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Leading IC manufacturers use it -
and they can't afford to take 
chances in testing. They know that 
the 8007 8 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 IOHz to 
I OOM Hz, variable transition times 
from 2.0ns to 250,us , ±5V ampli­
tude and ±4V de offset. It ' s this 
kind of capability that you'll need 
for testing ECL II, 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 
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ECL. Today ' s testing also calls for 
a wide span of linear transition 
times , like the 2.0ns to 250,us of 
the 80078. You can really use this 
when you're measuring propaga­
tion delay to a manufacturer's 
specs (even test linear devices). 

In addition to EC L , the 8007 8 
equips you to test most other IC 
families. You can , for example, 
measure the sensitivity of a flip­
flop; or determine the noise immu­
nity of TTL circuit s by adding 
pulses onto as much as a 4 V de 
level. These types of tests are made 
possible because of the continu­
ously variable ±4 V offset. 

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

CHECK NO. 2 

MHz) or faster transition time (to 
I .2ns) , you may also want to look 
into its companion generator, the 
8008A. 

For more information on either the 
80078 or the 8008A fast pulse gen­
erators , contact your HP field en­
gineer. 

For standards 
in pulse generators, 

think Hewlett-Packard. 
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Sales, Service and support in 172 centers in 65 countries. 
Palo Alto Cal1fom1a 94303 Otlices 10 prmc1pa1c1t1es1n10ughou1 ttie US 
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COVER 
Todays function generator is a highly 
versa ti le 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 arid 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. 

MLED640 
2 med at 20 mils 
90 • viewing angle 
Clear diffusing lens 

6 

MLED650 -. 
1.4 med at 50 mils 
140 • viewing angle 
Red diffusing lens 

MLED655 
2 med at 20 mils 
90 • viewing angle 
Red diffusing lens 

MLED660t 

MLEDSOO 
19¢ 100-up 

17¢ 1000-up 

1 med at 20 mils 
90 • viewing angle 
Dark red diffusing lens 

MLED665t 
3 med at 10 mils 
30° viewing angle 
Red diffusing lens 

t available shortly . 
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ThelOtLED. 
Here. There. Everywhere. 
1. Panel Indicators 
2. Channel Indicators 
3. Battery Indicators 
4. Fault Indicators 
5. Cameras 
6. Stereo Indicators 
7. 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 med 
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 I CAN'T REFUSE! 
Quote me a price on these LEDs in the quantities 
I've filled in: 
MLED500 __ _ MLED655 __ _ 
MLED640 __ _ MLED660 __ _ 
MLED650 __ _ MLED665 __ _ 

