecting the
appropriate characters from the
keyboard and pointing out
where they should be placed on
the sketch.

To check his work, the user
can at any time have the sketch
displayed on the television
screen. He does this by pointing
the pen to the “display” func-
tion on the keyboard. Similarly,
he can cause the sketch to be
produced in hardcopy form by
the plotter or stored by the
computer for later work.

To convert the sketch into a
finished drawing proportioned
according to the entered dimen-
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sions, the user merely touches
the “finished drawing” function
box on the paper keyboard. He
is alerted automatically if dimen-
sions conflict or are incomplete.

Finished drawings and maps
can be altered with these same
techniques, which are estimated
to help a draftsman complete a
job in as little as one-fifth of the
time for manual methods.

The electronic tablet contains
a grid that produces a range of
unique voltages across its face.
The pen senses the voltage at a
given point and the control unit

generates the coordinates of the
point. These coordinates are
used by the computer to
determine the shape of the
sketch as it is entered, the
position of the paper keyboard
and the characters and functions
selected by the user.

The computer program con-
tains a description of the paper
keyboard and a library of
routines relating to the keyboard
functions. New descriptions and
routines can be inserted into the
program to fit a variety of
applications. — ff O

Magnetic storage system for full
color video display developed for
maps and other avionic readouts

A new color display system study
has just been completed by
Hughes Aircraft and Ampex
Corporation. The joint effort
involves the use of a modified
8-channel video disc recorder
developed by Ampex and a high
resolution 4-beam color display
developed by Hughes Aircraft.
Intended as a navigational aid
for jet aircraft, the color map will
be displayed on a5 in. CRT with
7 mil resolution, readable under
10,000 lamberts of ambient light.
A vidicon camera scans off
sixteen fields of 56 lines each for

each of the three primary colors
used, red, blue and green, to
generate color for the display.
These fields are stored on a
magnetic disc and then played
back to produce a 8-to-1
interlace color picture. The
playback video is processed so
that it is comprised of four
simultaneous video signals, each
with a 2-to-1 interlace (Fig. 2).
The four signals are sent to
each of the four beam guns in
the display CRT. Each beam
scans one fourth of the CRT as
shown in Fig. 2, and all beams

oo BEAM D VIDEO
FILTER VIDEO -
COLOR WHEEL
VIDEO =
camera L gSYNE -
# - MULTI-BEAM COLOR
IMAGNETIC DISC] DISPLAY UNIT

RECORDER

BEAM A VIDEO
-

»
BEAM B VIDEO

BEAM C BIDEO
'L

BLUE )X GREEN
RED
O N,
3
LoR wiis

SIMPLIFIED BLOCK DIAGRAM

Fig. 1—A complex interlacing scheme of four electron beams, synchronized with a
rotating color wheel produces a high-brightness, high-resolution display. The screen

is scanned vertically with 896 lines.

THIN-TRIM
GAPAGITORS

HYBRID-CIRCUIT
DESIGNERS

ACTUAL SIZE

v 2 \“:*f - »

9402 9410 PC 9401

THIN-TRIM capacitors are a new
development in miniaturized vari-
able capacitors for application in
circuits where size and performance
is critical. The Thin-Trim concept
provides a variable device to hybrid
circuit designers which replaces
fixed tuning techniques and cut and
try methods of adjustment.

FEATURES

* Low profile for
HYBRID CIRCUIT applications.

* High capacity values for
BROADBAND applications.

* High Q - low capacity values for
MICROWAVE applications.

U.S. Patent 3,701,932
Circle No. 15

MANUFACTURING CORPORATION

ROCKAWAY VALLEY ROAD
BOONTON, N.J. 07005
PHONE (201) 334-2676

TWX 710-987-8367



TM — Contour Cable is a trademark of Hughes Aircraft Company.

We specialize in flat cable
and flexible circuit problems
nobody else can crack.

A lot of people make flat cable. A lot of
people make flexible circuits. We're one of the few
who make both.

But the big difference isn't only what we can
manufacture, it's what we can design.

Hughes CONTOUR Cable solved problems
for the Viking Mars probe. We worked out
solutions for the Minuteman missiles. We
cracked tough packaging problems for
shipboard and airborne systems, ra-
dar, sonar, high-speed computers.

And we can crack your
tough ones, too.

Not wild-eyed, super-expensive,

forever-and-a-day solutions. Practical solutions.
Maybe even less-expensive-in-the-long-run solutions.
And once we design it, we'll make it. In one
of the industry's newest, most complete facilities.
Think of it this way. If it's simple and
easy, anybody can do it, including us. But
the tough nut is our specialty.
A tour? Or a consultation to discuss
~ your design requirements? Just call (714)
\ 548-0671 and ask for Dave Cianciulli.
Orwiiter 800 it mcrra i amae
Superior Ave., é HUGHES i
=  Newport Beach, ! !
California 92663.

4

K o i s e o 4
HUGHES AIRCRAFT COMPANY

CONNECTING DEVICES

Cables, circuits, connectors . . . only Hughes puts it all together.
Circle No. 16
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Fig. 2 —The prototype color map system
atAmpexCorp.runs from memory stored
on an 8-track disc.

scan simultaneously. At the
same time the CRT is being
scanned, a color wheel rotates in
front of the CRT. The disc
recorder is synchronized to the
color wheel, which gives the
video color.

The use of four beams allows
the CRT to scan at 1/4 speed and
with 1/4 the bandwidth for each
beam. Reducing the scan speed
of each beam preserves the
beam geometry allowing for a
higher resolution than having
the beam scan four times as fast.
In addition, to achieve the
brightness with high resolution,
the four beams each need to
contribute 1/4 of the total energy
applied to the screen. Feasibility
studies at Hughes proved the

The display unit located in the
cockpit would show a color
reproduction of a map while
automatically locating the posi-
tion of the aircraft in the middle
of the display. The aircraft’s
navigational computer ad-
dresses the system causing the
video tape recorder to load a
video disc recorder with the
appropriate sections of the map.

The unit employs an electron-
ic video window movement that
will allow continuous data flow
to and from the disc. When a
map perimeter is reached, the
disc automatically reloads a new
section of the tape stored map.

The system, originally devel-
oped in conjunction with
NAVAIR (the Navy Air Develop-
ment Program), will also allow
for the display of other video
data, such as radar, ballistics or
infra-red, which can be superim-
posed upon the map.

Currently, only breadboard
hardware has been developed.
With its present configuration,
the system might easily be
adapted to other digital readouts
for avionic purposes. As of this
writing, EDN learned that both
Hughes and Ampex were con-
tinuing the project on their own.
It is not likely that the final CRT
would use a color wheel, but
rather a liquid crystal or piezo-

four beams to be necessary. electric color filter.—/M =
B 4
l\
NN
\\\
B
\\
N

LINENO 123456 78 91011121314151617 18192021 22 Sgzee
BEAM AABBCCDDAA BB CCDDAA BB CC BLBBI
BCCDD

PRIMED LETTERS DENOTE INTERLACED FIELD

Fig. 3—Four beams, labeled A, B, C, and
D are interlaced in the above scheme.
The prime numbers denote the interlace
sequence across the screen. Four beam

guns are necessary to produce both the
required resolution, and the display
brilliance needed for viewing in high
ambient light environments.

Call Hughes
for...

Image Devices

Video storage units: scan
conversion memory systems

(RS 229)

Direct view and scan converter
storage tubes and low light
level devices (RS 22¢)

Microwave Products

Por

23 N
Millimeter-wave sweepers,

sources, isolators, modulators,

mixers, detectors and diodes
(RS 220)

>

- “
Moy

Microwave TWTs, TWTAs and
solid state IMPATT and transistor
amplifiers (RS 228)

-

Lasers

ol

-

Gas lasers (RS 231)

Thermal Products

-

Heat pipes (RS 237)

Multiplex Systems
R e

g

or remote
communications/control (RS 230)

(213) 670-1515, Ext. 5964

Telephone for immediate information. For
literature, circle reader service (RS)
numbers, or write to Bldg. 6, Mail sta-
tion D-135, Culver City, CA 90230.

J
HUGHES AIRCRAFT COMPANY

Industrial Electronic Products







Think Twice:

When is a portable

really portable?

HP’s 1700 Series Portable
Scopes Always Are...

They're tough go-anywhere scopes:
weatherproof, dustproof, completely
self-contained. Not the kind of “port-
able” that’s gently moved from bench
to bench, trailing a power cord. With
a 1700 Series scope you don’t worry
about the rain. Or the rough ride. Or
whether, when you get there, you'll
find ac or dc power—or no line power.

An HP portable gives you features you’d
expect only in a big lab scope. Like a
large, bright CRT that lets you see
even difficult signals in high ambient
lighting, ECL trigger circuits and a
trigger hold-off control, and sweep
linearity over the full 10 divisions of
horizontal display —ideal for maximum
resolution in making those critical
timing measurements.

But that’s just the beginning. Then the
1700 Series allows you to pick the
specific features you need for your
field service application: conventional
or variable-persistence storage CRT;
bandwidths of 35, 75, or 150 MHz;
sweep speeds as fast as 2 ns/div; de-
layed or non-delayed sweep; selectable
input impedance; bright-scan viewing
mode; and a built-in rechargeable bat-

tery pack for complete measurement
independence.

And we’re just as proud of the things
you don’t get with a 1700 Series port-
able. No heat sinks. No fans. No venti-
lation holes to let in dust and moisture.
That’s because our circuits are designed
for very low power consumption —and
for long, trouble-free operation. And
there’s no challenge in servicing our
portables. In fact, you can completely
recalibrate some models in an hour or
less, even if all the internal adjustments
are misaligned. It’s not very sporting,
but this ease of servicing quickly adds
up to impressive savings.

So before you choose a scope, check
your requirements. Then think twice
about costs and benefits. Remember,
Hewlett-Packard portables let you
make any measurement you need —and
they cost from $100 to $250 less than
comparable scopes. These 1700 Series
portables are priced from $1475 to
$2300 for non-storage models and from
$2375 to $2725 for models with
variable-persistence storage. For help
in choosing the HP portable that’s best
for you, send for a free copy of our
“No-Nonsense Guide to Oscilloscope
Selection.” Or contact your local HP
field engineer. Hewlett-Packard, Palo
Alto, California 94304. In Japan:

Circle No. 17

Yokogawa — Hewlett-Packard, 1-59-1,
Yoyogi, Shibuya-Ku, Tokoyo 151,
Japan. In Europe: HPSA, P.O. Box 85,
CH-1217 Meyrin 2, Geneva, Switzer-
land.

N
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Scopes Are Changing;
Think Twice.

083/1

HEWLETT hp; PACKARD

OSCILLOSCOPE SYSTEMS
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Circle No. 18

THE SMALLEST

5 AMP

GENERAL PURPOSE
RELAY

Available now, Teledyne’s
new Mini-T.

This industrial, heavy-duty 120
volt 5 amp relay features a life
expectancy of over 10 million
dependable operations. The
space-saving 2PDT Mini-T with
transparent dust cover has a
full line of complementary
sockets and hold down clips
for P.C. board or chassis
mounting. This Teledyne relay
employs an unusual shaded
pole design that permits direct
AC operation without the need
for rectifying diodes. Available
with either AC or DC coils and
demonstrating cost
effectiveness that’s hard to
beat, the United States-
manufactured Mini-T is truly
worth its one-half ounce
weight. The Mini-T . .. another
finely-crafted relay from
Teledyne. Call our nearest
distributor today.

3155 West El Segundo Boulevard
Hawthorne, California 90250
Telephone (213) 679-2205

»

TELEDYNE
RELAYS
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$950

Miid Electronics

2 Hammarskjold Plaza « New York, N. Y. 10017 « (212) 973-7152

Circle No. 19

UHF bandwidth with extreme
sensitivity—this is what you need to
calibrate both a transmitter and
receiver. Only the 5108 provides you
at this price with 10mVrms sensitivity
from 100Hz to 550MHz (100mVrms
from 10Hz to 100Hz).

The 9-digit display is a gratifying
necessity, when you use the 5108’s
full resolution of 1Hz on a 16-second
gate time. Your controls provide 4
decades of resolution, down to a
160-millisecond gate time for 0.1kHz
resolution.

Time base aging rate is slower than a
movie star’s: 5 x 10°® for the
temperature-compensated crystal
oscillator.

More: 35dB auto-attenuation with
automatic noise suppressor; 20dB
additional with manually switched
attenuator.

Service and parts—Never a problem;
HONEYWELL provides both.
Throughout the USA. Quickly and
efficiently.

There are 19 essential specifications
on the 5108 data sheet, most of them
superior to those of any competing
counter. You've just read 5 of the 19.
This is the best counter you can
procure in this price range, and you
can get all the details, plus the name
of your local representative by
writing or calling Tom Williams

at Miida.



Band-Pass Filters

PARAMETER RANGE
Center Freq W i 10 Khz-75 Mhz
Bandwitth ..o .01%-3% of C.F.
Phase Linearity <*5%
TransIont -OvVershont .. ... ..cousceimmmomons >40 db
Shape Factor <1.25:1

Differential Phase Shift
Group Delay Uniformity ......

Band-Reject Filters

PARAMETER

Center Frequency
Reject Bandwidth ...
Pass Bandwidth ..
Shape Factor
Notch Rejection ...
Insertion Loss
Ripple

RANGE
10 Khz-35 Mhz
..01% to .5% of C.F.
Up to 100% of C.F.

Circle No. 20
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Whether your signal shaping need is a
sharp rejection notch, a band-pass or
a single side-band filter — call Damon.
Choose from dozens of computer-
assisted standard designs including
Butterworth, Chebyshev, Gaussian or
Bessel. Or let Damon create a custom
filter to your specs. Either way, you're sure

of the exact crystal filter you need. A produc-
tion run or a prototype, Damon meets your sched-

ule. Try us. Damon/Electronics Division,
80 Wilson Way, Westwood, MA 02090.
Tel: (617) 449-0800.

Single Side-Band Filters

PARAMETER
Center Frequency ...
Pass Bandwidth ..
Carrier Rejection ...

Shape Factor Carrier Side .
Shape Factor Side-Band Side .
Insertion Loss
RIPPIE: 5.ccrivirovsiins

RANGE
10 Khz-35 Mhz
..01% to 2% of C.F.

& pavon



Raytheon Semiconductor
announces

two super products

that just made us
No.1 in voltage regulators.

No gimmicks. Just proof.

Here they are. Adjustable and fixed
dual-tracking voltage regulators that
are so simple to design into your sys-
tem you can forget about your slide
rule and calculator. They require
fewer external components so they
take up less space. Compared to other
voltage regulators, they provide more
than twice as much current. Which
means you can supply a lot more sys-
tems for a lot less money in the long
run. And they are the first voltage
regulators to provide thermal shut-
down protection for both outputs at
a junction temperature of +175°C.

Adjustable 4194

With the 4194 you get both positive
and negative outputs from 50mV to
42V — the widest range available
today. All it takes is one external
resistor (R) to ground for setting the
desired output voltage. And to find
out the value of Ry you just use this
simple formula: 2.5 x V, = R, (KQ).

Or if you want to program the
outputs simultaneously, use one pot
calibrated for 2500 ohms/volt.

Depending on the application,
you'll only need from 4 to 6 external
components — compared to 8 to 12
for other regulators.

The 4194 provides 200mA at

both outputs simultaneously, with

+Vout

Balance
——O

-Vout
—»

4194
0.2% load regulation over the entire
voltage range. You need just one re-

sistor to provide asymmetrical track-
ing voltages for the popular 710, 711,
702, 106 or the like. And with external
pass transistors the 4194 can supply
output currents to 10A.

Fixed 4195

Check these features against competi-
tion. The 4195 provides positive and
negative 15V outputs at 100mA each.
And it does it with only two bypass
capacitors, compared to competi-
tion’s six external components. That

+15V
100mA

A
¥
I 100mA

means you can power a lot more op
amps for a lot less money.

The 4195 can be used as a
single supply with an output of up to
+50 volts. It comes in 3W and
900mW packages or — and this is
another first — an 8-pin plastic
mini-DIP!

Raytheon Semiconductor
350 Ellis Street
Mountain View
California 94040

Phone (415) 968-9211.

Send me information right away on the
voltage regulators checked below.

(] LM104/204/304
[] LM105/205/305
] LM109/209/309

q
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|
|
|
|
|
|
|

g7z |

4194 |

] 4195 !

|
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|
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The function generator: more
flexibility at lower prices

While there haven’t been many basic design changes, frequency has been
increasing; prices are dropping; and flexibility is on the upswing.

Roger Allan, Associate Editor

When the recent 1969-1970 recession hit, en-
gineering budgets were cut drastically, and de-
signers found precious little money to spend,
particularly on new laboratory instruments. These
had to be more tailored for the job and had to
offer a lot more value for the same money. One
such instrument that has done just that is the
function generator. Despite improvements in
flexibility, it is selling for even less money than it
did one vyear ago, thanks, in part, to keen
competition from the dozen or so manufacturers
in the field.

Function generators offering moderately ac-
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Fig. 1—A fundamental function-generator circuit. The triangu-
lar wave is developed in the integrator which incorporates a
capacitor that charges and discharges from a constant-current
source. This is fed into a bistable hysteresis network in a
closed-loop to form the square wave. The sine wave is shaped
from the triangle after the latter is fed into a diode-array-
shaper network. Ramp and pulse waveforms are made by
combinations of offset voltages and time-symmetry changes.
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Fig. 2—Shaping a sine wave from a triangle is often done using
diode networks such as this one. The triangle is broken up
into segments whose slopes are controlled to conform to
those of the sine wave. Networks of this type and similar ones
using transistors can provide sine-wave distortion of 0.1% at
best, with 0.5% being more common. Sine-wave shaping by
diode or transistor breakpoints is still the most practical
method for function generators.

curate sine, square, triangle, pulse and ramp
outputs over a few microHertz to 10 and 20 MHz
are selling in the $300-to-$500 range, down from
the $400-to0-$600 range of about a year ago. And
they are quite flexible. They offer frequency
sweep, single-shot, burst, gating, modulation and
voltage-control features in many different com-
binations to suit different general-purpose re-
quirements. Some are available for as low as $245.

Some people would have us believe that the
emergence of low-cost monolithic chips and
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This function generator has a lot to offer. It can provide sine,
square, triangle, pulse, ramp and sync waveforms over a
frequency range of 0.005 Hz to 5 MHz. It also includes trigger,
gate, variable dc, variable offset and VCF features for $395.
(Ailtech)

hybrid potted modules, that can produce the
same functions as instruments, have been the
cause of declining instrument prices. This is not
quite true. Hybrid and monolithic generators are
aimed mostly at dedicated systems applications.
They are aimed at the designer who has a need for
a specific generator to do a specific job and who
had to build it himself only a few years ago. And
in their own right, these devices are filling an
important need.