Application: O Immediate D Long-Term 

Name _ __________ _ 

Title ___________ _ 

Company ____ ______ _ 

Address _____ _____ _ 

City ____ State _ ___ Zip __ 

Motorola Optoelectronics 
Box 20~12, Mail Drop TB209 
Phoenix, AZ 85036 

* Trademark of Motorola, Inc. 

~~~ 
From Motorola, the"'LED producer. 

Circle No. 3 
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J30URNS 
NOW OFFERS 

• i\\11.4 
s1·1~t~ 

Save paperwork, money and time by ordering _all your 

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 

same time you're protected by Bourns tradition of 

excellence. Each Bourns potentiometer is designed 

and manufactured to c;onsistently exceed Mil Spec 

requirements. 

POTENTIOMETERS/VARIABLE RESISTORS * NON-WIREWOUND-MIL-R-22097 

*RJ12 C-F *RJ22 C-F *RJ26"' C-F *RJ50 C-F * WIREWOUND- MIL-R-27208 

*RT24 *RT26 * ESTABLISHED RELIABILITY-MIL-R-39015 MIL-R-39035 * 

Circle No. 4 
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Circle No. 21 • 
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REEDACS® LIVE. 

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. \ 

1 Switch to 240 VAC and 40 amps. _,;;;;fe<' . ;,..,,,. -:: _ -~ 
Now, get the facts on how to increase • · - . Cil 

your equipments ' life. Send for our free 
report on the " bug " causing premature r c· ~~_,,,,.., 
failure and for all technical specifications \.:..-,, ~: I I =I 
for Grigsby-Barton Reedacs. ·""" ·- •---~ 

GRIGSBY-BARTON~ 
3800 Industrial Dr. , Rolling Meadows, Ill. 60008 

Phone (312) 392-5900 TWX 910-687-3789 
Circle No. 7 
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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 th is 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 circu it 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. 

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 tim ing (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, 

Solving switching problems is what we're all about. 

Circle No. 6 

t " lnatant Insanity". Copyright Parker Brothers 

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. 

A~F 

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 w ay 
to go? Or should we try for international agreements, wherein each part­
ner vo luntarily limits its exports. Another possibi lity 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? 

.r~r 
Editor 
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Our solid-state relays 
take tough load 

switching problems 
off your hands. 

Wherever you have to switch tough , high-power AC loads 
(li ke motors, solenoids, resistance heaters, lamps or trans­
formers) turn to Crydom 's proven solid-state relays and 
solve lots of problems. Their rugged all-sol id-state design 
assures long term reliabil ity, even under high surge condi­
tions , and gives you completely silentoperation .Overallcosts 
are less too , because you save on both down-time and main­
tenance. 

The ir photo-isolated design and zero-voltage turn-on 
provide complete ·signal-to- load de-coupling and eliminate 
RFI. They operate from either AC signals , or directly from 
low-level DC logic signals . All this, plus the broadest range 
of ratings in the industry - now from 2.5 through 40Amps, 
and for 120 or 240 VAC line operat ion. Send for the details . 

NOW @_b)APPROVED 

Transfer-molded 
encapsulation fully 

protects from humidity, 
shock and vibration. 

Heavy-duty screw 
terminals provide 

rugged connections. 

All solid-state. No 
contacls or reeds 

to wear out. 

14 

Zero-voltage I 
switching eliminates 

RFl/EMI. 

State-of-the-art I 
photo-isolated 

1 design. 

1521 Grand Ave . El Segundo. Cali fornia. 90245 (213J 322-4987 
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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. IS/B Es/B and Thermal Cycle 
ratings are all specified ... even the 
output diode is characterized. 

And they don't come any more rug­
ged. All steel (T0-3) 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 over al I 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 al I these benefits by switch­
ing from the Darlington circuit to the 
RCA Darlington transistor. It's at your 

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

T0-3 pkg. To@2s0 c VERSAWATT To@2s 0 c VcEo(sus) 
plastic pkg. VceR(sus) 

2NsJes , oow 2NsJee •ow eov 
2N6384 100W 2N6387 40W 60V 
2N6383 1 OOW 2N6386 40W 40V 

Want more data? Write RCA Solid 
State, Section50015 / UTL37, Box 3200, 
Somerville, N.J. 08876. Phone (201) 
722-3200. 

no" Solid 
State 

products that make products pay off 

International : RCA, Sunbury-on-Thames, U .K ., or Fuji Building, 7-4 Kasumigaseki , 3-Chome , Chiyoda-Ku , Tokyo , Japan. In Canada: RCA Limited, Ste-Anni. de Bellevue 810, Canada . 

Circle No. 62 
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' 'SCOTC H F'LE)(• • IS A REQISTElllEO TlllAOEMA R K 0 1' 3 M 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- 3m 
ry, write to Dept. EAH-1, 3M 
Center, St. Paul, Minn. 55101. camPANY 

Circle No. 12 
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e ieves t ere 
e 
IS a 

tomorrow 
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. 

THE Ceramic Capacitor Manufacturer 
Braintree, MA. 

Circle No. 13 



Fluke problem solvers 

Two n w digital 
multimeters w ith 
price and performance 
you can't refuse. 

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

5~ digits, autoranging 
0.003% accuracy 
Functional self-test 
5 ranges de volts 
7 ranges of ohms 
4 ranges .S 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? 

For details cal l your local Fluke sales engineer. In the continental U. S., dia l our toll free number, 800-426-0361 for his name and address. Abroad and in 
Canada , cal l or wri te 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! 

23 



DESIGN NEWS 

Channel display uses MOS/L.--SI ___ ____, 
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 1 in. 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 disp lay the 
information on the TV screen , 
there has been no attempt to 
offer this capability on consumer 
sets so far. 

As low-cost LSI 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 cou ld do it at a cost that would 
be practical for consumer use. 

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

CODED CHANNEL HORIZONTAL 
INPUT FROM TUNER SYNC 
_.___ VERTICAL PULSE 

ROM 

HORIZONTAL 
SHIFT REGISTER 

CHANNEL 
CHANGE 

SERIAL 
DATA OUTPUT 

DISPLAY 
TIME 

GENERATOR 

PHASE I 
& 

PHASE II 

SYNC 
PULSE 

GATED 
OSCILLATOR 

Fig. 2 - Info rmatio n 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 t h is 

circuit have o n ly recent ly been 
offered to American consumers, 
they have been availab le in 
Japan since August 1972 w hen 
they were introduced by Sharp 
Corp.-AS o 

Meet the editors-and learn how to write 
for publication 
If you want to write for 
publicatio n , 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 
lookirig 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 EON. 

The seminar, HOW TO WRITE 
FOR PUBLICATION, will be held 
at Boston University's George 
Sherman Student Union . The 
regist ration fee of $75 includes 
lunch, diriner, cocktail hour and 
all materials. Make checks pay­
able to Boston University-SPC, 
and ma.ii 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 o 

Power-supply modification 
turns standard calculator chip into unique product 
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 EON that the 
power-supply oscillator runs at 
about 100 kHz, and when no key 
has been depressed, applies 
power to the chip at a 1 :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 yields 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 

Duty-cycling the power supplied to th e 
LSI /MOS chip allows this calculator to be 
very light (2- 1/2 oz) 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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Main LSI chip 
General Instrument 
Type 500 or 550 

contac t land 

Power Supply 
Oscilla tor 

Hear ing aid 
Batter ies 

---+-I r-- 3 8 inch thickness 

Side view 

Cut-a-way view of Sinclai r calculator shows the discrete-component oscillator that 
supplies the intermittent power to the General Instrument ca lculator chip above. The 
bottom half of the keyboard is formed by the printed ci rcuit. The display is a Bowmar 
LED unit. 

impressed with a sample ofT.l.'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 LS I 
"guts." - RC o 

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 
collabora t ion 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 p rogram functions. 

In addit ion to the tablet and 
pen, the graphics system in-
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eludes 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 brok e n 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 use r 
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 comp lete 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 th e 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. - FE o 

Magnetic storage system for full 
color video display developed for 
maps and other avionic readouts 
A new color display system study 
has ju st been completed by 
Hugh es Aircraft and Ampex 
Corporation. The joint effort 
involves th e use of a modified 
8-channel video disc recorder 
developed by Ampex and a high 
resolution 4-beam colo r display 
developed by Hughes Aircraft. 

Intended as a naviga'tional aid 
for jet aircraft, th e co lo r map will 
be displayed on a 5 in . CRT with 
7 mil resolution , readable under 
10,000 lamberts of ambient light . 

A v idicon camera scans off 
sixteen fields of 56 lin es each for 

MAP 

V IDEO 

VIDEO 
CAMERA .,..s_YN_ c_ 

each of th e three primary colors 
used , red , blue and green, to 
generate color for the disp lay. 
These fi elds are stored on a 
magnetic disc and th en played 
back to produ ce a 8-to-1 
interlace co lor pi c ture . The 
playback video is processed so 
that it is comprised of four 
si multaneous video signal s, each 
with a 2-to-1 interlace (fig. 2). 

The four signal s are sent to 
each of th e four beam guns in 
th e display CRT. Each beam 
scans one fourth of th e CRT as 
shown in Fig. 2, and all beams 

COLOR WHEEL 
TACH 

MAGNETIC DISC 
RECORDER 

MULT I- BEAM COLOR 
DISPLAY UNIT 

SIMP LI FIED BLOCK DIAGRAM 

Fig. 1-A complex interlacing scheme of four electron beams , synchronized with a 
rotating color wheel produces a high-b ri ghtness, high-resolution display. The screen 
is scanned ve rtically with 896 lines. 

THIN-lRIM ® 
CAPACITORS 

FOR 

mRID-CIRCUR 
DESIGNERS 

ACTUAL S I ZE 

9 40 2 9 410 PC 9401 

THI N-TR IM capacitors are a new 
development in miniaturized vari­
able ca padtors for applicat ion in 
circuits where size and performance 
is crit ical. 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 

MANUFA CTURI NG CO RPORATIO N 

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

TWX 710-987-8367 



TM - Contour Coble is o 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 fl exible circu its. 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. 
TM 

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? O r a consultation to discuss 

your design requirements? Just call (714) 

548-0671 and ask for Dave Cianciulli . 

Or write : 500 ..-------------------, 

Superior Ave., j HUGHES j 

Newport Beach, ~------------------_: 
California 92663. HuG:::":~~~::F,;rE~.~~;ANv 

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 simultaneou sly . At the 
same time the CRT is being 
scanned , a color wheel rotates in 
front of the CRT. The disc 
reco rder 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 tim es 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 
four beams to be necessary. 

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 section s 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 co njun ction with 
NAVAIR (the Navy Air Develop­
ment Program), will also allow 
for the display of other video 
data, such as radar , balli stics 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 eas ily be 
adapted to other digital readouts 
for avionic purposes. As of this 
writing, EON 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 co lor wheel , but 
rather a liquid crystal or piezo­
electric color filter.-JM o 
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mmm?Jm 
B' C C' D D' 

BEAM A A ' B B' C C' D D' A A' B B' C C' D D' A A' B B' C C' 

PRIMED LETTERS DENOTE INTER LACED 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 th e display 
brilliance needed for viewi ng in high 
ambient light envi ron ments. 

Video storage units: scan 
conversion memory systems 

~(RS2291 

Direct view and scan converter 
storage tubes and low light 

level devices (RS 226) 

Microwave Products 
,:J!!l!. - -
.,, tr!t{I'?~ I. -~ ~ 
Mill imeter-wave sweepers, 

sources, isolators, modulators, 
mixers, detectors and diodes 

'~~ '"'''°' ,' 
-~ e..~;/ 

Microwave TWTs, TWTAs and 
solid state IMPA TT and transistor 

amplifiers (RS 228) 

Gas lasers (RS 231) 

Thermal Products 
·Ii\' ,C.···. '.",'.. . 

:\} ~ .-:· \ ... 
Heat pipes (RS 237) 

Multiplex Systems 





Twice: 

When is a portable 
really portable? 

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

They 're tough go-anywhere scop~ : 
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 de 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 I 0 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, Californi a 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. 

Scopes Are Changing; 
Think Twice. 

083/ 1 

HEWLETT~ PACKARD 

OSCILLOSCOPE SYSTEMS 
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THE SMALLEST 
5AMP 
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 coi Is and 
demonstrating cost 
effectiveness that 's hard to 
beat, the United States­
manufactured Mini-Tis 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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iida 5108 
FREQUENCY COUNTER 

r: t: r) r ·) I ATE :> ::; I" (*' 
~ ........ ~ ... -~ • 

MHz 

- a $950 

Miida Electronics 
2 Hammarskjold Plaza• New York, N. Y. 10017 • 
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kHz 

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 1 Hz on a 16-second 
gate time. Your controls provide 4 
decades of resolution , down to a 
160-millisecond gate time for 0.1kHz 
resolution . 

Hz 

Time base aging rate is slower than a 
movie star 's: 5 x 10-s 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 

(
212

) 
973

_7152 ~r~~aaor calling Tom Williams 
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Band-Pass Filters 

PARAMETER RANGE 
Center Frequency ................................ 10 Khz-75 Mhz 
Bandwidth ... ..................... ... .. ... .. .. ... . 01 %-3% of C.F. 
Phase Linearity ................................................ <±5% 
Transient Overshoot ........................ .. .............. > 40 db 
Shape Factor ........ ... ... .. ............. ....................... < l .25 :1 
Differential Phase Shift ............ .. .... .... ....... ...... ... <±2' 
Group Delay Uniformity ........................ .. .. .. ...... < ±5% 

Band-Reject Filters 

PARAMETER 

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. 

RANGE 

Tel: (617) 449-0800. 

Single Side-Band Filters 

PARAMETER RANGE 
Center Frequency ... ........................... 10 Khz-35 Mhz Center Frequency .............................. 10 Khz-35 Mhz 
Reject Bandwidth .... .. .. .... ....... . 01 % to .5% of C.F. Pass Bandwidth .. ...... ........ .... .... 01 % to 2% of C.F. 
Pass Bandwidth .......................... Up to 100% of C.F. Carr ier Rejection ........................ .. ............... .>40 db 
Shape Factor .......... .. ...................................... < l.8:1 Shape Factor Carrier Side ................. ....... .. .. < l.15:1 
Notch Reje ction ............................ ..... .......... .>80 db Shape Factor Side-Band Side ........................ < l.25:1 
Insertion Loss ............................................. .<0.5 db Insertion Loss ............. ... .. ........... ............... ........ < 3 db 
Ripp le ................... ..... ................ .... .... .. .. .. .... < 0.25 db Ripple ................................................................ < l db 
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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 
ru le and calculator. They require 
fewer external components so they 
take up less space. Compared to other 
vol tage 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 
regu lators to provide thermal shut­
down protection for both outputs at 
a junction tempera ture of + 175°C. 

Adjustable 4194 
With the 4194 you get both positive 
and negative outputs from 50mV to 
42V - the widest range availab le 
today. All it takes is one external 
resistor (R0 ) to ground for setting the 
desired output voltage. And to find 
out the value of R0 yo u just use this 
simple formula: 2.5 x V0 = R0 (KO). 

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

Depending on the applicat ion, 
you'll only need from 4 to 6 externa l 
components - compared to 8 to 12 
for other regulators. 

The 4194 provides 200mA a t 
both outputs simultaneously, with 

4194 
0.2% load regulation over th e entire 
vo ltage 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 lOA. 

Fixed 4195 
Check these features against competi­
tion . The 4195 provides positive and 
negative 15V outputs at lOOmA each. 
And it does it with only two bypass 
capacitors, compared to compe ti­
tion's six external components. That 

4195 

I 

+15V 
lOOmA 

-15V 
I lOOmA 

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 ou tput of up to 
+ 50 volts. It comes in 3W and 
900mW packages or - and this is 
ano th e r first - an 8-pin plastic 
mini-DIP! 

rRa;h;C:Se;;i;~:;;;;r-------, 

350 Ellis Street 
Mountain View 
California 94040 
Phone ( 415) 968-9211. 

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

0 LM104/ 204/ 304 
0 LM105/ 205/305 
D LM109/209/309 

D 723 
0 4194 
D 4195 

TITLE ------------

COMPANY _________ _ 

ADDRESS----------
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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 year ago, thanks, in part, to keen 
competition from the dozen or so manufacturers 
in the field . 

Function generators offering moderately ac-

>- _, 
~o Bl STAB LE 
w a: HYSTERESIS fU :0 f-oz AND, OUTPUT 
wO 

SWITCH NE TWORKS a: u 
"-

INTEGRATOR 

IV\ 

SINE - WAVE ~ 
7 SHAPER 

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 hysteres is network in a 
closed-loop to form the sq uare wave. Th e 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 contro ll ed to conform to 
those of the sine wave. Networks of this type and sim ilar ones 
using transistors can provide sine-wave distortion of 0.1% at 
best , with 0.5% being more common. Sine-wave shap ing 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-to-$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, trian gle , pulse , ramp and sync waveforms ove r a 
frequen cy range of 0.005 Hz to 5 MHz. It also includes tri gge r, 
gate, variable de , variable offse t and VCF features fo r $395. 
(Ai/tech) 

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 de 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 VII 
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. Cove ring a freque ncy range of 0.0005 Hz to 10 
MHz, the 3-1/2-digit display in strume nt co sting $1295 pro­
duces sin e, square, tr iangl e, positive and ne gative pul se, 
sawtooth , ramp and sync o utputs. ( 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, de offset control and two outputs-a 600fl 
balanced output with 30V p-p into an open circuit and a 50fl 
single ended output with 15V p-p into an open ci rcuit. 
(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 µHz 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-M Hz plateau 
Ever since function generators were in­

troduced, one mark of progress manufacture rs 
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 about 20-M Hz 

Model 129 is really two generators in one. The main generator 
o ffers VCF and has sine, square, triangle , ± square, ± pulse, 
+sine and sync waveforms over 0.1 Hz to 5 MHz. Th e AM/FM 
generator produces si ne, square and triangle waveforms over 
1 Hz to 1 MHz, has simultaneous AM and FM and can also be 
used to gate and tri gger the main generator for ton eburst and 
pulse operation . Tota l cos t 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 out in 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 µHz (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 de 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 output into an 
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Frequency Waveforms Output Frequency Unit other features 
Company Model range generated amplitude stability cost 

Ailtech Div. of F2308 0.00S Hz to si ne, square, 32.SV P·P into !:0.0S% of set- $ 69S Sweep, trigger, gate, fixed and variable de offset, 
Cutler-Hammer 3 MHz triangle, ramp, O.C. ting for 10 VCF, toneburst 
Co .. Farming- pulse, sawtooth, minutes 
dale, NY and sync. 16.2SV P·P into 
City of In- son !:0.2S% of set-
dustry, CA ting for 24 hours 

F231A $ 79S sweep, trigger, gate, fixed and variable de offset, 
VCF, toneburst, VCA 

F240A sine, square, 32.SV P·P into $ 79S trigger, gate, VCF, phaselock, variable de offset 
triangle. ramp, o.c. from son 
offset sine, sync or 600n 

30V P·P into 
600n and 
16.2SV P·P into 
son from 
z, ~ son 

16.2SV P·P 
into 600n and 
2.SV P·P into 
son from 
Z, ~ 600n 

SOl 0.00S Hz to S sine, square, 2SV P·P into $ 39S trigger. gate, variable de, variable offset, VCF 
MHz triangle. pulse, O.C. 

ramp, sync 12.SV P·P into 
son 

SlO 0.01 Hz to $ 49S variable de. variable offset. VCF 
10 MHz 

Sll $ S9S trigger, gate, variable de, variable offset, VCF 
S20 0.02 Hz to 20 sine, square, 2SV P·P in to !:0.05% of set- $ 69S va riable de, variable offset, VCF 

MHz triangle. pulse. o.c. ting for 10 
ramp, sync minutes 

12.5V P·P into 
son !:0.25% of set-

ting for 24 hours 
S21 $ 79S trigger, ga te, variable de, variable offset, VCF 

Clarke- Hess 743 0.001 Hz to 4 sine, square. 20V P·P into +0.05% of set - $ 36S VCF, toneburst, synchronization, gate, variable 
Communication MHz triangle O.C. ting for 10 de offset, swi tched zero output. 
Research Corp .. minutes 
New York. NY lOV P·P into 

son + 0.2% of setting 
for 24 hours 

74S 0.01 Hz to $ 47S 
l.099 MHz 
(digitally set) 

748 0.001 Hz to 4 $ SlS VCF, VGA, toneburst, synchronization, gate, vari-
MHz able de offset, swi tched zero output 

Esterl ine Angus F-1000 0.01 Hz to 100 sine, square, lOOmV P·P ana +0.0S% for 10 $ 310 
kHz triangle. sync lOV P·P into minutes 

600n from 
z, ~ son !:0.25% for 24 

hours 
Exact Elec- 120 0.1 Hz to 3 sine, square, 20V P·P into 0.04% of setting $ 29S variable de offset 
tronics, Inc., MHz triangle, sync o.c. for 10 minutes 
Hillsboro, OR 

lOV P·P into 0.2% of setting 
son for 24 hours 

122 $ 39S VCF, selectable SOn or balanced 600n ou tput s, 
varia ble de offset 

123 $ 34S VCF, variable de offset 
124 0.1 Hz to S sine. square. 0.05% of setting $ 59S trigger. gate, VCF. internal sweep, toneburst, 

MHz triangle. pulse, for 10 minutes dual-output amplifiers. variable de offset 
sync 

0.2S% of setting 
for 24 hours 

12S $ 79S trigger, gate, VCF, internal linear sweep, internal / 
external logarithmic sweep, toneburst , variable 
de offset, dual-output amplifiers 

126 0.1 Hz to 3 sine, square $ 49S trigger, gate, toneburst, sweep, VGF, variable de 
MHz triangle, ramp, offset, dual-output amplifiers 

pulse, sync 
127 $ S9S trigger, gate, toneburst. sweep, VCF, variable de 

offset. dual-output amplifiers, digital-dial Ire-
quency adjustment 

128 $ 69S tr igger, gate, toneburst. sweep, VGF, variable de 
offset. dual-output amplifiers, logarithmic sweep, 
ramp hold, v,f 

33S 10 µHz to SO sine, square. 20V P·P into 0.0S% of setting $12SO variable de offset, trigger, gate, hold, peak hold, 
kHz triangle, ramp, O.G. for 10 minutes digital synthesis, VCF 

pulse, sync, 
haversine, haver· lOV P·P into 0.25% of setting 
triangle son for 24 hours 

LEGEND 
l. 0.G.-open circuit 4. v ,f.voltage proportional to frequency 
2. VGF-voltage controlled frequency S. Stability specs are given with respect to time only. 
3. VGA-voltage controlled amplitude 6. Specifications shown are as they appear in the various manufacturers' literature. 
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Frequency Waveforms Output Frequency Unit 
Company Model range generated amplitude stability cost Other features 

605 0.001 Hz to sine, square 15.99V p-p into 0.04 % of setting $1450 gate, trigger, fully programmable, f, de offset, 
1.66 MHz triangle, ramp, 50!1 for IO minutes local and remote control , VCF 

pulse, sync 
0.2% of setting 
for 24 hours 

606 $1250 gate, trig~er, full y programmable, fixed o' iset, 
remote control , VCF 

7030 0.0001 Hz to sine, square, 30V p-p into 0.05% of setting $ 595 VCF, variable symmetry, variable de offset 
II MHz triangle, sync, o.c. for IO minutes 

ramp, pulse 
15V p-p into 0.25% of setting 
50!1 for 24 hours 

705d $ 745 VCF, variable symmetry, gate, trigger, variable 
de offset 

7056 $ 995 VCF, variable symmetry, gate, trigger, AM, phase-
IOCK 

7060 $ 845 VCF, gate, trigger, toneburst, sweep, variable de 
offset, dual generators 

7071 $1095 VCF, trigger, gate, sweep, toneburst , l inear/ 
logarithmic/gated sweep , ramp hold , variable de 
offset 

7230 0.001 Hz to 20 sine, square, 30V p-p into 0.05% of setting $ 795 VCF, variable de offset, variable symmetry 
MHz triangle, pulse, o.c. for 10 minutes 

ramp, sync 
15V p-p into 0.25% of setting 
50!1 for 24 hours 

129 0.1 Hz to 5 sine, square, 20V p-p into 0.05% of setting $ 795 AM, FM, toneburst, gate, trigger, variable de 
MHz triangle, pulse o.c. for 10 minutes offset, manual sweep, VCF 

sync 
IOV p-p into 0.25% of setting 
50!1 for 24 hours 

Feedback, Inc., TWG300 0.001 Hz to 1 sine, square 40V p-p at 20mA 0.1 % of setting $ 950 clipped triangle with variable slopes, monitor 
Berkeley kHz triangle Z5 = 10!1 for 1 hour square and triangle waveforms 
Heights, NJ 1WG500 0.01 Hz to JOO 40V p-p at 100 $1695 variable-phase sine waves over 360°, reference 

kHz mA Z8 = 10!1 and quadrature, VCF, sweep, gate, trigger, de 
offset 

TWG501 0.009 Hz to 1.1 20V p-p at 20 :t0.05% for 10 $ 395 up to seven simultaneous outputs, VCF, de 
MHz mA z, = 25!1 minutes offset, trigger-pul se output 

:tO.l % for 6 
hours 

Heath/ EU -SIA 0.1 Hz to 1 20V p-p into :t0.05% for 10 $ 245 adjustable de offset, VCF 
Schlumberger MHz O.C. minutes 
Scientific 
Instruments, lOV p-p into :t0.3% for 24 
Benton Harbor, 50!1 hours 
MN 
Hewlett- 3300A 0.01 Hz to sine, square, 35V p-p into :t0.05% of set- $ 725 simultaneous dual outputs, VCF, de offset, 
Packard Co., 100 kHz triangle, sync O.C. ting for 10 accepts four plug-ins 
Loveland In- minutes 
strument Div., 15V p-p into 
Loveland, CO 600!1 :t0.25% of set-

ting for 24 hours 
2V p-p into 
50!1 

330 1A auxilia ry $ 30 provides internal connections to mainframe 
plug-in 
for 3300A 
mainframe unit 

3302A $ 255 trigger, phaselock 
3304A $ 295 sweep, de offset, sawtooth 
3305A $1015 manual and automatic triggered sweep, VCF, 

logarithmic sweep, programming, sweep output 
3310A 0.0005 Hz to sine, square, 30V p-p into $ 595 de offset, VCF 

5 MHz triangle, pulse, O.C. 
ramp, sync 

15V p-p into 
50!1 

3310B $ 735 de offset, VCF, single- and multiple-cycle output, 
start-stop phase 

3311A 0.1 Hz to 1 sine, square, 20V p-p into $ 249 VCF, de offset 
MHz triangle o.c. 

lOV p-p into 
600!1 

Interstate F31 0.03 Hz to 3 sine, square, 20V p-p into 0.05% for 10 $ 295 adjustable de level 
Electronics MHz triangle, sync O.C. minutes 
Corp., 
Anaheim, CA lOV p-p into 0.25% for 24 

50!1 hours 
F32 $ 345 VCF, adjustable de level , output-limit indicator 
F33 $ 395 VCF, adjustable de level , variable-width pulse, 

trigger, gate, external sync , VCF, output-limit 
ind icator, adjustable de level 

LEGEND 
I. O.C.-open circuit 4. v,f-voltage proportional to frequency 
2. VCF-vol tage controlled frequency 5. Stability specs are given with respect to time only. 
3. VGA-voltage controlled amplitude 6. Specifications shown are as they appear in the various manufacturers' literature. 
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Frequency Waveforms Output Frequency Unit 
Comp•ny Model ran1e 11nerated amplitude stability cost Other features 

F34 0.03 Hz to 3 sine, square, lOV p-p into 0.25% for 24 $ 495 continuous and triggered sweep, direct-reading 

MHz triangle, sync 500 hours sweep limit, toneburst, analog output of Ire-
quency, variable-width pulse, trigger, gate, 
external sync, VCF, output-limit indicator, 
adjustable de level 

F51A 0.0005 Hz to sine, square, 30V p-p into $ 595 variable-width pulse, fixed and variable offset, 
10 MHz triangle, ramp o.c. VCF 

15V p-p into 
500 

F52A $ 795 trigger, gate, variable start-stop, variable-width 
pulse, fixed and variable offset, VCF 

F53A $ 895 trigger, gate, variable-width pulse, variable start-
stop, fixed and variable offset, VCF, phaselock 

F54A 0.0005 Hz to sine, square, 30V p-p into 0.05% for IO $1085 trigger, gate, variable-width pulse, variable start-
10 MHz triangle, ramp o.c. minutes stop, fixed and variable offset, VCF, toneburst, 

continuous/triggered/sweep-and-hold sweep, 
15V p-p into 0.25% for 24 direct-reading sweep limit 
500 hours 

F55 $1195 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 

Krohn-Hite 5000 0.2 Hz to 3 sine, square, 20V p-p into 0.05% for 10 $ 295 de offset, auxiliary square wave, infinite-
Corp., MHz triangle o.c. minutes resolution amplitude control 
Cambridge, MA 

lOV p-p into 0.25% for 24 
500 hours 

5100A 0.002 Hz to 3 sine, square, $ 395 positive and negative pulse, VCF, auxiliary 
MHz triangle, ramp, square wave, variable pulse-width control, de 

pulse, sawtooth offset, external sync 
5200 $ 495 linear sweep, VCF, trigger, gate, posit ive and 

negative ramp, sweep-and-hold, toneburst, 
sweep burst, auxiliary square wave, variable 
start level, de offset 

5300 $ 695 positive and negative ramp, linear or logarithmic 
sweep, trigger, gate, sweep-and-hold, toneburst, 
sweep burst, de offset, variable start level 

5400A 0 .002 Hz to 5 sine, square, 30V p-p into 0 .05% for 10 $ 575 positive and negative ramp, VCF, independent 
MHz triangle, r~mp , o.c. minutes pulse-width control of positive and negative 

pulse, sawtooth pulses, de offset. auxil iary square wave 
15V p-p into 0.25% for 24 
500 hours 

5600 0 .002 Hz to 2 sin~. square, 15V p-p into 0.05% for 10 $ 395 battery/ac line operation de offset, balanced 
MHz triangle O.C. and 7 .5V minutes 6000 and single ended 500 outputs, selectable 

p-p into 500 auxiliary waveforms 
z, = 500 0 .25% for 24 

hours 
30V p-p into 
0.C. and 15V 
p-p into 6000 
z, = 6000 

5700 0.002 Hz to 2 sine, square, $ 295 de offset. auxiliary square wave, balanced 6000 
MHz triangle and single ended 500 outputs 

Marconi 2120 0.0008 Hz to sine, square ± lOV P·P into ± 0.1% for8 $1975 positive and negative ramp, variable phase 
Instruments, 100 kHz triangle, ramp 6000 from hours (- 100° to + 100°) output, fixed quadrature out-
Englewood, Z,= 6000 put, de offset, VCF, VJ, trigger, gate, sync 
NJ 

± 20V p-p into 
500 from 
Z, =6000 

Systron-Donner 401 0 .02 Hz to 2 sine, square, 20V p-p into ± 0.05% for 1 $ 395 de offset, FM, FSK 
Corp., Data- MHz triangle o.c. hour 
pulse Div. 
Culver city, CA lOV p-p into ± 0 .5% for 1 

500 month 
410 0.0002 Hz to sine, square, 40V p-p into ± 0.5% for 1 $ 995 sweep, external triggering of main and sweep 

2 MHz triangle, pulse, 0.C. hour generators, AM with 4-quadrant multiplication, 
sine squared, two 40V p-p (into D.C.) amplifiers with inde-
sawtooth 20V p-p into ± 0.5% for 1 pendent waveform selection and de offset, FM, 

500 month gate, toneburst. 
420 2 Hz to 20 sine, square, 20V p-p into ± 0.1% for 1 $ 785 FM, de offset, trigger, gate 

MHz triangle, sync o.c. hour 

lOV p-p into ± 0 .5% for 24 
500 hours 

421 $ 895 sweep, calibrated sweep limits, FM, de offset, 
trigger, gate 

Tektronix. Inc., FG501 0 .001 Hz to I sine, square, 15V p-p into 0 .05% for 10 $ 325 VCF, trigger, gate, hold, toneburst, offset 
Beaverton, MHz triangle, pulse, o.c. minutes NOTE: this unit is a plug-in for Tektronix 's 
OR ramp TMSOO measurement system. 

7 .5V p-p into 5% for 24 
500 hours 

LEGEND 
1. O.C .. open circuit 4. v ,f.voltage proport ional to frequency 
2. VCF-voltage controlled frequ~ncy 5. Stability specs are given with respect to t ime onl y. 
3. VCA·voltage controlled amplitude 6. Spec ifications shown are as they appear in the various manufacturers' literature. 
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Frequency Waveforms Output Frequency Unit 
Company Model ranee cenerated amplitude stability co" Other features 

Wavetek 110 0.005 Hz to 1 sine, square, 30V P·P into :t0.05% for io $ 445 six simultaneous outputs, 6000 and 500 
San Diego, CA MHz triangle, sync 6000 minutes outputs, de offset, phaselock, start-stop/ 

:!:0.25% for 24 
threshold trigger, battery operation option 

lOV p-p into ($100 more) 
500 hours 

111 0.0015 Hz to 1 sine, square, $ 545 seven simultaneous outputs, VCF, FM, sweep, 
MHz triangle, ramp, FS K, 6000 and 500 outputs, de offset, battery 

sync operation option ($100 more) 

112 0.0015 Hz to 1 sine, square, 30V p-p into 0.05% for 10 $ 695 VCF, FM, sweep, gate, FSK, de offset, toneburst, 
MHz triangle, ramp, 6000 minutes start-stop/threshold trigger over 360•, 500 and 

sync 6000 outputs, battery operation option 
lOV p-p into 0.25% for 24 ($100 more) 
500 hours 

113 0.001 Hz to 1 sine, square, $ 795 VCF, FM, sweep, pushbutton frequency and 
MHz triangle, ramp, amplitude selections, 500 and 6000 outputs, 

sync 5 simultaneous outputs, de offset 
114 0.0015 Hz to 1 sine, square, $ 795 built-in ramp generator for sweeping, VCF, 

MHz triangle, offset start-stop/threshold trigger over 360•, sweep-
sine, sync and-hold, FM, FSK, toneburst, de offset, 9 

simultaneous outputs, 500 and 6000 outputs, 
battery operation option ($100 more) 

115 sine, square, $ 745 9 simultaneous outputs, phaselock, VCF, AM, 
triangle, ramp, trigger, gate, de offset, toneburst option ($100 
sync more), battery operation option ($ lQO more) 

130 0.2 Hz to 2 sine, square, 20V p-p into $ 295 de offset 
MHz triangle, sync o.c. 

lOV p-p into 
500 

131A $ 395 de offset, VCF, sweep, FM, FSK 
132 0.2 Hz to 2 sine, triangle, 20V p-p into 0.05% for 10 $ 795 built-in pseudorandom noise generator for 

MHz square, sync, o.c. minutes different S/N ratios, de offset, 6000 and 500 
digital and outputs, VCF, FM 
analog noise lOV p-p into 0.25% for 24 

500 hours 
133 20 µ.Hz to 200 sine, square, $ 495 trigger, gate, variable start-stop, VCF, FM, de 

kHz triangle, sync offset, 6000 and 500 outputs 
134 0.2 Hz to 2 sine, square, $ 495 built-in sweep generator with ramp and saw-

MHz triangle, sync tooth waveforms, trigger, de offset, gate, VCF, 
FM, toneburst, 500 and 6000 outputs 

135 $ 695 built-in sweep generator with ramp and ·saw-
tooth waveforms, linear/logarithmic sweep, VCF, 
FM, toneburst, trigger, gate, de offset, 500 and 
6000 outputs 

136 $ 595 VCF, VCA, AM, FM, de offset, toneburst, FSK, 
sweep, de programming 

142 0.0005 Hz to sine, square, 30V p-p into $ 595 variable duty cycle, de offset, dweep variable 
10 MHz triangle, pulse, o.c. time symmetry, VCF 

sync, sawtooth, 
ramp 15V p-p into 

500 
144 $ 845 built-in sweep generator, FM, FSK, toneburst, 

variable duty cycle, de offset, trigger, gate, 
sweep-and-hold, VCF. 

146 0.0005 Hz to sine, square, 30V p-p into 0.05% tor 10 $1495 built-in auxiliary 10-MHz to 100-kHz generator 
10 MHz triangle, pulse, o.c. minutes with 5V p-p (into O.C.) sine, square, triangl~ and 

ramp, sync, ramp signals, AM/FM with calibrated limits, 
sawtooth 15V p-p into 0.25% fpr 24 trigger, gate, variable trigger level , de offset, 

500 hours variable symmetry, 500 and 6000 outputs 
147 $1295 LED amplitude/frequency display (3-digit reso-

lution), variable amplitude, de offset and 
symmetry, trigger, gate, sweep, sweep-and-hold, 
de voltage source, VCF, FM, Vol 

150 0.01 Hz to 1 sine, square, 20V p-p into :!: 1%+ ldigit $ 995 ~ simultaneous outputs, VCF, trigger, de offset, 
MHz triangle o.c. FM, remote digital programming for systems 

hpplications (local programming for $200 more) 
lOV p-p into 
500 

154 0.001 Hz to $1995 fully programmable, AM, FM, trigger, gate, pro-
10 MHz grammable de offset, programmable output de 

voltage, analog programming, 500 and 6000 

$2995 
outputs 

157 100 µ.Hz to 0.01 % frequency accuracy, 1000:1 VCF, trigger, 
1 MHz gate, selectable amplitude to lOV p-p, Ire-

~uency, function and amplitude programming 
by. BCD remotely or by front-panel switching, 
sync in and out, de offset, toneburst, complete 
programming from digital and analog sources, 
local-programming-only model ($600 less) 

LEG ENO 
1. O.C.-open circuit 4. V:f-voltage proportional to frequency 
2. VCF-voltage controlled frequency 
3. VCA-voltage controlled amplitude 

5. Stability specs are given with respect to tim~ only. 
6. Specifications shown are as they appear ih tht! various manufacturers' literature. 
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AM and FM, as well as trigger, gate and variable pulse width 
over 0.03 Hz to 3 M Hz 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 circui t and 10V p-p into SOD. Some data 
sheets are not clear, though , on what the output 
should be at a given source impedance, which 
can be either SO or 600D, or both. This brings us 
to another question. Should it be 600D as some 
units provide or SOD as others do? It is obviously 
nice to have both, but for high-freq uency, SOD 
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 ce rtain 
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 fi t in 
To a large extent, ICs have not made too many 

in roads 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 ICs have made a penetra­
tion have been as voltage regulators in the power 
supply section, as LED displays (i n Wavetek's 
Model 147), and in the form of monolithi c op 
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The lowest cost 0.1-Hz to 1-MHz function generator is this 
Model EU-81A. It offe rs sine, square and triangle waveforms, 
adjustable de offset and VCF for only $245 . (Heath/ 
Schlumberger) 

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 I Cs to digitally synthesize 
its Model 33S 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, 
lntersil and Signetics, produce more sine-wave 
distortion (about S%) than discrete-component 
designs, they cannot supply the necessary power 
levels needed for instruments. 

It would take high-slew-rate I Cs on the order of 
10,000/µsec tt> 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 cost ly. 

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 de 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 a 0.2-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 10µHz 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 lbs. 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 trian gle 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 de offset. This 
is in addition to the standard sine, square, 
triangle, pulse , sine-squared and sawtooth wave­
form s 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, de 
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-
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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 de 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 de, 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 flexib ility 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 
leve l. When it exceeds the reference level, the detector 
ou tput jumps to the ONE level. This produces a pul se whose 
width is equal to the time the reference leve l 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 sta rt making inroads into their 
markets. o 

BOOK MANUSCRIPTS WANTED on business 
or technica l subjects of interest to EON readers. 
Top editorial guidance, top marketing, top pro­
duction, top royalties from Cahners Books, 
book publishing affiliate of EON 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. 
CAMBI ON 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 

CllMmO•® 
. . . the guaranteed Digital Products. 



EON 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/MOS, includes 55 circuit types which are 
presently announced on either a commercial or a 
preliminary basis. 

TTL 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/MOS circui ts in 1970 and the 
low-operating voltage (3V) CD4000A Series in 
1971 . RCA also pion eered in the development of 
circuits which would operate from a si ngl e cell 
(nominal 1.3V) for special appli cations such as 
watches . Further technological developments, 
such as silicon gate and ion implantation , are 
incorporated in some of the more recent RCA 
circuits . 

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

Standard circuits are avai lab le in plastic pack­
ages, ce ramic packages (dual-i n-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 si licon-on­
sapphire technology which promises a substantial 
increase in COS/MOS operati ng speed over 
presently available COS/MOS circuits. 

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

Motorola's CMOS, or McMOS, family presently 
provides over 50 CMOS digital logic and memo ry 
functions . These popular functions range from 
basic t ripl e- and quad-NANO gates through a 
wide variety of counters, decoders and shift 
regi·sters to memories. Both ce ramic and plastic 
packages are provided. Many additional , more 
comp lex McMOS devices will be introduced 
throughout 1973. 

Motorola devices, which are second sou rces 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 si li con­
gate and ion-implant processes, are available for 
use at supply voltages of up to 18V de 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 avai lable and plans to introduce fou r 
new circuits a month. National is building two 
lines of standard CMOS. The fi rst 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 SV (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 
t 125°C; the 64 Series , from -40° to + 80°C; and 
the 74 Series , the standard industrial rating of 0° to 
+ 70°C. 

For mo re information contact Bob Bennett at 
National Semicondu ctor Corp. , 2900 Semicon­
du cto r 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 des ignation is CM4000). Their philosophy is 
to second source 4000 Series devices as quickly as 
possib le. However, they also have a line of 
proprietary devices, designated theCM4100 Series, 
which includes the CM4108, a 16-channel mul­
tiplexer , and the 41 33, a 1 k-bit dynamic RAM . Also 
sched uled for introduction shortly is the 4117, a 
4-decade BCD-to-7-segment liquid crystal driver . 

Solitron also has a few TTL pinout version s of 
CMOS, but has apparently de-emphasized this 
line in favo r of the 4000 Series, or until user 
acceptance pi cks 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 pqwer tran sistors . 
They offe r 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 characteri stics. SSS series 
SCL4400A devices are proprietary ci rcuits and 
include expandable NANO 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" system s, 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 si licon 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 lntertype 
Corp., Melbourne, FL32901. Phone(305)727-5430. 

lnsele k silicon-on-sapphire CMOS also offers 
high-speed eq u ivalents of the 4000 Series. Al­
though only five circuits, (the INS4007S, 4021S, 
4013S , 4027S and 4030S) are present ly available , 
lnselek is intent on prod ucing 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. 

lnselek 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, 
lnselek, 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-chanriel SPOT 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 variab le digital delay line. Operating speed is 
8 MHz at 5V and 18 M Hz at 8V. ' ' 

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

Want to read more about CMQS? 
Here's a bibliography of reference material 

used to compile the EON design course: 
1. MOS 
a. Crawford, R.H., MOSFETs in Circuit 

so 

Design, McGraw Hill , 1965. 

b. Grove, A.S., Physics and Technology of 
Semiconductor Physics, J. Wiley & 
Sons, 1967. 

c. Wallmark and Johnson , Field Effect 
Transistors, Prenti ce Hall , Inc., 1966. 

d. Hofstein and Heiman , Proc. IEEE, 51 pp 
1190, 1963, " The Silicon Insulated-Gate 
FET. " 

e. lharto la and Moll , Solid State Electron­
ics, Vol. 7, 1964, " Design Theory of 
Surface FETs ." 

f. Engineering staff , American Micro­
systems , Inc. MOS Integrated Circuits, 
Van Nostrand Reinhold Co. , 1972. 

g. Burgess and Daniels , Electronics, Aug. 
30, 1971 , "CMOS unites with silicon 
gate to yield micropower technolo­
gy. " 

h. Boleky and Meyer, IEEE Journal of 
Solid-State Circuits, Vol. SC-7, April 
1972, " High-performance low-power 
COS/MOS memories usi ng 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. " 

2. CMOS 
a. Gardener and Ahrons, IEEE} of SSC, 

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

b. Motorola SPD, McMOS '72 

c. Eaton , S.S., " COS/MOS log ic and ap­
plications", RCA pub. #ST4322, 

d . Moore, E.E., " Low-voltage comple­
mentary MOS IC system design con­
siderations " RCA pub. #ST-4589. 

e. George, J., Motorola Monitor, Vol. 10, 
#1, April, 1972, "A strong commitment 
to CMOS." 
Electronic Products, March 15, 1971 , 
" Three volt COS/MOS debut." 

~ 
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Second source availabi l ity of the entire 4000 Series is Solitron ' s 
aim , as typified by micrograph of Sol itron's version of th e 4018 
divide-by- " N" programmable counter. 
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f. Pujol, H .; " Power supply considera­
tions for COS/MOS devices ", RCA 
pub. ICAN-6567. 

g. Solid State Scientifi c, Inc., CMOS Data 
Book. 

h. George, J. , Electro Procurement, May, 
1972, " Motoro la' s co mmitm ent to 
CMOS !Cs." 

i . Eaton, S.S. , The Electronic Eng ineer, 
May, 1970 , "Co mpl em entary MOS 
logic." 

j . Di Massimo, D., EEE, Oct., 197-0, "Com­
plementary-Symmetry MOS !Cs ." 

k. Cushman , R.H., EON, June 15, 1972, 
" CMOS finally gets it all together." 

I. Herzog, G.B. , Electronics, Feb. 17; 
1969, " CMOS: Th e best of both 
worlds." 

m. Furlow, B.W., EON, Nov. 11 , 1972, 
"Why go CMOS?" 

n. Furlow, B.W., EON, Dec. 1, 1972, " The 
basic building blocks of the 4000 Ser­
ies." 

o . Schmidt , B. , EON, Jan . 5, 1973, "CMOS 
in sys tem designs." 

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

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

3. Appl ications 
a. Litus , J., " Design of fixed and program ­

mable counters, 11 RCA pub. ICAN-
6498. 

b. Heuner, R., " MS/ counters and regis­
ters, " RCA pub. , ICAN-6166. 

c. Hoover, M.V., " An introduction to 
RCA COS/MOS /Cs, 11 RCA pub. ST-
3973. 

d. Havasy and Kutzin, " Interfacing RCA 
COS/MOS, 11 RCA pub . ICAN-6602 . 

e. Link, F.J. , Computer Design, Feb., 
1971 , "The use of CMOS seq uence 
timers ." 

f . Litus , J., " Transmission and multiplex­
ing of analog or digital signals, 11 RCA 
pub . ICAN-6601. 

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

h. Schmidt , B. , EON, July 15, 1972, "Dig­
ital error anticipator ." 

i . Smith, R., EON, July 15, 1972, "CMOS 
one shot had wide range." 

j. Cushman , R.H. , EON, July 15, 1972, 
"Elementary AID converters." 

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

I. Young, A. , Electronics, Dec. 20, 1971, 
" PCM plu s CMOS spells reliable , low­
dissipation data acquisition ." 

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

n. Halligan, J., EON, Jan . 20, 1973, "Con­
vert CMOS gates to wide hysteri ses 
Schmitt tri gger. " 

o. Halli gan, J., EON, Aug. 15, 1972, 
" Psuedo-random number generato r." 

p. Johnson, D., EON, March 15, 1972, 
" Low- powe r di gita l phase locke d 
loop. " 

q . Bryant, F., EON, June 15, 1972, " One 
CMOS package makes universal !ogic 
probe. " 

r. Furlow, B., EON, Feb. 5, 1973, " In­
terfacing CMOS. " 

s . Kalin , W ., Expandable CMOS Cates, 
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 
/Cs", RCA pub . ST-6060. 

c. Wittlinger, H.A., "Applications of high 
p erformance OTAs" , RCA pub. ICAN -
6668. 

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

e . Furlow, B. , EON, 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 
Motorola 
Sol itron 
Solid State Scientific 
Harri s 
ln selek 

circle 120 
circle 121 
circle 1n 
circle li,3 
circle 124 
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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GR~ 
measure-
Anr.tfiing 
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 
1V2-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 wi II 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. 

NEW YORK (N.YJ 212 964-2722, <N.JJ 201 791-8990 • BOS11JN 617 646-0550 
DAYTON 513 294-1500 • CHICAGO 312 992-0800 •WASHINGTON, D. C. 301 948-7071 
ATLANTA 404 '57-2485 •DALLAS 214 23'-3357 • LOS ANGELES 71' 540-9830 
SAN FRANCISCO 415 948-8233 •TORONTO 416 252-3395 • ZURICH (Dll 55 24 20 

GR COMPANIES• Grason ·Sladler •Time/ Data• Ttthware Computing Corp. 
GR ASSOCIATE • Mlcronetlc Snttms 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 comb inations 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 qu ick­
connect terminals , as well as many other variations . 
. In a word : 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 . 

For more 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 
FRE E POR T ILLINOIS 61032 

A D I V ISIO N OF H O NE Y WELL 

MICRO SWITCH products are available worldw ide through Honeywell Internat ional. 

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. 

l 

DUAL-IN-LINE SOCKET STR IPS. 
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. 

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. 
Ava ilable in 3 tail lengths. SERIES 
W4000. 

"TM Gardner Denver Co. 

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. 

HIGH DENSITY 1/0 CONNECTOR 
FAMILY. 28 pins packaged on a .100" 
grid pattern , for Input/Output and in­
terconnect applications . Features 
crimp/ removable contacts for male 
plug or female receptacle. SERIES 
21 /25/2700. 

LOW-PROFILE LSl/ 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. 

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. 

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. 

·· ·· ············ ......... . 

-----
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.) 

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

•5fCae Stanford Applied Engineering, Inc. 
340 Mart in Ave ., Santa Clara, CA 95050 (408) 243-9200 TWX 910-338-0132 

Your Complete Source for Packaging and Interconnection Sys tems. 

Circle No. 24 
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AMP cuts on-board 
programming problems 
down to size. 

Down to the size of a DIP header­
with our miniature Dual In-Line Switch. 
Because you can use it to program IC's 
right on the board without remote wiring, 
it cuts packaging costs, too. 

This versatile switch gives you 4 to 10 
single-pole, single-throw switches packaged 
in a housing with leads on .100 x .300-inch 
centers. Rocker buttons 
operate at the touch of 
a pencil to permit 
instant programming of 
data input terminals, 

computer peripherals, testing and control 
instrumentation. Plug it into a DIP header or 
into one of several other AMP IC 
interconnection products. Or flow solder 
it directly into the pc board. Gold-over-nickel 
plating on phosphor bronze contacts makes 
the DIP switch ideal for "dry circuit" 
applications. Protective covers are available 

for all switch sizes, 4 to 
10 positions. 

For information 
on other AMP switches, 
just turn the page. 



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 
performing required program functions without remote switch wiring. 

1humbwheel switches offer broad 
interconnection flexibility. 

Wide choice of back-end design options 
include contacts for use with post and 
receptacle interconnection systems or wrap-type 
and T ERMI-POINT clip wiring 
methods, as well as 
extended board terminals. 
Extended board 
terminals can be flow 
soldered and will 
accept pc edge con­
nectors and soldered 
wires. Compact 10-
position switches can 
be used singly or in 
"ganged" units; are 
easily mounted in 
panel cutouts- from 
front or rear. nec· 
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 rediice required 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. 

Decimal rotary switch kits eliminate 
need for external switch wiring. 

Because they can be readily designed into 
the logic board with related components, 
switch kits offer substantial savings 
in space and costs. 
Fully assembled 
switches in matrix 
configurations 
need less 
space than 
a pinboard 
of equal 
output. 

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 
indicator tape simplifies verification 
of data prior to entry, and permits 
maximum slide positions in minimum 
switch size. Ball detent slide 
positioning ensures positive, 
accurate slide setting at required 
switch location, prevents wear 
and abrasion between pc board 
conductors. The special, 
5-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 a choice of 
can be manufactured for specific needs: one SPNO orSPNC; two'SPNO ot 
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. 

• I 
I 



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 
speciafists will work with 
you to adapt ... or de­
velop new ideas for 
your special needs. 

Appliance 
switch contact 
assembly. 

AMP engineering ... 

Automotive dashboard 
toggle switch. 

the key to reliable switch performance. Worldwide. 
Standard or special, every AMP switch is back~d 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, Illinois, 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. 

AIVIP 
INCORPORATED 

AMP and TERM!-PO!NT trademarks of AMP Incorporated. 

utomotive safety belt 
sensing switch. 
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MANAGING CREATIVELY 
A VERY PRACTICAL GUIDE IN TWO VOLUME_S BY TED POLLOCK 

Volume I There is no secret to working successfully with 
people, just a set of principles that have weathered 
the test of time and kooky laboratory theories. 

MANAGING YOURSELF CREATIVELY 

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. 

The Right Way to 
Delegate Authority 

The Art of Making 
Decisions 

Volume II 

How to Tackle a 
Problem and Solve It 

Twenty-Four Ways to 
Save Time 

A positive approach, keyed to 
today's thinking, makes these 
volumes a must for the 
executive who has to operate 

MANAGING OTHERS CREATIVELY 

with 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. 

How Well Do You 
Handle People? 

Hiring and Firing 

Put Your Ideas Across 
Effectively 

" The Trouble With 
You Is . . . " 

Comments by readers on 
Ted Pollock's advice: 

15-DAY FREE TRIAL EXAMINATION . .. 

How to Give 
Instructions 

How to Size Up People 

Managing for Better 
Morale 

Coming to Grips with 
Employee Gripes 

How to Develop a 
Top Assistant 

"I read your article 'How to Use 
Tension'-your technique has 
been utilized by me and the 
rewards are not only gratifying 
hut unlimited." 

r------------------------------------
CAHNERS BOOKS 

-John E. Martin, 
General Foreman 
Martin Marietta 
Corporation 

have always been im­
pressed by the solid down-to­
earth nature of your comments 
as well as the concise and direct 
language in which you express 
yourself." 

-Frederick E. Martin, 
President 
Madison Gas and 
Electric Company 
Madison, Wisconsin 

89 Franklin St., Boston, Mass. 02110 
Please send me : 
D Both volumes@ $16.50 a set-MANAGING CREATIVELY 
D Volume I @ $9.50-MANAGING YOURSELF CREATIVELY 
D Volume II @ $9.50-MANAGING OTHERS CREATIVELY 
D Bill Me 
D Bill Company 
D Check Enclosed 
NAME ______________________ _ 

COMPANY ____________________ _ 

ADDRESS ____________________ _ 

CITY / STATE /ZIP -----------------
Add Any Applicable State Tax s 58/t.10809 

----~------~-------------------------
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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 ca rries 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 th e 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 ca reer may suffer. Don't let 
that scare you off, though . You 'd lose their 
respect just as qui ckly 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 you r company. Improve one and you're 
almost certai n to improve th e 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 ca ll the PR department and 
ask them what th ey 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 photograph s for you. They 
will also help you get whatever corporate ap­
proval is required to release your article for 
publi cation and give you advice on which maga­
zi ne they think wi ll be most receptive . 

Many companies, especially electronics com­
pani es, have made almost overnight reputations 
through the trade press. You can probably think 
of a few companies that you' re buying products 
from ri ght now because you found out about 
them through a design magazine. Th ere is very 
littl e doubt that th e publication of techni cal 
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 th e edit ing 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 
usuall y 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 bon uses, 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 . 

Th·ere , 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 p lan 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, th ey can't write, right? Wrong! The 

~ . 
· ~" Improve your companies image :~ 

· and you w ill improve your own" ' 
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"Choosing the topic of the article 
should be the easiest part" 

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. 'ou probably have one or two ideas 
in mind already. If you don ' t have a topic , don't 
go looking for one . 'ou '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 
I write an article about?" you ' re off to a bad start. 
Here are the major categories for technical 
articles: 
• Developments in the technology 
• Design problems and solutions 
• Applications · 
• Design considerations 
Whatever your subject , there is one outstand­

ing requi rement: 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 rea lize it , bu t reams of good 
material for tech articles pass through your hands 
in a year's time. A few of these , there are: 
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• Technical reports on projects you have 
completed. 
Perhaps the entire project is so interesting 
that a systems overview type article would 

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? 
• Application notes on your company's 

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. 

• Lab notes from your design work . 
If you found a solution to a problem that's 

been bothering you for a long 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. 

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 diffe1rent 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 shou ld " multisyllabicate" wherever pos­
sib le; 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 EON . 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 SO-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 : 

• Express a single idea on each drawing. 
• Drawings may be pencil , ink, photostats , 
etc. 
• Parts values and other pertinent data 
should be clearly marked on each drawing. 
Do not clutter up drawings with nonper­
tinent information. 
• Drawings should either be supported by 
a self-contained caption or be referenced to 
the text in a simple manner. 
• 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 . 
• Do not send an original or only drawing. 
Obtain a print or copy ; we cannot be 
responsible for loss. 
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"Don't clutter your photographs 
with nonessential details" 

• Number only the parts mentioned in the 
text and number them consecutively; i .e. 1 

R1, R2 , R3 , C1 1 C2, C3 1 etc. NOT R 5001 1 R 
5003. 
• Use a consistent 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: 
• 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 . 
• "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 EON . 

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. 
• 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 .11 

• If photos are to be returned after the 
article is published , please include a note to 
th is effect. 
• If you have special instructions regarding 
the photo, such as deletion of some parts or 
titles, inform us with a note. 

• Do not encumber photos with models 
(girls) or other distracting items. 
• Protect photos with heavy cardboard so 
they will not be damaged in the mail. 

How long does if fake? 
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 sto ry. 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 sou nd 
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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Model 501 5MHz Function Generator 
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 
tr igger/gate? Simple. Trigger/gate allows you to start and stop as 
you choose for one-pulse, tone bursts or synchronous t iming. 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. 

Model 501 is only one of our Solid Gold Series 
values. There's four more models with frequency 
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, 
the better for us. 

Circle No. 10 

THE GOLD LINE SERIES FROM 

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 SOLIO GOLD PROOUCTS FROM AILTECH INCLUDE SPECTRUM ANALYZERS, NOISE MEASUREMENT EQUIPMENT, RF POWER SOURCES. OSCILLATORS AND TRANSDUCERS. 
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Butt.erfly 
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 
'1rill get rid of your 

Butterflies 
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L FROM ECL OU1IVll 

SERIES 898--44 SERIF.s TBRMl­
NATORS contain m _. terminator 
sections. Each section i8 deeipd for ter­
minating a line at the driveD end wlth a 
series resistor val1U! ~ t.o the Une im­
pedance minus the 1 Ohm outPUt imped­
ance for 10,000 seriee BCL Tbe second 
resistor in each ~ II a pull-down 
reaisttJr to the -5.2 VQlt Badl uialt 
contaiDI a 0.01 ,J' ---fD 
bypass the -5.2 volt 

Series 898-" Re and 

8118 U8'8 -

8118 "888 -· 8118 "8118 

Price ( 1,000-4,999) $1ol6 

(/) 