They are not, however, quite as flexible as
instruments. They require a dc voltage for power,
cannot provide high output power thereby neces-
sitating the use of output power amplifiers, do
not have external frequency dials for control,
have no display and require external capacitors
and resistors in order to work. Add to that the
cost of an external metal housing, and one can
see that no great savings can be had using
modules or IC chips over instruments. Moreover,
many IC chips can only offer about 5% sine-wave
distortion, a far cry from the 0.5% spec of
instruments.

Where the function generator instrument has
tended to shine has been in its multi-purpose
usefulness which threatens to oust many other
types of specific laboratory instruments, such as
the pulse generator, the sine-wave oscillator and
the sweep generator, to name a few. For everyday
general-purpose laboratory or field use, the
function generator simply can’t be beat in value.
Only in specific applications where, for example,
sine-wave purity is very important (about 0.01%
or better) or a very fast (less than 10 nsec) rise and
fall time is required from a pulse, would specific
instruments, such as synthesizers (for frequency
purity and stability) and pulse generators (for fast
rise-time pulses), be better.

The basic circuit

If we were to look at modern function-
generator circuitry, we could find that nearly all
have the same fundamental configuration (Fig. 1),
despite some minor approaches here and there.
This starts with the development of a triangular
wave in an integrator by charging and discharging
a capacitor from a constant-current source (a
rise-time circuit is sometimes used). The square
wave is formed from the triangular wave in a
closed loop after the latter is fed into a bistable
hysteresis network such as a Schmitt trigger. A
wave-shaping circuit (Fig. 2), usually made up of
diodes or transistors, converts the triangle into a
sine wave by piece-wise linear approximation.
Ramp and pulse waveforms are generally gener-
ated by combinations of offset voltages and
time-symmetry changes.

The most important part of a function gener-
ator’s circuitry is the sine-shaping network, and
this has hardly changed over the last decade.
Some manufacturers use computer programs to
calculate sine wave distortion, by using the V/I
characteristics of the diodes in the shaping circuit
as the variables. This is said to improve distortion
specs down to 0.1% under certain conditions up
to 100 kHz. However, most generators provide
only about 0.5% sine-wave distortion at best
under real-world laboratory and field conditions.
And this is basically a limitation of the shaping
network.

This is not to say that better distortion specs
cannot be met. But for the price range that
function generators compete in, current methods
of sine-wave shaping by diode breakpoints are
the most economical.

Of course, there are some problems, but they
are not that bad. The wave-shaping circuit
introduces a discontinuity in the sine-wave slope
when the triangular wave used to generate it

A digital readout for both frequency and amplitude is featured
in Model 147. Covering a frequency range of 0.0005 Hz to 10
MHz, the 3-1/2-digit display instrument costing $1295 pro-
duces sine, square, triangle, positive and negative pulse,
sawtooth, ramp and sync outputs. (Wavetek)
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Low-cost function generators like this one offer a high
performance/price ratio. The Model 5700 costs only $295 but
offers sine, square and triangle waveforms over 0.002 Hz to 2
MHz, a 1000:1 tuning-dial ratio, auxiliary square waves, an
output attenuator, dc offset control and two outputs—a 6002
balanced output with 30V p-p into an open circuit and a 50
single ended output with 15V p-p into an open circuit.
(Krohn-Hite)

reaches its peak. At that point the triangle
changes its slope and the shaper circuit has
nonzero gain. This discontinuity is only a problem
in applications where the sine wave is fed into a
differentiator circuit to produce a different sine
wave out of phase with the original one.

Some generators produce a small amount of
high-frequency noise on the sine-wave peaks,
which can be more noticeable at low-level
outputs. This switching noise emanating from the
basic triangular-square-wave loop network is
generally about 100 mV for a 10V rms sine wave.
However, in some cases, as much as 1V out of the
10V is noise, a parameter rarely specified in any
data sheet.

There is one function generator, Exact Electron-
ics’ Model 335, which does not make use of the
standard basic integrator network. Instead, it
digitally synthesizes its triangles from a 2000-bit
staircase with a combination of an up/down
counter, a shift register and a D/A converter.
Because the TCs of the RC network and op amps
limit integration methods in long-term stabilities,
the synthesized method, which can be as stable
as the basic clock, offers much better long-term
stability. Exceptional stability doesn’t come cheap
in a function generator, however. The Model 335,
which spans 10 wHz to 50 kHz, has a $1250 price.

Differences in methods used to produce pulses
lead to different advantages and drawbacks for
the user. Two of these methods include a skewed
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waveform technique (Fig. 3), which involves a
time symmetry control at the integrator’s input to
bias the VCG (voltage controlled generator)
amplifier and a threshold detector (Fig.4).

The former method allows pulses to be gener-
ated only up to 1/10th of the function generator’s
highest frequency, because they are limited by
the basic triangle-square-wave loop. With the
latter method, up to 1/2 the maximum generator
frequency can be reached, as the limiting factor
becomes the detector and output amplifier.

The threshold-detector method is free of any
pulse-width/frequency interaction, something
the skewed method suffers from. Few data sheets
ever specify this type of problem.

But there is one important advantage of the
skewed technique that the threshold circuit
cannot offer, and that is the adjustable duty cycle
ramp and sine wave. In both skewed and detec-
tor cases, the duty cycle is constant with varying
frequency.

The 20-MHz plateau

Ever since function generators were in-
troduced, one mark of progress manufacturers
preoccupied themselves with was how high a
frequency could they produce. While most gener-
ators stop at 10 MHz, three have reached the
20-MHz plateau (from Exact, Systron-Donner and
Ailtech) and have stopped there only because of
limitations in component state-of-the-art.

At 20 MHz, a function generator would require
an amplifier with a bandwidth of approximately 5
to 100 MHz to provide the fundamental frequency
and its fifth harmonic. Considering the price
range function generators are in, such amplifiers
can become a large part of the cost.

For all the flagwaving and fanfare about20-MHz

Model 129 is really two generators in one. The main generator
offers VCF and has sine, square, triangle, +square, +pulse,
+sine and sync waveforms over 0.1 Hz to 5 MHz. The AM/FM
generator produces sine, square and triangle waveforms over
1 Hz to 1 MHz, has simultaneous AM and FM and can also be
used to gate and trigger the main generator for toneburst and
pulse operation. Total cost is $895. (Exact)
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Simultaneous sine, square and triangle outputs are available
from Model TWG501. The $395 generator covers 0.009 Hz to
1.1 MHz and offers VCF, a 20V p-p output at 20 mA, fast
15-nsec rise time, square waves and a trigger-pulse output.
(Feedback)

capabilities, is the user getting that much more in
benefits for what he has to shell outin money? As
one industry spokesman sees it, the high-
frequency race is largely cosmetic. He points out
that the large majority of applications, perhaps as
much as 90%, are in the 5-MHz range. Further-
more, the quality of signals at 20 MHz degrades
rapidly as the instrument approaches its operat-
ing limits.

At 20 MHz, signals get attenuated and a
square wave looks more like a sine wave, while
sine waves increase in distortion. Most generator
triangles look awful at that point, containing
much nonlinearity. Data sheets usually specify
the best signal purities within a lower frequency
range, usually to 10 MHz, while at 20 MHz, the
specs get worse. A 20-MHz square wave has a half
period of 25 nsec. With a 15- to 20-nsec rise and
falltime, one could see that a total transition time
of 30 to 40 nsec would be greater than the square
wave half period, resulting in high square-wave
aberrations.

Other industry leaders voice optimism on the
importance of the high-frequency push. As some
of them point out, instruments have historically
been the leaders of progress, and one important
benchmark of that progress has always been
measured by their highest frequency. With future
improvements in IC components, better wave-
forms at high frequencies are sure to come. Some
familiar applications like testing the frequency
response of amplifiers are important ones for
high-frequency generators.

There is also another frequency trend, one
going the other way to lower frequencies. Fre-
quencies down to 1 pHz (that’s a waveform with a
period of more than one week!) are available
from Exact’'s Model 335, with several other
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Fig. 3—Pulses are commonly produced by adding symmetry
control to the basic sine, square and triangle circuit. This
time-symmetry control works by adding dc bias to the VCG
(voltage controlled generator) amplifiers which results in
skewed waveforms. By adjusting the symmetry potentiometer,
numerous other waveshapes can be obtained. (block diagram
courtesy of Wavetek)

manufacturers offering 0.002-Hz frequencies or
lower. This has been spurred on by new applica-
tions in geophysical and medical fields such as
earthquake, earth-period, human-voice, human-
nervous system and soil-erosion simulations.
Low-frequency waveforms are being applied to
mechanical test systems such as shaker tables and
vibration testing and in ASW (anti-submarine
warfare) applications.

One pitfall a user should be aware of is the
generator’s dial calibration when it comes to low
frequencies. Many generators have a large dy-
namic frequency range below 1 Hz crammed onto
the lower end of the dial, which usually does not
contain many numbers. So the user is forced to
assume that the generator is more or less linear
below 1 Hz, and that is not always true.

A few words about specs

While specsmanship is the name of the game
with most electronic products, it becomes less of
an important consideration for function gener-
ators as they become lower and lower in cost.
Function generators are not ultra high-precision
instruments, after all, but general-purpose labo-
ratory and field tools. Nevertheless, the prospec-
tive purchaser should watch out for a few
important specs such as output voltage and
impedance, dial frequency accuracy and stability.

Most generators provide 20V p-p outputinto an
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Company

Ailtech Div. of
Cutler-Hammer
Co., Farming-
dale, NY and
City of In-
dustry, CA

Clarke-Hess
Communication
Research Corp.,
New York, NY

Esterline Angus

Exact Elec-
tronics, Inc.,
Hillsboro, OR
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Frequency Waveforms
Model range generated
F230B 0.005 Hz to sine, square,

3 MHz triangle, ramp,
pulse, sawtooth,
sync.

F231A 2 -

F240A ! sine, square,
triangle, ramp,
offset sine, sync

501 0.005 Hzto 5 sine, square,

MHz triangle, pulse,
ramp, sync

510 0.01 Hz to r

10 MHz

511 ¥ L

520 0.02 Hz to 20  sine, square,

MHz triangle, pulse,
ramp, sync

521 A n

743 0.001 Hzto 4 sine, square,

MHz triangle

745 0.01 Hz to s

1.099 MHz

(digitally set)

748 0.001 Hz to 4

MHz

F-1000 0.01 Hz to 100 sine, square,

kHz triangle, sync

120 0.1Hzto3 sine, square,

MHz triangle, sync

122

123 d #

124 0.1Hzto5 sine, square,

MHz triangle, pulse,
sync

125

126 0.1Hzto3 sine, square

MHz triangle, ramp,
pulse, sync

127 % g

128 % :

335 10 uHz to 50  sine, square,

kHz triangle, ramp,
pulse, sync,
haversine, haver-
triangle

LEGEND

1. 0.C.-open circuit
2. VCF-voltage controlled frequency
3. VCA-voltage controlled amplitude

Output
amplitude

32.5V p-p into
0.C.
16.25V p-p into
500

32.5V p-p into
0.C. from 50Q
or 6000
30V p-p into
6000 and
16.25V p-p into
500 from
Z, =500
16.25V p-p
into 600(2 and
2.5V p-p into
500 from

< = 6000
25V p-p into
0.C.
12.5V p-p into
500

"

25V p-p into
0.C.

12.5V p-p into
500

20V p-p into
0.C.

10V p-p into
500

100mV p-p and
10V p-p into
6000 from

Z, =500

20V p-p into
0.C.

10V p-p into
500

20V p-p into
O.C.

10V p-p into
500

Frequency
stability

+0.05% of set-
ting for 10
minutes

+0.25% of set-
ting for 24 hours

+0.05% of set-
ting for 10
minutes

+0.25% of set-
ting for 24 hours

+0.05% of set-
ting for 10
minutes

+0.2% of setting
for 24 hours

+0.05% for 10
minutes

+0.25% for 24
hours

0.04% of setting
for 10 minutes

0.2% of setting
for 24 hours

0.05% of setting
for 10 minutes

0.25% of setting
for 24 hours

0.05% of setting
for 10 minutes

0.25% of setting
for 24 hours

Unit
cost

$ 695

$ 795
$ 795

495

Rl

$ 595
$ 695

$ 795
$ 365

$ 515
$ 310

$ 295

$ 395

$ 345

$ 595

$ 795

$ 495

$ 595

$ 695

$1250

4. V:f-voltage proportional to frequency
5. Stability specs are given with respect to time only.
6. Specifications shown are as they appear in the various manufacturers' literature.

Other features

Sweep, trigger, gate, fixed and variable dc offset,
VCF, toneburst

sweep, trigger, gate, fixed and variable dc offset,
VCF, toneburst, VCA
trigger, gate, VCF, phaselock, variable dc offset

trigger, gate, variable dc, variable offset, VCF

variable dc, variable offset, VCF

trigger, gate, variable dc, variable offset, VCF
variable dc, variable offset, VCF

trigger, gate, variable dc, variable offset, VCF
VCF, toneburst, synchronization, gate, variable
dc offset, switched zero output.

VCF, VCA, toneburst, synchronization, gate, vari-
able dc offset, switched zero output

variable dc offset

VCF, selectable 500} or balanced 600(2 outputs,
variable dc offset

VCF, variable dc offset

trigger, gate, VCF, internal sweep, toneburst,
dual-output amplifiers, variable dc offset

trigger, gate, VCF, internal linear sweep, internal/
external logarithmic sweep, toneburst, variable
dc offset, dual-output amplifiers

trigger, gate, toneburst, sweep, VCF, variable dc
offset, dual-output amplifiers

trigger, gate, toneburst, sweep, VCF, variable dc
offset, dual-output amplifiers, digital-dial fre-
quency adjustment

trigger, gate, toneburst, sweep, VCF, variable dc
offset, dual-output amplifiers, logarithmic sweep,
ramp hold, V:f

variable dc offset, trigger, gate, hold, peak hold,
digital synthesis, VCF
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Company

Feedback, Inc.,
Berkeley
Heights, NJ

Heath/
Schlumberger
Scientific
Instruments,
Benton Harbor,
MN

Hewlett-
Packard Co.,
Loveland In-
strument Div.,
Loveland, CO

Interstate
Electronics
Corp.,
Anaheim, CA

Model

605

606
7030

7050
7056
7060
7071

7230

129

TWG300
TWG500

TWG501

EU-81A

3300A

3301A

3302A
3304A
3305A

3310A

3310B
3311A

F31

F32
F33

LEGEND

Frequency
range

0.001 Hz to
1.66 MHz

0.0001 Hz to
11 MHz

0.001 Hz to 20
MHz

0.1Hzto5
MHz

0.001 Hz to 1
kHz

0.01 Hz to 100
kHz

0.009 Hz to 1.1
MHz

0.1Hztol
MHz

0.01 Hz to
100 kHz

auxiliary
plug-in

for 3300A
mainframe unit

"

0.0005 Hz to
5 MHz

0.1 Hztol
MHz

003 Hzto3
MHz

1. O.C.-open circuit
2. VCF-voltage controlled frequency
3. VCA-voltage controlled amplitude

Waveforms
generated

sine, square
triangle, ramp,
pulse, sync

sine, square,
triangle, sync,
ramp, pulse

sine, square,
triangle, pulse,
ramp, sync

sine, square,
triangle, pulse
sync

sine, square
triangle

"

sine, square,
triangle, sync

sine, square,
triangle, pulse,
ramp, sync

sine, square,
triangle

sine, square,
triangle, sync

Output
amplitude

15.99V p-p into
500

30V p-p into
0.C.
15V p-p into
500

30V p-p into

0.C.

15V p-p into

500

20V p-p into

0.C.

10V p-p into

500

40V p-p at 20mA
s = 100

40V p-p at 100

mA Z; = 10Q

20V p-p at 20
mA Z, = 250

20V p-p into
0.C.
10V p-p into
500

35V p-p into
0.C.

15V p-p into
6000

2V p-p into
500

30V p-p into
0.C.
15V p-p into
500

20V p-p into
0.C.
10V p-p into

6000
20V p-p into
0.C.

10V p-p into
500

Frequency
stability

0.04% of setting
for 10 minutes
0.2% of setting
for 24 hours

0.05% of setting
for 10 minutes

0.25% of setting
for 24 hours

0.05% of setting
for 10 minutes

0.25% of setting
for 24 hours
0.05% of setting
for 10 minutes
0.25% of setting
for 24 hours
0.1% of setting
for 1 hour

+0.05% for 10
minutes
+0.1% for 6
hours

+0.05% for 10
minutes
+0.3% for 24
hours

+0.05% of set-
ting for 10
minutes
+0.25% of set-
ting for 24 hours

0.05% for 10
minutes

0.25% for 24
hours

Unit
cost

$1450

$1250
$ 595

$ 745
$ 995
$ 845
$1095

$ 795

$ 795

$ 950
$1695

$ 395

$ 245

$ 725

$ 255
$ 295
$1015

$ 595

$ 735
$ 249

$ 295

$ 345
$ 395

4. V:f-voltage proportional to frequency
5. Stability specs are given with respect to time only.
6. Specifications shown are as they appear in the various manufacturers' literature.