~~~ U@ITlITfiJD[fU@J~©U' ©@~~®©~D©[fU 

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 FlOK Series ECL 
• Texas Instruments Series 

SNlOOOO 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 µ.F 
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. 

Beckman' 

HELIPOT DIVISION 
Circle No. 26 
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Improve high-power circuit designs 
with fast-recovery power diodes 
Such d iodes are not limited to high-frequency power rectification. They 
can impro ve 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 µ,sec maximum 
when rated 1000V or less and 2.0 µ,sec 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. 

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 typi ca lly less than two µ sec. 
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(A) Single-phase center tap and bridge all-SCR and all 
polyphase all -SCR rectifier circuits, inductive load 
(8) Three-phase bridge and all six-phase all -SCR circuits, 
r.esistive 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 va lues for phase control of alternating voltage, 
two SC Rs 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 conve rt ing high-frequency ac to de . 
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
acte ri stics 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 ci rcuit 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 si ngl e 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
1 

~', 1'----A----0--b _____.__b -Tl~E 
w 
0 
2 
0 

TIME 

Fig. 3---Bypass diode in half-wave phase controlled rectifier 
circuit w ith inductive load experiences large reverse-current 
pul se 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
1 

v 

RD 1 

REVERSE RECOVERY CURRENT OF RD 1 

TIME 

VOLTAGE SPIKE FROM RD 1 

RECOVERING IN "SNAP OFF" MODE 

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 de choppers 
As SCR applications have progressed and 

c, 

VOLTAGE ACROSS SCR
2 

Fig. 5--lnverter employs rectifier diodes connected in an­
tiparallel wi th SCRs. 
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manufacturers have developed more easily con­
trolled dynamic characteristics of thyristors, 
greater attention has been focused on inverter 
and de chopper applications . 

Fig. 4 illustrates a typical early chopper circuit 
with some pertinent waveshapes . The circuit 
through which current flows while RD 1 is recover­
ing, stores enough energy in lead inductances 
and elsewhere to cause a considerable voltage 
transient when RD1 recovers . To suppress this 
transient, an RC network could be inserted across 
both SCR1 and RD 1; however, this causes higher 
circuit losses and more complexity. A far better 
solution is to use a fast-recovery diode for RD1. 

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 
RD1 and RD 2 • While the sweepout current of RD1 
flows , the distributed wire inductances of the 
circuit (L1 and L2) assume the polarity shown. 
After recombination is completed , the current 
ceases in RD 1 and in L1 and L2 • Thus both induced 
voltages across the leakage reactances reverse 
polarity and tend to generate transients . 

The transients generated in L1 will be in a 
direction to cause high dv/dt in SCR1 while 
transients generated in L2 will be in a direction to 
cause high-reverse voltage across RD 1. The result­
ing tran sients 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-

+ L, -

+ 

DISTRIBUTED L, 
CIRCUIT 
INDUCTANCE 

SCR 1 

RD 1 

v 

r 20V 

t TIME 

Fig. S-Voltage overshoot due to rectifier diode recovery and 
distributed inductance is reduced when fast- recovery d iodes 
are used. 
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LOAD 

Fig. 7-Time-ratio control with " soft" commutation reduces 
the necessity for fast-recovery diode for RD,. 

tifier. The voltage generated across SCR 1 when 
RD 1 recovers is typically 20V in a 125V circuit. A 
fast-recovery diode is also appropriate here to 
minimize the energy drawn from the de 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 con t rolled 
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, it is 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., VoRM 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 1 • 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 ci~cuitry . . 

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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00 
Single 

Quantity 
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 ~ ~ L 
of. If you miss the Show, call our •• 
nearest representative or write ~ 4.1i I::: 

us for complete details. ~ SYSTEMS, INC. 

Features 
• High Resolution - one part in 65,5351'1 

• Programmable Voltage Output - 0 to 
+ lOV, to - lOV, or ± 5V121 

• Programmable Current Output - 0 to 
+ 2.0 mA or ± lmA 

• Binary and Four Digit BCD 
Coded Models 

• 150 /tVOlt or 30 nA Output Resolution 
• 5 MHz update Rate 
• 750 nsec Output Settling Time 
• Thin Film Stability 
• Includes Reference Source 

and Output Amplifier 
• TIL Compatible Inputs 
• 2" lx 2" w x .375" h Total Size 

111 Four Digit BCD Model - one part in I 0 .000 
121 Output Current - := 5mA 

1020 TURNPIKE STREET, CANTON, MASSACHUSETIS 02021 TEL . (617) 828-6395 • TWX: 710-348·0135 Telex: 924461 
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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 t an be a very fast 
com puter operation, and a simple design ap­
proach makes this possib le. It cons ists 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 , 

C 8 A 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 o nly becaus€ 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, hi gh-density logic. Its use is not 
limited to the multiply instruction; it can also be 
applied to any operation that requires repeated 
addition. 

An eas il y 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 
regi sters 
The cascaded ca rry-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 sti ll 
gives an advantageous systems speed for the 
design used in the example. 

Fig. 2 shows the basic scheme for the example 
usi ng 6-bit multiplican d and multiplier registe rs. 
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 radi x 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 1 1 1 0 1 0 (at AND gates 4C, 
SC, 6C, 7C, BC and 9C) . In other words , position 9 
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is gated by all 6 positions of the multiplier : 22 x 2° 
= 22

; 22 x 21 = 23
; 22 x 22 = 24

, 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 
AN Os 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 a 0 carry. The sum , in 
this case, goes directly to the carry-propagate 
adder; the carry to another CSA. Other positions 

GATE 6 8 10 11 

0 
MULTIPLICAND 

REGISTER 

are s·imilar, 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 

8 10 11 

l l 

MULTIPLIER 
REGISTER 

"' a: 
>-

"' I l ~ 
l l 1 l ~ 

6FJ 6E 60 6C J 68 6Al 7E J m 

0 0 0 Il I 0 0 1 

CSA 
Q 

1 2 

0 

CSA 

R 

2 3 

CSA J 
3 K 4 

CSA 

0 1 ~ 
1 

CSA 

D 

CSA 

s 
4 5 

CSA 

E 

0 

CSA 
T 

6 7 

I ........_ _ __.., 

[ 

CSA 

0 0 1 0 

0 18 IA 28 2A 38 3A 48 

0 1 2 

CSA = CARRY SAVE ADDER 

4 v 5 

0 

4A 58 

CSA 

w 
5 

0 

5A 6 

CONVEN T IONAL CARRY PROPAGATE ADDER 

4 5 

lo l1 
PRODUCT 

0 0 0 0 

8 98 9A 10 11 

8 

Fig. 2-Complete high-speed 6-bit multiplier provides a relatively inexpensive alternative to the . more common , but slower , 
approach of iterative multiplication. Since multiplicatiori is one of the more frequently used operations in sc1en!1f1c machines, a 
high-speed multiplier can bring a marked improvement in overall effic iency. Inverse functions , as shown in Fig. 1, have been 
omitted for clarity . 
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0 0 

0 

0 

2" 2' 

RADI X POSITI ONS 

Fig. 3--An AN D matr ix sorts data from multiplier and multiplicand to proper radi x posi tion , and obtains partial produ ct. 

---s, ---s, 
- CSA 1-------t CSA ------. 
- Position C2 ,------t Posit ion C2 
- 1 t-- r 1 t---i'--i 

s, 
- CSA t-- '-----+- CSA 

s, 
- Position c r----t-1 Position c 
- 1 P-1 .....-+-< 2 t-2.... 

--1 
s, 

CSA 
--1 Position c, 
--1 1 I--'--

s, s, s, 
CSA --1 CSA CSA lc1- '-t-t- 1--

--1 Position .s. Position Position c, - 1 rl 1 t2---, rt-t- 1 i--:-

s, ~ 
- CSA t--:-~ CSA t--

s, 
..._ CSA 1--

- Position IC
2 
~ Position C

3 
--I 1 f-!--1 rl-1 2 t--

--- Position C3 
2 .....__ 

- CSA 
s, 

- Position C2 
- 1 __ ___. 

- s 
CSA ~ 

Position C3 
r------+----t 2 I--

---s, 
- CSA t---- ----41--------' 
- Position C2 
~ 1 1--------' 

Fig. 4---Parallel use of CSAs, as mu ch as poss ible within each 
radix position, is the key to fast multipli cation. Th e best 
price/performance balance for your design w ill be found by 
weighing serial vs parallel layouts of CSAs. 
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each pos1t1on 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 
mu ltip ly 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 pa rallel , grouping sums 
together and carries together as shown in Fig. 4 . 
When the carry combination has processed as 
much as is practi ca l, it becomes " raw data" for 
the next radix position. Avoid as much as possible 
the ripp l ing 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 th e 
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 
th e same 80 nsec. 

RADIX POSITION 1 

Fig. 5---"Rippled" carry-save adders prove to be a ve ry slow 
technique. Groupin gs o f parallel fun ctio ns should be used to 
avo id th e routin g o f the sum o utputs through success ive 
stages o f CSAs wherever poss ible. 

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 directl y, 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 th e partial products are obtained . For 
instance, circuits with more inputs could be used 
in the matrix. Thi s would cut down on th e 
number of carry save adders required because 
some of the combining would be done before th e 
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 

CARRY 

c B A c B A 

Fig. &-Higher speed version of the CSA. Each functio n and its 
complement fo r both sum and ca rry are fo rm ed in parallel, 
rath er th an by serial inversion, as compared to th e CSA in Fig. 
1. Th e parts cost for thi s CSA will be higher, but delay tim e will 
be 2 propagatio n delays, rath er th an 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. o 
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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 

compact, it's virtually impossible to 

produce because of the inherent high 

noise and RFI problems. 

Right? 

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 

' 

Sorensen 
Specification STMS-24 Brand "X" 

Size 35h6 x 51/s x 9 112 4 15/i6 x 7112 x 93/a 

Volume 160 in 3 344in 3 

Price $229 $235 

Efficiency 58% 29% 

Regulation (line & load 0.05% 0.2% 
combined) 

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 

Compare th is point-by-point spec-check between Sorensen's 
STM5-24 and Brand "X". 

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 RFI and noise. We ran conducted interference tests 

and fu I ly met the requirements of Ml L-STD-461 A above 20KHz. 

The STM series presently consists of 30 switching transistor power supplies -with 

l 0 models to follow shortly. STM efficiencies approach 7 5% 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, 67 6 Island Pond Rd., Manchester, 

N.H. 03103. Telephone(603) 668-4500. Or TWX 710-220-1339. 

STM: twice the efficiency, half the size. 
rorensen 

JPOWER SUPPLIES 
Circle No. 32 
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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. 

Ultra-stable NPO, stable X7R, or gen­
eral-purpose ZSU 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 

II 

• 
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
p~citors-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 
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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 1s the answer. 

Akavia Kaniel, Digital Equipment Corp. 

Binary systems, despite the ease with which they 
lend themselves to logical yes-no, on-off functions, 
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 = a0r

0 + a1r
1 + 

a2r2 + · · · · · · anr" where 
n = 0, 1, 2, 3 · · · · · · oo 

+5V 

r = base of the number system A h ---v 
a = digits with values between 0 and r -

then, in a base-2 numbering system where the maxi­
mum value of a is 1, the maximum 4-digit value of 
N is 1 (2)0 + 1 (2) 1 + 1 (2)2 + 1 (2 )3 = 15. In a base-3 
system where the maximum value of a is 2, the maxi­
mum 4-digi t value of N is 2(3)0 + 2(3 )1 + 2(3)2 + 
2(3 )3 = 80. Thus, the same four bits that will count 
to 15 in binary can be used to count to 80 in trilogic, 

(0) 

11) 
12) 

A 

- 5V 
ov 

+5V 

y 

+5V 12) 
OV 11) 

-5V 10) 
- 5V 

an obvious improvement in information density. Fig. 1 - lnverter with truth tabl e. 

A B y 

IO) - 5V 10) - 5V +5V 12) T 
11) ov 10) - 5V +5V 12) 

y 

12) +5V 10) - 5V +5V 12) 

(0) - 5V 11) ov +5V 12) 

11) OV 11) OV ov 11) 

12) +5V 11) ov ov 11) 
":' 

10) -5V 12) +5V +5V 12) 

11) ov 12) +5V 0 11) ':" 

12) +5V 12) +5V - 5V 10) 

B A - 5V 

Fig. 2 - NANO gate with truth tabl e. 
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A B y 

IOI 5V IOI 5V <5V 121 

I l l ov IOI 5V OV Il l 

121 t5V IOI 5V 5V 101 

101 5V Ill ov ov 111 

Il l ov Ill ov OV Ill 

121 t5V 11) ov 5V IOI 

IOI 5V 12) t5V 5V IOI 

Ill ov 12) t5V 5V 101 

121 t 5V 121 t5V 5V IOI 

T 
B 

Fig. 3 - NOR gate with truth tabl e. 

If the logic of a 3-d igit 10, 1, 2) system is not quite 
as aprzirent, this arti c le w ill show that it is not too 
d ifficu lt to use, once the basic logica l relationshi ps 
are understood. Fina lly, log ic d iagrams and c ircuitry 
w hich are necessa ry to imp lement a tr i logic system 
are considered. 

The bas ic log ica l re lati onshi ps fo r tril ogic are 
given in the fo llowing truth tab les. 

" A" and "B" ca n be in the (0), ( 1) or (2) state. 

12) 
IOI; A IOI 

Q 

121 

IOI (21 
(0) Q 

B 

111 ; A Ill 
Q 

II) 

B 
d 

12) ; A 
IOI 

IOI 

121 

B 
121 

Fig. 4 Tri-flop ' ' set to the 0, t and 2 <, !ates by pubing lilt: 111put 
line'. Alter it i'> -;et, the input lines will automatical ly return to the 
>lt:.idy-state condition 12,2). 

+5V 

T 
- 5V 

A 

1 ) Inversion 2) O R 3) AND 

A A y = A + B y = A B 
0 2 A B y A B y 

1 0 0 0 0 0 0 
2 0 1 0 1 0 0 

2 0 2 2 0 0 
0 0 0 

1 1 
2 1 2 2 1 1 
0 0 2 0 2 0 

2 2 1 2 1 
2 2 2 2 2 2 

ov 

1 
A y 

c 

+5V~ 

":' 

- 5V 

A y 

A~Y ((}( - 3\' OV Ill 
ill UV 5V 101 
121 t 5V t 5V 12) 

SYMBO LI CAL LY 

Fig. 5 - A shifter must be introduced in order to des ign d tri -flop 
that ca n cou nt. C is placed at the output to store inform,1lion ior a 
short time during switch transition. 
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CLOCK - - -

12) 

(2) 

Fig. 6 - Three-bit tri-flop t rilogic cou nters. In the counter diagram 
the clock actuated switching circu it is represented symboli ca ll y 
as a simple switch. The tri-flop swi tches states each time the c lock 
goes from 2 to 0 ca using Q to count sequenti all y as shown in the 
timing diagram. Pul se width (t) of the c lock is wide enough for the 
new state to appear at point I. 

Logic implementation 
The trilogic syst~m ' s logica l functions are imple­

mented in the truth tables and circuit diagrams of 
Fig. 1, 2 and 3. In these circuits + SV represents 2, 
OV represents 1 and - SV represents 0. These values 
are used because +SV and -SV power supplies are 
readi ly available. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

INPUT 
(2) 12) 12) 

IOI 

(2) 

01 (1) 

(0) INPUT 
CK 

(2) 

02 ( 1) 
B B B 

(0) 

(2) 

03 ( 1) 
01 = 3° 02 = 31 03 = 32 

(0) 

Fig. 7 - Tr ilogic counter. The 3-bi t tri -flop cou nters ca n be ganged very simply for count ing larger numbers. Jn this example we can count 
up to 2 x J2 + 2 x 31 + 2 x 3° = 26, compared to 7 in a 3-bit binary counter. 

WORD 
LI NES 
~ 

XO 
WO 

x, w, 
INPUT DECODER ENCODER 

W N - 1 

N = 2µ 

OUTPUT 

Fig. 8 - Binary or t r ilogic 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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ABSOLUTE VA LUE 
CONVERTER 

y2 Y, Yo 

WO w, y2 Y, yo 
DEC IMAL 
OUTPUT 

0 0 0 0 0 0 
+5V 0 0 0 1 
- 5V 0 0 0 2 

0 +5V 0 1 3 
0 - 5V 1 1 7 

Fig. 9 - Encoder for t r ilogic ROM and truth table. In three-leve l 
logic there are 2 N-bit words for each word I ine. They are enabled 
by either -SY or + SV on the word line. Thus, the capacity of the 
memory matri x ca n be doubled without increas ing the number of 
word lines. An absolute value converter (Fig. 11 ) converts the 
3- leve l outputs of the encoder to 2-level outputs to interface with 
bi nary systems. 
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DECODER OUTPUT 

fT ID M155 

14 

8 

13 
L_ 6 

ABSOLUTE 
VALVE 

.__~~~-1-~~~---+~~~~l--~~~-l-~----' CONVERTE R 

w. WJ w2 w , WO y• YJ y2 Y, yo 

0 0 0 0 +5 0 0 0 1 
0 0 0 0 - 5 0 0 1 0 
0 0 0 +5 0 0 0 1 1 3 

0 0 0 -5 0 0 1 0 0 
0 0 +5 0 0 0 1 0 1 14 0 0 - 5 0 0 0 1 1 0 
0 +5 0 0 0 0 1 1 1 
0 - 5 0 0 0 1 0 0 0 

+5 0 0 0 0 1 0 0 1 
- 5 0 0 0 0 1 0 1 0 6 

l'..!_DM~ 

Fig. 10 - Trilogic encoder implemented with available hardware. 
This is how the encoder desc ribed in Fig. 9 would look if it was 
built w ith two Texas Instruments diode matri ces (TIDM 1 SSs). The 
particular confi guration chosen is in the fo rm of a binary 0-10 

Note: 
All the ga tes are 
enhancement mode 
with V,h = 2V 

Fig. 11 - Absolute value converter used in Fig. 9 and 10 convert 
the -SV output to +SV. OV and +S V are left on the output lines. 
Thus, the final step in converti ng to a 2- level output for interfac ing 
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 NANO 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, 0 in , viol ate 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 

1~ 

I 

I 
I 

_J 

look-up tab le w hich stores in its hard wi red memory the binary 
nu mbers 1 to 1010 fo r the decimal nu mbers 1 to 10. Thi s encoder 
w ill convert trilogic to binary fo r interfac ing w ith 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 pul sing one or both input lines with 0 or 1. After 
pul sing, it will remain in the condition just set when 
both inputs return to 2. Fig. 4 shows the tri -fl op being 
set to each of the three output states. 