Other features

gate, trigger, fully programmable, fi
local and remote control, VCF

dc offset,

gate, trigger, fully programmable, fixed ofiset,
remote control, VCF
VCF, variable symmetry, variable dc offset

VCF, variable symmetry, gate, trigger, variable
dc offset

VCF, variable symmetry, gate, trigger, AM, phase-
lock

VCF, gate, trigger, toneburst, sweep, variable dc
offset, dual generators

VCF, trigger, gate, sweep, toneburst, linear/
logarithmic/gated sweep, ramp hold, variable dc
offset

VCF, variable dc offset, variable symmetry

AM, FM, toneburst, gate, trigger, variable dc
offset, manual sweep, VCF

clipped triangle with variable slopes, monitor
square and triangle waveforms

variable-phase sine waves over 360°, reference
and quadrature, VCF, sweep, gate, trigger, dc
offset

up to seven simultaneous outputs, VCF, dc
offset, trigger-pulse output

adjustable dc offset, VCF

simultaneous dual outputs, VCF, dc offset,
accepts four plug-ins

provides internal connections to mainframe

trigger, phaselock

sweep, dc offset, sawtooth

manual and automatic triggered sweep, VCF,
logarithmic sweep, programming, sweep output
dc offset, VCF

dc offset, VCF, single- and multiple-cycle output,
start-stop phase
VCF, dc offset

adjustable dc level

VCF, adjustable dc level, output-limit indicator
VCF, adjustable dc level, variable-width pulse,
trigger, gate, external sync, VCF, output-limit
indicator, adjustable dc level
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Company

Krohn-Hite
Corp,,
Cambridge, MA

Marconi
Instruments,
Englewood,
NJ

Systron-Donner
Corp,, Data-
pulse Div.
Culver city, CA

Tektronix, Inc.,
Beaverton,
OR
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Model

F34

F51A

F52A
F53A
F54A

F55

5000

5100A

5200

5300

5400A

5700

2120

401

410

420

421
FG501

LEGEND

Frequency
range

0.03Hzto 3
MHz

0.0005 Hz to
10 MHz

0.0005 Hz to
10 MHz

0.2Hzto3
MHz

0.002 Hz to 3
MHz

0.002 Hz to 5
MHz

0.002 Hzto 2
MHz

0.002 Hz to 2
MHz

0.0008 Hz to
100 kHz

0.02 Hzto 2
MHz

0.0002 Hz to
2 MHz

2 Hz to 20
MHz

0.001 Hzto 1
MHz

1. 0.C.-open circuit
2. VCF-voltage controlled frequancy
3. VCA-voltage controlled amplitude

Waveforms
generated

sine, square,
triangle, sync

sine, square,
triangle, ramp

sine, square,
triangle, ramp

sine, square,
triangle

sine, square,
triangle, ramp,
pulse, sawtooth

sine, square,
triangle, ramp,
pulse, sawtooth

sine, square,
triangle

sine, square,
triangle
sine, square
triangle, ramp

sine, square,
triangle

sine, square,
triangle, pulse,
sine squared,
sawtooth

sine, square,
triangle, sync

"

sine, square,
triangle, pulse,
ramp

Qutput
amplitude

10V p-p into
500

30V p-p into
0.C.
15V p-p into
500

"

30V p-p into
0.C.
15V p-p into
500

"

20V p-p into
0.C.

10V p-p into
500

"

30V p-p into
0cC.

15V p-p into
500

15V p-p into

0.C. and 7.5V
p-p into 500
2, =500

30V p-p into
0.C. and 15V
p-p into 600Q
Z, = 6000

+10V p-p into
60012 from
Z, = 6000

+20V p-p into
500 from

Z, = 6000
20V p-p into
0o.C.

10V p-p into
500
40V p-p into
o.C.
20V p-p into
500
20V p-p into
0C.
10V p-p into
500

15V p-p into
0.C.

7.5V p-p into
500

Frequency
stability

0.25% for 24
hours

0.05% for 10
minutes

0.25% for 24
hours

"

0.05% for 10
minutes

0.25% for 24
hours

0.05% for 10
minutes

0.25% for 24
hours

0.05% for 10
minutes

0.25% for 24
hours

+0.1% for 8
hours

+0.05% for 1
hour

+0.5% for 1
month
+0.5% for 1
hour

+0.5% for 1
month
+0.1% for 1
hour

+0.5% for 24
hours

0.05% for 10
minutes

5% for 24
hours

Unit
cost

$ 495

$ 595

$ 795
$ 895
$1085

$1195

$ 395

$ 495

$ 695

$ 575

$ 395

$ 295

$1975

$ 395

$ 995

$ 785

$ 895
$ 325

4. V:f-voltage proportional to frequency
5. Stability specs are given with respect to time only.
6. Specifications shown are as they appear in the various manufacturers’ literature.

Other features

continuous and triggered sweep, direct-reading
sweep limit, toneburst, analog output of fre-
quency, variable-width pulse, trigger, gate,
external sync, VCF, output-limit indicator,
adjustable dc level

variable-width pulse, fixed and variable offset,
VCF

trigger, gate, variable start-stop, variable-width
pulse, fixed and variable offset, VCF

trigger, gate, variable-width pulse, variable start-
stop, fixed and variable offset, VCF, phaselock
trigger, gate, variable-width pulse, variable start-
stop, fixed and variable offset, VCF, toneburst,
continuous/triggered/sweep-and-hold sweep,
direct-reading sweep limit

trigger, gate, variable-width pulse, variable start-
stop, fixed and variable offset, VCF, toneburst,
continuous/triggered/sweep-and-hold sweep,
direct-reading sweep limit, phaselock

dc offset, auxiliary square wave, infinite-
resolution amplitude control

positive and negative pulse, VCF, auxiliary
square wave, variable pulse-width control, dc
offset, external sync

linear sweep, VCF, trigger, gate, positive and
negative ramp, sweep-and-hold, toneburst,
sweep burst, auxiliary square wave, variable
start level, dc offset

positive and negative ramp, linear or logarithmic
sweep, trigger, gate, sweep-and-hold, toneburst,
sweep burst, dc offset, variable start level
positive and negative ramp, VCF, independent
pulse-width control of positive and negative
pulses, dc offset, auxiliary square wave

battery/ac line operation dc offset, balanced
600() and single ended 500} outputs, selectable
auxiliary waveforms

dc offset, auxiliary square wave, balanced 6000
and single ended 501} outputs

positive and negative ramp, variable phase
(—100° to +100°) output, fixed quadrature out-
put, dc offset, VCF, V:f, trigger, gate, sync

dc offset, FM, FSK

sweep, external triggering of main and sweep
generators, AM with 4-quadrant multiplication,
two 40V p-p (into 0.C.) amplifiers with inde-
pendent waveform selection and dc offset, FM,
gate, toneburst.

FM, dc offset, trigger, gate

sweep, calibrated sweep limits, FM, dc offset,
trigger, gate

VCF, trigger, gate, hold, toneburst, offset
NOTE: this unit is a plug-in for Tektronix's
TM500 measurement system.
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Company

Wavetek
San Diego, CA
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LEGEND

Frequency
range

0.005 Hz to 1
MHz

0.0015 Hz to 1
MHz

0.0015 Hz to 1
MHz

0.001 Hzto 1
MHz

0.0015 Hz to 1
MHz

0.2 Hz to 2
MHz

0.2 Hzto 2
MHz

20 puHz to 200
kHz

0.2 Hzto 2
MHz

0.0005 Hz to
10 MHz

0.0005 Hz to
10 MHz

0.01 Hzto 1
MHz

0.001 Hz to
10 MHz

100 uHz to
1 MHz

1. O0.C.-open circuit
2. VCF-voltage controlled frequency
3. VCA-voltage controlled amplitude

Waveforms
generated

sine, square,
triangle, sync

sine, square,
triangle, ramp,
sync

sine, square,
triangle, ramp,
sync

sine, square,
triangle, ramp,
sync

sine, square,
triangle, offset
sine, sync

sine, square,
triangle, ramp,
sync

sine, square,
triangle, sync

sine, triangle,
square, sync,
digital and
analog noise

sine, square,
triangle, sync
sine, square,
triangle, sync

sine, square,
triangle, pulse,
sync, sawtooth,
ramp

sine, square,
triangle, pulse,
ramp, sync,
sawtooth

sine, square,
triangle

Output
amplitude

30V p-p into
6000

10V p-p into
500

i

30V p-p into
6000

10V p-p into
500

20V p-p into
0.C.
10V p-p into
500
20V p-p into
0.C.

10V p-p into
500

30V p-p into
0.C.

15V p-p into
500

30V p-p into
0.C.

15V p-p into
500

”

20V p-p into
o.C.
10V p-p into
500

Frequency
stability

+0.05% for 10
minutes

+0.25% for 24
hours

"

0.05% for 10
minutes

0.25% for 24
hours

"

"

0.05% for 10
minutes

0.25% for 24
hours

0.05% for 10
minutes

0.25% for 24
hours

"

+1% +1 digit

Unit
cost

$ 445

$ 545

$ 695

$ 795

$ 795

$ 745

$29%

$ 395
$ 795

$ 495
$ 495

$ 695

$ 595
$ 595

$ 845

$1495

$1295

$ 99

$1995

$2995

4. V:f-voltage proportional to frequency -
5. Stability specs are given with respect to time only.
6. Specifications shown are as they appear in thé various manufacturers’ literature.

Other features

six simultaneous outputs, 600 and 500

outputs, dc offset, phaselock, start-stop/

threshold trigger, battery operation option
($100 more)

seven simultaneous outputs, VCF, FM, sweep,
FSK, 6000 and 500 outputs, dc offset, battery
operation option ($100 more)

VCF, FM, sweep, gate, FSK, dc offset, toneburst,
start-stop/threshold trigger over 360°, 50Q) and
6000 outputs, battery operation option

($100 more)

VCF, FM, sweep, pushbutton frequency and
amplitude selections, 500 and 600Q) outputs,
5 simultaneous outputs, dc offset

built-in ramp generator for sweeping, VCF,
start-stop/threshold trigger over 360°, sweep-
and-hold, FM, FSK, toneburst, dc offset, 9
simultaneous outputs, 500 and 600() outputs,
battery operation option ($100 more)

9 simultaneous outputs, phaselock, VCF, AM,
trigger, gate, dc offset, toneburst option ($100
more), battery operation option ($100 more)
dc offset

dc offset, VCF, sweep, FM, FSK

built-in pseudorandom noise generator for
different S/N ratios, dc offset, 6000 and 500
outputs, VCF, FM

trigger, gate, variable start-stop, VCF, FM, dc
offset, 6002 and 501} outputs

built-in sweep generator with ramp and saw-
tooth waveforms, trigger, dc offset, gate, VCF,
FM, toneburst, 500 and 6004} outputs

built-in sweep generator with ramp and ‘saw-
tooth waveforms, linear/logarithmic sweep, VCF,
FM, toneburst, trigger, gate, dc offset, 50Q and
600Q outputs

VCF, VCA, AM, FM, dc offset, toneburst, FSK,
sweep, dc programming

variable duty cycle, dc offset, dweep variable
time symmetry, VCF

built-in sweep generator, FM, FSK, toneburst,
variable duty cycle, dc offset, trigger, gate,
sweep-and-hold, VCF.

built-in auxiliary 10-MHz to 100-kHz generator
with 5V p-p (into 0.C.) sine, square, triangle and
ramp signals, AM/FM with calibrated limits,
trigger, gate, variable trigger level, dc offset,
variable symmetry, 500 and 600Q outputs

LED amplitude/frequency display (3-digit reso-
lution), variable amplitude, dc offset and
symmetry, trigger, gate, sweep, sweep-and-hold,
dc voltage source, VCF, FM, V:f

4 simultaneous outputs, VCF, trigger, dc offset,
FM, remote digital programming for systems
applications (local programming for $200 more)

fully programmable, AM, FM, trigger, gate, pro-
grammable dc offset, programmable output dc
voltage, analog programming, 50Q and 600
Outputs

0.01% frequency accuracy, 1000:1 VCF, trigger,
gate, selectable amplitude to 10V p-p, fre-
quency, function and amplitude programming
by BCD remotely or by front-panel switching,
sync in and out, dc offset, toneburst, complete
programming from digital and analog sources,
local-programming-only model ($600 less)
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AM and FM, as well as trigger, gate and variable pulse width
over 0.03 Hz to 3 MHz are available in Model F36 which sells
for $645. The instrument contains a 400-Hz sine-wave source
used to modulate the output. (Interstate Electronics)

open circuit and 10V p-p into 50€). Some data
sheets are not clear, though, on what the output
should be at a given source impedance, which
can be either 50 or 600€), or both. This brings us
to another question. Should it be 600} as some
units provide or 50() as others do? It is obviously
nice to have both, but for high-frequency, 50}
generators should be the answer, particularly
where fast rise-time signals are being produced.
With respect to dial accuracy, usually about 2%
of full scale with most generators, it can be much
worse on the lower end of the dial, particularly
with one having a large frequency range and a
percent-of-range accuracy specification. Of
course, a user can check the frequency with a
counter to be sure, and that is what Wavetek has
done in its Model 147 generator which has a
built-in digital readout to indicate the correct
frequency as well as output voltage amplitude.
Stability is one specification that is not too
difficult to find in most data sheets. The ones that
do give it almost always specify it under certain
conditions that are rarely spelled out in full.
When given, stability is usually stated over a few
hours, a few days and even a few months, which
makes data-sheet comparisons a bit difficult.

Where ICs fit in

To a large extent, ICs have not made too many
inroads in function-generator development, at
least not yet. Most industry spokesman who were
queried felt that ICs have not yet developed to
the point where they can be useful for function-
generator circuits.

The few areas where I1Cs have made a penetra-
tion have been as voltage regulators in the power
supply section, as LED displays (in Wavetek's
Model 147), and in the form of monolithic op
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The lowest cost 0.1-Hz to 1-MHz function generator is this
Model EU-81A. It offers sine, square and triangle waveforms,
adjustable dc offset and VCF for only $245. (Heath/
Schlumbergen

amps and Schmitt triggers in the control and
wave-shaping circuitry. For the latter areas, some
ICs produce more distortion than discretes.

Exact Electronics uses ICs to digitally synthesize
its Model 335 generator’s waveforms. It contains a
digital phase generator producing variable phase
related signals which may be gated and triggered
and held for indefinite periods of time. The
generator also uses ICs in the sine-shaper circuit
made up of diode arrays and thick-film resistor
networks.

There are quite a few VCO (voltage controlled
oscillator) loop ICs on the market that could
possibly be used in the basic triangle-square-
wave loop. However, they are designed for
specific applications and do not lend themselves
well to function-generator applications.

Not only do function-generator ICs, available
from such companies as Exar Systems, Plessey,
Intersil and Signetics, produce more sine-wave
distortion (about 5%) than discrete-component
designs, they cannot supply the necessary power
levels needed for instruments.

It would take high-slew-rate ICs on the order of
10,000/psec to satisfy the output demand of
modern 20-MHz function generators, and that is
simply well beyond the state-of-the-art in ICs.
When that happens, some see a low-cost IC chip
being sold to the instrument manufacturer to use
in his system, eventually making function gener-
ators even less costly.

The consensus of opinion among function
generator instrument manufacturers is that for
the frequency range below 1 MHz, digital techni-
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Model 410 is loaded with features. These include a 1000:1 sweep ratio, external triggering of both the main and sweep
generators, FM and AM with 4-quadrant multiplication and a pair of 40V p-p (into an open circuit) output amplifiers with
independent dc offset and waveform selection. The $995 generator features sine, square, triangle, pulse, sine squared
and sawtooth waveforms over 0.0002 Hz to 2 MHz. (Systron- Donnen

ques will continue, while analog techniques will
dominate above 1 MHz for the next five years.

Not all generators are the same

The $300-to-$500 price range mentioned will
most often allow a user to buy a function
generator with not too much more than the three
basic sine, square and triangle waveshapes and
VCO provisions. There are many not-so-ordinary
generators on the market within this price range
or that may cost a little more but have special
features worthy of mention.

Wavetek’s Model 132 ($795) is not only a0.2-Hz
to 2-MHz function generator but is a noise
generator as well. With it, one can add digital or
analog noise to the output signal or use the noise
for frequency jitter testing for checking PLLs
(phase locked loops), logic and timing circuitry.

Exact’'s Model 335 function generator ($1250)
can have any of its basic waveforms stopped and
held over 10nHz to 50 kHz at any one of the 2000
bits used for digital synthesis of the output signal
which can be very useful for testing amplifier
oscillations.

Krohn-Hite’s Model 5600 ($395) is a truly
portable 0.002-Hz to 2-MHz instrument that is
suited for field work. It weighs only 7 Ibs. and can
be operated from a $70 optional rechargeable
NiCd battery from 6 to 10 hours as well as from
the ac line.

From Feedback’s TWG-500 ($1695), one can
obtain up to 5 sine waves either displaced from a
reference point by 0° 90°, 180° and 270°, or
continuously variable over —180° to +180°; all of
this over a frequency range of 0.01 Hz to 100 kHz.
In addition, sine, square and triangle waves can

be obtained in quadrature from a 0° reference.

The F36 from Interstate Electronics ($645) pro-
vides AM and FM capability along with trigger,
gate and variable pulse width over 0.03 Hz to 3
MHz. It contains an internal 400-Hz sine wave
source that can be used for either AM or FM of
the output without the need for a second external
signal generator.

Although it costs $995, Model 410 from the
Data-Pulse Div. of Systron-Donner is loaded with
features such as a 1000:1 sweep ratio, external
triggering of both the main and sweep gener-
ators, frequency and amplitude modulation with
4-quadrant multiplication and two 40V p-p (into
an open circuit) output amplifiers with in-
dependent waveform selection and dc offset. This
is in addition to the standard sine, square,
triangle, pulse, sine-squared and sawtooth wave-
forms over 0.0002 Hz to 2 MHz.

Hewlett-Packard uses a plug-in approach with
its Model 3300A/3301A generator ($775) which
covers the frequency range of 0.01 Hz to 100 kHz
with sine, square and triangle waveforms. The
four plug-ins available include one as an auxiliary
unit for basic operation and a second one for
single and multiple-cycle operation with adjust-
able start-stop phase and for synchronizing the
main generator with an external signal for adjust-
able phase control.

A third plug-in provides internal sweeping, dc
offset, sawtooth and offset square waves. The
fourth supplies internal logarithmic and manual
sweep over four decades with calibrated variable
start-stop frequency control. Its sweep width is
continuously adjustable, and it has manual or
external triggering. The sweep can be program-

45



0.1-Hz to 1- MHz function generator, Model 3311A, is one of
the lowest-cost units ($245) on the market. It has sine, square
and triangle waveforms and offers dc offset and VCF.
(Hewlett-Packard)

med by analog methods with horizontal sweep
available for driving scopes and recorders.

Ailtech’s Model 501 costs only $395 yet can
supply sine, square, triangle, pulse, ramp and
sync waveforms over 0.005 Hz to 5 MHz with
trigger, gate, variable dc, variable offset and VCF
features.

More flexibility foreseen

Looking down the road for the next few years, it
is not too difficult to predict that, should the
present trend in function generators continue, it
would lead to even more flexibility and higher
frequencies. These instruments are finding them-
selves in use in the newest breed of electronic
systems—automatic test equipment systems,
where more and more controllability will be
demanded of them.

But better flexibility may not necessarily mean
more functions, since more and more functions
mean more instrument operating complexity.
Instead, we might see more specialized function
generators with different combinations of fea-
tures to suit particular applications. These instru-
ments would probably offer better performance,
such as variable as well as faster pulse rise and fall
times, lower sine-wave distortion and improved
frequency accuracy, stability and resolution.
Much depends on improvements in MSI and LSI
ICs that may be used for digital waveform
synthesis.

One manufacturer states that it is only a matter
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Fig. 4—Another method for producing pulses is with this _
circuit using a threshold detector which compares the voltage
of the triangle with that of a variable reference. When the
triangle voltage is less, the detector output is at the ZERO
level. When it exceeds the reference level, the detector
output jumps to the ONE level. This produces a pulse whose
width is equal to the time the reference level exceeds the
triangle level. By adjusting the reference level, pulse width can
also be adjusted. (Courtesy of Interstate Electronics Corp.)

or time before most function generators will start
to incorporate “measurement’’ capabilities within
the same package such as a voltmeter and a
frequency counter.

One popular feature that is catching on rapidly
is VCA (voltage controlled amplitude). Because of
the increase in the number of function generators
being used in automatic systems, this and other
programming features will increase.

The sine-wave oscillator, the pulse generator,
the sweep generator and even some moderate-
performance synthesizers can expect the function
generator to start making inroads into their
markets.

BOOK MANUSCRIPTS WANTED on business
or technical subjects of interest to EDN readers.
Top editorial guidance, top marketing, top pro-
duction, top royalties from Cahners Books,
book publishing affiliate of EDN and fastest
growing publisher in the field. Contact chief
editor of this magazine.
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A Cambion Double “QQ” Product Line

Cambion Makes Millions.

You can build a wealth of design ideas from
CAMBION’s expanding line of digital products.
Our extensive variety makes even your most
advanced IC packaging concepts practical.
And, we can meet your needs with repeatable
Quality no matter how great the Quantity.

CAMBION produces literally millions of IC acces-
sories. Advanced new Cambi-Cards®, card files,
drawers, universal panels with and without pre-
mounted socket strips and power planes, specific
logic function cards, general purpose and dis-
crete component cards, plus strip connectors,
cable assemblies, integrated socket strips, com-
ponent socket adapters, cable cards and card
extenders. They’re all featured in our new

Catalog 119.

We also offer expanded NC wire-wrapping ser-
vice to speed economical production of your IC
system designs.

Make the most of your system ideas without com-
ponent restriction. Get your copy of the new
CAMBION Catalog 119. It has 22 more pages
than its predecessor showing all the new prod-
ucts to enhance your designs. They all have the
CAMBION Double “QQ” approach: The Quality
stands up as the Quantity goes on. Order your
copy today. Cambridge Thermionic Corporation
445EM Concord Avenue Cambridge, Mass.
02138. Phone (617) 491-5400. In Los Angeles,
8703 La Tijera Blvd. 90045. Phone (213) 775-0472.

Standardize on Circle No. 5

CamBION

... the guaranteed Digital Products.
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EDN Design Course

CMOS—Part VI

Here’s a list of manufacturers, their
product lines and bibliography

Bill Furlow, Associate Editor

This is the final chapter of EDN’s 6-month CMOS
design course, and we will take a look at each
company which manufactures standard CMOS
products. At the conclusion of this month’s
chapter, you will find a bibliography that is as
complete as we could make it. It should allow you
to continue your readings on CMOS at any level
you desire, and as you uncover other literature on
CMOS, we'd appreciate it if you would pass that
information along to us.

This chapter, of course, does not conclude
EDN’s coverage of new developments in CMOS;
we'll be giving in-depth reports on significant

Micro sized paging system, made possible by reduced battery
requirements of CMOS, is a joint project of RCA and Martin
Marietta. It is already in use under the “Bellboy” trade name
by five Bell System companies.

\

The MC14508 dual 4-bit latch with 3-state outputs is an original
Motorola circuit. It consists of two identical, independent
4-bit latches with separate strobe and master reset controls.
Separate disable inputs force the output to a high-impedance
state and allow it to be used in time-sharing bus applications.
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products and developments as they evolve. A
report on custom CMOS and some guidelines to
help you evaluate it for your applications is in
preparation now for publication in the June 5th
issue. That report is the direct result of several
letters we received from readers who requested
such information, so don’t hesitate to let us know
what you would like to see in EDN.

Makers of standard CMOS products

The RCA line of standard CMOS, trademarked
COS/MQOS, includes 55 circuit types which are
presently announced on either a commercial or a
preliminary basis.

{ [T

i .

TIL pinouts and a fanout of one low-power TTL load are
several of the design conveniences that National hopes will
give their 54C/64C/74C CMOS Series an edge in user
preference over the now standard 4000 Series.
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RCA pioneered in the development of COS/
MOS technology, introducing the first com-
mercial COS/MOS circuits in 1967, low-cost
plastic packaged COS/MOScircuits in 1970 and the
low-operating voltage (3V) CD4000A Series in
1971. RCA also pioneered in the development of
circuits which would operate from a single cell
(nominal 1.3V) for special applications such as
watches. Further technological developments,
such as silicon gate and ion implantation, are
incorporated in some of the more recent RCA
circuits.

Standard circuit complexity ranges from basic
gates through MSI and LSI functions. Included in
the MSI and LSI functions are counters, shift
registers, multiplexers, adders, memories and an
arithmetic logic unit.

Standard circuits are available in plastic pack-
ages, ceramic packages (dual-in-line or flat pack)
and as chips. High reliability versions, including
circuits conforming to the requirements of MIL-
S-38510, are also available.

RCA has also pioneered in the silicon-on-
sapphire technology which promises a substantial
increase in COS/MOS operating speed over
presently available COS/MOS circuits.

For more information contact Herbert B. Shan-
non at RCA Solid State, Route 202, Somerville, N
08876. Phone(201)722-3200.

Motorola’s CMOS, or McMOS, family presently
provides over 50 CMOS digital logic and memory
functions. These popular functions range from
basic triple- and quad-NAND gates through a
wide variety of counters, decoders and shift
registers to memories. Both ceramic and plastic
packages are provided. Many additional, more
complex McMOS devices will be introduced
throughout 1973.

Motorola devices, which are second sources to
the RCA 4000 Series, are designated the MC14000
Series. Those devices which are proprietary
Motorola designs are designated the MC14500
Series.

McMOS devices, which use the latest silicon-
gate and ion-implant processes, are available for
use at supply voltages of up to 18V dc and across
the temperature range of -55° to 125°C.

For more information contact Ron Komatz at
Motorola Inc., Semiconductor Products Div.,
P.O. Box 20924, Phoenix, AZ 85036.
Phone(612)244-6368.

National Semiconductor has 29 standard CMOS
products available and plans to introduce four
new circuits a month. National is building two
lines of standard CMOS. The first is the CD4000A
Series; the second is the 54C/64C/74C Series,
which they originated.

The 54C/64C/74C line consists of CMOS parts
which are the pin-out and functional equivalents

of their 54L/74L low-power TTL counterparts.
Since these gates are spec’d at 5V (TTL) operation
and are assumed to drive a 50-pF load, direct
comparison to the 4000 Series is difficult; Na-
tional claims they are 50% faster. Each output is
designed to drive one LPTTL input. The 54 Series
has an operating temperature range of -55° to
+125°C; the 64 Series, from -40° to +80°C; and
the74 Series, the standard industrial rating of 0° to
+70°C.

For more information contact Bob Bennett at
National Semiconductor Corp., 2900 Semicon-
ductor Dr., Santa Clara, CA 95051.
Phone(408)732-5000.

Solitron Devices is probably the first CMOS
maker to actually have used ion implantation on a
production-line basis for CMOS. They presently
produce about 40 devices for the 4000A Series
(their designation is CM4000). Their philosophy is
to second source 4000 Series devices as quickly as
possible. However, they also have a line of
proprietarydevices,designated the CM4100Series,
which includes the CM4108, a 16-channel mul-
tiplexer, and the 4133, a 1k-bit dynamic RAM. Also
scheduled for introduction shortly is the 4117, a
4-decade BCD-to-7-segment liquid crystal driver.

Solitron also has a few TTL pinout versions of
CMOS, but has apparently de-emphasized this
line in favor of the 4000 Series, or until user
acceptance picks up.

For more information contact Irwin Lucks at
Solitron Devices, Inc., 8808 Balboa Ave., San
Diego, CA 92123. Phone(714)278-8780.

Solid State Scientific specializes in only two
technologies, CMOS and RF pawer transistors.
They offer 30 of the standard 4000 Family building
blocks, which they call the SCL 4000A Series.
Although the SCL 4000 devices are pin compa-
tible, they were designed independently by SSS.
All gate devices include double output buffers for
improved transfer characteristics. SSS series
SCL4400A devices are proprietary circuits and
include expandable NAND and NOR gates, the
4412 and 4402, which are similar to the 4012 and
4002. These 4400 Series however, permit the
building of “wired-or” systems, as you can with
TTL but were previously unable to do in CMOS.

SSS was also the first manufacturer to integrate
npn Darlington bipolar transistor drivers onto the
CMOS chip for increased output drive capability.

For more information contact Walt Kalin, Solid
State Scientific, Inc., Montgomeryville, PA 18936.
Phone(215)855-8400

High-speed CMOS families emerge

Harris’ DI-CMOS uses dielectric isolation to
achieve 2 to 3 times the speed of standard CMOS.
The isolation system developed by Harris uses
polycrystalline silicon insulators around the tran-
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sistor areas, which reduce the gate-output capaci-
tance to nearly zero. In addition, these transistors
are larger, thus providing lower output im-
pedances and higher drive capabilities which
leads to faster switching times. The devices now
available are the 4000, 4001, 4009, 4010, 4011, 4012
and 4013. Those circuits which are original with
Harris will be designated the 4800 Series. Harris is
shooting for a total of 35 DI-CMOS devices to be
available in 1973.

For more information contact Bill Maxwell at
Harris Semiconductor Div. of Harris Intertype
Corp., Melbourne, FL 32901. Phone(305)727-5430.

Inselek silicon-on-sapphire CMOS also offers
high-speed equivalents of the 4000 Series. Al-
though only five circuits, (the INS4007S, 4021S,
4013S, 4027S and 4030S) are presently available,
Inselek is intent on producing at least 15 more
CMOS/SOS circuits in 1973. SOS circuits are
presently spec’d at about 2 to 3 times the speed
and frequency of standard CMOS, but the future
seems to promise even better. CMOS/SOS units
in the laboratory have already operated at fre-
quencies well in excess of 50 MHz.

Inselek has also announced a 4 x 4 analog
crosspoint switch in CMOS/SOS, designated the
INS-001, which contains 16 linear switches and a
16-bit read-write memory for crosspoint control.
Any or all switch paths can be selected and
opened or closed in 100 nsec each. A memory
data output line permits monitoring of the switch
status.

For more information contact Bob Heller,
Inselek, University Park Plaza, 743 Alexander Rd.,
Princeton, NJ 08540. Phone(609)452-2222.

More analog switching

Siliconix’s standard CMOS product line centers
around signal switching devices. They provide a
line of 50 different analog signal switches, ranging
in complexity from single-channel SPDT switches
(like the DG143, 161, 175 and 187 families) to
16-channel multiplexers (like the DG506). Most of
these switches have break-before-make opera-
tion and switch in about 200 nsec.

An interesting CMOS circuit from Siliconix
(although it’s a semi-custom part) is their 250-bit
shift register. It is programmable from 25 to 250
bits in 10-bit increments and designed to operate
as a variable digital delay line. Operating speed is
8 MHz at 5V and 18 MHz at 8V.

For more information contact Bob Landon at
Siliconix, Inc., 2201 Laurelwood Rd., Santa Clara,
CA 95054. Phone(408)246-8000.

Want to read more about CMOS?

Here’s a bibliography of reference material
used to compile the EDN design course:
1. MOS
a. Crawford, R.H., MOSFETs in Circuit
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Design, McGraw Hill, 1965.

. Grove, A.S., Physics and Technology of

Semiconductor Physics, ). Wiley &
Sons, 1967.

. Wallmark and Johnson, Field Effect

Transistors, Prentice Hall, Inc., 1966.

. Hofstein and Heiman, Proc. IEEE, 51 pp

1190, 1963, “The Silicon Insulated-Gate
FET."

. lhartola and Moll, Solid State Electron-

ics, Vol. 7, 1964, “‘Design Theory of
Surface FETs.”

. Engineering staff, American Micro-

Systems, Inc. MOS Integrated Circuits,
Van Nostrand Reinhold Co., 1972.

. Burgess and Daniels, Electronics, Aug.

30, 1971, “CMOS unites with silicon
gate to yield micropower technolo-

gy.u

. Boleky and Meyer, [EEE Journal of

Solid-State Circuits, Vol. SC-7, April
1972, ‘““High-performance low-power
COS/MOS memories using silicon-
on-sapphire technology”.

i. Forsberg, R., EDN/EEE, Sept. 1, 1971,

“Making sense out of the MOS mud-
dle.”

j. Forsberg, R., EDN/EEE, Sept. 15, 1971,

““What’s happening in MOS.”
CMOS

a. Gardener and Ahrons, IEEE | of SSC,

Vol. 5, No. 1, Feb. 1970, ““Interaction of
technology and performance in CMOS
1Cs”".

. Motorola SPD, McMOS ‘72
. Eaton, S.S., “COS/MOS logic and ap-

plications”, RCA pub. #ST4322,

. Moore, E.E., “Low-voltage comple-

mentary MOS IC system design con-
siderations”” RCA pub. #ST-4589.

. George, J., Motorola Monitor, Vol. 10,

#1, April, 1972, A strong commitment
to CMOS.”

Electronic Products, March 15, 1971,
“Three volt COS/MOS debut.”

i e T
£ 3 . : 5 Hddns

Second source availability of the entire 4000 Series is Solitron’s
aim, as typified by micrograph of Solitron’s version of the 4018
divide-by-""N"" programmable counter.
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. Pujol, H., “Power supply considera-
tions for COS/MOS devices”’, RCA
pub. ICAN-6567.

. Solid State Scientific, Inc., CMOS Data
Book.

. George, )., Electro Procurement, May,
1972, ““Motorola’s commitment to
CMOS 1Cs.”

i. Eaton, S.S., The Electronic Engineer,
May, 1970, “Complementary MOS
logic.”

i. Di Massimo, D., EEE, Oct., 1970, ““Com-
plementary-Symmetry MOS ICs.”

. Cushman, R.H., EDN, June 15, 1972,
““CMOS finally gets it all together.”

. Herzog, G.B., Electronics, Feb. 17,
1969, “CMOS: The best of both
worlds."”

. Furlow, B.W., EDN, Nov. 11, 1972,
“Why go CMOS?”

. Furlow, B.W., EDN, Dec. 1, 1972, “The
basic building blocks of the 4000 Ser-
ies.”

. Schmidt, B., EDN, Jan. 5, 1973, “CMOS
in system designs.”

. Calebotta, S., CMOS, the ideal logic
family, National Semiconductor Corp.,
pub. #AN-77.

. Dingwall, Jorgensen, Oberman and
Waas, RCA Engineer, Vol. 17, No. 3,
1971, “CMOS/MOS memory array de-
sign.”

Applications

. Litus, )., “Design of fixed and program-
mable counters,” RCA pub. ICAN-
6498.

. Heuner, R., “MSI counters and regis-
ters,” RCA pub., ICAN-6166.

. Hoover, M.V., “An introduction to
RCA COS/MOS ICs,” RCA pub. ST-
3973.

. Havasy and Kutzin, “Interfacing RCA
COS/MOS,” RCA pub. ICAN-6602.

. Link, F.J., Computer Design, Feb.,
1971, “The use of CMOS sequence
timers.”

. Litus, )., “Transmission and multiplex-
ing of analog or digital signals,”” RCA
pub. ICAN-6601.

. Havasy, A., “Arithmetic arrays using
standard RCA COS/MOS”, RCA pub.
ICAN-6600.

. Schmidt, B., EDN, July 15, 1972, “Dig-
ital error anticipator.”

i. Smith, R., EDN, July 15, 1972, “CMOS
one shot had wide range.”

j. Cushman, R.H., EDN, July 15, 1972,
‘““Elementary A/D converters.”

k. Funk, R.E., “Low-power digital freq.
synthesizers”’, RCA pub. ICAN-6716.

I. Young, A., Electronics, Dec. 20, 1971,
““PCM plus CMOS spells reliable, low-
dissipation data acquisition.”

m. Morgan, D., Electronics, Sept. 25,1972,
““Micro-power phase locked loop.”

n. Halligan, J., EDN, Jan. 20, 1973, ““Con-
vert CMOS gates to wide hysterises
Schmitt trigger.”

o. Halligan, J., EDN, Aug. 15, 1972,
Psuedo-random number generator.”

p. Johnson, D., EDN, March 15, 1972,
“Low-power digital phase locked
loop.”

g. Bryant, F., EDN, June 15, 1972, “One
CMOS package makes universal logic
probe.”

r. Furlow, B., EDN, Feb. 5, 1973, “In-
terfacing CMOS."”

s. Kalin, W., Expandable CMOS Gates,
Solid State Scientific pub. AN-102

4. Linear Circuits

a. Eaton, S., “Micropower crystal control-
led oscillator design’’, RCA pub.
ICAN-6539.

b. Hoover, M.V., “A cornucopia of linear
ICs”, RCA pub. ST-6060.

c. Wittlinger, H.A., “Applications of high
performance OTAs”, RCA pub. ICAN-
6668.

d. Schade, O.H., “D to A conversion
using the CD4007A” RCA pub. ICAN-
6080.

e. Furlow, B., EDN, March 5, 1973,
““CMOS gates in linear applications.”

Want more info?

For more information from each of the manu-
facturers of CMOS, circle the following reader
service numbers:

RCA circle 120
Motorola circle 121
Solitron circle 122
Solid State Scientific circle 123
Harris circle 124
Inselek circle 125
Siliconix circle 126

National will respond only to letterhead, phone
or TWX inquiries. Their TWX # is (910)339-9240.
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Circle No. 22

.
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GRS
Measure-
AnytAing
Resistance
Bridge

Enough #10 wire to reach the moon will total
about 1 megohm. The GR 1666 DC Resistance
Bridge will measure that to within 0.01%, or the
equivalent of +25 miles. Better yet, if a piece as
short as 440 yards is removed from the translunar
span, the 1666 bridge will resolve the 1-ohm
difference.

Most striking about the 1666 bridge is its wide
measurement range. It will measure a piece of the
same size wire long enough to reach from here to
Neptune, 2.7 billion miles (10 gigohms), or a
1¥2-inch piece (100 microohms), both within
+2% accuracy. And that feat doesn't really tax the
1666; it has enough resolution and detector
sensitivity to distinguish between 0 and 2 micro-
ohms and between oo and 500 gigohms
(measured as 2 picomhos conductance).