Logic functions and flip-fl ops 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
essa ry for building a trilogic system and interfac ing 
it with binary systems. o 
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tem for minicomputers. He 
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trophys ics Laboratory. Mr. 
Kaniel received hi s BSEE 
and MSEE from Co lumbia 
Univ. 
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MEASURE MECHANICAL FORCE 
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, labor.atories, and field use, Hunter's 
line consists of hand-held mechanical 
force gages, portable pull t esters, and 
bench-type universal testing machines. 
Write today for free Bulletin. 
AMETEK/ Hunter Spring, 
Hatfield, Pa. 19440 (215)822-2971 

~ ..\METEK / Hunt.erSprtng 

~""'~ .. ! ... 4-..1 :i I :;j • :. 
Circle No. 29 

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 mag netic flux densities than any ferrites now 
on the market. 

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

/ 

/ 

.· 

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

The B&K Precision Model 281. 
This 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. SJ89 9& 
Very good equip~en%._I 'f 
at a very good pnce. .. • 

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

Circle No. 30 

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 co il to meet the need. 

They are designed to upgrade compact circuits and 
mount easily on PC boards. The Polyvinyl Formal copper 
wi ndings 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 recordi ng 
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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§[Q)~ DESIGN AWARDS 

Isolated current source 

Ralph Tenny 
Texas Instruments Inc., Dall as, TX 

I needed a fl oating current source to power a strain 
gage br idge, and the battery operated circuit shown 
here gave me adequate stability for a system with 
± 0.2% accuracy. As shown, the voltage compli ance 
is ~qua l to E1 - 1.4V, and the temperature stability 
is +0.7 µ,AJ°C from 0-50°C, with a current output 
level of 20 mA. 

Q 1 and Q2 contro l the cu rrent in the external loop 
w ith R

1 
sensing the current. If R

1 
is chosen for 

0.50 / mA, the sensitivity is adequate without di ss i­
pa tin g excess power. R2 , R

3 
and R4 provide an offset 

vo ltage to set the output current. R
5 

and D 1 insure 
that the circuit w ill start regardl ess of the initial offset 
of the op amp. 

Four alka line pen cell s provide ±3V for the 741 , 
and E

1 
should be chosen to give adequate voltage 

compliance fo r the intended load at maximum load 
cu rrent and lowest acceptable end-point voltage for 
E1• The end-point vo ltage may be defined by ri se in 
noise output of E1 as it is depleted. o 

+3V 

+3V 

- 3V 

10k 

R, 
lOOk 

- 3V 

+ 

o, 
(2) TIS98 

LOAD 

This simple, battery operated op-amp ci rcuit prov ides good cur­
rent and temperature stability over a w ide 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 
Casa 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" featu re 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 requi red . 

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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WHE N G = 0, Z = H 

WHEN G = l , Z = H 

G H 
0 0 
0 1 

1 
0 

l 

0 
1 
0 

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

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

Referring to the circuit diagram in Fig. 2, the 
signal at point Bis the same as the input signal but 
shifted in phase by the propagation delay of the 
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CAHNERS BOOK DIVISION 
offers you a 10 day free trial 

and satisfaction guaranteed 

on these books selected to help you 

101. COMPLETE GUIDE TO PRO­
JECT MANAGEMENT by Dennis l. 
Locke'. Systems and techniques 
which can be used with profit in 
large or small plants, on projects 
worth $200 or $2 million . Costi ng, 
controlling, evaluating an industrial 
project so that it is completed on 
time, according to specs, within 
budget. Over 60 how-to-do-it ex­
amples, control charts, forms. 
illus. 224 pp. $10.95 

in your work in your leisure activities 

102. INVENTORY CONTROL IN PRO­
DUCTION AND MANUFACTURING by 
Adin B. Thomas. How to achieve 
big cost reductions and larger re­
turn on capital by eff icient inven­
tory management. A successful 
blend of theories by an expert 
who knows them all. illus. 224 pp. 

$11.95 

105. IRON AND BRASS IMPLE­
MENTS OF THE ENGLISH AND 
AMERICAN HOUSE by J. Seymour 
Lindsay (D.C.M., F.S.A. ). Revised 
and enlarged edition includes 
new ill ustrations and new material 
from American museum and pri­
vate collections. Covers hearth 
hardware and furnishings, early 
lighting, cooki ng utensi ls, tobacco 
smoking equipment etc . From 
medieval to early 19th century. 
illus. index, intro. by Ralph Ed­
wards, C. B.E., F.S.A. $12.50 

103. SALES MANAGER'S GUIDE TO 
SELECTION AND CO NTROL OF EX­
PORT AGENTS by Colin McMillan 
and Sydney Paulden . Specific, up­
to-date information on every as­
pect of locating, selecting, con­
trolling export agents. Twenty­
seven types of agencies. How to 
pinpoint the agent by defining the 
market illus. 232 pp. $11.95 

106. LOUDSPEAKERS by G. A. 
Briggs. 5th edition. All aspects of 
the design and performance of 
loudspeakers and enclosures are 
dealt with in non-technical terms. 
Separate chapters are devoted to 
Electrostatic Speakers and Stereo. 
A c lassie by a world-renowned, 
witty wri ter and audio expert. 
336 pp. 230 illus. index. $6.95 

104. CONOVER-MAST PURCHASING 
DIRECTORY. For over ha lf a cen­
tury the indispensable one-volume 
annual for purchasing, production, 
engineering. Finds the right in­
dustrial product or service in 
seconds. Complete, including 
phone numbers of over 33,000 
suppliers. Over 2250 pp. $30.00 

107. THE TELESCOPE AND THE 
WORLD OF ASTRONOMY by ·Marvin 
F. Riemer. 3rd edition, revised 
and enlarged . Deals with equip­
ment, planets, universe, constel­
lations, nebulae, galaxies, double 
stars, clusters, variable stars, vis­
itors to ou r skies, photography, 
satellite tracking. Author a mem­
ber of N.Y. school system. Illus. 
2 appendices. 2 bibliogs. glossary. 
index. (pullout 18x24-inch chart 
of the Northern sky.) 212 pp. 

$3 .95 

POLLUTION - A Cahners Critical 
Issues Report 
110. Vo l. 1. What Management 
Needs to Know about Pollution 
Control. $5.00 
111. Vol. 2. Environmental Man­
agement - Pollution Control 
legislation. $5.00 

108. AMATEUR RADIO THEORY 
COURSE by Martin Schwartz. Re­
vised . Complete, simpl ifi ed home 
study course coveri ng require­
ments for Novice, Technician, 
Conditional and General Classes 
of Ham licenses. 260 pp. illus. 

$3.95 
109. RADIO-ELECTRONICS MADE 
SI MPLE by Martin Schwartz. Com­
plete coverage from basics through 
transmitters and receivers. 190 
pp. illus., preface. index. appen­
dices. $1.95 

SATISFACTION GUARANTEED OR MONEY BACK - ORDER TODAY - USE THIS HANDY COUPON 

ALL BOOKS AVAILABLE ON 10-0AY FREE TRIAL - SEND CHECK ANO WE PAY SHIPPING COSTS 

Quantity No. Price Total Quanti ty No. Price Tota l Cahn ers Book Division, EON 
89 Franklin St., Boston, Ma. 02110 

101 10.95 107 3.95 Check Enclosed D Bill Me o Bill My Company D 

102 11.95 108 3.95 
Name ______________ _ 

103 11.95 109 1.95 Title ___ ___ _ ________ _ 

104 30.00 110 5.00 Company ________ ___ __ _ 

105 12.50 111 5.00 
Address ______ ________ _ 

106 6.95 _________ .Zip _____ _ _ _ 
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B 

J 
_J 

C (D = 0)1J 

E 

LJ 
u 

L 
L 

A·B 

AB +AB 
(j)SN 7486 
~SN7400 

c 

Fig. 2-2 TTL packages make a simple pulse-edge selector . The control signal at D determines whether the output pul ses 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 C is A·B which is the inverted 
leading-edge pulse . When D is at logic ONE, the 
output at C is A• B. This is the inverted trailing­
edge pulse. 

At no extra cost in components, a bonus 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-frequ ency wave­
form is symmetrical; however, only if the duty 
cycles of the input pul se train is 50%. All of the 
edge pulses are approximately 35 nsec wide. Thi s 
represents the total propagation delay of the 
three delay gates. Maximum input frequ ency is 10 
MHz. o 

To Vote For This Circuit 
Check 161 

Circuit selects larger of two analog signals 

Werner Gruenebaum 
Loral Electroni c 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 se lect the larger of two analog 
voltage inputs and provide a precision output of 
that voltage . 

. Considering the fi rst op amp, A 1 in the schematic, 
which is similar to a common bi latera l current 
source, but with V 6 added: 

(1) 

( 
e -V) 

e0 =e + I +T R4 (2) 

This circuit selects the larger of two analog signals, V" and V" 
through the A, , D, , 0 2 network and represents that vo ltage at the 
output, V""' ' 
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Since Eq. 1 must equal Eq. 2, this results in 

VB - VA 
I = R , independent of the load through 

I 

which I is conducted (provided the amplifier remains 
in the linear region ). 

The current I will flow through D2 only if it is 

posrtrve, namely, VB > VA· Otherwise, it is con­
ducted through D1• 

Therefore, the positive input to A2 (V~1.~x) is equal 
to : 

Amplifier A2 (a voltage follower) is added if a low­
impedance output is required . o 

To Vote For This Ci rcuit 
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 ST ART position 
power is applied to the circuit and amplifier A 1, 

connected as an operational integrator, produces 
an output voltage, v, starting at V and going negative 
with a constant slope of 

v - v 
CR B V/sec 

I 

A2 functions as a comparator. When voltage v 
reaches the set value V, A2 's output goes positive. 

Time delay, t, is given by the equation : 

R4 shouid be as small as possible relative to R2 for 
maximum charging slope, but not so small that 
A2's common-mode input range is exceeded. Capaci­
tor C is preferably a low-leakage wet-slug tantalum 
type; SOµF per minute of available delay will bring 
timing into the range of the calibration pot. 

An important feature of th is circuit is that both 
charging current and comparato r thres hold volt­
age are proportional to supply voltage, so that the 
latter's effect on timing is cancel led. 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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v 

R2 
27k 

x 

R, 

TI ME 

SET ' 
(0 · 10 MIN .) V 

6.Bk 

RESET 
0 

START 

x 

":' 

x 

10 

c 
270µF 
15V 

(2 EA) 

6 

A , 

5.6k 

MALLOR Y " SONA LE RT" 
(OR RELAY FOR ACTU ATING 

HIGHER - POWER LOADS) 

General -purpose timer consists of an operational integrator 
and i::omparator. Timing is completely independent of battery 
voltage because the latter affects charging slope and com­
parator threshold equally . 
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CTS Cermet "Saver Pac" 
Resistor Networks 
Increase Circuit Density ... 
At Economical Prices 
Space comes high! So you'll like how much 
a CTS 750 Series "SAVER PAC" network 
can save you, and your circuit. Less space 
... fewer components ... greater system 
reliability ... quicker, easier installa­
tion ... reduced handling costs ... 
and faster inspection. Consolidate 
up to 13 discrete resistors into 
one compact in-line resistor 
module. CTS can do i t easily 

with twenty standard packages .•• available in .100", .125 11 , or 
.150" lead centers. High power capabilities to 4.3 watts 

@ 70°C per module. 
CTS 750 series cermet thick-film 

resistors assure proven perform­
ance-ultra high stability and 
reliability-backed by over 
700,000,000 hours of test data. 
Hand install or use automatic 
assembly equipment ... they're 
designed for either. Pick a 
SAVER PAC today. Large or 
small orders welcome. CTS of 
Berne, Inc., 406 Parr Road, 
Berne, Indiana 46711. Phone: 
(219) 589-3111. 

.. c TS CORPORA T/ON 
A world leader in cermet resistor technology. 

~ 

t~~~~ 

Tl t t t t 1 1 , 1 1 ,.,l '"" 
Circle No. 34 



"timeout". RH provides regeneration to produce a 
clean logic output, if needed. 

The circuit as shown was built for a delay range 
of 0 to 10 minutes, using a 10-turn 0.1% linearity 
TIME SET pot with a "watch dial" knob. After 
calibration , accuracy was within 1 sec at any 
setting. Long-term drift depends on the stability 

of the capacitor and resistors used. The original 
timer has been in everyday use for 4 years with no 
degradation in accuracy. o 

To Vote For This Circu it 
Check 163 

Battery saver has automatic turn-off 

Dave Weigand 
Gulf and Western , Swarthmore, PA 

An automatic turn-off battery saver is often 
required for alarm, remote control, toy or unat­
tended electronics . The versatile circuit shown 
here can be designed for a wide range of voltage, 
power and delay. 

The SCR is triggered on by external control 
logic or contact closure . This connects ground to 

LJ1J SL 
R, 

2.7M 

E 

the load and to the shutdown unijunction timer, 
0 2 • After the C1R1 delay, unijunction 0 2 fires, 
discharging C1 timing capacitor into R3 • The 
resulting pulse across R3 is coupled by C2 into the 
base of commutating transistor 0 3 • Q3 commut­
ates the SCR by momentarily shunting the SCR 
current below holding current. With the SCR 
communtated OFF, only leakage currents 
through the reverse SCR junction will drain the 
battery. 

B+ 
+9 TO +25V de 

0
2 

2N1671 

s, LOAD 
(1.5A) =LJj~-2~~;~9---- - c, 

2.2µ 250µ F R3 c, 
2.2µ F _____ ___ ......_ __ .,.... _ __, 100 

KEEP ALIVE 

START 

s 

CONTROL LOGIC 

SHUTDOWN 
TIMER 

C3 

O.lµF 

SCA 
2N2323A, 

C6 F 

R• 
100 

SCA 

03 
2N2219 

COMMUTATOR 

Simple battery circuit is enabled only when needed . While the circuit is OFF, leakage currents through the SCR are the only 
drain on the battery . 

A keep-alive feature can be incorporated into 
the load or control logic to discharge C11 the 
timing capacitor, well ahead of Q2's firing voltage . 

D 
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Check 164 
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TH I S SP ACE CONTRIBUT ED BY THE PUBLISHER AS A PU BLIC SERVI CE 

We're telling 
44 million prisoners 
in the Unled States 

how to escape. 

For a free booklet on how to stop smoking, I 
call or write your local unit of the American Cancer Society* 
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The quiet one. Zero bounce noise. 
This new flexing spring contact with four 

distinct current paths practically eliminates 
arcing line noise-makes I-T-E Rowan 's 
2190E Mod A Relay ideal for power relay 
applications in place of or in conjunction 
with solid state circuitry where noise-free 
contact closure is critical. 

The Mod A provides a power relay of 
10 A 300 VAC with virtually zero bounce­
less than 1 millisecond. Standard non­
flexing contacts result in bounce exceeding 
5 milliseconds on closing with each arcing 
bounce producing noise . 

The quiet one represents a unique design 
concept in contacts. It's a double-break, 
bifurcated movable contact fashioned 
entirely of flexible spring silver . The 
industry 's standard solid bar movable 
contact is normally made of heavy non­
flexing brass with fine silver buttons. 

I-T-E Rowan 's new Mod A Relay offers 
an extremely low contact resistance , a high 

fidelity (low energy) contact , while 
providing excellent resistance to accidental 
contact opening under vibration or shock. 
Independent tests show no contact 
malfunction, 0-5 KHz vibration , up to the 
machine test level of 6.5 g 's. 

All these features are incorporated in the 
I-T-E Rowan standard 2190E Mod A, 1 
through 8 poles in combinations of N / 0-
N/ C, plus solid state timer and latching 
version . Also available with gold flashed 
contacts. for dry circuits. Another versatile 
relay in the tradition of Reliable Controls 
from I-T-E Rowan. 

For further information : I-T-E Imperial 
Corporation , Spring House, Pa . 194 77. 

~ 
ITE lnaperial 

Circle No. 35 



PROGRESS IN PRODUCTS 

Versatility ar1d flexibility characterize 
4-channel transient recorder 
PROGRESS IN 
INSTRUMENTATION 

The Model 1015 Tran sient Re­
co rd e r provides perfo rman ce 
characteri stics and features not 
previously available in a multi­
channel portable recorder . Fore­
most among these is the ability 
to record up to four simultane­
ous analog input signals with 
bandwidths to 25 kHz . The 
reco rd ed re so lution of eac h 
input signal is o ne part in 1024 
(better than 1/10%). 

A variety of record rates can 
be selected, and th e control and 
triggerin g functions incorporate 
a digitally adjustable delay of as 
much as ten times the record 
length. O ne of the trigger-delay 
and control functions permits 
th e tri gge r to be rece ived 
before, during or after the signal 
has occured. Thi s " pretri g­
gered" capability ensures cap­
ture of the leading baseline and 
ri se of a random signal. 

Front-panel selector switches 
permit the unit to be configured 
(1) as a single-channel recorder 
with 4 times the recording time, 
while retaining an input band­
width of up to 25 kHz; (2) as a 
2-channel unit, with twice the 
record time per channel; or (3) 
as a 4-channel unit, capable of 
recording up to four separate 
signals, one-at-a-time, from a 
single input into each of the four 
storage channels whi le " hold­
ing" each previously recorded 
signal. 

The recorder has three types 
of outputs: one digital and two 
analog. The digital output pro­
duces 10-bit amplitude and 
12-bit address (time) data at 
convenient asynchronous rates 

94 

via a bit-parallel/word-serial in ­
terface at standard TTL level s. 
One of the analog outputs is a 
repetitive type that will produce 
a f l ic ker-free display on an 
oscilloscope or CRT display. The 
other is a very slow analog 
output for reproducing the 
recorded signals on a strip-chart 
or X- Y recorder . 

A unique feature of the Model 
1015 is its capability of either 
displaying on a CRT or plotting 
on an X- Y recorder the signal 
from one channel versus the 
signal from another channel. 
This X-versus- Y feature allows 
the user to examine immediately 
the relationships between vari­
ables for signals with band­
widths from de to very high 
audio frequenci es. 

Another feature which ex­
tends the usefulness of the 
recorder is the accessib i lity of 
the record clock rate and 
triggering signals for convenien­
tly synchronizing the operation 
of several units. 

The memories in the Model 
1015 are MOS shift registers. The 
total memory capacity is 4096 X 
10-bits arranged as four 1024 
word memories. The in put 
channels and memorie s are 
configured to permit switch 
selection of single-channel re­
co rding, with 4096 points of 
storage; two-channel recording, 
with 2048 stored points each; 
and the normal four­
channel/1024 points per channel 
operation. Also switch select­
able is the ability to record from 
one input into any one of the 
1024-word memories while 
retaining or " holding" the con­
tents of the other memories. 

Selectable record rates are 

available from an internal crystal 
oscillator, or an external sample 
rate input can be used. The 
nineteen internal sample rates 
range from 100 kHz to as slow as 
0.1 Hz. 

The adjustable delay in the 
trigger and control circuits is 
settable by means of convenient 
digital switches in increments of 
ten sa mple intervals to a 
maximum of almost 10,000 
sample intervals. This delay, 
along with accurate , adjustable 
trigger circuits, permits the user 
to define a precise " recording 
window" with respect to a given 
or detected trigger event. 

The "pretrigger" record mode 
of the Model 1015 is unique to 
transient recorders and is ana­
logous to recording with a tape 
loop on a tape recorder . Once 
the 1015 is armed (the tape loop 
is started), the unit records 
continuously, storing new data 
and, after the memory has been 
refreshed once , erasing old 
data. When the recording is 
stopped, as the result of a trigger 
event, the memory in the 1015, 
like the tape loop on the tape 
recorder , contains information 
which occurred prior to the time 
that the recording was stopped. 
Use of the internal trigger 
detection capability and the 

Simultaneous recordin g of four analog 
inpu t signals with bandwidths up to 25 
kHz is possib le with the Model 15 
Transient Recorder. 
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readily set trigger delay (set for 
example to 500 sample intervals 
of 1/2 the memory length of one 
channel) gives a recording of 
half of the recorded signal which 
occurred prior to the detected 
trigger point on the signal and 
half which occurred after the 
trigger point. This powerful 
capability permits the setting of 
the trigger level to be quite 
high-well above the sometimes 
noisy baseline of the signal-and 
yet assures that the leading 

baseline and risetime of the 
signal is also captured. 

The CRT display output is a 
repetitive replica of the record­
ed signal(s), producing a flick­
er-free- pre sen tat ion. A four 
trace presentation on the CRT is 
possible for each trace. A linear 
horizontal sweep ramp is also 
produced for the CRT and this 
may be "expanded" up to 10 
times to allow full-width ex­
amination on the CRT of as little 
as one tenth of each trace. In 

addition, each of the four traces 
can be set to have 1/4 full-scale 
vertical amplitude. Alternatively, 
any one trace can be viewed 
individually with full-scale verti­
ca l amplitude. A single trace of 
the entire 4096 word memory 
contents is selectable as well as 
two CRT traces of 2048 words 
each. Price of the Model 1015 is 
$4950, delivery is 30 days ARO. 

Biomation Corp., 1070 E. 
Meadow Circle, Palo Alto, CA 
94306. 150 

True 3.5-digit DMM gives 5000-count resolution 
for 2000-count prices 
PROGRESS IN 
INSTRUMENTATION 

Most people know what you 
mean when you talk about a 
3-1/2-digit DMM, but what about 
a 3.5-digit DMM? What's the 
difference? 

The difference is 3000 counts 
according to Data Technology of 
Santa Ana , CA, who just in­
troduced the Model 30 , the first 
5000-count DMM. 

This instrument has a 4-digit 
display like most 3-1/2-digit 
DMMs, but the most significant 
digit may be anything from a 1 to 
a 4. If this sets a new trend in 
digital instruments, it will make 
more sense to talk about 
2000-count or 5000-count or 
20,000-count instruments, rather 
than 3-1/2 or 4-1/2-digit meters. 

Actually , the Model 30 has a 
traditional 4-1/2-digit Sperry dis­
play, but the first digit is never 
used and the second digit is 
used to read values only as high 
as 4999 under normal condi­
tions. 

The display will actually read 
up to 5999, but after you pass 
4999 it flashes, meaning you 
have exceeded the normal range 
of the instrument and the 
accuracy is deteriorating. 

Why has Data Technology 
taken this approach? According 
to John Dunn , Product Market-

ing Manager, the company 
conducted a study that shows 
about 50% of all measurements 
taken on a DMM require a first 
digit between 2 and 5. They 
concluded that a low-cost 5000 
count meter was needed. 

Typical applications that the 
Model 30 was designed to meet 
include: 5 and 20V logic, 20 and 
30V telephone applications, 24V 
industrial supplies, 28V aeros­
pace and analog applications, 
36V military and 230/440/480V 
industrial voltages. 

The 5000-count meter will give 
you 4-digit resolution in this 
range , whereas previously you 
had to buy a 4-1/2-digit (20000-
count) meter. 

The advantage is cost. Priced 
at $279, it is below most 
2000-count instruments while 
the specs are still comparable to 
most of those instruments in the 
$300 price class. 

Worst-case de accuracy is 
:±: 0.1% of reading :±:0.06% of full 
scale, which means that accura­
cy will not be quite as good as 
most 4-1/2-digit meters , but is 
good for 3-1/2-digit units. 

The new Model 30 is a 
5-function, 23-range instrument. 
The heart of the analog section is 
a high-impedance FET circuit 

working into a dual-slope in­
tegrator with its inherent noise 
cancellation. A unique divider 
circuit uses a single precision 
resistor network for de volts, ac 
volts and kD. 

Because of the extended 
range to 5000 counts, the five 
functions include: five de volt­
age ranges from 500 mV, with 
100 µV resolution, to 1200V; five 
ac voltage ranges from 500 mV, 
with 100 µV resolution, to 1000V, 
five resistance ranges from 
soon, with 0.111 resolution, to 
SOMD; four ac and de current 
ranges from 500 µA, with 100 nA 
resolution , to 2A. All digits flash 
when the inputs exceed 4999 
counts , however, the meter 
continues to 5999 counts with 
slightly degraded accuracy. De­
livery is 30 days. 