Here, for $950,is a bridge that will measure
contact resistance and dielectric leakage,
transformer windings and insulation, diode
forward and back resistance, relays open and
closed ... and all with precision.

The 1666 has a fast-responding detector.

The 1666 is self-contained. The 1666 has guard
and Kelvin connections. The 1666 is essential if
you measure resistance.

From General Radio, Concord, Mass. and, in
Europe, Postfach, CH 8034 Zurich, Switzerland.

General Radio

® 300 BAKER AVENUE, CONCORD, MASS 01742

NEW YORK (N.Y.) 212 964-2722, (N.J.) 201 791-8990 « BOSTON 617 £46-0550
DAYTON 513 294-1500 » CHICAGO 312 992-0800 « WASHINGTON, D. C. 301 948-7071
ATLANTA 404 457-2485 « DALLAS 214 234-3357 « LOS ANGELES 714 540-9830

SAN FRANCISCO 415 948-8233 ® TORONTO 416 252-3395 « ZURICH (01) 55 24 20

GR COMPANIES « Grason-Stadler « Time/Data « Techware Computing Corp.
GR ASSOCIATE « Micronetic Systems Inc.
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_ . The most
versatile switches we make

are assembled by you.

It all starts with your design problem.

You can solve it with the right combination
of switch module and lighted (Series 2) or un-
lighted (Series 6) operator.

Since we have thousands of combinations in
circuitry and color display, matching your specifi-
cations is simple.

For example, we offer 1, 2, 3 or 4-pole double-
throw, twin-break contact arrangements, hermetically-
sealed basics, low-energy and heavy-duty ratings,
momentary and alternate action, solder, screw or quick-
connect terminals, as well as many other variations.

A Inaword: variety. The kind that lets you design
without being influenced by some switch that’'s only
close to your needs.

Best of all, these combinations can be assembled

in seconds without special tools.
Formore information, contact your MICRO
SWITCH Branch Office or Authorized Dis-
tributor (Yellow Pages, "‘Switches,

Electric’’). They'll prove their

versatility by helping solve any

switch problem you have.

MICRO SWITCH
makes your ideas work.

MICRO SWITCH

FREEPORT ILLINOIS 61032
A DIVISION OF HONEYWELL

Series 2

MICRO SWITCH products are available worldwide through Honeywell International.
Circle No. 23
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For all your socket requirements
We offer hundreds of variations

WIRE-WRAP* SOCKETS. 14-, 16- and
18-pin wire-wrap sockets for dual-in-
line IC packages. .400"” center mount-
ing allows denser packaging. Closed
entry cap and various tail lengths
available. SERIES 2200.

{
|

|
|

|
DIP SOLDER SOCKETS. 14-, 16-, and }
18-pin dip solder sockets for dual-in- ’
line IC packages. .400"-center mount-
ing allows denser packaging. Closed }
entry cap optional. SERIES 2900.

LOW-PROFILE SOLDER SOCKETS
Dip sockets for low-profile packaging
of 14-, 16- and 18-pin “bugs”. Profile
extends .150"” above circuit board. Soc-
kets can be mounted end-to-end on
.100” centers, and side-by-side on
400" centers. Features anti-wicking
wafer and closed entry. SERIES 3100.

DUAL-IN-LINE SOCKET STRIPS.
May be mounted on any center spac-
ing required to accommodate 22-, 24-,
28-, or 40-pin dual-in-line packages.
Available with wire-wrap or dip solder
terminals, and closed entry cap.
SERIES 2300/3000.

HIGH DENSITY I/0O CONNECTOR
FAMILY. 28 pins packaged on a .100" |
grid pattern, for Input/Output and in- ’
terconnect applications. Features |
crimp/removable contacts for male l
plug or female receptacle. SERIES f
21/25/2700. i

COMPONENT MOUNTING BOARDS
Ideal for integrating discrete com-
ponents in DIP packaging systems.
Two versions (male/male or male/fe-
male), with many configurations avail-
able. SERIES 6100.

WIRE-WRAP* SOCKET TERMINAL.
For high density, low profile IC pack-
aging, or random pin pattern require-
ments. Press-fit terminal features .060"
diameter lead-in with 100° countersink.
Available in 3 tail lengths. SERIES
W4000.

LOW-PROFILE LSI/MSI SOCKETS.
Large scale sockets for low-profile
packaging of 28- and 40-pin devices.
Profile extends .150” above circuit
board. Individual strips also available
in 14 and 20 pin configurations. Fea-
tures anti-wicking wafer and closed
entry. SERIES 3200.

DIPSTIK® . . . NEW PACKAGING
CONCEPT. Dipstik holds 5 dual-in-
line IC’s and offers many advantages
over usual IC mounting techniques.
No soldering. Holds 14-, 16-, or 18-
pin bugs. IC replacement takes only
seconds. No special tools. 100% test
point accessibility. Integral EMI shield-
ing. DIPSTIK SERIES DS110/210. (DS-
100 Prototype Kit: $99 list.)

*TM Gardner Denver Co.

Send for our new product data sheet that describes complete specifications on the series of your choice.

Ta=

Stanford Applied Engineering, Inc.

340 Martin Ave., Santa Clara, CA 95050 (408) 243-9200 TWX 910-338-0132
Your Complete Source for Packaging and Interconnection Systems.
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MP cuts on-board
rogramming problems
own 1o size.

Down to the size of a DIP header— computer peripherals, testing and control
with our miniature Dual In-Line Switch. instrumentation. Plug it into a DIP header or
Because you can use it to programIC’s into one of several other AMP IC
right on the board without remote wiring, interconnection products. Or flow solder
it cuts packaging costs, too. it directly into the pc board. Gold-over-nickel

This versatile switch gives you 4 to 10 plating on phosphor bronze contacts makes
single-pole, single-throw switches packaged the DIP switch ideal for “dry circuit”
in a housing with leads on .100 x .300-inch applications. Protective covers are available
centers. Rocker buttons for all switch sizes, 4 to
operate at the touch of 10 positions.

a pencil to permit Easy rocker action ensures fast, positive For information
instant programming of “on-off” switching: off-center rocker de- on other AMP switches,

ata input terminals sign prevents accidental closing from :
d t p ? \'lhl'llllﬂn. Just turl’l the page.

P —




AMP pc board switches match

~ AMP pc board switches are suitable for a broad range of digital memory, sequencing, X-Y
_coordinate, input/output, and other program switching applications. Some are designed to be
mounted to the same pc board as other circuit components. Other AMP switches can be panel

- mounted and interconnected to mother/daughter board with AMP pc connectors for fast,

~ dependable connect/disconnects. All provide savings in packaging space and assembly costs by

5 performing required program functions without remote switch wiring.

Thumbwheel switches offer broad Decimal rotary switch kits eliminate
interconnection flexibility. need for external switch wiring.

Wide choice of back-end design options Because they can be readily designed into
include contacts for use with post and the logic board with related components,

receptacle interconnection systems or wrap-type  switch kits offer substantial savings
and TERMI-POINT clip wiring in space and costs.

methods, as well as Fully assembled
extended board terminals. switches in matrix « %
Extended board configurations
terminals can be flow need less
soldered and will space than
accept pc edge con- a pinboard
nectors and soldered of equal

wires. Compact 10-

position switches can

be used singly or in

“ganged” units; are

easily mounted in

panel cutouts—from
front or rear. Decim:
and BCD outputs are
standard, with optional
coded formats available
for special data entry,
control or programming
applications.

PC rotary switches
minimize output leads.

All coding is internal to reduce requlred number
of tab outputs and simplify on-board mounting.
Output capabilities include 8-position
BCO, 10-position BCD, 16-position hexadecimal
plus single-pole decimal versions. Small
diameter, low profile styles available with coin
slot, bar-type knob or thumbwheel, to meet
specific packaging requirements. Switch tabs
can be flow soldered or hand soldered to
etched circuit patterns.

_ ry switch
provides easy coding changes.
A wide variety of coded outputs are possible in volume requirements

by simple substitution of internal pc circuit discs. Output

capabilities include decimal, hexadecimal and hexadecimal
complement codes with up to 6 contacts and 16 positions per

switch layer. Switches are stacked on a common shaft for

space-saving installation. Available with post contacts for flow soldering
directly to pc board, or with pin type receptacles snapped over posts

for terminating to pc board connectors.



your programming needs.

Matrix slide switches feature unique visual readout,
greater positioning accuracy.

Roll-up design of the visual display P
indicator tape simplifies verification S —
of data prior to entry, and permits T—
maximum slide positions in minimum —
switch size. Ball detent slide S —
positioning ensures positive,
accurate slide setting at required
switch location, prevents wear
and abrasion between pc board
conductors. The special,
S-position version replaces
two switch units for compact,
hand held calculators and
similar applications. Other
row and column matrix
switches are available with
up to 50 data entry output
slides, and as many as 40
positions per slide.

Versatile

pushbutton

keyboard switch.
Fast acting pushbutton

can be manufactured for specific needs: one SPNO or SPNC; tv
SPNC; one NO and one NC in the same switch.

A contact bounce of less than 1 millisecond makes this the ideal
component for momentary switching applications. Gold-over-nickel
contacts meet low-level logic current requirements. Pushbutton
switches can be snapped into panel cutout or soldered directly to pc board.

-
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for unusual applications.

Developing special products to help individual
customers speed production and reduce electrical
assembly costs has always set AMP apart. So it is with
AMP switches. In addition to our complete line of
rotary, slide, rocker, thumbwheel and keyboard
switches for electronic packaging, we
offer products designed especially for
automotive, appliance, and other
industrial and commercial
applications. AMP engineering
specialists will work with
you to adapt...or de-
velop new ideas for
your special needs.

Automotive dashboard
toggle switch.

Appliance it
switch contact Automotive safety belt
assembly. sensing switch.

N

PBrake safety switch.

AMP engineering...
the key to reliable switch performance. Worldwide.

Standard or special, every AMP switch is backed by the full resources of
our engineering and customer services staffs. More than 700 qualified
application, sales and service engineers are ready to assist you from
the earliest stages of equipment design, to determine the best programming
or switching method. AMP products and services are available at AMP
plant locations and distribution centers in 16 international markets
throughout the world. In United States, district offices are located in
California, Georgia, lllinois, Massachusetts, Michigan, Minnesota,
New Jersey, Ohio, Pennsylvania, Texas, and the District of Columbia.

For more information on AMP pc board switches, circle reader service
number 75, or write AMP Industrial Division, Harrisburg, Pa. 17105.

ANMP

INCORPORATED

AMP and TERMI-POINT trademarks of AMP Incorporated.
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Announcing
two great books
to help you with
people
management . .
the most
important part
of your 10b .

MANAGING CREATIVELY

A VERY PRACTICAL GUIDE IN TWO VOLUMES BY TED POLLOCK

There is no secret to working successfully with
people, just a set of principles that have weathered
the test of tlme and kooky laboratory theories.
e Ted Pollock, advisor, author
and lecturer to American
business on the complex
problems of working with
people distills the essence of
his vast experience in these two
volumes.
A positive approach, keyed to
today’s thinking, makes these
volumes a must for the
executive who has to operate
w1th a minimum of conflicts and hang-ups.
You can’t call in a consultant for every personnel
problem but you can turn to these volumes written
by one of America’s top personnel management
consultants. It’s like having him by your side.

Comments by readers on 15-DAY FREE TRIAL EXAMINATION ...

Ted Pollock’s advice:
T read your article ‘ng to Use r CAHNERS BOOKS

Tension’—your technique has
been utilized by me and the
rewards are not only gratifying
but unlimited.”
—John E. Martin,
General Foreman
Martin Marietta
Corporation

Please send me:

O Bill Me
. have always been im- O Bill Company

£“

earth nature of your comments

Volume I

MANAGING YOURSELF CREATIVELY
The Right Way to How to Tackle a
Delegate Authority Problem and Solve It
The Art of Making Twenty-Four Ways to
Decisions Save Time

Volume II

MANAGING OTHERS CREATIVELY
How Well Do You How to Give

Handle People? Instructions

Hiring and Firing How to Size Up People
Put Your Ideas Across Managing for Better
Effectively Morale

“The Trouble With Coming to Grips with
Youls...” Employee Gripes

How to Develop a
Top Assistant

89 Franklin St., Boston, Mass. 02110

[0 Both volumes @ $16.50 a set—MANAGING CREATIVELY
[0 Volume I @ $9.50—MANAGING YOURSELF CREATIVELY
O Volume IT @ $9.50—MANAGING OTHERS CREATIVELY

flS well as the ci]on}clxse and direct NAME
anguage in which you express
yourself.” COMPANY
—Frederick E. Martin, ADDRESS
President
Madison Gas and CITY/STATE/ZIP

Electric Company

|
|
|
|
|
|
|
!
pressed by the solid down-to- | [J Check Enclosed
|
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|
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|
Madison, Wisconsin I

Add Any Applicable State Tax
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How to write technical articles,
and why you’ll be glad you did

You know tech articles are worth reading—that’s why you take all those

magazines—but what about writing them, is it worth all that effort?

Bill Furlow, Associate Editor

That idea you just talked about at lunch might
make a good article, did you think about that?
You should, because technical articles give you a
chance to communicate with engineers who have
the same interests and problems that you have. If
your ideas are formulated well enough so that
you can convey them to one or two people in an
hour, you could probably write a tech article in
just a few hours more. Why should you? Let’s
look at some of the possible reasons for writing
tech articles, before we get into the “how to"”
part. They may not all apply to you, and some of
them may seem shallow to you at first, but don’t
judge too quickly.

Communicate with other designers

That's what you do at coffee or lunch or at
professional societies. But how many people do
you reach? One, ten, a hundred? A technical
article can reach a thousand times as many! And
one of the surprising things, at least to new
authors, is that tech articles open up a valuable
avenue of information exchange. Your article
doesn’t end the discussion; it begins the discus-
sion. You will receive mail and phone calls from
designers who need more information or have
some to pass along. And some of the greatest
nit-pickers in the world will have carefully ex-
amined your design criteria and formulas. If
you've made a mistake, you'll learn about it
quickly, and that can be the most valuable thing
of all—even if it is hard on the ego.

By now, everybody knows that we're living in
an information explosion, that the sum total of
man’s knowledge is doubling every half decade
and all that. Perhaps such stunning statistics make
you feel that nothing you know could make much
of a dent in things. Many engineers have much
the same attitude, and it's not due to any feeling
of inferiority or even false modesty, it's just that
they are so familiar with certain techniques that
they assume everyone else is too. But most
worthwhile design articles are written by ordi-
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nary—but competent—design engineers just like
you. The information you have to pass along is
significant, and the chances are very good that at
least one magazine (there are more than 4000 in
the US) will be interested in what you have to say.

Perhaps your writings won’t be remembered as
long as Tolstoy’s, but to a harried and hurried
designer who's looking for the answers you have,
your article can be a hell of a lot more important.

Enhance your professional status

Engineers are a lot more fortunate than physi-
cists and educators, since the saying ““Publish or
Perish”” doesn’t really apply. That's as it should
be. A designer shouldn’t be penalized for not
writing articles, but most authors do feel that
their writing has helped their careers. Some of
the reasons for this feeling are intangible; others
are easy to see. A well-written and well re-
searched article carries a definite air of authority,
and many times,the research that's required to
back up your article will improve your knowledge
in that specific field. It all adds up to technical
competence that is made.more visible by your
articles. That's how design engineers are, or
should be, evaluated.

On the other hand, poorly researched tech
articles do nothing for anyone. The magazine’s
stature, and your own, will suffer, and it will be
hard for you to publish your next article. You will
lose the hard earned esteem of your fellow
engineers, and your career may suffer. Don't let
that scare you off, though. You'd lose their
respect just as quickly by doing shoddy design
work, and writing articles is much like your daily
design work. If you are successful in your design
tasks, you can be successful in your writing. To
recap, tech articles can be a logical extension of
your daily work that will help you meet other
engineers in your own line of work. They will also
make you more visible to the management of
your own company, and if you stand up to that
visibility, your career will be enhanced.
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"’If you can convey your ideas to one
or two people, you can write a tech
article and reach thousands more"’

Improve your company’s image

Almost hand in hand with your own status is
that of your company. Improve one and you're
almost certain to improve the other. The value of
the trade press as a method of improving the
corporate image is perhaps better understood by
most corporate PR men than by designers. That's
why your own PR man spends so much time
chasing down tech articles and sending out press
releases. Doesn’t he? If he doesn’t, he won't last
long. If you have any doubts about the value of
tech articles which carry your name and that of
your company, just call the PR department and
ask them what they think about publishing these
articles. You should check on this anyway, for
several good reasons. First of all, many com-
panies pay an extra bonus to employees who
publish articles. Then too, the PR group will
probably give you whatever assistance they can.
They are usually willing to do some editing, or dig
up some artwork and photographs for you. They
will also help you get whatever corporate ap-
proval is required to release your article for
publication and give you advice on which maga-
zine they think will be most receptive.

Many companies, especially electronics com-
panies, have made almost overnight reputations
through the trade press. You can probably think
of a few companies that you're buying products
from right now because you found out about
them through a design magazine. There is very
little doubt that the publication of technical
articles is good PR for your company, and that has
to benefit you directly.

Earn extra money

Some society journals don’t pay anything, in
fact, some even charge you for the editing and art

department time that is required in preparing
your article. On the other extreme, some large-
circulation, general-interest magazines pay ex-
tremely well. Trade publications tend to pay at
somewhat the lower end of the scale. Once
you've selected one or two magazines that
interest you, contact them and ask about their
payment schedule. They'll probably quote an
average price “per printed page.” This means the
page as printed in the magazine, and this figure is
usually somewhat flexible. Editors tend to pay less
for articles that require a lot of work on their part,
and more for good material.

No matter how good your article is, you're not
going to get rich by writing for the trade press,
but it can be worth your time. In addition, some
employers pay bonuses, as we mentioned before.
This can range from $25 to $100, normally, and
some companies match the payment you get from
the magazine. That range of payment will usually
be $25 to $150. A half-page circuit design
shouldn’t take more than a few minutes of your
time, since you've probably done the ground-
work on the job already. A 6-page article will take
a lot longer, but again, if much of the basic work
has been done on the job, you’ll be surprised
how little effort is required to turn it into an
interesting article.

There, you have four reasons for writing tech
articles, do any of them apply to you? Probably at
least one or two will. If you feel they do, then you
should start now to plan your article.