Data Technology Corp. , 200 S. 
Fairview St. , Santa Ana, CA 
92704. Phone (714)546-7160. 151 

5000-count DMM is des igned fo r appli­
cations requiring low-cost instrument 
with 4-digit resolution up to 4999. 
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SEMICONDUCTORS 

ECL MEMORIES ZIP ALONG AT 10 nsec. 
Both are 64-bit RAMs organized as 64 1-bit 
words. All specifica tions for the 2 devices 
are ident ica l except fo r load ing. The 
M CM 10140 is specified fo r driving loads of 
90.!1, w hile the MCM1 0 148 is spec ified fo r 
50.!1 loads. These 2 RAMs offer hi gh-speed 
operation, full-binary decoding on chip and 
chip-enab le inputs fo r use w hen build ing 
large memory arrays. Packaging is in a 16-
pin ceramic D IP which is hermetica ll y 
sea led. Pri ces are: M CM1 0140AL: (1-24) 
$25.50 each; (100 up) $17.00 each. 
MCM101 48AL: (1-24) $28.50, (100 up) 
$19.00. Motorola Inc., Semiconductor 
Products Div., Box 20924, Phoeni x, AZ 
85036. Phone(602)244-3466. 170 

MOS FETs O FFER IMPROVED CHARAC­
TERISTICS. Three -channel dua l insula­
ted-ga te field-effect transistors feature im­
proved high-frequency ga in over si m ilar 
uni ts. Designated the 3N 211, 3N 212 and 
3N 213, these deplet ion-type MOS transis­
tors have a high fo rward transconductance 
(y1,J rating of 25 micromhos (typica lly). Ad­
ditionally, these dev ices offer low -no ise fig­
ures and high power gain. Typica l com­
mon-source spot-noise figure is 2 dB at 200 
M Hz. Typica l power ga in is 28 dB. Prices 
in 100-999 quant ities are: 90¢ each for the 
3N21 l and 3N2 12 and 95¢ for the 3N2 13. 
Texas Instruments Inc., Box 5012, Dall as, 
TX 75222 . Phone(2 l 4)238-274 l . 171 

TWO LINEAR IC ARRAYS OFFER DESIGN 
FLEXIBILITY. The super-beta array, desig­
nated CA3095 E, consists of a super-beta di f­
fe renti al cascade amplifier and 3 indepen­
dent, general-purpose high-voltage npn 
transistors. Features of th is device inc lude: 2 
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super-beta npn transistors (hn: > 1000); 
input bi as current < 1 nA; 3 separate high­
voltage (V cno = 45V) 50 mA npn transis­
tors. The npn/pnp transistor arrays, des ig­
nated CA3096E and CA3096AE , consist of 5 
independent transistors, 2 pnp and 3 npn. 
The main di fference between these types is 
that the CA3096E has a matched npn tran­
sistor pair. RCA/Solid State Div., Rt. 202, 
Somerv ille, NJ 08876. Phone(20 1 )722-
3200. 172 

MONOLITHIC DARLINGTONS SWITCH 
20A AT 400V. Applica tions for the high­
current, hi gh-vo ltage units inc lude off- line 
switching power suppli es and consumer 
equipment such as TV sweep circuits. The 
20A version is parti cularl y well suited in 
applications where SCRs or a mu ltitude of 
paralleled transistors were fo rmerly used. 
The Darlingtons have sustai ning breakdown 
vo ltage ratings (co llec tor to emitter) of 300V 
(Type SVT 6060); 350V (SVT 6061) and 
400V (SVT 6062) . VCE (sat.) is 2.0V and typi ­
ca l switching time is 300 nsec. The units are 
housed in a standard T0-3 package. Pri ce 
fo r the SVT 6060 in 100-level quanti ties is 
$15.54 . TRW, Inc., 1880 W i lshire Blvd., 
Los Angeles, CA 9002 4. Phone(2 13)820-

2606. 173 

DIGITAL MIXER PROVIDES PLL SIGNAL. 
The MCl 200 generates an output frequency 
whi ch is the di fference between its 2 input 
frequencies. The mi xer consists of a " D" 
f lip-flop, together with TTL-to-ECL and ECL­
to-TTL translators. Frequencies up to 250 
MHz can be generated without the need fo r 
tuned circuits. The mi xer is expected to find 
use as a presca ler in phase locked loop ap­
plications where the voltage control led os­
cill ator operates above 10 M Hz and a rela­
ti ve ly narrow tuning range is requ ired . Pri c­
ing/quantity is: $7 .50, 1-24; $6.25, 25-99, 
$5, 100-up. Motoro la Inc., Semiconductor 

Products Div., Box 20924, Phoeni x, AZ 
85026. Phone(602)244-3466. 174 

PHOTON COUPLERS PROVIDE SCR 
OUTPUT. Thi s H 11 C seri es prov ides a sim­
pler, more economi ca l way for IC logic to 
contro l ac power. Typi ca l iso lation input to 
output is 10 14.!1 at vo ltage capabilities up to 
2500V. Type Hl lCl provides an iso lation 
of 2500V and type H 11 C2 is rated at 
l 500V. Both featu re a blocking voltage rat­
ing of 200V making the SCR output compat­
ib le w ith l 20V ac line operation, and utilize 
input signals compatible w ith logic-level 
outputs. They are avai lable in D IP packag­
ing. Prices range as low as $2.50 in lots of 
1000. Genera l Electric Co., Electronics Park 
Bldg. # 7, Mai l Drop 49, Syracuse, NY 
1320 1. Phone(3 15)456-202 1. 175 

MONOLITHIC 10A DARLINGTONS IN­
TRODUCED. Identified as the SOM 3100-
3400 Seri es, these devices are packaged in 
3- lead T0-66 and 4- lead T0-5 cases. Typi ­
ca l features incl ude: VcEo from 40V to 80V; 
multiple-ga in selections at 2.5A or 5.0A; 
typi ca l 5.0A H,.E, 1000 minimum; typica l 
l .OA H,.,.., 10,000 minimum ; low-leakage 
planar construction (less than/µ.A at 80% of 

VCJJO vrnol; high speed (ft = 40 MHz typi­
ca l, ri se and fa ll times 200 nsec typica l). The 
SOM 3100-3400 Series is priced at $5 for 
T0 -66 versions and $3 for T0-5 versions in 
quantiti es of 1-99 . So litron Devices, Inc., 
Semiconductor Div., Ri v iera Beach, FL 
33404. Phone(305)848-431 l. 176 
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NEWI MOUL_ 
POWER SUPPLIESI 
MCD "Stak/Pak" Modular Power 
Supply Units can optimum-power 
YOUR EDP peripheral! 
VERSATILITY in design and produc­
tion are almost unlimited to meet your 
very specific needs! Stak /Pak " build­
ing-block" modules- consist of four 
models , three mechanically inter­
changeable packages- deliver 5 to 24 
volts DC/2.0 to 35.0 amp controlled 
output! They put the power-punch into 
lowest-cost-to-the-user over the life 
of the product. 
CAPITALIZE on MCD's 15 years' know­
how in meeting Control Data® 's"inside 
needs." Send for the MCD Stak/ Pak 
Modular Power Supply fact brochure. 

MAGNETIC 
COMPONENTS 

DIVISION 

CONTROL DATA 
CORPORATION 

7801 Computer Ave . So., Minneapolis. Minn. 55435 L------ (612) 920-8600 TWX 910-576-2978 

Circle No. 36 

COMPLETE GUIDE TO 

PROJECT 
MANAGEMENT 
by Dennis L. Lock 

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

With over 60 how-to-do-it illustrations and many practical 
examples, this book covers all the basks inc luding defining 
the task, estimating costs , pricing , planning the time scale, 
scheduling, materia ls control, maintaining the program, modi­
fications, build schedules , concessions and relating achi eve­
ment to expenditures. CPM and PERT are also expl ained. 

Complete Guide to Project Management is essential reading 
for anyone, on either the technical or manage ri al s ide of 
industry, with any responsibility for projects. 224 pp. $10.95 

Order Today-15-0ay Free Trial-Satisfaction Guaranteed 
or Money Back-Send check and we pay shipping 

Cahners eooK 01v1s10N 
89 Franklin St., Boston, Ma. 02110 S58/ M0809 

Now, an 
oR·the·sheU 
terminator 

lormost 
ECL families 

And it's on the Marshall's shelf. 
Here's an inexpensive, ceramic 
ECL Terminator that is designed 
for, and is compatible with, 
most ECL families ... like the 
MECEs, the SECEs, the FECEs, 
the TECEs, and the NECEs. 
Beckman makes the only 
standard ECL terminator ... with 
the capacitor inside the DIP. 
And, they're available from 
stock at the Marshall's. Let us 
send you literature on Beck­
man's DIP ECL Terminators. 
Contact your Marshall man in 
major U.S. cities or write to Ray 
Sczesny, G. S. Marshall Com­
pany, A Division of Marshall 
Industries, 9674 Telstar Avenue, 
El Monte, California 91731. 

~ -
"' G. S.Marshall 

The component distributor 
who's fast on the draw ... from stock 

Circle No. 37 
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This one Bird Jewel 
will do you 2,374,896,423 

good turns. 

Doesn't that sound hard? 

Darn tootin' they 're hard. 
Bird makes the hardest, longest lasting, most 

precisely perfect industrial jewels in the world. 
And we make more of them than anybody. So we can 

sell them for less. Bird vee jewels and ring jewels 
and cup jewels and pins and pivots. And assemblies. 

All hard at work in billions of products. 
Do yourself a good turn: ask us for more information. 
That's not hard. Bird jewels are forever. Practically. 

Bird Precision Jewels 
One Spruce Street, Waltham , MA 02154. 

(617) 894-0160 . Telex 923-441 

Circle No. 41 

The only 
1c1i1to1 catalog 
with a built-in 
cxpcdito1. 

SKT electronics, inc. 
208 S. LaSalle Street 
Chicago, Illinois 60604 
312 . 372-1465 

Circle No. 42 

SEMICONDUCTORS 

CRYSTAL-CLOCK OSCILLATOR HOUSED 
IN T0-8. The JKT0-79 thick-film crystal­
c lock osci llators are available in a standard 
frequency range from 500 kHz to 25 MHz. 

' They offer excellent long-term stability 

(±25 ppm) over a temperature range of 0°C 
to 70°C. The T0-8 package saves design 

, time and component cost as it can eliminate 
up to 14 discrete parts with no sacrifice in 
performance over larger osci llator units. 
Input is + 5V de ±0.5V each at 27 mA typi­
ca l, avai lable as complimentary, multiple 
binary related outputs capab le of driving 5 

, TTL loads. (Sine wave outputs optiona l). 
CTS Knights, Inc., Sandwich , IL 60548. 
Phone (8 15)786-84 1 1. 177 

POWER STROBE LOWERS SYSTEM 
POWER REQUIREMENTS. A prime applica­
tion for the HD-6600 quad power strobe is 
in any ROM system. Use of it can reduce 
standby power requirements by as much as 
an order of magnitude. Access times from 
the HD-6600 input to a HpROM-1024 
memory output is typically 100 nsec. The 
HD-6600 has TTL compatible input charac­
teristics and represents a load of 1. Up to 
150 mA (typica l) can be delivered at each of 
the devices for outputs with no more than a 
250 mV drop. Prices in quantiles of 100-
999 are: HD-6600-5 (0°C to +75°C) $5.65; 
H D-6600-2 (- 55°C to + 1 25°C) $8 .50. Har­
ri s Semiconductor, Melbourne, FL 32901. 
Phone(305)727-5407. 178 

POWER-SWITCH/AMPLIFIER ICs ARE 
PROGRAMMABLE. Designated CA3094T 
for operation up to 24V, CA3094AT for up 
to 36V and the CA3094BT for up to 44V, 
they have an input with the characteristics 
and flexibility of an operational-transcon­
ductance amplifier (OTA). The output cir­
cuit is a power Darlington stage capable of 
"sinking" or "sourcing" an average current 
of 100 mA or 300 mA peak. These devices 
can also be programmed to idle at µ,W 
power levels. Because of their programma­
ble input impedance, they can be designed 
into economical timers to give delays in 
excess of 4 hr. Pricing is as follows: 
CA3094T and CA3094S-$0.75 (100-999). 
CA3094A T and CA3094AS- $ 1 . 1 9 ( 100-
999). RCA Solid State Div., Rt. 202, Somer­
vi lie, NJ 08876. Phone(201 )722-3200. 179 
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HYBRID-ANALOG MODULE IS A " JACK 

OF ALL TRADES". The CSH101 hybrid 
sample-and-hold circuit combines 2 sepa­

rate FET analog switches and an FET input 
op amp in one 16-pi n DIP. All sections of 
the c ircuit are uncommitted . The 3 sections 
ca n be connected in many different ways to 
meet a wide variety of applica tions. Typical 
uses are 2-channel sa mple-and-hold , inte­
grating sample-and-hold , sample-and-hold 
with charge cancellation , vo ltage sensitive 
latchin g relay and dua l-slope integration. 
Unit price, depending on quantity, is 
$29 .40 to $39.7S for the military version 
(CSH 101 A) and $22 to $29.75 for the indus­
trial version (CSH101 B). Teledyne Crysta­
Ionics, 147 Sherman St., Cambridge, MA 
02140. Phone(6 17)49 1-1670. 180 

FREE "VARICAP" VARACTORS FOR 
QUALIFIED DESIGNERS. The TRW Vari­

cap line is believed to be one of the broad­
est in the industry. It inc ludes types with 
ca paci tance from 2.2 pF to 1000 pF at 1 
MHz, Q of 100 to 700 and capaci tance 

change ratios from 2: 1 to 8: 1. Des ign engi­
neers need only fill out a simple form to in­
dicate the technical parameters of the de­
si red devi ce and a brief description of the 
application. The proper Varicap is then 

shipped at no charge. To receive a copy of 
the request form, write Sa les M anager, TRW 
Semiconductors, an Electronics Compo­
nents Div., of TRW Inc., 14520 Aviation 
Blvd., Lawndale, CA 90260. Phone(213)-
679-4561. 181 

CALCULATOR CHIP HAS POWER-SAV­
ING FEATURES. A 9-d igi t, 28-pin ca lculator 
chip, designated type 4206, features an in­
ternal-clock generator, low-battery indi ca­
tion c ircuit , automatic power-on c learing 
and right- or left-hand entry capabi lity. The 
4026 also has an automatic power saver 
which changes the internal-clock frequency 
w hen the chip is si tting idle. Normal opera­
tional power of 50 mW is thereby reduced 
to approx. 20 mW. Power requi red by dis­
play devices can also be reduced. After de­
press ion of any key, a de lay is triggered 
which causes the display to be turned off 
after from 10 to 30 sec. Nortec Elec tronics 
Corp., 3697 Tahoe Way, Santa Clara , CA 
95051. Phone(408)732-2204. 182 

Resolutions of 1 microvolt DC and 1 
milliohm, along with 100% 
overranging on all functions, make 
the Hickok 3410 a value leader at 
$695. This is a full capability 
instrument, measuring DC and AC 
voltage and current, and resistance. 
High level recorder output Is 
provided. Options include an internal 
rechargeable battery and 300% 

overranging. Send for complete 
specifications in 3400 Series 
Data Sheet. 

HICKOK 
the value innovator 

Instrumentation & Conlrols Division 
The Hickok Electrical Instrument Co. 
10514 Dupont Ave.• Cleveland, Ohio 44108 
(216) 541-8060 • TWX: 810-421-8286 

4-di9it mict0volt 
multimete1 fo1 5695 

Circle No. 81 

The new Hickok 3420 is different: 
it's a full 5-digit counter to 20 MHz 
and it also measures DC/ AC voltage 
from 10 µV to 1 kV, and resistance 
from 10 mo to 10 Mo with 4-digit 
resolution. Frequencies are measured 
to 0.01-Hz resolution, accurate to 
1x10-& for 1 year. Sensitivity of 
100 mV and the 20-MHz bandwidth 
make the 3420 useful In logic circuitry 

and communications systems 
testing. Internal rechargeable battery 
is optional. Price, only $750. 

HICKOK 
the value innovator 
Instrumentation & Controls Division 
The Hickok Electrical Instrument Co. 
10514 Dupont Ave. • Cleveland, Ohio 44108 
(216) 541-8060 • TWX: 810-421-8286 

Circle No. 82 
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INTER NA TIONAL'S 

MOE 
crystal 

oscillator 
elements provide a complete 

controlled signal source 
from 6000 KHz to 60 MHz 

The MOE series is designed for 
direct plug-in to a standard dip 
socket. The miniatu re osci llator ele­
ment in a complete source, c rystal 
controlled, in an integrated circuit 
14 pin dual-in-l ine package with a• 
height of .6 inches, width .5 inches 
and length .8 inches. 
Osci l lato rs are grouped by fre­
quency and temperature stabil ity 
thus giving the user a selection of 
the overall accuracy desi red. Oper­
ating voltage 6 vdc. 

TYPE 

MOE -5 

MOE -10 

100 

SPECIFICATIONS 
DC Inpu t 
RF Output 
Outpu t Impedance 
Freq . Stabili ty 
(-10°c to + 60°C) 
Cal ibrat ion 

CRYSTA L 
RAN CE 

6000KHz to 60MHz 

fiOOO KHz to 60 MHz 

6 voe @ 10ma max 
-10 bdm (pe riodic) 
Low , 100 ohms 
MOE- 5 ±.002% 
MOE-10 ±.0005% 
± 1 ppm at 25°C 

OVE RALL 2s0 c 
ACCU RACY TOLERANCE 

+ .002% Zero 
- 10° to -+ 60°C Tri mmer 

+ .0005'\. Zero 
- 10° to +6o~ c Trimmer 

INTERNATIONAL 

CR Y S T A L MFG. C O ., IN C . 
10 N O LEE • OKLA CITY OKLA. 7310 2 
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PR ICE 

$35.00 

$50.00 

SEMICONDUCTORS 

HIGH-SPEED DIODE-SWITCH D RIVERS 
ARE TTL COMPATIBLE. Two high-speed 
sw itch drivers for use with shunt, seri es and 
seri es/shunt diode switches are ava il able 
from stock to 20 days inc luding units 
screened to MIL-STD-883 Level B. Models 
SD-1 00 1 A and SD-1 003A are non inverting, 
sw itch drivers w hich exhibit less than 10-
nsec total sw itching time. Both units are 
designed to operate from a 12V power sup­
ply. Steady-state output current is ± 30 mA 
(1001 A) and ± 10 mA (1003A). Convenient 
de testing of these microwave switches is 
provided by a bui lt-in circuit. Price in 
quantiti es from 1 to 9 is $65. LRC, Inc., 11 
Haze lwood Rd ., Hudson , NH 03051. 
Phone(603)883-800 1. 183 

4-CHANNEL SCHOTTKY SENSE AMPLI­
FIERS ARE ac COUPLED. The TSA 1544 is 
designed for application in the military 
temperature range (- 55°C to + 125°C) and 
its companion unit, the TSA 1444, is desig­
nated for the industri al range (0°C to 70°(). 
They are designed fo r hi gh-speed plated 
w ire and thin-fi lm memory appli cations. 
The circuit se lects 1- of 4 differenti al inputs 
by means of 2 channel se lect inputs and ca n 
detect a signal from memory of less than 
1 m. TSA 1544 is $12.75 in 1-24 quanti­
ti es and $10.25 for 25-99. Deli very is from 
6 to 8 weeks. Transitron Electronic Corp., 
168 Albion St., Wakefield, MA 01880. 
Phone(6 1 7)245-4500. 184 

100-W DARLINGTONS FEATU RE GAIN 
OF 750. Designated 2N6055 and 2N6056, 
these 60 and 80V devices are manufactured 
w ith a double epitaxial construction whi ch 
provides good fo rward and reverse second­
breakdown capability. Their high gain 
makes it possible for them to be driven from 
ICs w ithout the need for a predriver in the 
low- and medium-frequency power appli­
cations fo r whi ch they are designed. Type 
2N6055 is pri ced at $1.50, and 2N6056 at 
$1.67, in 100-un it quantities . RCA Soli d 
State Div., Box 3200 , Somervi lle, NJ 08876. 
Phone(20 1 )722-3200, Ext. 256 1. 185 

BROADBAND TRANSISTORS ARE INTER­
NALLY MATCHED. The PH2010C delivers 
a reliable 1 OW broadband 1.8 to 2.1 GHz 
with 2.7W of drive and 28V. Typical nar­
rowband performance at 1.5 GHz is 17W . 
The MAC-PAC seri es features mult i-ce ll , 
gold metalized , emitter ball asted, transistor 
chips and MOS capacitor matching. The 
result is a ruggedi zed transistor with very 
low thermal impedance. This seri es can be 
operated in both class C and linear c lass A 
appli cations. Price: 1-24 quantity, $165. 
Power Hybrids, Inc ., 1742 Crenshaw Blvd ., 
Torrance, CA 90501. Phone(213)320-6 160. 

186 

LOW PRICED PLASTIC TRIACS ARE RAT­
ED AT 6A. Types 41014 and 4101 5 aregate 
controlled full -wave ac switches with 3 
leads to faci litate mounting on pc boards. 
They have on-state current rat ings of 6A at a 
case temperature of 80°( , peak surge full ­
cycle rat ings of 60A and repetitive off-state 
vol tage ratings of 200V (41014) and 400V 
(4 10 15). The JEDEC T0-220AB package 
prov ides ease of mounting and low-thermal 
impedance, which allows operation at case 
temperatures up to 100°( and perm its re­
duced heat-s ink size. $0 .94 in 100 units fo r 
the 41014 , and $1.13 for the 410 15. RCA 
Solid State Div., Box 3200, Somervi lle, NJ 
08876. Phone(20 1 )722-3 200, Ext. 256 1. 
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DEMULTIPLEXER'S ICs DECODE DATA IN 
4.0 NSEC. Two hi gh-speed ECL c ircuits 
have been designed for use as dual 1-line­
to-4- line demultiplexers in crossbar sw itch 
applications as high-fanout 1-of-4 decoders 
and as memory chip se lect decoders. Out­
puts of the model 101 71 are H IGH until 
se lected, at whi ch ti me they go LOW. O ut­
puts of the second IC - the Model 10172-
are LOW unti l se lected, at whi ch time they 
change to H IGH. Data paths are non invert­
ing. When purchased in lots of 100, the 
price is $5 .42 each. Signetics, 811 E. Arques 
Ave., Sunnyva le, CA 94086. Phone(408)-
739-7700. 
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FREE 
SAMPLER 
There is now available a little booklet which shows 20 ways 
in which 20 manufacturers have used Grant Slides to make 
their products better and more efficient. 

The products range from refrigerators to radio receivers, 
medical equipment to trailer bodies and military 
electronics to piece goods manufacturing machinery. 

Slides make sense. They take hold of good products and 
increase their value. They can add dollars to your sales 
cost/product because your customers want (and need!) 
the performance only slides can produce. 

The little sampler book of slides will make for fast , 
interesting reading . It can be quite a money saver, too! 

Free, on request. 

GRANF 
WE KEEP THINGS MOVING 

GRANT HARDWARE CO., a division ol Buildex Incorporated 
81 High Street, West Nyack, N.Y. 10994 

Circle No. 46 

THE MINNESOTA 
if WINS 46 of these ... 0.125 ctrs. 

. 0.100 ctrs. 

Here's a hot new idea in direct card connectors ... 
our new Series 9 has 92 standard models: 0.100 or 
0.125-inch centers, any number of dual positions 
from 5 to 50! Bifurcated dual contacts, 5 mounting 
options, .025 sq. wrap tails. Between-contact polari­
zation even on the 0.100-inch size. And we won't 
freeze you out on delivery . .. or cost, they're all 
standard! 
Write for free information today: 

NATIONAL CONNECTOR 
5901 So. County Road 18/ Minneapoli s, Minnesota 55436/(612) 935-0133 

DIVISION OF~ FABRl~TEK INC. 

Circle No. 44 

• Up to twelve indicator lights available in Model DM-232 for 
displaying an instrument setting such as a switch position, 
range, alarm, etc. Illustration shows Beede DPM used in 
General Radio Co.'s Linear IC Tester Model 1730. 

I • Other models in line offer suppressed readings, linearization, 
special noise rejection , multiple range, adjustable conversion 
rate, ratiometric readings, etc. 

• Optional 60-pin solder-type edge connector includes BCD out­
put for driving printers and other dig ital instruments. 

• Heavy dust-sealed diecast case leaves plenty of room for 
additional circuitry. 

• 3V2 digits plus automatic polarity sign and selectable decimal­
point position. 

Write for Bulletin DM-2. Beede Electrical Instrument Co., Inc. 
Penacook, N.H. 03301 . Phone (603) 753-6362; TWX 710-364-6977. 

BEEDE 
-anyone else would 

call it a "special" 
Circle No. 45 

5387 

101 



COMPUTER PRODUCTS 

MINICOMPUTERS CAN BE USER MICRO­
PROG RAMMED. The 21 OOS is offered with 
both hardware and software for micropro­
gramming. Users can store 256, 24-bit mi­
cro instructions on each of 3 writeable con­
trol store (W CS) ca rd s. A single W CS mod­
ule provides enough user programmable 
storage to effec tively double the machine's 
instruction set. The programs on these WCS 
modules can be read or written under pro­
gram contro l. For permanent storage, the 
microprograms ca n be fused by the com­
puter's pROM w riter into read-only-memo­
ry chips. The 21 OOS is suppl ied with a com­
plement of 102 microinstructions and 86 
basic machine language instructions. Cyc le 
time is 196 nsec. $16,000 or lease. Hew lett­
Packard, 150 1 Page Mill Rd. , Palo Alto, CA 
94304. Phone(415)493-1501. 277 

FREE METRIC CONVERTER will help to 
make every design engineer's conversion to 
metrics easier. This unique pocket-s ize ca l­
culator will assist the design engineer in 
converting lengths, areas, weights and vol­
umes qui ck ly and easily from the in .f ib sys­
tem to metrics. It provides dual dimension­
ing at a glance, ri ght in the palm of the 
hand. Also included in the converter is a 
quick conversion table of standard weights 
and measures, a fahrenheit to centi grade 
conversion table and a simple in . or metric 
rule. Compact 8 x 3-3/4-in. size fits any 
pocket. American Koyo Corp., 500 West­
gate Plaza, Box 16038, Cleve land, O H 
44116. Phone(2 16)333-4250. 278 

CRT CONTROLLER IS MO UNTED ON 
NOVA-TYPE pc CARD. An alphanumeric 
di splay for Novar" computers, the Lexi-
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scope 2000 features a 2000-character 
MOS-RAM organized to give a convenient 
80-column x 25-row format. Use of a ran­
dom-access memory eliminates latency 
time and the need fo r interrupt program­
ming. It also inc ludes a complete keyboard 
control at no extra cost. Operation of the 
display and keyboard control does not re­
quire the use of the teletype interface. Lexi­
con Inc., 60 Turner St. , Waltham, MA 
02154. Phone(6 17)89 1-6790. 279 

CASSETTE SYSTEM FEATURES HI GH­
SPEED SEARCH. Available in a single, dual , 
triple or quad confi guration , the system 
reads and writes at 12 I PS and sea rches at 
120 IPS. Single cassette storage capac ity is 
about 250,000 bytes on a standard 300 ft 

tape. In direct access mode of operation, the 
system devotes one of its dual tracks to pre­
written marks so th at the entire length of the 
tape ca n be treated as a sectored disc. Indi ­
v idual sec tors can be addressed directl y at 
hi gh speed so that the entire tape can be 
searched with a nominal access time of 10 
sec. The complete single cassette system, 
including the cassette transport, interface 
controller, ca bling and software, is priced at 
$2850. Computer Automation Inc., 895 W . 
16th St. , Newport Beach, CA 92660. 
Phone(714)642-9630. 280 

DISC-PACK RECORDI NG HEAD is de­
signed for the updating of 23 14 systems to 
3330 capability. Mode l R 4400-NT is idea l 
for use in quadruple density 23 14-type and 
cartridge di sc-pack systems. It writes 200 
tracks/ in. , with a recording density of 4400 
bpi. The read/write head has the same fl ying 

height as conventional 23 14 heads. Operat­
ing frequencies are 1.25 and 2.5 MHz nom­
inal. Output signal is a minimum of 1 mV, 
and reso lution exceeds 50%. Operating 
environment is 60°F to 120°F. Each head is 
supplied with detailed dynamic test and 
mechani ca l data. Information Magneti cs 
Corp., 5743 Thornwood Dr., Goleta, CA 
93017. Phone(805)964-6828. 281 

HAND-HELD COMPUTERS FEATURE 
PROGRAMMING MEMORIES. The micro 
computers feature 2 scratchpad-program 
memories, with 80 steps each. Models 324 
Scientist and 344 Statistician enable the 
user to have 2 separate programs in memory 
at the same time. The user performs his ca l­
cu lations once and it is ava il able for auto­
matic execution . Also the program may be 
verifi ed while entering it. The statisti ca l 
model can be programmed to perform such 
analyses as nonlinear regress ion , chi square 
and analysis of variance. The Models 324 
and 344 are battery operated, have multi ­
ple-storage registers, and ca lculate with true 
13-digit accuracy. Computer Design Corp., 
12401 W. Olympic Blvd., Los Angeles, CA 
90064. Phone(21 3)829-3501. 282 

TAPE SYSTEM IS COMPATIBLE WITH ALL 
MINIS. All DEC Tapesn and class ic LINC 
tapes may now be read and written on No­
vas equipped with a C0-500 LINC tape 
with a C0-571 N option. This permits inter­
change of all ex istin g 10-track format tapes 
between Novas and all DEC equipment. 
Thus, data bases created on DEC Tapes may 
be processed on Data General equ ipment. 
In add ition, data produced on Data General 
equ ipment may now be processed by DEC 
machines. Similar capabi lity will soon be 
ava il ab le for other machines. The option is 
avai lab le on any Nova/LINC sys tem fo r 
$850 at the time of order. Computer Opera­
tions, Inc., 10774 Tucker St. , Beltsvil le, MD 
20705. Phone(301 )937-5377. 28 3 
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DATA-ACQUISITION SYSTEM INTER­
FACES WITH MINICOMPUTERS. The Mil­
liverter II accommodates up to 64 low-level 

signals for as little as $125 per channel, 256 
hi gh-level channels for less than $35 per 

channel, or any combination of low- and 

hi gh-level signals. Because of its modular 

construction, the unit can be expanded at 

any time to 1024 cha nnels for 20-30% less 
than comparab le systems. The system fea­
tures either fixed or programmable ga in 

track and hold amplifiers. The high-resolu­
tion , 15-b it analog-to-digital conversion 
occurs in less than 15 µ.sec. $3250 plus 
amplifier ca rd s. Data Techno logy, 2700 S. 
Fai rview Ave., Santa Ana, CA 92704. 
Phone(714)546-7160. 284 

DATA TABLET FEATURES RESOLUTION 
OF ± 0.005 IN. The data tablet is usable 
with both inking stylus and free cu rsor. It 
combines accuracy, linearity , stability and 
repeatibility all with less than 1 /2 LSB error. 
It generates absolute coordinates in both 
point and stream modes at repetition rates 
variable up to 200 coordinate pairs/sec. 
Coding is either binary or BCD. Operation 
is silent, but an audible annunciator is ava il ­
ab le. The tablet is immune to environmental 
influences such a noi se, dust, humidity 
and temperature. Tablets range from sma ll 

to those large enough to accommodate 
E-size digitizing tasks. Scri ptographi cs 
Corp., 398 Kings Highway, Fairfield , CT 

06430. Phone (203)384-1344 . 285 

WE OVERSHADOW THE COMPETITION 
Our stack is on the right. It's quite an assortment. 