Where to get ideas

Let's first dispel two rumors about engineers
that have been around so long that even most
engineers think they are true. Everybody knows
that engineers make lousy managers, right?
Besides that, they can’t write, right? Wrong! The
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rumor about managerial talent was probably
started by managers who had no technical
background and were afraid of the engineers they
managed. As for writing—especially technical
articles—who could be better qualified than a
design engineer? The disciplined thought pat-
terns required in your everyday work—the ability
to see the problem, think it through and come up
with a valid solution—will enable you to write
good, solid articles that communicate your
thoughts to others and stimulate their thought
processes as well.

Choosing the topic of the article should be the
easiest part. You probably have one or two ideas
in mind already. If you don’t have a topic, don’t
go looking for one. You'll know you're on the
right track when the thought “someone should
write an article about that”” occurs almost natural-
ly to you. On the other hand, if you ask ““what can
| write an article about?”” you're off to a bad start.
Here are the major categories for technical
articles:

e Developments in the technology
e Design problems and solutions
¢ Applications’

® Design considerations

Whatever your subject, there is one outstand-
ing requirement: you must have some degree of
technical experience and expertise in the field. If
you don't, it will be apparent. You probably won’t
be able to get the article past the editor, and
you'll never get it past the readers.

You may not realize it, but reams of good
material for tech articles pass through your hands
in a year’s time. A few of these, there are:

e Technical reports on projects you have

completed.
Perhaps the entire project is so interesting
that a systems overview type article would

62

find good reader response.

Perhaps the impact of your system is so
great that newspapers and general interest
magazines would like a report on it.

Perhaps there are five or ten subsystem or
circuit designs that would be of interest to
design engineers.

® Surveys, both product and market.

Do you see a segment of medical elec-
tronics that is being ignored?

Did you survey all components and manu-
facturers of a given product area?

Did you do a systems analysis of two
competing technologies?

e Application notes on
products.

Before you publish it, some magazine may
be interested in running portions of it, or
perhaps the whole thing; check with the
magazine you think is most likely to be
interested. But after you've printed it, maga-
zines will not be interested.

e Lab notes from your design work.

If you found a solution to a problem that’s
been bothering you for along time, chances
are other engineers would like to know
about it too.

Data plots and empirical data from bread-
boards and production tests will provide
good support material for your article.

your company’s

How do you develop the article?

First, you should take a few minutes to write an
outline. It serves the same purpose as a block
diagram or flow chart. It will help you to get an
overall impression of the article and arrange it in
an orderly manner. Often you will find that the
subtitles (or ‘““crossheads’) of your article will
come very close to the main outline categories.

You should also assemble all the illustrations,
photographs, schematics and tables that you want
to use in the article before you begin to write.

At this point it is best to survey your article and
the potential markets for it. In electronics, as in all
fields of engineering, there are many different
magazines with different approaches and differ-
ent market segments. Two pages of analysis here
couldn’t possibly convey as much information as
you can glean from reviewing a copy of each
magazine. Ten minutes should be plenty of time
to get the feel and tone of a magazine. Read the
editorial and policy statements, look at the tech
articles. Do they seem to be aimed at the
audience you are interested in writing to? Once
you've decided on one or two magazines, call
them and ask if they are interested in your article.
There is no formal procedure in the trade press.
You can call or write, or send a copy of your
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outline, or send the completed article. If you call,
you can at least find out if the magazine is
receptive to your idea before you invest too much
time in preparing it. No one is going to commit
themselves to buy an article until they've seen the
whole package, but at least you'll know whether
you have a reasonable chance of having your
article accepted. The editors may even suggest a
different approach to your article that will make it
more interesting to their readers. This will greatly
improve your chances of selling the article, so the
phone call is probably the best approach at this
stage, and submitting an outline is the second
most effective. Submitting a complete article is
the most hazardous because it may take weeks or
even months before you know whether the article
has been accepted. Since ethics dictate that you
submit your article to only one magazine at a
time, you may spend six months looking for
someplace to have it published. Timeliness is all
important in electronics design articles, and your
technique may become obsolete before you can
publish it.

Down to the nitty gritty

Once you have aroused the interest of an
editor, your next task will be to write the article.
You've probably read enough tech articles and
written enough reports that you can handle this
without too much assistance. Keep this one point
in mind, though, while you are writing: Written
and spoken information are distinctly different,
yet writing which sounds like conversation is
more interesting to read. Try to write more like
you talk. Not exactly as you would talk, because
writing affords you the time for a more proper
selection of words than speech does. Take the
time to find the perfect word. That doesn’t mean
that you should ““multisyllabicate” wherever pos-
sible; in fact, you should try to use shorter words
when you can. Don’t say ‘““utilize” when you
mean ‘““use’”’. On the other hand, tech articles are
read by a well educated audience, so don’t be
afraid of large words when they are really
necessary.

Write in a personal, not a passive, tone. “I
found” or “you will find” is much livelier than “it
was found” or “it will be found”.

Finally, after the first draft is complete, set it
aside for a week. After this ““cooling-off” period,
pick it up, make the changes you think are
needed and mail it off.

Mechanical requirements

Up to now, we've been talking in broad
generalities; but to cover the mechanical require-
ments, let’s look specifically at EDN. Most other
trade magazines will have similar requirements,
but check because they may vary.

We would prefer to receive all manuscripts
typed. It would really please us if you typed on
one side of the page, only, in 50-character lines
with 25 double spaced lines per page. Put your
name, address, telephone number and a working
title (it will probably be changed, so don’t spend
too much time on it) on the first page. Put your
last name and the page number at the top of each
succeeding page. This will give you a manuscript
page containing approximately 250 words. Since
most technical magazines average just over 1000
words plus illustrations per page, you can esti-
mate the length of your article from the length &f
your manuscript.

If you use abbreviations that are not common,
explain them. Greek letters and math symbols
should be typed or written (legibly) in place.

Put each drawing or diagram on a separate
piece of paper. Don’t worry about drafting quality
if they are neat and legible; we will redraw them,
anyway. Here are some other rules to make your
drawings more useful to us:

e Express a single idea on each drawing.

e Drawings may be pencil, ink, photostats,
etc.

e Parts values and other pertinent data
should be clearly marked on each drawing.
Do not clutter up drawings with nonper-
tinent information.

e Drawings should either be supported by
a self-contained caption or be referenced to
the text in a simple manner.

e Drawings should be on one side of the
paper only. If a special part is used on a
drawing, instructions on how to make or
obtain this part should be included.

e Do not send an original or only drawing.
Obtain a print or copy; we cannot be
responsible for loss.

" "Mark your schematics
and photographs”’

- LTV
. ‘-‘..i.,,,,\:ﬁ
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with nonessential details”’
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e Number only the parts mentioned in the
text and number them consecutively; i.e.,
R1, R2, R3, C1, C2, C3, etc. NOT R 5001, R
5003.
e Use aconsistent set of symbols and other
notations and include legends where ambi-
guity might exist (such as logic symbols).
Here are a few general rules for photo-
graphic support of your article:
e Photos accompanying your article should
be black and white, glossy finish. Do not
send color transparencies or prints unless
they have been requested or we have been
forwarned.
e “Polaroid” photos usually are marginal
for publication but may be sent to further
explain an idea. “Polaroids’’ of scope wave-
forms are useful and often appear in EDN.
Do not write on photographs or mark
them with grease pencil.
¢ If something specific is to be called out
on a photo, place an onionskin or tissue-
paper overlay over the photo and mark it
lightly with a soft lead or grease pencil.
Ballpoint pens or hard pencils mar the
surface, even through the overlay.
e Write the appropriate figure number on
the back of each photo with a soft lead or
pen. Do not use glue to attach copy or other
material to back of photo.
® Where orientation could be a problem
(waveforms, for example), use the back of
the photo to indicate “which side is up.”
¢ If photos are to be returned after the
article is published, please include a note to
this effect.
® If you have special instructions regarding
the photo, such as deletion of some parts or
titles, inform us with a note.

e Do not encumber photos with models
(girls) or other distracting items.

e Protect photos with heavy cardboard so
they will not be damaged in the mail.

How long does it take?

Again, speaking only for EDN, but assuming
that we are fairly typical, all manuscripts are
acknowledged when we receive them. If you
haven’t heard from us within two weeks, you are
quite correct in reminding us of the oversight.
After your article is received, it is assigned to an
editor for review. He will accept or reject the
article; normally this will take two to six weeks;
and you will be notified immediately. Editing may
take another two to four weeks, depending upon
the editor’s work load (which is always heavy) and
the tentative scheduling of your article for
publication. At this point EDN’s procedure varies
from some other trade publications—we return
the edited version to you for your approval. We
expect you to review the completed article for
technical accuracy. Please don’t argue with us
about titles, punctuation or grammar at this point
unless they are totally unacceptable to you. It's
not that we are perfect in those areas, we don't
even pretend to be, but we do have some feel for
reader acceptance and preference. When you
receive this approval copy, your article will
usually be about eight weeks (or less) from
publication, and time is of the essence if all the
details that precede publication are to be taken
care of. Check it, correct it, and return it without
delay.

In closing, let's examine why some of the
editing changes that will be made are important,
because they really do seem to depart from the
good practices of both journalism and engineer-
ing reports. The standard practice in engineering
report titling, for example, is to specify as
accurately as possible what is covered in the
report. The aim of general-interest magazines, on
the other hand, is to drag as many readers as
possible into the story. Those are the two
extremes (extremely vertical and extremely hori-
zontal) between which we try to steer our
magazine. We attempt to make the article sound
interesting to everyone to whom it may be useful,
but not to trick anyone to whom it would be a
waste of time into reading it.

Who, what, when, where, why, and how—
those indispensible tools of journalism—are
boiled down mainly to what, why and how at
EDN, at least in the tech article section. This is
another area where engineering and journalism
diverge, and we think it the best course between
them in order to give the reader as much useful
material as possible in the space available. O
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with trigger/gate.
$395

And that’s not our only bargain.

There are a few function generators priced lower than $395.
But not one that offers trigger/gate. And what's so important about
trigger/gate? Simple. Trigger/gate allows you to start and stop as
you choose for one-pulse, tone bursts or synchronous timing. Not
another instrument at this price offers it.

In addition, our built-in, input-summing, high-output wide-band
amplifer allows you to add in your own signals.

Model 501 is making more than just economic waves.
It makes sine or square waves or triangles with vari-
able offset or DC. With symmetry control it can
make pulses or ramps, and you can FM it with our
1000:1 voltage generator control. b :

Model 501 is only one of our Solid Gold Series &8 g
values. There’s four more models with frequency 4 '
rates to 20MHz, with or without trigger/gate.

But don’t take our word for it. Ask for a demon-
stration. Or take a 501 home for a test. Or send for
our ‘Strictly Straight-Arrow Literature.” Do something.
After all, the more you know about function generators, 2
the better for us.

Circle No. 10
i
AILTECH
THE GOLD LINE SERIES FROM A CUTLER-HAMMER COMPANY

EAST COAST OPERATION * 815 BROADHOLLOW ROAD ¢ FARMINGDALE, NEW YORK 11735 » TELEPHONE: (516) 595-6471
WEST COAST OPERATION + 19535 EAST WALNUT DRIVE * CITY OF INDUSTRY, CA. 91748 * TELEPHONE: (213) 965-4911

OTHER SOLID GOLD PRODUCTS FROM AILTECH INCLUDE SPECTRUM ANALYZERS, NOISE MEASUREMENT EQUIPMENT, RF POWER SOURCES, OSCILLATORS AND TRANSDUCERS.
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Butterfly

Diurnal insect of the order Lepidoptera, character-
ized by clubbed antenna, a slender body, and large,
broad, often conspicuously marked wings. Often
found fluttering about the design engineer’s stomach.

Our Bugs

will get rid of your
Butterilies
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Dependable Beckman ECL terminator
networks are specifically designed for, and
compatible with, the following Emitter
Coupled Logic families:

* Motorola MECL 10,000 Series

» Signetics 10,000 Series ECL

* Fairchild 95K and F10K Series ECL

* Texas Instruments Series

SN10000 ECL
* National Semiconductor 10,000
Series ECL

Each Beckman ECL terminator net-

work utilizes thick film resistor materials

with layouts specifically designed for low
inductance and the high speed require-
ments of ECL systems. Where possible,
the terminator networks include 0.01 pF
decoupling capacitors.

Each network is capable of operating in
a +85°C still air environment at standard
ECL voltage levels and tolerances without
heat sinking.

For complete technical data, contact
your local Beckman/Helipot representa-
tive or write to Beckman Instruments, Inc.,
Helipot Division, 2500 Harbor Blvd.,
Fullerton, Calif. 92634.

HELIPOT DIVISION

Circle No. 26
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Improve high-power circuit designs
with fast-recovery power diodes

Such diodes are not limited to high-frequency power rectification. They
can improve performance in low-frequency applications as well.

David W. Borst and David Cooper, International Rectifier Corp.

Rectifier diodes with fast-recovery characteristics
are becoming increasingly important in the de-
sign of high-power equipment. Circuit designers
are showing an increasing interest in these
devices for such applications as bypass (free-
wheeling) diodes, high-frequency inverters and
high-frequency power rectifiers.

Fast-recovery diodes are available today with
ratings upwards of 650A average, and 1300 PRV
and higher. Typical of the units available are those
shown in Fig. 1. The stud mounted versions are
rated at 100 and 250A average, while the hockey-
puck types are rated at 400 and 650A average.
These particular devices may be obtained with
recovery times as short as 1.5 psec maximum
when rated 1000V or less and 2.0 psec when rated
1100 through 1300V.

While rectifier diodes with higher voltage and
current ratings and shorter recovery times are
available, the general rule is that the higher the
voltage rating, the longer the maximum recovery
time.

ﬁ ‘f?t O o ;x.%

Fig. 1—Typical fast-recovery rectifier diodes have ratings of
100 and 250A for stud mounted types and 400 and 650A for
hockey-pucks. Recovery times are typically less than two psec.
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{A) Single-phase center tap and bridge all-SCR and all
polyphase all-SCR rectifier circuits, inductive load

(B) Three-phase bridge and all six-phase all-SCR circuits,
resistive load or inductive load with bypass diode

(C) Three-phase all-SCR circuits, same loads as (B)

(D) Single-phase center tap and bridge all-SCR circuits,
same loads as (B); also single-phase and three-phase
hybrid bridges, resistive or inductive load

{E) RMS values for phase control of alternating voltage,
two SCRs in antiparallel

Fig. 2—Curves show the average no-load output voltage vs
angle of phase retard for various rectifier circuits and types of
loads.

High-frequency power rectification

The most obvious application for fast-recovery
diodes is in converting high-frequency ac to dc.
The upper frequency for efficient rectification
with conventional alloyed or diffused 250A diodes
is about 1 kHz. By contrast, the upper frequency
limit for efficient operation of the 100 to 650A
fast-recovery diodes is about 10 kHz.

At any operating frequency, fast-recovery char-
acteristics result in less power dissipation in the
diode during recovery, thus more power may be
dissipated during the passage of forward current
without overheating the diode. The result is a
more efficient circuit and a reduction in spurious
diode heating.

Bypass diodes in rectifier units

Large fast-recovery diodes function well as
bypass diodes on the output of any single or
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3-phase SCR rectifier unit when the load is both
resistive and inductive, and when the rectifier-
unit output voltage is to be reduced by phase-
controlling the SCRs. Failure to use bypass diodes
in rectifier units can result in problems when
there is an inductive component to the applied
load.

If the load is 100% inductive and there is no
bypass diode, the inductance would cause cur-
rent to flow continuously in the SCRs, and zero
output voltage would be obtained with 90° phase
retard. When the load includes a resistive as well
as an inductive component, and large angles of
phase-retard are employed, the load current
becomes discontinuous. To obtain zero output
voltage with this load, it is necessary to use a
larger amount of phase retard; therefore, an
abrupt change in the relationship between output
voltage and phase retard occurs. Essentially, there
is a change in the transfer function of the rectifier
unit when viewed as a part of a feedback-
regulating system.

Fig. 2 illustrates the relationship of average
output voltage to phase retard for various rectifier
circuits and types of loads. In a 3-phase bridge
using all SCRs, the output voltage with an
inductive load follows curve A until the load
current becomes discontinuous, at which point
the output voltage follows a curve not shown,
connecting curves A and B. When a bypass diode
is used, the rectifier behaves as if it were feeding
a purely resistive load. The output voltage there-
fore follows curve B, and an abrupt transition
from curve A to curve B is avoided.

The change in operating mode experienced
without the bypass diode may also create severe
instabilities in the operation of a closed-loop
voltage or current-regulating system. With or

- : <
SCR - B
Ny ! % RD, LOAD J

<
O

SCR
TIME
h TIME

DIODE

Fig. 3—Bypass diode in half-wave phase controlled rectifier
circuit with inductive load experiences large reverse-current
pulse during recovery.

without the bypass diode, the same larger range
of phase control is needed to obtain zero output
voltage, but the abrupt change in transfer func-
tion, and the consequent system instability, are
eliminated when the bypass diode is used.

Another advantage of the bypass diode is that at
reduced output voltage from the rectifier unit,
current is carried only intermittently by the SCRs.
This reduces heating in the SCRs and increases
their reliability.

If a hybrid-bridge (semiconverter) circuit is
used to feed a partially inductive load, a bypass
diode is recommended when near-zero output
voltages from the bridge are desired. With the
bypass diode, the bridge circuit will feed an
apparently resistive load and behave accordingly.
Without it, the SCRs may fail to turn off (commu-
tate) when operating with large angles of phase
control. This is similar to a failure in an inverter.
The SCRs in a hybrid bridge actually function like
inverters at very low output voltages, feeding
energy from the diode portion of the bridge back
into the ac line. A commutation failure results in
loss of control of output voltage from the
hybrid-bridge rectifier unit.

Any rectifier diode can function as a bypass
diode; however, the advantages of using a type
with fast-recovery characteristics include lower-
ing diode junction heating during recovery and
reducing the di/dt duty imposed on SCRs in the
rectifier unit during diode recovery.

If a bypass diode is conducting when an SCR
begins to turn on, a high inrush current will flow
during the recovery period of the diode; that is,
during the flow of recombination current in the
diode junction. If this happens, the SCR turns on
into a virtual short circuit, resulting in a high di/dt
in the SCR. Damage to both the SCR and the
bypass diode could result from these effects.

This circuit action is illustrated in Fig. 3 where

-
<

! SCR
> )
E. i ‘: .