After all , we ' re thetargest manufacturer 
of terminal boards, blocks and strips in the world. 

And we offer more variations than anyone else. 
"One" meets your specific requirement. Delivery? 

Allow a few weeks for our good old standards, longer 
for the oddballs. So plan ahead and get the best. 

Kulka Electric Corp., 520 South Fulton Avenue, Mount Vernon, New York 10551 
Circle No. 47 



The new 
super thin line 
precision pencil 
with exclusive 
11floating lead 
protector"! 

The 
reason 
you don't 
see our 
lead is 
the 
reason 
our lead 
wont 
break.----. 
New from Sheaffer ... pencils 
that use leads of just .3mm 
or .5mm for ultra precise 
writing and drawing without 
lead repointing . Yet these 
super thin leads don 't break, 
even under heavy writing 
pressure . Our exclusive 
Floating Lead Protector 
absorbs all side-to-side 
pressure . . . assures a constant 
writing point. Convenient lead 
supply indicator signals 
before you run out of lead. 
Metal or plastic models. Just 
$2.98 to $5.98. 
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SHEAFFER@ 
Ultra-FINELi NE® 
.3mm Pencil 

SHEAFFER . WORLD -WIOE . A t"iittOn'I COMPANY 
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COMPUTER PRODUCTS 

CRT TERMINAL HAS LARGE SCREEN 
AND CHARACTERS. The model 3001 CRT 
communica tions terminal features a 15-in . 
display that ca n display 80 alphanumeric 
charac ters per line over a 16- line field . The 
characters are between 25 and 50% larger 
than those of comparable computer ter­
minals. The size of the characters are 0.25 
by 0.10 in . arranged on a 5 x 7-in . dot­
matrix format. The units have full and half­
duplex operation. Other standard features 
inc lude blink, automatic key repeat, ad­
dressab le cursor and switch-se lectab le 
send rates. Interacti ve Termina ls Corp., 
Southfie ld, M l 48076. Phone(3 13)352 -
6233. 286 

PRINTER DESIGNED FOR CRT TERMI­
NALS. High-print quality provided by an en­
graved font and a low-noise level are 2 fea ­
tures of thi s impact printer. The interface 
has been specially designed for the Hazel­
tine 2000 terminal. The printer is ava ilab le 
in 2 bas ic configurations. Model 1200 
prints at speeds up to 120 cps with a cho ice 
of 80- or 120-column carriage widths and 
has a tractor-type paper feed. Model 300 
prints at speeds up to 30 cps and is ava il ­
abl e in 80- or 11 8-column ca rriage widths 
with fr iction , pin or tractor feed. $3 400 fo r 
Model 300 and $3995 fo r Model 1200. 
Hazelti ne Corp., Greenlaw n, NY 11 740. 
Phone(5 16)26 1-7000. 287 
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MINIATURE PCM DECOM FEATURES 
TWO'S COMPLEMENT CONVERSION. 
The Model EC0-3 PCM encoder-checkout 
unit is a miniature stored format frame, sub­
fra me demultiplexer and word se lec tor that 
operates directl y from a PCM encode( or 
from a bit synchronizer. The fea tures of the 
EC0-3 include 4 switchable fo rmats, data 
rates from 1 bps to 5 Mbps, dec imal thumb­
w heel se lection of any word from the frame 
or subframe, data word di sp lay via decimal 
LEDs and v ia digital LEDs, and code accep­
tance compatible with IRIG 106-7 1. A lso 
featu red are parity check ing and subframe 
synchroni za ti on. Under $3700 with 60 
days delivery. Coded Communi ca tions 
Corp., 1620 Linda Vista Dr. , Sa n Marcos, 
CA 92069. Phone(7 14)744-37 10. 288 

DATA-ENTRY SYSTEM USES OPTICAL 
SCANNING. The OMR 6500 moves opti ­
ca l-reading dev ices scanning a fixed page, 
rather than continuously mov ing paper 
across a scanning dev ice. Paper may be fed 
manuall y or an automati c-paper feeder is 
ava il able that moves the page after it has 
been fu lly scanned. Even fo lded, mutilated 
and spindled paper ca n now be read. It ca n 
read data as an off-line optica l reader, or, 
when connected to a computer, data-entry 
o r process ing system, ca n be placed under 
complete program control. Error detection 
and data fo rmatting can be interacti ve ly 
accompl ished under program contro l ex­
tension. $4900 . DECISIO N, Inc. , 560 1 
Co ll ege Ave., Oakland, CA 94618. Phone 
(4 15)654-8626 289 
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CALCULATOR KEYBOARDS AVAILABLE 
AS pc BOARDS w ith the snap-action con­
tacts in place, or complete w ith key caps 
and metal frame as a fini shed assemb ly. The 
pc board has circuitry an 1 side onl y, with 
no staples or p lated holes to crea te circuit 
problems. Th is means th at the board has a 
completely insulated back w hi ch elec tri ­
ca lly iso lates it from the remaining ca lcu la­
tor electronics. The board also fea tu res a 
low profile and a unique 3-point mounting 
des ign fo r the contact button which ass ures 
pos iti ve contact-wiping ac tion. Bowmar In­
strument Corp., 8000 Blu ffton Rd ., Ft. 
Wayne, IN 46809. 290 

CARD READER RECOGNIZES ERASURES. 
The MR 300 opti ca l-mark reader fea tures a 
un ique vac uum pick and has a hopper ca­
paci ty of 450 card s. O perating at speeds of 
up to 300 ca rds/min ., it is one of the few 
optical -mark readers th at reliabl y recogni ze 
an erasure as " no mark" and yet recognizes 
a mark reinserted into a smudged erasure 
area. Also, it does not requ ire spec ial pen­
cil s or "completely filled-in" b locks. Each 
ca rd pass ing through the unit is close ly 

monitored fo r potenti al trouble conditions 
such as " feed", " motion" and "stack" er­
ror. If any are detected, a monitor light sig­
nals the operator, and the unit stops. Elec­
tronic Assoc iates, Inc. , W . Long Branch, NJ 
07764. Phone(201)229-1100. 291 

FIXED-HEAD DISC MEMORIES FOR TIME­
CRITICAL APPLICATIONS. The FAS­
TRACK"" 3 fa mil y of fixed head di sc memo­
ries speed throughput and terminal re­
sponse times for v irtual memory systems. It 
is ava ilable in # 3600 rpm and 6000 rpm , 
both with 120,000 bits per track. The 01 0 
Seri es has a useful capac ity of 1.875 mega­
bytes. The 1 00 Seri es models have useful 
capac iti es of 2.8325, 5.675 and 11.25 mega­
bytes. Pacific Micronetics, Inc. , 5027 Ru f­
fner St. , Sa n Diego, CA 92 111. Phone (7 14) 

279-7500 292 

The most respected name in electro-acoustic capability 

COLLINS 
ANALOG COMPONENTS 
Pioneering of advanced circuit development for 
more than 40 years backs Collins comp lete line 
of frequency selection and frequency control 
devices. Hundreds of standard designs of me­
chanical filters , crystal devices, and magnetic 
products fulfill the requirements of mos t new 
communication equipments . Tell us what you 
need . Chances are good it's available from 
stock. If it's not , we may already have built it 
and can now quote you an advantageous pro­
duction price. 

Mechanical Filters 

Standard symmetrical bandpass, ~~ 
SS B and voice mu ltip lex sideband , ~ 
types avai la bl e of f t he shelf in 
frequencies from 60 to 600 kHz, 
wi th 60 to 6-d B shape fac tors as low as 1.3 to 
1, and bandwidths from 0. 1 to 10%. Examples: 
new LF narrowband mechanica l filters with fre­
quencies from 3 to 50 kHz and bandwidths of 
0.2 to 2%; new high pe rformance SSB mech­
anical filte rs with an aud io frequency response 
fro m 300 to 31 50 Hz and 20-dB carrier rejec-

tion; and new low cos t mechan ica l filters with 
nominal bandwidths f rom 500 Hz to 6 kHz, 6-dB 
insertion loss and on ly 2-dB rip pl e. 

Crystal Devices 

Many standard and cus tom de- •• 
signs for crystals and crystal fi l-
ters from 10 kH z to 30 MH z 
utilizing Butterwort h, Tch ebycheff , 
linear phase, elliptic function and othe r pre­
scribed transfer function techniques. Exam ple: 
new monolithic 2-resonator crystal filters f rom 
stock at 5.5, 9.0, 10. 7, and 21.4 MHz. 

Magnetic Products 

An extensive l ine of toro ids, LC 
wave filte rs, magnetic amp l ifiers, 
sa turab le reactors and other phase 
or amplitude responsive networks. 
Example: new hybrid transformer has 600 or 
900-ohm 2-wire , to 600-ohm 4-wire network, 
audio frequency ra ng e wi t h res ponse o f 
± 0.25 d B, 300 to 4000 Hz and 40 dB at 20 Hz. 

Call or write your Collins rep or ~ 
Collins Radio Company COLLINS 

Components Division, Newport Beach, CA 92663, Tel 714-833-0600 ~ 
Circle No. 50 

FOR SMALL PC MOUNTED 
SEMICONDUCTOR DEVICES 

We can cool 'em 

~-@~ 
TO-S's 
Complete line includes ex­
clusive 2-pi ece heat sinks 
in 3 models from economy 
to high performance. Also 
low cost press-on and clip­
on coolers. 

ALL ARE AVAILABLE 

T0-3 and T0-66's 
Unique fin design (left) uses 
slanted van fins. Highly effi ­
cient and lightweight. Dia­
mond-shaped cooler (right) 
is designed for high-density 
applications. All available in 
variety of f inishes and fin 
heights. 

FROM YOUR LOCAL THERMALLOY DISTRIBUTOR 

Th erm all oy 's oth er prod ucts inc lude coo lers for plast ic pac kaged and 
d isc compression dev ices. Write for FREE CATALOG. 

~ 
Thermallo:y 
P.O. Box 34829/ 2021 W. Va lley View Lane/ Da llas, Texas 75234 
Phone 214 -24 3-4 32 1/ TWX 910 -8 60 -5542 

Circle No. 49 
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THREE NEW SCOPES. Model 1040A $1200 
dual-channel 40-MHz unit has delayed and 
mixed sweeps, a 10-kV 8 x 10-cm CRT, 1-
mV /cm sensitivity, and up to 200 nsec/cm 
sweep (20 nsec/cm with 1 OX magnifier). 
The $745 20-MHz 5-mV/cm (up to 1 
mV/cm with cascading) Model 1066B, a 
repl acement for the 1066A, has an 8 x 10-
cm CRT, ac, de and TV frame-rate and line 
triggering, a delay line, and up to 500 
nsec/cm sweep speed (50 nsec/cm with 
magnifier). The $495 10-MHz 5-mV/cm 
dual-channel Model 101 OA has up to 1 
µ sec/cm sweep (100 nsec/cm w ith magni ­
fi er), and ac and TV-frame triggering. Bal­
lantine Laboratories, Inc., Box 997, Boon­
ton , NJ 07005. Phone(2 01 )335-9000. 189 

located close to the po int of measurement. 
An 8-segment analog system provides 
a conformity of ± 1°F to NBS type L K, and T 
thermocouple curves. They can be spec ified 
in either °F or °C and have resolutions and 
repeatabil iti es of 0. 1°F o r' 0 C. Reference­
junction compensation error is ±0.05°F fo r 
a 1°F ambient-temperature change. Re­
quired power is ± 12V at 25 mA. $249. 
Electronic Research Co., 10,000 W . 75th 
St., Overland Park, KS 66204. Phone(9 13) 

63 1-6700. 190 

THERMOCOUPLE-LINEARIZER AMPLI - ULTRA LOW-POWER/SIZE 3 TO 4-1/2-
FIERS cover -100°F to + 2000°F in 8 mod­
els. The modular un its convert the outputs 
of thermocoupl es to a di spl ayed 1 mV/ 
degree and offer the convenience of being 

DIGIT DPMs HAVE 3-YR WARRANTIES. 
The lmpac line of 3, 3- 1 / 2, 4 and 4-1 / 2-digit 
uni ts, al l within 1.7- in .2 of front-panel space 
and 3-in .3 of behind-the-panel vo lume, 

~ILlI".lrJE !--........ 
Al l shown 
actua l size. 

<D 
Red, green 
and amber 
lites in 
one unit 

1.! .. .,. red , green 
or yellow 
LED I @ 

Super-
s mall 
indicator 
with 
red LED 

Red , green 
@ or yellow 

LED indicator 

@ 

4-posit ion 
rotary switch 

THE SUBMINIATURE SPECIALISTS 

We've licked the space problem with highly reliable , long life 
devices that fit most any appl ication . Just 5 are shown here . . . 
we have 35 more in stock. And if you have a un ique space problem, 
we 'll design a unit for you at a surprisingly low price. 

G) Three incandescent lamps with color filters in a single .360" 
diam. body offer 3 color indications. @ Momentary SPST N.O. DB 
switch/indicator with .360" diam. body ; also available as indicator 
only. @ Indicator with 1/4" diam. body; also available as N.O., N.C., 
or N.O. & N.C. momentary switch . © PCB-mounted indicator only 
.625" long. @ PCB-mounted N.O. maintained switch with Y2" 
diam. body. 

E 9800 NORTH ORACLE ROAD 

~-:~:SON, ARIZONA 85704-(602) 297-1111 
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consume onl y 0.3W in standby and 1 W 
w hen all LED characters are lit. Features 
inc lude automatic zero, accuracy of 0. 1 % 
(3 and 3- 1 / 2 digits) and 0.05 % (4 and 4-1 / 2 
digits), 7 and 10/sec sampling rates, 0°C to 
+50°C temperature range, 3.5 -oz weight, 
standard BCD, strobe, end-of-conversion, 
sign and overload outputs, and 11 5/230V 
ac or + 5V de operation. $11 2 (3 d igit), 
$125 (3- 1 /2), $169 (4), and $225 (4-1 / 2). 
Varian/Velonex, 560 Robert Ave. , Santa 
Clara, CA 95050. Phone(408)244-7370. 

191 
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PULSE/TRANSIENT RECORDER DIGITIZES 
8 BITS UP TO 100 MHz. Model PTR-9200 
ca n store over 2800 words, records tran­
sient waveforms and repetitive signals, ac­
cepts differenti al inputs from ± 50 mV to 
± 5V full sca le, and store 11 0 points of 
base line and leading edge of signal in the 
pre-tri gger mode. The unit di gitizes signals 
directl y via an A/D converter, stores the 
data in a memory and transfers this data into 
a computer fo r process ing at the required 
time w ithout the use of a scope. Memory 
output speed is de to 4 MHz and sa mpling 
interva l is from 10 nsec to 50 sec. $9850. 
Inter-Computer Electronics, Inc., Box 507, 
Lansdale, PA 19446. Phone(2 15)822-
2929. 192 

4-DIGIT DMM WITH 25 RANGES CO STS 
ONLY $595. Systron-Donner's Model 
7004A offers ac and de voltage measure­
ments, ac and de current measurements and 
res istance checks. De accuracy is 0.01 %. 
Ac response extends to 100 kHz. Color 
coded pushbuttons simplify range and func­
tion se lection. The input is full y guarded. A 
$95 rechargeabl e-battery pack option is 
ava il able fo r internal mounting. Another 
option costing $45 provides BCD output for 
measurements to be recorded on digital 
printers. Sys tron-Donner Corp., 10 Systron 
Dr., Concord, CA 94518. Phone(41 5)682-

6161. 193 
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20-MHz 7-LB (WITH BATTERY) SCOPE 
FITS INTO A BRIEFCASE. The Model 
PS91 OA has dimensions of 1-3/4- in. hi gh, 8-
1 /2-in. wide, and 12-in . deep. Besides oper­
ating from 8 " C" size rechargeable NiCd 
(up to 4 to 5 hrs), alkaline and ca rbon-z inc 
batteries, the scope can operate from the ac 
line as well. Sensitivity is 10 mV/div. , sweep 
speed is 100 nsec/div. to 100 msec/d iv., 
ri setime is 18 nsec, and the CRT has 
4 x 10-1 /4-in . divis ions. Internal and exter­
nal triggerin g is ava il able with automatic or 
manual-level and slope selection . $595 plus 
$50 for set of 8 NiCd batteries. Vu-Data 
Corp., 7101 Convoy Ct., San Diego, CA 
92 111 . Phone(7 14)2 79-6572. 194 

METRIC STRIP-CHART RECORDER CO STS 
ONLY $520. Model 726M offers chart 
speeds of 0.5 , 1, 2, 4, 8 and 16 cm/m in . 
and cm/hr spanning 1 mV to 1 OOV full sca le 
at a constant 1 OMfl input impedance. Its 
accuracy is 0.5% of full sca le and weight is 
7 lbs. The 726M is designed with a front 
mounted fingertip control panel and an au­
tomatic clutch for rewinding or advancin g. 
Disposable felt pens are standard and ca n 
be ordered with a remote pen lift. Options 
include battery operation , event markers, 
alarm-control switches and retransmitting 
potentiometers. Prec ision Standards Corp., 
1701 Reynolds, Santa Ana, CA 92706. 
Phone(7 14)546-0431. 195 

HIGH-SPEED PULSER PAIR TEST TOP­
SPEED LOGIC ICs. A pair of pulser plug-ins 
with repetit ion rates up to 1 00 MHz are de­
signed for TTL-S, ECL-1 , ECL-11 and low­
power ECL high-speed logic. Each has va ri­
ab le transition time, variable offset and a 
variety of output formats and operating 
modes. Each is externall y contro ll abl e. 
Model 8007B holds nonlinearity of transi­
ti on slopes under 3% (for transition times 
more than 20 nsec) and costs $1750. Model 
1916A has 5% nonlinearity and costs 

$1290. Transition times may be va ried from 
2 and 2.5 nsec, respecti vely, up to 250 
µsec. Hewlett-Packard Co., 150 1 Page Mill 
Rd. , Palo Alto, CA 94304. Phone(41 5)493-
1501. 196 

5-IN. SCALE POTENTIOMETRIC RE­
CORDER CO STS $595. Model A-5 recorder 
fea tures chart speeds of 0.5, 1, 2, 5, 1 O and 
20 cm/min. and cm/hr, full sca le ran ges of 
1, 10, 100 and 1000 mV, pen-response time 
of 0.35 sec and accu racy of 0.5% of fu ll 
sca le. The A-5 has an adjustab le zero setting 
over its full sca le. Its input is single ended 
and float ing and has a resistance of 10 Mfl. 
The input is criti ca ll y damped on all ran ges. 
Operation is from 11 5V ac 60 Hz or 220V 
ac 50 Hz. Varian Instrument Div., 611 Han­
sen Way, Palo Alto, CA 94303. Phone 

(415 )493-4000. 197 

TRANSMI SSION-LEVEL TEST SET WEIGHS 
JUST 35 LBS. Model 420 solid -state unit 
measures 2-w ire return loss, 4-wire attenua­
tion, impedance, frequency response and 
no ise. It disp lays test resu lts on a built-in 
scope and has swept and single frequencies 
from 50 Hz to 150 kHz. O ther features in­
c lude stepped attenuation control on trans­
mitter and receiver, li ghted display grid , 
automatic sca le se lection, battery operation 
($300 option) and ca libration check. 
$1995. Noise measurement is a $345 op­
tion. Wavetek, Box 65 1, Sa n D iego, CA 
92 11 2. Phone(7 14)279-2200. 198 

O EM POWER SU PPLI ES COME IN 2/3 
RACK SIZE. Lambda's LX-8 Seri es has 7 sin­
gle-voltage-output models: 5, 6, 12, 15, 20, 
24 and 28V ±5% _at 80, 70, 50, 45 , 32 , 30 
and 28A, respecti ve ly, at 40°(, each w ith 
adjustab le overvo ltage protect ion . Each 
supp ly has no need for blowers and is 
convection coo led. All supplies con tain 
Lambd a's hybrid power-voltage regu lator 
and are guaranteed fo r 5 years. Pri ces are 
$560 for each of the LX-8 models. Lambda 
Electronics Corp., 515 Broad Hol low Rd ., 
Melville, NY 11 746. Phone(S 16)694-4200. 
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Logical for 
miniature jobs. 
Curtis SE terminal blocks give you 
up to 18 po les on V• " centers in 
c losed back or feed-thru design. 
Choose any termination - sc rew , 
clamp, 2, 4, or 6 tab quick con­
nect, pc pin or solder connection. 
Capacity , 5 amps, 300 volts. 

Logical for 
the tough jobs. 

When you can 't risk breakage and 
must keep costs low, specify the 
Curtis N Series blocks. Thermo­
plastic molding resists breakage. 
Screw terminations, pc pins, wire 
wrap pins or quick connect tabs . 
Up to 25 poles. 10 amps, 300 volts . 

Logical 
for any job. 
Curtis G Series offers you a great­
er va ri ety of terminations - tab, 
screw, c lamp, pc pin, solder con­
nections, taper pin - plus feed­
thru insulation . Up to 26 poles on 
!{6' centers. Capacity 20 amps, 
300 volts. 
Circle 40 on Reader Service Card. 

CURTIS 
.DEVELO P MENT & MFG. CO ., INC . 
3256 North 33 Stree t , Miiwaukee . Wisc o nsin 53216 
Call ( 4 14 1 445 - 181 7 l or t he name o l a d1s t r1bu t o r n ea r y ou 
In Canada A C Simmonds & Son s, Ltd Willowdale . Ontar io 

9219-1 
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DC·DC 
REGULATED 
POWER 
SUPPLIES 
ONE, THREE 
AND SIXWATT 
The new Tecnetics 1000 Series 
DC-DC Regulated Power Supplies 
are available in one, three and 
six watt models. 

FEATURES 
eversatile built-in heat sink 

emount direct to PC board 

e single, dual or triple output 
available 

eoverload and short circuit 
protected 

SPECIFICATIONS 
Input Voltages: 

5 voe (Logic) 
6,12 ,24VDC (Battery) 

28 VDe (Aircraft) 
48 voe (Telecommuni­

cations) 

•Single Outputs from 3.6 to 
24VDe 

•Dual Outputs from ± 10 to 
±24 voe 

•Triple Outputs 5 & ± 15 VDe 
or 5 & ± 12 voe 

•Regulation: line 0.1 % 
load 0.3% 

•Output Impedance: 
0.02 ohms 
to 10 kHz. 