RD, LOAD

+ O 4

; REVERSE RECOVERY CURRENT OF RD,
SCR,
TIME

VOLTAGE SPIKE FROM RD,

v RECOVERING IN “SNAP OFF'* MODE
RD,
TIME

Fig. 4—Time-ratio control with ““hard” commutation results in
considerable voltage transient.
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an SCR feeds half-wave power to an inductive
load with a bypass diode. A high spike of current
is carried by the SCR when it is first triggered ON,
and this same current pulse passes in the reverse
direction through the bypass diode. To avoid
overheating of the bypass diode during recovery,
a snubber network consisting of a resistor and
capacitor in series could be placed across the
bypass diode. This will limit the rate-of-rise of
reverse voltage across the diode while it is
recovering, and reduce the heating of the junc-
tion during the recovery period; however, this
snubber network will increase the di/dt on the
SCR in the rectifier circuit.

At 60 Hz, the di/dt stress level may not be
inordinately high, but at higher-power fre-
quencies, the SCR may be damaged by high
localized junction temperatures during turn-on.
To reduce the rate of current rise during turn-on,
a limiting inductance could be placed in the
circuit; however, when current ceases, this
inductance induces a voltage in the circuit that
could damage the bypass diode or break over the
SCR.

A better solution is an RC snubber network
placed across each SCR to provide a current path,
and thereby reduce the voltage transients during
recovery.

The large apparent stored charge of a conven-
tional diode, which must be removed during
recombination, is the basic problem in these
cases. By using a fast-recovery diode, and thus
minimizing the stored charge, snubber networks
might be eliminated altogether. Or, if they are
required, snubber-network capacitance may be
minimized.

Bypass diodes in dc choppers
As SCR applications have progressed and

TIME

manufacturers have developed more easily con-
trolled dynamic characteristics of thyristors,
greater attention has been focused on inverter
and dc chopper applications.

Fig. 4 illustrates a typical early chopper circuit
with some pertinent waveshapes. The circuit
through which current flows while RD, is recover-
ing, stores enough energy in lead inductances
and elsewhere to cause a considerable voltage
transient when RD, recovers. To suppress this
transient, an RC network could be inserted across
both SCR, and RD,; however, this causes higher
circuit losses and more complexity. A far better
solution is to use a fast-recovery diode for RD,.

Bypass diodes in inverters

An inverter using bypass diodes connected in
antiparallel with the SCRs is shown in Fig. 5. With
minor modifications, this type of inverter can be
made to generate either a sine or square wave.
Similar circuits have been operated up to 25 kHz
with output power of 400W. The trace in Fig. 5 is
the voltage across one SCR.

Examining Fig. 6, which shows a circuit equiva-
lent to part of the circuit shown in Fig. 5, it can be
seen that fast-recovery devices are required for
RD, and RD,. While the sweepout current of RD,
flows, the distributed wire inductances of the
circuit (L, and L) assume the polarity shown.
After recombination is completed, the current
ceases in RD, and in L, and L,. Thus both induced
voltages across the leakage reactances reverse
polarity and tend to generate transients.

The transients generated in L, will be in a
direction to cause high dv/dt in SCR, while
transients generated in L, will be in a direction to
cause high-reverse voltage across RD,. The result-
ing transients can be many hundreds of volts,
rising almost instantaneously, in a 100V system.

As illustrated in Fig. 6, operating conditions are
considerably improved with a fast-recovery rec-

DISTRIBUTED
. cReult
- INDUCTANCE

SCR,

v TIME

_ VOLTAGE ACROSS SCR,,

Fig. 5—Inverter employs rectifier diodes connected in an-
tiparallel with SCRs.
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Fig. 6—Voltage overshoot due to rectifier diode recovery and
distributed inductance is reduced when fast-recovery diodes
are used.
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Fig. 7—Time-ratio control with “‘soft” commutation reduces
the necessity for fast-recovery diode for RD,.

tifier. The voltage generated across SCR, when
RD, recovers is typically 20V in a 125V circuit. A
fast-recovery diode is also appropriate here to
minimize the energy drawn from the dc supply
when the diode is recovering, and to minimize
junction heating caused by the recovery action.

SCRs as bypass diodes in inverters

The bypass diodes of Fig. 5 have the un-
desirable characteristic of clamping the reverse
voltage applied to the companion controlled
rectifiers, causing increased turn-off time. SCRs
with shorter turn-off time must be used to
compensate for this. Where it is not possible to
obtain an SCR fast enough to counteract the
presence of the bypass diode, itis possible to use
an SCR in place of the diode.

The bypass SCR should be triggered by con-
necting the gate to the anode via an appropriate
resistor. When the voltage across the inverter
SCR first starts to reverse, the clamping action of
the bypass SCR will not be felt until the bypass
SCR turns ON. During the delay time of the
bypass SCR, the main SCR can be turning OFF
with full available reverse voltage applied, there-
by assuring fast turn-off action.

Soft commutation

High-voltage inverter-type power thyristors are
now available (e.g., Vpry Of 1200V) and are being
used in large installations such as process control
and vehicle drives. In these higher ratings, some
of the early quick fixes for sweepout transients
are not acceptable. Neither are the sharply rising
waveshapes generated by the early types of
inverters and choppers (because of the resultant
low corona threshold of many components).

At operating frequencies of 5 to 10 kHz, losses
in the snubber networks, sometimes amounting
to 10% of the load, became unacceptable.
Therefore, as SCR applications have developed
and operating frequencies of thyristors have
increased, the sharply rising waveshape circuits
have become less popular, and “soft” waveshape
circuits have gained favor.

Fig. 7 illustrates a cushioned waveshape circuit
that reduces the necessity for a fast-recovery
rectifier for RD,. As the frequency of circuit
operation increases, however, this circuit also
requires fast-recovery characteristics in the by-
pass rectifier to hold the SCR stress to a
minimum.

Summing it up

Fast-recovery diodes in the 100 to 650A range,
capable of handling 1300V or higher, are now
familiar components. The need for fast-recovery
units resulted from the development of static-
power control systems using SCRs. Proper use of
fast-recovery diodes reduces the di/dt and ac-
companying stress levels on SCRs by an order of
magnitude, thereby increasing reliability without
necessitating additional complex circuitry.

With fast-recovery units, power levels may be
increased and costly power losses reduced. The
primary advantage, is that junction heating
caused by recovery action is minimized. O
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DATELSYSTEMS

d breakthrough in

price/performance
16 bif D/A Converter
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Datel System'’s growth is based on breakthroughs. We make it our
business to produce products that are a combination of increased reliability,
with more sophistication, smaller in size, yet lower in cost.

If you're at the IEEE Show, come to Booth 2609 and we'll show you

some of the things we're proud
of. If you miss the Show, call our
nearest representative or write

us for complete details.

1020 TURNPIKE STREET, CANTON, MASSACHUSETTS 02021 .

~DATEL

~4 SYSTEMS, INC.

TEL. (617) 828-6395

Circle No. 33

Single
Quantity

Features

High Resolution — one part in 65,535"
Programmable Voltage Output — O to
+10V, to —10V, or +=5V®@
Programmable Current Output — O to
+2.0mAor =1mA

Binary and Four Digit BCD

Coded Models

150 wvolt or 30 nA Output Resolution
5 MHz update Rate

750 nsec Output Settling Time

Thin Film Stability

Includes Reference Source

and Output Amplifier

TTL Compatible Inputs

2”Lx 2”w x .375"h Total Size

(1) Four Digit BCD Model — one part in 10,000
(2)Output Current — +5mA

TWX: 710-348-0135 . Telex: 924461



COMPUTER HARDWARE

Cascade adder improves system speed
for high-speed multiply operations

This easily implemented method of multiplying will speed the processing
of formulas and equations, no matter which logic family you’re using.

James E. Partridge, System Development Div. IBM Corp.

The multiply instruction can be a very fast
computer operation, and a simple design ap-
proach makes this possible. It consists of a
cascade of carry-save adders to handle partial
products, thus avoiding the slower techniques
that have seemed necessary in the past.

The cascaded technique does away with the
iteration problem, at the same time giving a good,

o O
o O
> O

000
C B A

Fig. 1—Basic carry-save adders used for high-speed multipli-
cation can be implemented with AND, OR and INVERT gates
as shown here, or with parity generator ICs.

reliable method of multiplying. The system is very
fast; not only because fast circuits are used in
today’s logic, but also because the logic is
designed to take greatest advantage of the speed
of the circuits. The key to the efficiency is the use
of the carry-save adders to handle partial prod-
ucts. The approach can be used with any type of
logic; but because of the relatively high number
of individual circuits used, it proves most attrac-
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tive with newer, high-density logic. Its use is not
limited to the multiply instruction; it can also be
applied to any operation that requires repeated
addition.

An easily implemented example of logic for a
multiply operation is made up of the following:

« The multiplicand and multiplier registers

« An AND matrix fed by the outputs of the
registers

« The cascaded carry-save adders (CSAs)

« A conventional carry-propagate adder

The functions of both the AND matrix and the
carry-propagate adder can be handled by other
approaches.

The CSA used here is shown in Fig. 1. This is a
relatively slow carry-save adder but one that still
gives an advantageous systems speed for the
design used in the example.

Fig. 2 shows the basic scheme for the example
using 6-bit multiplicand and multiplier registers.
The outputs of the registers pass through the
AND matrix into the cascade carry-save adders.
Each CSA has 3 or less input legs and two outputs,
sum and carry. Each input and output leg
represents all required polarities. The sums and
carries are combined and reduced to one or two
bits per radix position and finally enter the
carry-propagate adder.

The AND matrix that “‘sorts”’ the data from the
multiplier or multiplicand to the proper radix
position and obtains the partial product is shown
in Fig. 3. The outputs of the ““sorters’”’ become the
inputs of the CSAs and the beginning cascade.

Let us trace one radix position through the
example in Fig. 2, say position 9 of the multiplier
register. The output of that position is gated by
the six ANDs giving 111010 (at AND gates 4C,
5C, 6C, 7C, 8Cand 9C). In other words, position 9
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is gated by all 6 positions of the multiplier: 2% x 2°
= 2% 2% x V= 28092 x 9% — 23, etc,

The CSAs combine the sums obtained from the
various radix positions. Again using position 9,
the CSA designated H is fed by the outputs of the
ANDs of position 9, 10 and 11 of the multiplicand
register, and position 9 (plus positions 10 and 11)
of the multiplier. This 3-legged adder produces
two outputs, a sum of 1 and a0 carry. The sum, in
this case, goes directly to the carry-propagate
adder; the carry to another CSA. Other positions

are similar, but some require as many as four
CSAs in the cascade to complete the addition
before the carry-propagate adder completes the
operation.

The example just given shows the reduction of
six partial products to one or two outputs per
position in four levels of CSAs for a 6-bit multiply.
A 32-bit multiply needs eight levels of CSAs. The
time required for a 32-bit operation is only double
that for a 6-bit multiply (more than five times as
many bits). This is possible because the bits of

GATE 6 % 8 9 10 1

l 1 1 1 0 1 0

MULTIPLICAND
REGISTER

MULTIPLIER
REGISTER

T

[]FIZFIZEJSF[SE[BDIélFlAE|4D]4C|5FI5EI5D|5C]58IGFIBEIGDIGC

LT

oLz
LE AND MATRIX

lGB 6Al7EOI7D[7Cl7B’7A 8D scl RAl— 19819A|!OBJ10A[1

FITFIFTPITLT

CSA = CARRY SAVE ADDER

T 0[1 [0 1 0[0[1 |1 e ]1 1 olo 0!1 l1l0
CSA CSA CSA CSA CSA CSA CcSA CSA CSA
A B c D E F G H J
2 3 3 4 4 5] |s 6 6 6 7 7. .8 8 gl |9 10
1 0 1 0 1 1 Jo 1 0 Jo 1 o [1 0 1 o Jo
]
CSA CSA CSA CSA CSA
K L M N P
3 4 4 5 5 6 6 7 7 8
0 1 1 0 0 0 1 0 0 1
CSA CSA CSA CSA
Q R s T
i 9 2 3 4 5 B 7
Io 1 Io 0
CSA CSA CSA
U v w
3 4 4 5 6
1 11 o o |1 |1|0 |o]1 IO]I 0 1 1 |o [o |o
018 1A 2B 27 3B 3A 4B 4A 5A 6 7 8 9B 9A 10 11
CONVENTIONAL CARRY PROPAGATE ADDER
0 1 ? 3 4 5 6 7 8 9 10 M
P £ E & | | P A

RADIX A

PRODUCT
UNITS POSITION —T

Fig. 2—Complete high-speed 6-bit multiplier provides a relatively inexpensive alternative to the more common, but slower,
approach of iterative multiplication. Since multiplicatior is one of the more frequently used operations in scientific machines, a
high-speed multiplier can bring a marked improvement in overall efficiency. Inverse functions, as shown in Fig. 1, have been
omitted for clarity.
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RADIX POSITIONS

Fararar
|
pavdvava: |
avdv, :

21

Fig. 3—An AND matrix sorts data from multiplier and multiplicand to proper radix position, and obtains partial product.

S, S
—q CSA CSA
= Position Position JC,
- 1 1
S,
—4 CSA CSA
— Position Position | ¢
=1 2 ==
S,
=== CSA
= Position JC,
1
S, S, S
— CSA CSA Tl CSA p—
~— Position Position (;2 Position Cz
1 1 1 s
S, S,
—] csa CSA — CsA —
— Position Position I C, ] Position | C3
— 1 2 i 2 B
. S
s B csa =
= Position IC, Position | C5
— ] 2 fre
S,
s===q CSA
= Position | C,
gl 1

Fig. 4—Parallel use of CSAs, as much as possible within each
radix position, is the key to fast multiplication. The best
price/performance balance for your design will be found by
weighing serial vs parallel layouts of CSAs.
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each position are added in parallel, maintaining
the proper radix position for sums and carries
until each position is reduced to one or two bits.

Trade-offs are available

It is when the various modifications of this
scheme are examined that the full impact of the
technique can be realized. In every case, how-
ever, the usual trade-off between speed and
number of circuits still applies. Because the
speeds are at a much higher level than would be
expected, even the slower designs are attractive.

Probably the greatest possibility as far as speed
is concerned lies in the use of the carry-save
adders. This is the technique that can make a
multiply or any repeated addition, an extremely
fast operation rather than one of the slowest
encountered, as it is when using iterative proce-
dures. The strategy for obtaining the highest
speeds is, within one radix position, to combine
as much as possible in parallel, grouping sums
together and carries together as shown in Fig. 4.
When the carry combination has processed as
much as is practical, it becomes ““raw data” for
the next radix position. Avoid as much as possible
the rippling effect shown in Fig. 5, which is
obtained when each carry is introduced to the
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next position as soon as it is generated.

The best design of the carry-save adder will
probably be determined by circuits available to
you or by your required speed. Both polarities of
each output are required for the inputs to the
next level of CSAs. When economy must take
priority over speed, an inverter circuit can
provide complements of the CSA outputs. In the
6-bit multiply of the example, the four levels of
CSAs built with 10 nsec circuits would take in the
order of 80 nsec where inversion is required. But
where speed and a longer multiply are necessary,
there is an inverse function available for both the
sum and carry generators in parallel with the
original function, as shown in Fig. 6. With this
design each CSA would require 10 nsec. Thus, the
partial products of a 32-bit operation could
appear at the inputs to a conventional adder in
the same 80 nsec.

Sum

CSA

CARRY

CSA

CSA

.-

=4 CSA

(o}
RADIX POSITION 1

Fig. 5—*Rippled” carry-save adders prove to be a very slow
technique. Groupings of parallel functions should be used to
avoid the routing of the sum outputs through successive
stages of CSAs wherever possible.

If, when the multiply is complete, the informa-
tion is needed in a register, then the outputs can
be latched. If the information is used directly, it
may be possible to omit the latches.

The ‘“’sorter’” function of the AND matrix can
also be handled by alternate methods. It doesn’t
matter how the partial products are obtained. For
instance, circuits with more inputs could be used
in the matrix. This would cut down on the
number of carry save adders required because
some of the combining would be done before the
data entered the cascade section.

Many advantages are obtained from the use of a
cascade of carry-save adders to sum the partial
products in a computer multiply operation. First,
the speed is increased to compare favorably with
other arithmetic instructions. In addition, the
designer has a substantial choice of approaches
that he can use in each stage of the operation.
Very high speeds can be obtained at the cost of
additional circuits, but economis in circuits can

— \ AND

1/ (ABC)

1/ (ABC)

OR

C B B G 8 A

Fig. 6—Higher speed version of the CSA. Each function and its
complement for both sum and carry are formed in parallel,
rather than by serial inversion, as compared to the CSA in Fig.
1. The parts cost for this CSA will be higher, but delay time will
be 2 propagation delays, rather than 3.

be made and relatively high speeds retained. The
technique is not confined to any particular type of
logic, but it appears to be most attractive with the
very dense logic being used today. @

Author’s biography

James Partridge is a tech-
nical associate engineer at
IBM’s Kingston, NY,devel-
opment lab., where he has
worked on multiple
simultaneous-addition
logic for the last 6 years.
He attended Clarkson
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years.
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Switching technology
VS.Series-pass.

Now there’s a choice.

Series-pass regulation offers great
advantages in compact size, estab-
lished design technology and excep-
tionally clean output. While switching
technology is theoretically even more
compadt, it's virtually impossible to
produce because of the inherent high

noise and RFl problems.
Right?

Sorensen
Specification STM5-24 Brand “X"
Size 3%e6x 5% x 9 4'%hex 72 x 9%
| YOlume - 160in3 344 in3
Price $229 $235
Efficiency 58% 29%
Regulation (line & load 0.05% 0.2%
combined) 3
Temperature Coefficient 0.01%/°C 0.03%/°C

Overload Protection

Current limiting-
adjustable electronic

Overvoltage Protection

Built-in adjustable,

Optional @ $30

all models (except built-in,
fixed, on 5-volt

model only

Wrong. Sorensen’s STM series of

modular power supplies prove the
point. First, for a given power rating,
STM'’s offer twice the efficiency, half
the size and lower price than equivalent series-pass units (and all STM's have built-in over-
voltage protection). Plus a big plus. Low RFl and noise. We ran conducted interference tests
and fully met the requirements of MIL-STD-461A above 20KHz.

The STM series presently consists of 30 switching transistor power supplies — with
10 models to follow shortly. STM efficiencies approach 75% keeping dissipation low.

In many systems applications these high efficiencies obviate the need for forced air
cooling systems.

Switching technology is no longer a bugaboo. It works. Beautifully. Send for our com-
plete catalog and see for yourself (and see our great series-pass supplies too). Write
Sorensen Company, a unit of the Raytheon Company, 676 Island Pond Rd., Manchester,
N.H. 03103. Telephone (603) 668-4500. Or TWX 710-220-1339.

STM: twice the efficiency, half the size.
SDIEIISEII

POWER SUPPLIES

Circle No. 32
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Compare this point-by-point spec-check between Sorensen’s
STM5-24 and Brand “X”.



KEMET Ceramics:

Meet the KEMET “Blue Max” maxi-
mum-range line—a whole new flight of
subminiature, precision epoxy-dipped,
radial-leaded, monolithic ceramic ca-
pacitors.

“Blue Max” Capacitors achieve new
heights in precision manufacturing.
With a protective epoxy sheath that
coats the case, not the leads.

And“Blue Max” Capacitors win high-
est honors for selection range.

Ultrastable NPO, stable X7R, or gen-
eral-purpose Z5U dielectric. Six basic
case sizes in over 300 different models,
in values from 2.2 pf to 4.7 uf. For 50,
100 or 200 VDC working voltages. All

with easy-to-read markings and solder-
coated, copper-clad steel leads—ready
to assemble in your circuits.

For excellence of performance,
specify new KEMET “Blue Max” Ca-
pacitors—a new achievement in pre-
cision-dipped, radial-leaded ceramics
from Union Carbide. Available now.

Write for specification data and free
engineering samples.

COMPONENTS DEPARTMENT

P.O. Box 5928, Greenville, S.C. 29606
Phone: (803) 963-7421 TWX: 810-287-2536

In Europe: Union Carbide Europe, S.A.
5 Rue Pedro Meylan, Geneva 17, Switzerland

Circle No. 28



Trilogic, a three-level logic system
provides greater memory density

Do you need to design in more computing power
without grossly expanding circuitry? Maybe trilogic is the answer.

Akavia Kaniel, Digital Equipment Corp.

Binary systems, despite the ease with which they
lend themselves to logical yes-no, on-off functions, it
are not very efficient at counting. A base-three sys-
tem may introduce certain logical complexities, but
it has a great counting advantage. For example, if |
a number can be expressed as N = a,r® + a;r' +

- o SR R a,r" where
n=l,1,2,F% =5+ o0
r = base of the number system *
a = digits with values between 0 and r — 1
then, in a base-2 numbering system where the maxi- |
mum value of a is 1, the maximum 4-digit value of |
Nis 1(2)° + 1(2)' + 1(2)2 + 1(2)* = 15. In a base-3 i
system where the maximum value of a is 2, the maxi- AN
mum 4-digit value of N is 2(3)° + 2(3)' + 2(3)* +
2(3) = 80. Thus, the same four bits that will count 0-5v
to 15 in binary can be used to count to 80 in trilogic,
an obvious improvement in information density. Fig. 1—Inverter with truth table.
O +5V
~—— AN —@ 4
. — *”: iy [' e
(0) -5V (0) -5V +5V (2) I
M| ov @ | -sv | v | @ . f :
@ | v | © | -sv | +sv | @
(0) -5V (1) ov +5V (2)
(1) oV (1) oV oV (1) —— ’-H.
@ | +v | 1 | ov ov | jl =
(0) -5V (2) +5V +5V (2) I
(1) oV (2) +5V 0 (1) . ]E-
@2 | v | @ | +5v | -sv | (0 |
os OA 5V

Fig. 2— NAND gate with truth table.
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5V

A B Y |
(0) sv | (0 sv | v | (2 l I |
M | ov | o | -sv ov | m
2 | v | (o ' 5V sv | (0 g L
-
-1 =
(0) 5V (1) ov ov (1)
(1) ov (1) oV oV (1) I

(1) oV (2) t5V 5V (0)

(2) o\ (2) t5V 5V (0) [

s s 41

wO—
>0
O
&
<

Fig. 3—NOR gate with truth table.

If the logic of a 3-digit (0, 1, 2) system is not quite 1) Inversion 2) OR 3) AND
as apparent, this article will show that it is not too A A Y=A+B <A B
difficult to use, once the b'aSlC. logical relatpnsh‘lps 0 ) A B Y & B %
are understood. Finally, logic diagrams and circuitry ] : 0 0o 0 0 0 0
which are necessary to implement a trilogic system ) 0 10 ; 10 0
are considered. i . .
: . - ! : L 2 0 2 2 0 0
The basic logical relationships for trilogic are 0 1 : 0 1 0
given in the following truth tables. L , 11 1
“A’” and B’ can be in the (0), (1) or (2) state. 3. 1.4 5 ) 1 :
0 0 2 0 2 0
1 2 2 1" 2 1
(0); 2 2 2 20 2 2
iov
OVfi I
(1); T |
AO— l 4 O Y
G
'5vo—-| ,
(2); -
-5V
A X
SYMBOLICALLY
Fig. 4 - Tri-flop is set to the 0,1 and 2 states by pulsing the input Fig. 5 - A shifter must be introduced in order to design a tri-flop
lines. Atter it is set, the input lines will automatically return to the that can count. C is placed at the output to store information for a
steady-state condition (2,2). short time during switch transition.

81




CROMIG = - -

(2)
O-

e U U1

Fig. 6 — Three-bit tri-flop trilogic counters. In the counter diagram
the clock actuated switching circuit is represented symbolically
as a simple switch. The tri-flop switches states each time the clock
goes from 2 to 0 causing Q to count sequentially as shown in the
timing diagram. Pulse width (t) of the clock is wide enough for the
new state to appear at point I.

4) Demorgan’s Law

A-B=A+8B
A+B= A B

A B A-B A+ B A+ B A-B
0 0 2 2 2 2
5! 0 2 2 1 1
2 0 2 2 0 0
0 1 2 2 1 1
g 1 1 1 1
g 1 1 1 0 0
0 2 2 2 0 0
1 2 1 1 0 0
2 2 0 0 0 0

Logic implementation

The trilogic system’s logical functions are imple-
mented in the truth tables and circuit diagrams of
Fig. 1, 2 and 3. In these circuits +5V represents 2,
OV represents 1 and —5V represents 0. These values
are used because +5V and —5V power supplies are
readily available.

(2)
INPUT
(0)

(2)
02 H)A_r_l—_-_,_Jﬁ
(0)

(2)
Q3 (1)
(0) I

012 34656867 8 9101112131415 16171819 20212223 24

(2)
Q1 (1) —‘—[—LI—J_[_‘—‘__ A Q A Q A Q
(0) INPUT

|

CK | CK CK

Q1=3° Q2=3! Q3=32

Fig. 7 —Trilogic counter. The 3-bit tri-flop counters can be ganged very simply for counting larger numbers. In this example we can count
upto2 X 32+ 2 X 3' + 2 X 3% =26, compared to 7 in a 3-bit binary counter.

WORD
LINES
—
Wy
XoH
X A
'NPUT\ ! | DECODER | ENCODER
|
( I I
X
u=1 WN_1 - .
Yo i Yo
N  ————
OUTPUT

Fig. 8 — Binary or trilogic ROM. A binary ROM’s encoder is usually
a diode matrix with one N-bit word stored in memory for each
word line. An encoder for a trilogic ROM is described in Fig. 9.
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TRpETTTRPE

ABSOLUTE VALUE

CONVERTER

éyz 1Y'| éYo

DECIMAL

Yo | W, I Y, l Yy | Yo I OUTPUT
o | oo o] o 0
wsv| o] o | o] 1 1
sv| o] o 1 0 2
o [+sv]| o 1 1 3
0o |-sv]| 1 1 1 7

Fig. 9 —Encoder for trilogic ROM and truth table. In three-level
logic there are 2 N-bit words for each word line. They are enabled
by either =5V or +5V on the word line. Thus, the capacity of the
memory matrix can be doubled without increasing the number of
word lines. An absolute value converter (Fig. 11) converts the
3-level outputs of the encoder to 2-level outputs to interface with
binary systems.

EDIN APRIL 20, 1973



W, MTiom155 —_——AJ
e i
)|
w l o
'
W, |7 N K|
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ABSOLUTE
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5| of o]l 0] 0 1lol1]o0 5 ﬁ(
|Tiomiss Ei ! |

Fig. 10— Trilogic encoder implemented with available hardware.
This is how the encoder described in Fig. 9 would look if it was
built with two Texas Instruments diode matrices (TIDM 155s). The
particular configuration chosen is in the form of a binary 0-10

Note:
All the gates are
enhancement mode
with V,, =2V

S o

Fig. 11— Absolute value converter used in Fig. 9 and 10 convert
the —5V output to +5V. OV and +5V are left on the output lines.
Thus, the final step in converting to a 2-level output for interfacing
with binary systems is accomplished by this circuit.

If an ordinary flip-flop, as shown in Fig. 4, has

three level inputs (0, 1, 2) instead of two (0, 1), it be-

comes a tri-flop capable of producing 0, 1 or 2 in its
output. Looking at the NAND gate truth table in
Fig. 2, we can see that there are a number of input
combinations capable of producing 0, 1 or 2 outputs.
Some combinations, such as 0, O in, violate the
logical symmetry by producing Q = 2 and Q = 2.
(Q =1 and Q = 1 are acceptable as established in
the truth table for inversion). Some others are not

look-up table which stores in its hard wired memory the binary
numbers 1 to 1010 for the decimal numbers 1 to 10. This encoder
will convert trilogic to binary for interfacing with binary systems.

used for the sake of convenience.

If 2 is applied to both A and B inputs in any one of
the tri-flops shown in Fig. 4, there is no change in the
output. Thus, we have a convenient steady-state con-
dition. The output state can be changed by momen-
tarily pulsing one or both input lines with 0 or 1. After
pulsing, it will remain in the condition just set when
both inputs return to 2. Fig. 4 shows the tri-flop being
set to each of the three output states.

Logic functions and flip-flops alone do not make
a computer. It is necessary to combine the logic ele-
ments in the proper way to handle trilogic. Fig. 5
through 11 develops some additional networks nec-
essary for building a trilogic system and interfacing
it with binary systems. @
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tem for minicomputers. He
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at the Columbia Univ. As-
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MEASURE MECHANICAL FORGE
ACCURATELY

Hunter Spring offers you a complete line of precision
test apparatus for measuring resistance to push or
pull loads, tensile strength, and gripping strength.
Ideally suited for design and inspection departments,
production lines, laboratories, and field use, Hunter’s
line consists of hand-held mechanical

force gages, portable pull testers, and
bench-type universal testing machines.
Write today for free Bulletin.
AMETEK/Hunter Spring,

Hatfield, Pa. 19440 (215)822-2971

Circle No. 29

HELP STAMP OUT

And we’ll help you do it!

How? With our new line of SN noise-absorbing coils that
out-perform conventional ferrite or tape-wound cores.
Our core material is powdered iron whose range of up
to 15,000 gauss provides four to five times higher
saturation magnetic flux densities than any ferrites now
on the market.

We have 36 configurations from 2 to 60 amps. All
eliminate noise from thyristors, relays or other AC

i ‘;/
17N \\\\

"wm“"

AMETEK / Hunter Spring

Va

Introducing the
expensive digital
multimeter that
doesn’t cost a lot.

The B&K Precision Model 281.

This 2%2-digit unit is so versatile, its range
covers 99% of your measurements. And its DC
accuracy is 1%. The stable 281 also gives you
positive over-range and wrong-polarity indications.

It's easy to use and easy to read across all 32
ranges, 100mV to 1000V.

Naturally, we're enthused about our Model 281.
You will be, too, when you see our complete specs.

Call your B&K distributor. Or write

Dynascan Corporation. $169 95

Very good equnpment
at a very good pr|ce

Product of Dynascan Corporation
1801 West Belle Plaine Avenue, Chicago, Illinois 60613

Circle No. 30

e %

devices...plus power line noise pickup. And they all
cost less than conventional noise suppressors.

If your application is tough electrical systems or delicate
electronic circuits, we have an SN coil to meet the need.

They are designed to upgrade compact circuits and
mount easily on PC boards. The Polyvinyl Formal copper
windings have tinned leads.

SN coils have constant permeability throughout the
frequency range of control circuit noise as well as high
relative loss factor. They remain efficient even at
elevated temperatures.

If your work involves noise suppression anywhere from
consumer products to high-speed switching systems,
tell us your problem. We'll help you hush up the

whole thing.

National Micronetics, Inc. is the leading basic materials
company in the industry. We're first in disc recording
heads, first in tantalum chip resistors and way up front

in thin film and ferrite products too.

Send for our free SN coil literature and we'll even give
you a placard with our ad headline on it. It may keep
things quiet while you read about our noise suppressors.

NATIONAL MICRONETICS, INC.
Route 28, West Hurley, N. Y. 12491
Tele. 914/338-0333

Circle No. 31
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Isolated current source

SDIN] DESIGN AWARDS

Ralph Tenny
Texas Instruments Inc., Dallas, TX

| needed a floating current source to power a strain
gage bridge, and the battery operated circuit shown
here gave me adequate stability for a system with
+0.2% accuracy. As shown, the voltage compliance
is equal to E, — 1.4V, and the temperature stability
is +0.7 uA/°C from 0-50°C, with a current output
level of 20 mA.

Q, and Q, control the current in the external loop
with R, sensing the current. If R, is chosen for
0.50)/mA, the sensitivity is adequate without dissi-
pating excess power. R,, R, and R, provide an offset
voltage to set the output current. R, and D, insure
that the circuit will start regardless of the initial offset
of the op amp.

Four alkaline pen cells provide =3V for the 741,
and E, should be chosen to give adequate voltage
compliance for the intended load at maximum load
current and lowest acceptable end-point voltage for
E,. The end-point voltage may be defined by rise in
noise output of E, as it is depleted. &

0'I
)(2) TIS98

| LOAD

0% o-

4

-3V

This simple, battery operated op-amp circuit provides good cur-
rent and temperature stability over a wide range.

To Vote For This Circuit
Check 160

A programmable pulse-edge selector

C.F. Reeves
Naval Electronics Laboratory, San Diego, CA

This circuit generates an output pulse at terminal
C as a function of either the leading edge or the
trailing edge of the input pulse at terminal A. The
logic level at terminal D determines which edge is
selected. This “programmable” feature lends
itself to applications which require generation of
a strobe on one edge of pulses in a given train but
the decision of which edge to use is the result of
concurrent logic operations. Additionally, it can
be used as a switchable relay.

The circuit employs two IC packages: a Quad
2-input EXCLUSIVE OR and a Quad 2-input
NAND. No external components are required.

The circuit takes advantage of the fact that a
2-input EXCLUSIVE-OR gate can be made to
function as an inverter or as a non-inverter simply
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WHEN G=0, Z=H

WHEN G=1, Z=H

Fig. 1—Exclusive-OR gate can serve as a programmable
invert/non-invert buffer. A control input at G can set the
output, Z, equal to or complimentary to the signal input at H.

by applying logic ONE or logic ZERO respectively
to the second input terminal. This property is
illustrated by the truth table in Fig. 1.

Referring to the circuit diagram in Fig. 2, the
signal at point B is the same as the input signal but
shifted in phase by the propagation delay of the
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Fig. 2—2 TTL packages make a simple pulse-edge selector. The control signal at D determines whether the output pulses at C will
coincide with the leading or trailing edge of the input signal at A. In addition, the output at E will signal both leading and

trailing edges of the input.

three delay gates. When terminal D is at logic
ZERO, the output at Cis AsB which is the inverted
leading-edge pulse. When D is at logic ONE, the
output at C is AsB. This is the inverted trailing-
edge pulse.

At no extra cost in components, abonus output
at terminal E supplies pulses at both leading and
trailing edges of the input by exclusive OR-ing the
signals at A and B. This output provides double-
edge trigger pulses independent of the logic level
at D. It can also be used as a times 2 frequency

multiplied signal. The double-frequency wave-
form is symmetrical; however, only if the duty
cycles of the input pulse train is 50%. All of the
edge pulses are approximately 35 nsec wide. This
represents the total propagation delay of the
three delay gates. Maximum input frequency is 10
MHz. &

To Vote For This Circuit
Check 161

Circuit selects larger of two analog signals

Werner Gruenebaum
Loral Electronic Systems, New York, NY

Using a differential current source and a few more
components, it is possible to design a circuit requir-
ing no switching to select the larger of two analog
voltage inputs and provide a precision output of
that voltage.

. Considering the first op amp, A, in the schematic,
which is similar to a common bilateral current
source, but with V added:

R
e0=(e—VA)B%3)+VA (1)
1
e0=e+<|+eTR—VB>R., 2)
2

This circuit selects the larger of two analog signals, V, and V,
through the A,, D,, D, network and represents that voltage at the
output, Vyax-
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Since Eq. 1 must equal Eq. 2, this results in

R +R)
R, AR ey
R, R,

If R, =R, and R, = R,.

Vg —V
| = % independent of the load through
1
which | is conducted (provided the amplifier remains
in the linear region).

The current | will flow through D, only if it is

positive, namely, Vy > V,. Otherwise, it is con-
ducted through D,.

Therefore, the positive input to A, (V) is equal
to:

Vpax = Vi for V, > Vg

Ny
= (“T‘) R, =V, for Vg > V,.

Amplifier A, (a voltage follower) is added if a low-
impedance output is required. &

To Vote For This Circuit
Check 162

Simple electronic timer is compact and accurate

Maxwell Strange
Goddard Space Flight Center, Greenbelt, MD

The timing obtained with this inexpensive self con-
tained timer is highly accurate, linearly adjustable
and independent of supply voltage.

When the switch is placed in the START position
power is applied to the circuit and amplifier A,,
connected as an operational integrator, produces
an output voltage, v, starting at V and going negative
with a constant slope of

V =V,

CiR, V/sec

A, functions as a comparator. When voltage v

reaches the set value V, A,’s output goes positive.
Time delay, t, is given by the equation:

R, should be as small as possible relative to R, for
maximum charging slope, but not so small that
A,’s common-mode input range is exceeded. Capaci-
tor C is preferably a low-leakage wet-slug tantalum
type; 50uF per minute of available delay willbring
timing into the range of the calibration pot.

An important feature of this circuit is that both
charging current and comparator threshold volt-
age are proportional to supply voltage, so that the
latter’s effect on timing is cancelled. The setting
may be revised without error while the unit is
timing, as long as a final setting is made before
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General-purpose timer consists of an operational integrator
and comparator. Timing is completely independent of battery
voltage because the latter affects charging slope and com-
parator threshold equally.
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