Price: from $44.00 to $99.00 

For immediate delivery call 
(303) 442-3837 
tecnet ics, inc. 
Box 910 
Boulder, Colorado 80302 

tecnetics 
Ci rcle No. 52 
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EQUI PMENT 

DIGITAL-TEMPERATURE STANDARD HAS 
0.1-DEGREE RESOLUTION. Model DS-3SO 
transfer standard eliminates lookup tables 
by providing a direct and continuous digital 
di spl ay. The DS-3SO is the indica tor portion 
w hi ch works with a transfer standard that is 
optional. A built- in reference junction per­
mits connection to the device to be ca libra­
ted w ith standard TC hookup wire. An over­
load protection circuit prevents damage to 
the standard even if the output is inadver­
tently connected to the ac power line. 
$104S. Doric Scientific Corp., 7601 Con­
voy Ct., San D iego, CA 921 11. Phone(714) 

277-842 1. 200 

PRECISION ac/dc CALIBRATORS PRO­
VIDE 0.005% de-VOLTAGE ACCURACY. 
Series 300 E/ l/R ca librators ca n be used for 
3-, 4- and 4-1 /2-digit meters, A/ D convert­
ers and ana log meters. Ac-voltage accuracy 
is 0.0S%. Six vo ltage ranges are provided to 
I kV, 6 current ranges to 1 OA and 6 resist­
ance ra nges to 1 MD. Utilizing a single set 
of terminals for all tes ts, the cal ibrators use 
digital indica ting dials for output settings, 
and a devia ti on dial for percent-of-reading 
error. Manual and remote programming 
opera tion is provided. Rotek Instrument 
Corp., 40 Guinan St. , Waltham, MA 02 1 S4. 
Phone(617)899-461 l . 201 

VOICE-FREQUENCY TRANSMISSION 
ANALYZER OPERA TES FROM BATTERY. 
Model K2001 level tracer which can oper­
ate from the ac line as well , is an improve­
ment over the o lder K211 unit. It is lighter in 
we ight (approximate ly 33 lbs), smaller in 
sizer (approximately 17.6 x 7.7 x 17.S 
in .), has a larger CRT di splay and features 
simp lified con trol s. Its electronic sweep re­
places the K211 's mechanica l sweep. In­
creased accuracy and sensitivity are also 
featured. The K2001 operates over 200 to 
4000 Hz and costs approximately $4000. 
Siemens Corp. , 186 Wood Ave. S., lse lin , 
NJ 08830. Phone(201)494-1000. 202 

IC-DISPLAYS TEST SOCKETS PROTECT 
READOUTS FROM DAMAGE. These sock­
ets feature gas-ti ght elas tomeri c contacts 
which allow the testing of delicate liquid­
crystal and MOS packages without any de­
gradation of metall ized-contact areas. The 
sockets ca n be obtained in integrated mu lti ­
ple stations which ca n be interconnected 
and/or multiplexed. Sockets are con tinu -

ously rated at -S5°C to +12S°C, contact 
resista nce is 0. 1 n and contact center dis­
tances are ava ilable down to 0.02S in . 
Chomerics, Inc., 77 Dragon Ct. , Woburn, 
MA 01801. Phone(617)935-48SO. 203 

IR-THERMAL !MAGER SCANS AT UP TO 
60 FRAMES/SEC. Model 209 is basically a 
c losed-c ircuit TV sys tem th at observes heat 
images on a sc reen. Based on an indium­
antimonide cryogeni ca ll y coo led detector, 
the system's ca mera head scans an object 
for heat em ission and converts these heat 
signals to electrica l ones. Model 209 scans 
the 2 to S.6-micron region and can resolve 
O.S°C with a 10° field of view. Di splay 
modes inc lude image and line-scan displays 
whereby a temperature vs position graph is 
shown. Dynarad , Inc., 141 6-20 Providence 
Hwy., Norwood, MA 02062. Phone(617) 
762-94SO. 204 

COMPUTING RATIOMETER RIVALS MIN­
IS FOR INDUSTRIAL APPLICATIONS. 
Model 290 preset unit utili zes ROMs for 
computing and conversion of dedicated 
fun ctions that are sometimes done faster 
th an with a minicom puter. It measures the 
period of 2 input frequencies, then digitally 
computes a ratio and displays it in terms of a 
normalized or preset readout. Its overall 
accuracy is 1 part in 105 • Low-frequency ra­
tios are measured to S-digit accuracy in 1 
sec. $1600. Ti me Systems Corp., 11 30 W. 
Evelyn Ave. , Sunnyvale, CA 94086. 
Phone(408)736-0840. 205 

PROGRAMMABLE 10-Hz TO 10-MHz 
O SCILLATOR HAS DIGITAL SELECTION. 
Model 110 sine-wave test source is said to 
maintain a constant output amplitude 
throughout its digitall y selec tab le frequency 
range with SO and 600!1 short-c ircuit-proof 
outputs. The oscillator features standard de 

coupled AM and FM capabilities and re­
mote programming. Output is 0. 1 mV to 3V 
full scale over a 10-range attenuator and 
base price is said to be under $1000. Pro­
gress Electronics Co. of O regon, S 160 N. 
Lagoon Ave., Port land, OR 972 17. 
Phone(S03)28S-OS8 1. 206 
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Ill 

ire 

The ability to do a job well. To learn. To take orders. 

And to give them. • The Armed Forces spend over $3 billion 

yearly on training servicemen. That means many veterans have 

skills you can use from the moment they're hired. And if they need 

further training, monthly allowances under the GI Bill can 

supplement their wages while they are in approved training 

programs. • Hire veterans. Put their ability to work. • For help 

in hiring veterans, contact your local office of the State 

Employment Service; for on-the-job training information, 

see your local Veterans Administration office. 

Don't forget. Hire the vet. 

109 



COMPONENTS/MATERIALS 

CONNECTORS ARE HERMETICALLY 
SEALED. This line of ultra-miniature 4-, 7-
and 12-contact connectors feature hermeti­
ca lly sea led pane l mounts. They are de­
signed to meet the needs of hi gh-density 
packaging in space, aircraft, ICs, instrumen­
tation, transducers, and medical appli ca­
tions for every phase of electronics in indus­
try and the military. The 4-, 7- and 12-con­
tact connectors have basic outer diameters 
of 1 /4, 5/16 and 3/8 in ., respectivel y. Over­
all length of the plugs are less than 1 /2 in. 
Prices are as low as $2 .75 each in quantities 
over 1000. Microtech, Inc. , 777 Henderson 
Blvd., Fol croft, PA 19032. Phone(215)532 -
3388. 243 

MOMENTARY-ACTION SWITCH CON­
TAINS LED. Model 913 miniature swi tch 
has a LED for its light source and operates 
from a SV de supply. The switch is idea l in 
applications where extra-long li fe or low 
power is required. It is supplied with a lon g, 
cylindrical lens cap with an internal -fresnel 
ring for uniform light distribution. Its overall 
dimension is 1.790 in. In quantities of 1000 
each switch is priced at $2.59 each for N.0. 
and N.C. and $2.73 each for 2 circu it. Di a­
light Corp., 60 Stewart Ave. , Brooklyn , NY 
11 237. Phone(2 12)497-7600. 244 

SOLID-STATE SWITCH HAS THREADED 
BUSHING. The 103SS line of sw itches of­
fers a magnetical ly operated Hali-effect 
chip encased in an in. -long package that is 
moisture and shock resistant. The switches 
are designed to operate at up to 100,000 

110 

times/sec. The switches also use current­
sinking output. Ratings for the 103SS line 
incl ude supp ly vo ltages of 9V de (continu ­
ous) and 1 OV de (pulsed); a load vo ltage of 
1 OV de; output loads of 10 mA and an oper­
ating temperature range of -55°C to 
+ 105°C. (-67°F to +22 1°F). Maximum 
electrica l characteri sti cs include a suppl y 
current of 4 mA; an output voltage of 0.4V; 
an output leakage of 5 µ.A; an output 
switching rise time of 0.5 µsec and fal l time 
of 0.5 µ.sec ( 10% to 90% ). M icro Swi tch, 
Div. of Honeywel l, Inc., 11 W. Spring St. , 
Freeport, IL 61032. Phone(8 15)232- 1122. 

245 

CERAMIC PACKAGE HAS LARGE DIE 
ATTACH CAV ITY. The AISiPak brand 600 
Series side-brase D IP package has 0.300-in. 
square die attach cav ity for LSI-type cir­

cuits. Packages in thi s seri es are avai lable 
with 24, 28 and 40 leads. These packages 
feature all -a lumina, monolithi c ceramic 
construction for maximum reliability. They 
are ava ilable in whi te or black 94% alumi ­
na. Such standard features as a special dis­
connect notch with which to iso late the sea l 
ring and the chip pad are included. Pri ces, 
in 100,000 unit lots, will range from 88e 
each for the 24- lead package to $1.25 for 
the 40- lead package. American Lava Corp., 
Chattanooga, TN 37405. Phone(61 5)2 65-
3411. 246 

CAPACITOR DEVELOPED FOR THICK­
FILM HYBRID AND pc MOUNTING . The 
diameter of the verti ca l-tuning submin iature 
ceramic ca pacitor is 0.212 in . except for the 
terminal port ion, whi ch is 0.232 in. The 
projectin g "ea rs" on the stator are metal­
li zed to provide terminal points. The high­
alumina stator is designed for convenience 
in handling and soldering to the substrate or 
pc board . Both the rotor and stator have 
lapped-bea ring surfaces for smooth tun ing 
and long life. Nominal capac ity range if 5.0 
to 35.0 pF. Working voltage is 1 OOV de to 
85°C and SOV de to 125°C. E.F . Johnson 
Co., Waseca, MN 56093. 247 

INDUCTOR FEATURES ELECTROMAG­
NETIC SHIELD. The IMS-5 meets the re­
quirements of M IL-C- 15305 D, Grade I, 
Class A (MS-75087, 88, 89). Produced in an 
inductance range from 0.10 to 100,000 µ.H , 
the inductance to lerance is ± 10%. Self-res-

onant frequencies are from 250 to 0.11 
MHz and rated de current is from 1 790 to 
11 mA. Protected by a flame-retardant ep­
oxy molded covering the IMS-5 is 0.4 10-in. 
long x 0. 162- in. diameter. 46~ each in 
1000 quantities, 1 µ.H va lue. Da le Elec­
tronics, Inc., Box 609, Columbus, NB 
68601. Phone(402)564-3 131. 248 

WOVEN FLAT CABLE DEBUTS. The cab le 
has been designed for the electroni cs user 
w ho wants flat-cable confi gurations, co lor 
coded random wi ring and the electri ca l 
properties of twisted pairs. Para llel-lay and 
twisted-pai r configu rat ions are avai lab le in 
28-gauge PVC insulated stranded w ire and 
the standard NEMA 10-color code. Conduc­
tor counts are ava il ab le up to 25 twisted 
pairs or 50 wi res parallel lay. Also availab le 
in 28 ga. are vers ions with FEP insulation. A 
24-gauge stranded-wire cab le in 18-pair 
twisted and 36-wire parallel lay w ith PVC 
insulation also is offered. 3M Co., Box 
33686, Dept. EL3-4, St. Paul, MN 55133. 
Phone(612 )733-1590. 249 

POL VESTER FILM CAPACITOR. A polyes­
ter-dielectri c capac itor w ith a range of 
0.001 to 0.15 mf at up to 600V is expected 
to replace traditional wrap and fi ll types of 
capacitors. Smaller in size than conven­
tional w rap and fi ll capacitors, the polyester 
micromati c is available with to lerance 
range of ±5 to ±20%. The capacitor's 20-
gauge tinned, steel-core copper-wire leads 
serve as the wi nding mandrels in their man­
ufacture. Electrode foi ls and lead wi res are 
separated by 3 layers of dielectr ic and no 
dielectri c is in direct contact wi th a lead 
w ire in the electrical field. This insures 
against vo ltage breakdown in the area of 
lead-wire penetrat ion. Paktron , Div ., Ill ino is 
Tool Works, Inc. , 132 1 Les lie Ave. , Alexan­
dria, VA 22301. Phone(703)548-4400. 250 
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He 
Beat 

Heart 
Attack 

This farmer is back at work because coronary care 
units, new drugs and modern methods of rehabilita ­
tion now help return more cardiacs to productive life. 

Most heart attack victims survive first heart attacks. 
Of those who do, 4 out of 5 return to work. 

Your Heart Fund dollars helped make this progress 
possible. 

For more benefits in treatment and prevention ... 

GIVE ... 
so more will live 

Contribulrd b}' the Publishu HEART FUND 

Dialight 
sees a 
need: 

(Need: A space-saving thumbwheel switch) 

See 
Dialight. 

These miniature thumbwheel switches, ava i lable in both BCD or 
decima l format, with positive detents for easy action, snap together · 
side by side on '/"" centers to provide any number of desired 
decades. No tools are required to put them together or take them 
apart. Large 3/1•" wh ite numerals, set in a black backgrou nd, make 
it easy to read the digits from a distance and the assembly has a 
modern low profile design- recessed on the face of the panel to 
el iminate acc idental activation. Each switch has a gold-pla ted t rack 
on glass epoxy base to insure long life. Gold-to-gold contacts 
between wipers and tracks obvia tes electrolytic action , and long 
wipers insure constant pressure. Send for you r free ca talog on 
Dial ight 's full line of mi niature and thumbwheel switches. 

DIAL/GI-IT 
Dialight Corporation, A North American Philips Compa ny 
60 Stewart Avenue, Brooklyn, N. Y. 11237 (212) 497-7600 

Circle No. 55 
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Crimp t erminals cut 
wiring tim e 71% 

Series 800 & 820 
are rack mou nted, 
plug-in 4 lamp lighted 
push-button switch 
or indicator light as­
semblies that meet 
the rigid specifica­
tions of MJL-S-
22885/ 80, MIL-STD-
108, MIL-STD-202 0 , 
and MIL-S-901C for 
high-impact shock 
criteria and moisture­
proof requiremen ts. 
Th e DRIP-PROOF 
SEALS are integral 
within the mounting 
rack and switch-lite 
units - preventing 
any moisture entry 
through the panel . 
front. Two sizes avail­
able: 'I•" sq. display 
face & llf.t" high x 1" 

R elamp from panel wide display face. 
front without t ools 

plu.g-in switch-lites 
that meet drip-proof, 

hi-shocli 
specs . .. 

LOW-FORCE ACTUA­
TION available ( less 

-- than 16 oz .); normal 
actuat ion 4 lbs. 

Write today for d etailed literature or contact the factory to arrange a 
demonstration in your o ffi ce. Available from distributor stock 
throughout the U.S.A., Canada, and Europe. 

.. . you can't do better 

MASTER SPECIAL.TIES COMPANY 
1640 Monrovia, Costa M~sa. Cali fornia 92627 •Phone (Area Code 7 14) 642·2427 ·TELEX 678 ·433 

Circle No. 54 

COMPONENTS/MATERIALS 
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SLIDING TERMINATIONS USE MINIA­
TURE CONNECTORS. The Model 450 and 
480 are movable low-reflection termina­
tions utilizing MSM miniature connectors 
(equivalent to OSM). The units are availab le 
with male or female connectors and feature 
low-terminating element VSWR over thei r 
ful l ra nge. The Model 450 is designed to 
cover the 1.8 to 12.4 GHz range w hile the 
Model 480 covers 8.2 to 26 GHz. The 
Model 480 has the additional feature that its 
center conducto r is movab le, allowi ng it to 
achieve a butt condition of the center con­
tacts. This eliminates the discontinuity 
which can be excess ive at the higher fre­
quency ranges. Maury Microwave Corp., 
86 10 Helms Ave., Cucamonga, CA 91730. 
Phone(714)987-4715. 251 

WIREWOUNO-TRIMMER POTENTIOM­
ETERS. Five seri es of low-cost, high-qual ity , 
pots inc lude a 1-1 /4-in . rectan gular un it, 
Series 40; a 1 /2- in . sq trimmer, Series 20; 2 
1/16-in . cube trimmers, Ser ies 30 and 31; 
dnd a 3/8- in . sq unit, Series 70. Except for 
the Series 70, all of these devices are rated 
at 1 Wat 70°C, and are supplied in 12 stan­
dard resistances from 1 on to 50 k.O, ± 10% 
tolerance, w ith operating temperatu re range 
of -55°C to + 125°(. The Series 70 is rated 
at 0.75W at 85°C in standard resistance val­
ues from 10 to 20 k.O. TRW/ IRC Potentiom­
eters, 2801 72nd St. N., St. Petersburgh, FL 
33733 . Phone(813)347-2181. 252 

DIPs COOLED WITH HEAT SINKS. Two 
heat si nks for protecting plastic and ceram ic 
DIPs, the 650 and 651 type coolers allow 
lower-operating temperatures for applica­
tions that are marginal without a heat sink. 
Two types are required to provide the ex­
truded-fin direction needed by the air-flow 
requ irement in natural or forced convec­
tion. Type 650 and 65 1 are made of ex trud­
ed aluminum alloy 6063-T5 per QQ-A-200 
wi th black anodi ze (" B" suffix) or gold irri ­
dite (" G" suffix) finish. Prices: 1-2500 
quantity: Types 650-B and 651-B , 22¢; 650-
G and 65 1-G, 19q. Wakefield Engineering 
Inc., Audubon Rd ., Wakefield, MA 01880. 
Phone(617)245-5900. 253 
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OSC IL LATORS ARE TEMPERATURE COM­
PENSATED. The Model T-563 thru T-569 
Series crystal osc ill ators provide frequency 
stab ility up to ±5 x 10- 1 over - 40°C to 
+ 70°C without the use of an oven. Th is sta­
bility is attained by using electron ic com­
pensation which results in lower cost, 
smaller size, increased reli ability and lower 
power consumption. Models are ava ilable 
from 3 to 600 MHz. Output is ava ilable in 
sine wave or sq uare wave, compatible to 
TTL logic up to 100 MHz. Package size is 
approx. 5 cu. in. Greenray Industries, Inc., 
850 W. Church Rd ., Mechanicsburg, PA 
17055. Phone(7 17)766-0223 . 254 

RELAYS FEATURE SPIRAL-WRAP COIL 
CORE. Series 12 general-purpose relays are 
designed to minimize eddy-cu rrent losses 
for cooler and more efficient operation. 
Avai I ab le operating voltages inc lude 6-
11 OV de or 6-23~V ac. Nominal co il power 
is 1.2W de or 2.Q to 2.7 VA ac, continuous 
duty. Contact arrangements inc lude SPOT, 
2PDT or 3PDT and are rated at 1 QA res istive 
24V dc/1l5V ac. A variety of standard 
mounting styles are ava il able, with or with­
out dust cover. Prices in 100 quantities start 
at $2.24. North American Philips Controls 
Corp., Frederick, MD 21701. Phone(301) 
663-5141. 255 

FLAT-TOP LAMP IS ONLY 0.912-IN . 
LONG. Ready for easy mounting on pc 
boards, the T-2 TU -PIN subminiature lamp 
seri es may be used in a wide variety of ap­
plications, including status indica ti on for 
panel display of logic c ircuits, busy lamp 
fields , (such as PABX) and when used with 
co lor lenses, for general fault or status indi ­
cation . Diameter is onl y 0.240 in . Mounting 
construction makes the T-2 seri es inter­
changeable with T-1 3/4-in . bi-pin types. 
Seventeen voltages from 4 to 48V are of­
fered, with current ranges from 12 to 80 
mA. Price is 36¢ in 1000 piece quantit ies. 
Sylvania Miniature Li ghting Products Inc., 
W . Main St., Hillsboro, NH 03244. 
Phone(603)464-5533 . 256 

20-POSITION ROTARY SWITCH HAS 
ENVIRONMENT PROOFING. Thi s rotary 
switch has 20 positions at 18° index ing. 
Switch diameter is 1-1 /8 in. Each deck. con­
sists of 3 modules and 2 rotors and is com-

pletely enc losed. One-piece terminals and 
contacts are mo lded into the body of the 

sw itch. Intern al interconnection of adjacent 
terminals and decks eliminates solder ing. 
Several options are availab le on this new ly 
designed rotary, including multi -deck, ad­
justable or fixed stops; optional contact 
materi als; dual-concentric contro l; attached 
line switch and/or potentiometer; front, rear 
verti ca l or side position pc terminals. Stack­
pole Components Co., Box 14466, Raleigh, 
NC 276 10. Phone(919)828-620 1. 257 

pc BOARD JUMPERS PLUG INTO PRE­
MOUNTED PIN SOCKETS. These round­
conductor c ircuit-board jumpers featuring 
excellent flex life, uni form electrica l charac­
teri sti cs, light weight, and low cost, provide 
a reliable, qui ck connect/disconnect inter­
connection between 2 boards. Series FLR 
features precision placement of insulation, 
leaving exposed conductors in an absolute­
ly clean and undamaged condition , ready 
for plating and insertion into the sockets 
and/or plated thru ho les. The mating-pin 
sockets for use with these jumpers are indi­
viduall y mounted directl y into the pc board . 
Flex-Link Products, Inc., 1923 First St., San 
Fernando, CA 91340. Phone(2 13)365-
9355 . 258 

TAPE DESIGNED FOR pc PROTECTION 
DURING ELECTROPLATING. Scotch-brand 
electrica l tape 1280, a differential-p lating 
tape, prevents electroplated build-up of 
tin / lead or bright ac id on pc patterns during 
solder stripping and final gold or rhodium 
pl ating of finger tabs. It ca n be used in dif­
ferential- or dual-plating operations. The 
tape features excellent mask-l ine resolution 
and can be applied in continuous produc­
tion . It can be removed from pc boards 
without adhesive transfer. D ielectric Materi ­
als and Systems Di v., 3M Co., Box 33686, 
St. Paul , MN 55 133. Phone(6 12)733-9654. 

259 
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CIRCU ITS 

M AGNETICALLY OPERATED HALL-EFFECT 
SWITCH IS 1/8-IN. THICK. Model 6SS 
makes use of a Hal I-Effec t sensor, a trigger 
and an ampli fier on a sili con IC chip. The 
switch is magneti ca ll y operated and works 
from -55° to + l 25°C. It can function at up 
to 100,000 operations/sec, has a di gital 
output, and can sink 4 mA per output fo r a 
max. output voltage of 0.4V. The 6SS ac­
cepts suppl y vo ltages of 9V de continuous 

and l OV de pul sed. M ax. load vo ltage is 1 OV 
de. Ri se and fa ll times are 0. 1 and 0.2 µ,sec, 
respecti ve ly. M icro Switch Di v. of Honey: 
well , Inc., 11 W . Spring St. , Freeport, IL. 
Phone(8 15)232- l l 22. 260 

HYBRID DECODER/DRIVER COMES IN A 
24-PIN DIP. Seri es 20673 has overall di ­
mensions of 0.762 x 1.277 in . and a hi gh­
drive capabil ity of 300 mA at 30V. O perat­
ing from a standard 5V logic supply, the 
chi p is des igned to decode 8-4-2-1 BCD to 
12 outputs, or, if onl y 10 decoded outpu ts 
are required, the 2 remaining may be con­
nected as lamp buffers. It is DTL/TTL com­
patib le, w ith or w ithout memory, and fea­
tures lamp b lanking as standard . Model 
20673 in reverse-data style costs $17 (1000 
quantities). Industrial Elec tronic Engineers, 
Inc., 7720 Lemona Ave., Va n N uys, CA 
91405. Phone(213)787-03 11 . 261 

1
CELL ..._ 

PHOTOCELL AMPLIFIER 

LOW-CO ST IC FET OP AMP FEATURES 
± 50 µ,V/°C DRIFT. M odel 3542] offers 
guaranteed input bi as current of -25 pA at 
100-quantity unit price of $4. 50. Hermeti ­
ca ll y sea led in a T0-99 package, the unit is 
pin compati b le w ith 74 1 op amps. Source 
impedances up to 1 Mfl, initi al vo ltage off-

114 

set of as low as 20 mV at 25°( and the mini ­
mum de vo ltage ga in of 88 dB are other fea­
tures. Full -power frequency response is 8 
kHz and slew rate is 0.5 V/ µ,sec. Output is 
± l OV at ± 10 mA. Burr-Brown Research 
Corp ., Intern ational A irport Industri al Park, 
Tucson, AZ 85706. Phone(602)294- l 43 l . 

262 

SPST SWITCH DRIVER HAS ONLY 10-
nsec DELAY. Compati b le w ith TTL M odel 
SD-1201 used w ith shunt and seri es swi tch­
es provides both positive and negati ve out­
puts. Ten switches can be driven from each 
TTL gate. Demand-cu rrent spikes are pro­
vided to fac ilitate high-speed switching by 
injecting and removing ca rriers from the 
switching-d iode junction. Su pp lied in a fl at­
pack, i t meets M IL-STD-883 and operates 
over the temperature range of -55°C to 
+ l 25°C. The switch dri ver fea tures fai l-safe 
operation. $85. LRC, Inc., 11 Hazelwood 
Rd ., Hudson, NH 0305 1. Phone(603)883-
8001. 263 
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7-BAR SEGMENT DISPLAY COSTS DOWN 
TO $2.30 ( 1 000 quantit ies). The Series 
1080 is also being offered 18¢ per lamp in 
the sa me quantities. This "easy-to-read" 
unit features standard based lamps for ease 
of installation and repl acement (front or 
rear), single-pl ane viewing, a cho ice of 
screen co lors (red, blue, green, grey or 
amber) and a plug-in package w ith no ex­
ternal hardwa re. Ava il able options incl ude 
a caption disp lay wi th up to 6 message 
areas, conventional rear-projection 12-
message di spl ay, dec imal points and/or 
co lon and a module w ith + and - and over­
flow " 1 ". Industrial El ectroni c Engineers, 
Inc., 7720-40 Lemona Ave., Van Nuys, 
CA 91405 . Phone (2 13)787-03 11. 264 

412-IN.' POWER SUPPLY DELIVERS SOOW. 
The 668 Seri es delivers thi s output power 
over the operating temperature range of 
-20°C to +40°C w ithout moving-a ir re-

quirements. Effic iency is 70% and com­
bined line and load regulation is ±0.2% . 
Model 668A-05 w ith SV at 1 OOA operates 
from 102 to 130V ac or 198 to 256V ac w ith 
no circuitry changes. Output no ise and ri p­
ple is onl y 50 mV p-p measured di fferenti al­
ly. The 668A-05 weighs 18 lbs and costs 
$750. Standard fea tures are overload and 
overvo ltage protection and extern al heat 
sinks for operating above + 40°C. Tri o Lab­
oratori es, Inc., 80 Dupont St., Pl ainview , 
NY 11 803. Phone(S 16)68 1-0400. 265 

500-MHz SU BMINIATU RE DOU BLE BAL­
ANCED MIXER CO STS ONLY $7 . M odel 
MD-108 mixer in an 8-pin relay/header 
package provides LO (loca l osc ill ator) and 
rf ports that operate down to 5 MHz and an 
i-f port clown to de. A low-conversion loss 
(7.0 dB max. from 5 to 150 MHz and 9.0 dB 
max. from 150 to 500 MHz), a low profil e 
of 0.3 12 in., and standard header spac ing 
of 0.2 in. between pin s fo r convenient 
microstrip mounting are other fea tures. The 
unit is housed in an rfi shielded metal case. 
Anzac Electroni cs, 39 Green St. , Waltham, 
MA 02 154 . Phone(6 l 7)899- 1900. 266 

J .. 0 .. 
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PULSE-MODULATION ANALOG M ULTI­
PLI ER OFFERS 0.1 % ACCU RACY. Model 
4200 has untrimmed accu racy of 0.2 % (20 
mV) and a max imum total-error dri ft of 
0.02% /°C over -25°C to +85°C. Power 
supply stabi lity is 0.005 %£% _of suppl y 
change. O utput is± 1 OV at 5 mA min. , in­
put is ±30V max., output noise from de to 
10 kHz is 1 mV rms, and sca le-factor (ga in) 
error vs temperature is 0.01 %/0 C. The thin ­
fi lm hybrid network requ ires no ex ternal op 
amps. $129. Burr-Brown Resea rch Corp., 
International A irport Industri al Pa rk , Tuc­
son, AZ 85706. Phone(602)294-1431. 267 
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38- TO 40-GHz TWT WITH 40-dB GAIN 
MEASURES 1.6 x 1.8 x 6.7 IN. Siemens' 
compact RW 4010 trave ling-wave tube is a 
1 OW output-power unit that has an average 
li fe expectancy of SOOO hrs and is guaran­
teed fo r 10,000 hrs. The tube utilizes a cou­
pled-cavity structure instead of a helix to 
achieve better heat di ss ipa tion and effi cien­
cy. It is designed primaril y fo r microwave 
radios in loca l-di stribution systems for mes­
sage, data and TV transmissions. Siemens 
Corp., 186 Wood Ave. S., lse lin , NJ 08830. 
Phone(201)494- 1000. 268 

HYBRID-POWER OP AMP WITH 7 A 
OUTPUT HAS LOW DISTORTION. The 
TA86S 1A 100W linea r ampli f ier has an 
output secti on that ca n be externall y bi ased 
for Class AB operation with intermodulation 
distortion of O.OS % at SO mW and low total 
harmonic di stortion. Terminals are ava il ­
able for external-frequency compensa tion , 
short-c ircuit protection, and inverted and 
noninverted inputs. Intermodulation distor­
tion is also low in audio appli cations (0.1 % 
at SO mW) . $12.90 (1 000 quantiti es). RCA 
Solid State Div., Rt. 202, Somerville, NJ 
08876. Phone(20 1 )722-3200. 269 

PALM SIZED HV TRIPLER MULTIPLIER IM­
PROVES TV FOCUSING. Model TMX600 
is designed for CRT applica tions in TVs, 
monitors and displ ay systems. The improve­
ment offered in focusing is sa id to be the 
result of the use of improved rec tifiers and 
ceramic ca pac itors w hich have reportedl y 
increased the tripler's reli ability. Input 
is an 8.3-kV fl yback-type pulse waveform 
and output is 2S kV no load. M aximum out­
put current is 2 mA continuously and oper­
ating and storage temperature range is 
-37°C to +8S 0 C. High Voltage Devices. 
Inc., 748S Ave. 304, Visa li a, CA 93277 
Phone(209)733-3870. 270 

Which Of these 
Ceneral Electric lamps 

can help you most? 
New Green Glow Lamp! 

,• .... , r .. ~-

~-============================ Actual 
Size 

Finally, a broad spectrum bright green 
glow lamp from General Electric, that 
gives you greater design flexibility 
than ever before. It emits green and 
blue light with suitable color filters. 
It is called G2B. 

What's more, the G2B is directly 
interchangeable electrically and 
physically with our high-brightness 
C2A red/orange / yellow glow lamp. 

So you can use the G2B alone for 120 
volt green indicator service. Or to­
gether with the C2A to emphasize 
multiple functions with color. For 
example: for safe / unsafe functions, 
dual state indications and to show 
multiple operations in up to 5 colors. 

And remember. Both the G2B and 
C2A save you money because of their 
low cost, small size and rugged con­
struction. 

TIMUI 
SWITCH 

o------...---4FllL. 

o-----+---1 WASH 

o---r-+-+---1 RINSE 

--..-1---+--+----4 ORY 

New Sub- Miniature W edge Base Lamp. 

If space for indicator lights is your in the same relation to the base. It 
problem, this new GE T-1% size all - won't freeze in the socket, which 
glass wedge-base lamp is your solu- virtually ends corrosion problems. 
tion . It measures less than % " in And like its big brother - the T-3% 
diameter. wedge base lamp - it features a 

The filament is always positioned simplified socket design. 

Three Potent Infrared Solid State Lamps (LEDS). 

Get more than twice the useful out­
put of other GE solid state lamps 
with GE SSL-54, SSL-55B and 
SSL-55C. 

The increased energy concentrated 
in a narrow 20° cone allows you to 
use less sensitive detectors. Or to 
operate the lamps at lower current. 
Or to space lamps and detectors 

~g 
~ ~ I 1 

farther apart. 
All are excellent matches for GE 

photodetectors and can be used in 
many photoelectric applications. 
They're also particularly useful in 
applications demanding an infrared 
source capable of withstanding 
severe shock and vibration . 

To get free technical information on any or all of these lamps, just write : 
General Electric Company, Miniature Lamp Products Department, Inquiry 

Bureau, Nela Park, Cleveland, Ohio 44112. 

GENERAL fl ELECTR I C 
Circle No. 57 
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CIRCUITS 

LOG IF AMPLIFIERS PROVIDE ± 1-dB LED SCANNER COMES FULLY PACK- vices Co., 226 Broadway, Cambridge, MA 
ACCURACY. Models CTL60S and 60D sin- AGED. Mode l S-4 scanner is a reflec tive- 02 139. Phone(6 17)3S4-7226. 273 
gle and dual 60-M Hz uni ts, respective ly, 
provide ± 1 and ± 2-dB accurac ies (- 1 and 
- 2 versions, respecti ve ly) and 2S-MHz 
bandwidths. Des igned to meet MIL-E-S400 
requirements, they feature an input dy­
namic range of -7S to -S dBm, ri se ti me of 
SO nsec, ga in sca le factor of 30 mV/dB and 
v ideo output drive of 0 to + 2. 1 v into 1 oon. 
Operatin g temperature range is -20°C 
Operatin g temperature range is -20°C to 
+6S 0 C. $6SO. Circuit Technology, Inc., 160 
Smith St., Farm ingdale, NY 11 73S. 
Phone(S 16)293-8686. 271 

type unit using an infrared source and 
matched phototransistors inclined at an 
angle within a Nory l plasti c housing. Maxi­
mum LED voltage is 2V and max imum LED 
current is 40 mA. Phototransistor max imum 
vo ltage is 30V. The scanner has an optimum 
reading distance of 0. 1 to 0.2 in . from the 
front surface of the housing. It is full y assem­
bled wi th a 6-ft rubber covered S-conductor 
shielded cable- 2 conductors for the LED 
and 2 for the phototransistor and a fifth fo r 
ground. The scanner ca n detect objects or 
marks as small as 0.02S in. Sca nn ing De-

Now there's a 

116 

big name in miniatures. 
It's Raytheon. And you know 
with Raytheon on a mini­
ature switch you get 
quality, dependability 
and most important -
availability. Popular 
toggle, push-button, 
proximity, rotary and 
rocker-type designs 
carry the Rayswitch 
name and Raytheon's 
reputation for 
excellence in 
electronics. 

Whatever your application, 
from test equipment to 
computer peripherals, 

there's a Rayswitch for 
your panel. Switch to the 
big name in miniatures. 

Call your Raytheon 
representative. Or for a 

FREE copy of our 
Rayswitch catalog 

write Raytheon 
Company, Fourth 

A venue, Burlington, 
Mass. 01803. 

c:-AYTHEO~ 

Circle No. 58 

SINE-WAVE OSCILLATORS ARE TUNABLE 
BY EXTERNAL RESISTORS. Seri es 440 pre­

c ision-quadrature osc illators provide buf­
fe red low -distortion (0.08%) quadrature 
outputs (90° ± 0. 1°) with amplitude-ratio 
track ing to better than 100 ppm/°C, and 
output ampli tudes externall y adjustable 
from 2V to 20V p-p. They are externally 
tun able over a 1000: 1 range w ith 2 equal 
res istors. Three models, 440, 442 and 444, 
cover the range of O.OS Hz to 20 kHz with 
max. frequenc ies at SO Hz, SOO Hz and 20 
kH z, respectively. From $S6 each (100 
quantities). Frequency Devices, Inc., 2S 
Locust St. , Haverh i ll , M A 01830. Phone 
(6 17)372-6930. 27 4 

POWER SUPPLY FOR VOLATILE MEMO­
RIES HAS UNINTERRUPTABLE OUTPUT. 
Model PM 2400 OEM supply with mu ltip le 
outputs can prov ide 140W of convection 
cooled power to 32 k-by- 18 or 6S k-by-9 
MOS RAMs at worst-case temperatures. 
Operating from 11 SV ac, it can furnish out­
put power fo r up to 20 msec in the event of 
an ac power line fa ilure with an automatic­
switchover c ircuit to a backup battery. A 
recharge circuit is standard . Dimensions are 
7- in . high x S.2S -in . wide x 11 -in . deep 
(not includ ing battery) . Pioneer M agneti cs, 
Inc., 174S Berkeley St., Santa Mon ica, CA 
90404. Phone(213)829-330S. 275 

WIDEBAND PREAMPLIFIERS FEATURE 
LOW NOISE. The 26 Series preampl ifie rs 
for ultrason ic-s ignal conditioning includes 
Model 26A which incorporates a se lector 
sw itch fo r SX or SOX ga in contro l with input 
noise sensiti vity at S MHz of 1 S µ,V rm s. 
Model 26B has se lectabl e ga in of 200X or 
2000X and a 3-dB bandwidth of 7.S MHz. 
Both ampli f iers have a roll -off characteri stic 
idea ll y suited fo r transient-phenomenon 
applica tion s, since minimum ringing or d is­
tortion will result. Dimensions are 1-
1/4 x 1-1/8 x 2- 1/4 in . Model 26A: $28S, 
Model 26B: $82S and Model 1 OOB power 
supp ly: $200. Nanodyne Corp. , 33 Union 
Ave., Sudbury, MA 01776. Phone (6 17)443-
3133. 276 
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LI TERATURE 

CALIBRATION TABLES FOR TH ERMO­
COUPL ES. Based on data released by NBS, 
these tables are not yet ava il able from any 
other sou rce in handbook fo rm . The 36-pg. 
Thermocouple Ca libration Table and Alloy 

Data Reference Handbook contains the 
NBS ca libration tables fo r al l thermocouples 
in use in industry. It contains no adverti sing 

or product in formation . O mega Engineering 
Inc. , Box 4047, Stamford, CT 06907. 207 

APP NOTE DESCRIB ES FETs AS VOLTAG E 
CONTROLLED RESISTORS. A 16-pg. note 
discusses the characteri sti cs of junction 
FETs as VCRs and draws performance com­
parisons between the JFET VCR and con­
ventional f ixed-va lue resistors. Numerous 
c ircu it app lications are presented, in addi­
tion to means of reduc ing signal distortion 
via feedback techniques, and an analytica l 
approximation of predicting FET VCR be­
havior. Si liconix Inc., 2201 Laurelwood 
Rd ., Santa Clara, CA 95054 . 208 

DESIGN-AUTOMATION SYSTEM FOR 
MI CROPROGRAMMING. An app note 
Microprogramming Software Aids is de­
signed to ass ist engineers in implementing 
microprogrammed systems. The 6-pg. note 
emphasizes the need for engineers to plan 
their software support w hen they begin de­
sign of a microprogrammed system. Design­
automation techniques are cataloged, in­
cluding the numerous advantages offered 
by a general-purpose microcode assembler. 
Signetics Memory Systems, 520 Clyde Ave., 
Mt. View, CA 94040. 

SYNCHRONOUS MOTORS. Permanent 
M agnet Synchronous Motors for Light Mo­
tive and Timing Applications is a brochure 
that discusses· how innovations in synchro­
nous-motor designs are useful in se lecting 
the proper motor fo r a great variety of appli ­
cations. The compact motors, less than 2 in . 
in diameter and onl y 7/8- in . deep, have 
200-in. oz torques at 1 rpm and can oper­
ate at speeds vary ing from 1 /5 rph to 240 
rpm. Controls Company of Ameri ca, 9655 
Soreng Ave., Sch ill er Park, IL 60176. 210 

~~· 
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CLOCK OSCI LLATORS. Thi s brochure de­
tails a broad line of TTL, CMOS and ECL 
compatible clock osc illators ranging in fre­
quency from 1 Hz through 200 MHz. The 
oscillators range in stabil ity from ±0.01 % 
through ±0.0001 % and are ava il ab le in pc 
board mount and DIP-compatible pack­
ages. Vectron Labs. , Inc., 121 Water St., 
Norwalk, CT 06854. 211 

TANTALUM CAPACITORS. This free 62-pg. 
catalog is divided into 3 sec tions. The 
first section on military style tantalum 
capacitors condenses 475 pages of mil 
specs on the subject into 58 pages. The 
remaining 2 sections on wet-e lectrolyte and 
sol id-electrolyte si ntered tantalum-anode 
capacitors complete the ca talog. Compre­
hensive details on every type of tantalum 
capacitor make this a must for the design 
engineer. NCI Corp., 5900 Austra li an Ave., 
W. Palm Beach, FL 33407. 212 

TRANSDUCERS, ACCELEROMETERS AND 
SWITCHES. This brochure entit led Anti­
Bang, Zip, Ratt le, ZZZup, Shimmy, Buzz , 
Ping, Whoosh, Tilt. Zing, Bing, Ding, Crac­
kle, Fizz, Fizzle, Flop provides a complete 
description of pressure, displacement, ac­
celeration and v ibration transd ucers, prox­
imity switches and engine-vibration moni­
toring systems for a wide va riety of appl ica­
tions and marketpl aces. Gu lton Industries, 
Inc., Servonic/ lnstrumentation Div., 1644 
Whittier Ave. , Costa Mesa, CA 92627. 

213 

THERMAL CUT-OFFS. A fam il y of thermal 
cut-offs for backup protection in electr ical 
and electronic devices is described in this 
12-pg. illustrated brochure. The booklet 
describes the capabilities and perform<!nce 
of thermal cut-offs and li sts their applica­
tions. It also covers determining cut-off 
temperatures ; mounting and design, and 
product specifications. 3M Co., Dielectric 
Material & Systems Div., Box 33686, St. 
Pau l,MN551 33. 214 

APPLICATIONS 

MODERN 
TRACKING 

WAVE 
AND 

SPECTRUM 
ANALYZERS 

Q ···'H· 

APPLICATION DATA ON TRACKING­
WAVE AND SPECTRUM ANALYZERS are 
inc luded in a brochure. Topics include 
transfer-funct ion analys is, amplitude-re­
sponse testing, mechanica l-signa l analysis, 
signal enhancement, phase measurements, 
cross spectral density, random-signal analy­
sis and a brief history of the development of 
wave and spectrum ana lyzers. Quan-Tech 
Div., KMS Industries, Inc., 43 S. Jefferson 
Rd ., Whippany, NJ 07981. 215 

APP NOTE COVERS DESIGN OF LOW 
POWER CRYSTAL OSCILLATORS. A 6-pg. 
note for 2 low-power osci llator designs is 
now free to readers for app li cations with 
supply vo ltages of 3 to 15V de. The note 
contai ns a c ircuit description, schemati cs, 
component values, operating parameters, 
theory and graphs for vo ltage/current/fre­
quency as well as oscil lator phase relation­
ships. Statek Corp., 1233 Alvarez Ave., 
Orange, CA 92668. 216 

DIFFERENTIAL AMPLIFIERS. A 4-pg. bro­
chu re describes the fu l l line of B & F's 700 
Series of differential amplifiers. The three 
solid-state models described (700-1 OD, 
702-1 OD and 707- lOD) allow a choice of 
features and options to perfectly match 
many signal-conditioning requirements. 
The amplifiers featu re comp lete "box­
wi thin-a-box" construction which allows 
total isolation of input circuits and ability to 
withstand as much as 600V p-p of com mon­
mode voltage. B & F Instruments, Inc ., Corn­
wel ls Heights, PA 19020. 217 

DATA-COMMUNICATIONS CATALOG. A 
32-pg. data-communications catalog details 
data-communications products and de­
scribes typica l commu nications app lica­
tions. The ca talog con tains information on 
Data General's synchronous-communica­
tions controller, synchronous- line adapter, 
programmed-asynchronous multiplexer, 
asynchronous single-line contro ller, multi­
processor-commun icat ions adapter and an 
IBM 360 interface. Data General Corp., 
Southboro, MA 01772. 218 
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OPEN-LINE 
REED RELAYS 
Quality Engineered at Low Cost 
Broad Line ... From Distributor Stock 

An exceptionally high quality line of Form A and Form C open 
frame reed relays - with up to 6 contacts (Form A) and 
4 contacts (Form C) per relay! Ava ilable in standard 
coil voltages 5 to 48 VDC ... Capable of switching 
up to 1/2 amp, 250 VDC (Form A) or % amp, 28 
VDC (Form C) . Only .350" high by 1.125" long, 
with terminals on .l" or .15" grid spacing. 
Electrostatic and electromagnetic shielding 
optional. Top performance at low cost . .. 
Tailored to fit your cost/environmental 
requirements. 

Phone, wire or write. 

ELEC-TROL, INC. 
26477 N. Golden Valley Road 
Saugus, California 91350 
(213) 788-7292 
TWX 910-336-1556 

Circle No. 60 

Now 
staggered fingers 

let you pour the power 
to IC's and hybrids 

Our staggered finger heat diss i­
pators cool better bec ause they 
increase dissipating surfaces, cut 
re-radiation , and produce.turbulence in 
forced air, and now they're avail able for 
! C's and microcircuits in special packages 
as well as standard. TO's, D I P's, .500" and 
.650" wide ceram ics , I " -square sea led 

safely 

metal fl a t pac k s. W e eve n 
offer model s t hat let you pot your 

IC substrate direct ly to the dissipator 
and ge t 300 % power increases eas il y. 

Ask for our new catalog. IERC, 135 W . 

M agnol ia Blvd., Burbank, Cali f . 91502, a 
subsidi ar y of D y namics Corporation of 
America. 

11 ERC I~ I Heat Sinks 

Circle No. 61 
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·I 
1973 CATALOG AND APPLICATION 
HAN DBOOK. This 196-pg. book is subdi ­
vided into 7 sections: power components; 
power kits; standard power supplies; cus­
tom power supplies; power systems; power 
instruments; and appli ca ti ons. Each section 
conlains data on avai lable models, sizes, 
electri ca l specifica tions and pri ces. Dimen­
sional mounting drawings, photos of the 
packages and connection diagrams are also 
included. Lambda Electronics Corp. , 515 
Broad Hol low Rd., Melville, NY 11746. 

219 

MEMORY SYSTEMS. Thi s 13-pg. app note 
describes use of the 1024-bit AMS 6002 
MOS RAM in building a compact, general­
purpose memory module. This memory 
module, referred to as the AMS basic stor­
age module (BSM ), has a 425,984-b it ca­
pacity and is housed in a 6- 1 /2- in . hi gh, 19-
in . wide rack-mountable chasis, comp lete 
w ith control c ircuits and TTL-to-MOS volt­
age-shifting circuits. Advanced Memory 
Systems, Inc., 1276 Hammerwood Ave., 
Sunnyva le, CA 94086. 240 

COMPREHENSIVE REPORT DESCRIBES 
IMPACT OF LSI. The 150-pg. report is the 
result of a yea r of research and hundreds of 
inlerviews with manufacturers of sem icon­
ductors and electronic products. LSI-New 
Product Horizons describes and ana lyzes 
the fo rces applied by LSl 's low cost, small 
size and design flexibility on the traditional 
relat ionships between component suppli ers 
and equipment manufacturers. In the report, 
Quantum's resea rch staff examines in de­
tail , the opportuniti es and current trend of 
semiconductor companies to use LS I to in­
crease their share of the market va lue of a 
final product, producing systems rather than 
individual components. Price is $450 per 
copy. Quantum Science Corp ., 851 Welch 
Rd., Palo Alto, CA 94304. 241 

FREQUENCY SIGNAL SOURCES are de­
scribed in an 8-pg. ca talog. Shown are the 
F300 Series oscillators with complete speci­
fi ca tions and application data. All F300 in­
struments contain internal-metering de­
vices, mak ing them parti cularl y useful for 
production and proof testing and general 
laboratory use. AIL TECH, City of Industry, 
CA 91748. 242 
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The gauntlet is down ... 

Dear Sir: 
As readers of EDN and former 
members of the Engineering 
Industry, we at the U.S . Chess 
Institute invite your readers to 
compete in our indu stry-wide 
postal chess tournament. 

Let 's find out where the 
"engineering grandmasters" 
really are. 

Postal Chess is an old sto ry 
from which many chess players 
have received a great deal of 
pleasure . 

You need no experience to 
play chess by mail. It's the same 
as over-the-board chess except 
that you send you r moves on 
postcards. 

In our postal chess tourna­
ment each member is placed in a 
section , based on hi s self rated 
ability, with eight opponents . 
Each player will play one game 
simultaneously with each of the 
other members in hi s section . 
Records of the games are 
maintained on the scoreboard 
sheets that are provided each 
player. Moves are di spatched by 
sending a postcard to each of his 
opponents against whom he 
plays white~ In turn , he receives 
opening moves from the games 
in which he plays black . Descri p­
tive chess notation is used in 
describing hi s move and sco re­
sheets are provided , each con ­
taining a chess-board layout to 
keep track of tbe game status. 

Each player receives simple 
instructions along with score­
board sheets , hi s section assign­
ment and a list of eight 
opponents. 

Each member also receives a 
periodic published report of all 
wins and losses for every player 

in each section as well as a 
periodic newsletter published 
by the USCI containing many 
chess facts and other items we 
hope will be of interest. 

More information is avai labl e 
by writing directly to the U .S. 
Chess In stitute, 6 E. 43rd St. , 
New York , NY 1001 7. 

)ours truly, 
Dyan Parker 
Secretary 
U.S. Chess Institute 

Getting our pins s1raight.. 

Dear Editor : 
Although the article o n our quad 
741 op amp the RM4136, (EDN , 
Jan. 20 , 1973) is ve ry well 
written , it made several points 
which are inaccurate. For exam­
ple, pin 11 has become the 
standard in the indu stry for 
linear products in th e 14-pin 
dual-inlin e package, not pin 14. 
Witness th e + Vn pin for th e 
LM101A, LM106, LM107, LM108, 
LM110, LM111 , LM11 2, µA709 , 
µA711, µA741, and th e RM41 36. 
Th e dual 741 (µA747) uses pin s 9 
and 13, whil e th e µA723 uses pin 
12. Onl y the Motorola MC3301 
and National LM3900 uses pin 
14 . Eve ry o ne of th e sin g le 
dual-ope rational amplifi e rs 
mentioned above have multiple 
sou rces . 

If you compare pin o uts for 
th e Motorola and Natio nal quad 
with th e RM41 36, you wou ld see 
that conn ectin g th e 4136 in an 
appli cation is simpl e, sin ce all 
amplifiers have th eir inputs and 
outputs on adjacent p ins. Take a 
look at th e LM3900 pin out: th e 
input pin s for amplifi e rs 1 and 3 
are crossed over all pin s for 
amplifiers 2 and 4; wierd! 

As for th e reve rsed input 
current due to th e PNP input 
stage, the direction of input 
current flow is not a consi dera­
tion , unless an unbiased block­
ing diode is placed at either 
input , an application whi ch has 

never been encountered by any 
of ou r custom ers. 
Cordially, 
Daniel W. Be/lack 
Raytheon Company 
Mountain View, CA 94040 

Want more info? 

Dear Mr . Egan: 
Here are some sources from 
which your readers can get 
informati o n . Re: m y artic le 
publi shed in the January 20, 1973 
issue of EDN , entitled " Keep in g 
Up with the Latest Engineering 
In formation ." 
1. Th e "AS IDIC Survey of In ­

formation Center Se rvices" is 
availab le from M r. R. Bruce 
Briggs, Center for In fo rm a­
tion Services , Campus Com­
puting Network , University of 
Ca li fornia, Los Angeles , CA 
90024. Th e cost of this study is 
$7.50 (make check payable to 
ASIDIC). 

2. Th e A SEE-ES LD guides are 
available from the Publi cati o n 
Sales, ASEE, Suite 400, One 
Dupo nt Circle , Washington, 
DC 20036 at $1 for sin gle 
copies, but $.26 each if 10 o r 
more of o ne title is ordered. 
Pl ease specify by tit le. 

3. SIA Science In fo rm at io n As­
soc iation is based at 3514 
Plye rs Mill Road, Kensington , 
MD 20195, and 2480 16th St. 
N .W . Washington , DC 
20009. 

Sincerely, 
Karen Takle Quinn 
Senior Librarian and 
IT/RC West Coast Representative 

" IT'S AWFUL, I HAVE NO ONE 
TO REPRIMAND ANYMOR E." 
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Exclusive from Pulse Engineering 
DIGITAL DELAY MODULE 

actual size 

Designed specifically for TTL and DTL 
compatibility. 

Built-in interface allows direct plug-in 
wffhoutaddff~nalcomponen~. 

Module load incorporation reduces 
number of required components for 
specific delays, offering your most eco­
nomical approach to precision digital 
timing. 

Valuable board space saved because 
all drivers, buffers, terminations con­
tained in the DOM. 

PE No. Delay Time 
20330 50ns 
20331 lOOns 
20332 250ns 

SPECIFICATIONS 
Supply Voltage Vee 
Logic 1 Input Current 
Logic 0 Input Current 
Logic 1 Vout 
Logic 0 Vout 

Drive Capabilities: 
Logic 0 Output 

Logic 1 Output 

Pulse 
Engineering 

Inc. 
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Delay/ Tap No /Taps Rise Time 
lOns 5 4ns 
20ns 5 4ns 
50ns 5 4ns 

+ 4 .5 to 5 .5 V DC 
50 µa Max. 
-2 ma Max. 
2 .4V Min . 
0.4V Max. 

10 TTL Loads/Tap Max. 
(20 TTL Loads/Unit Max.) 
20 TTL Loads/Unit Max. 

A Varian Subsidiary 

Pulse Engineering, Inc. 
P.O. Box 12235 •San Diego, Calif. 92112 
Phone 714-279-5900 • TWX 910-335-1527 
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Publ isher 
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Mason Fackert, Regional Manager 
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DO COLLEGES 
HELP 

BUSINESS 
AS MUCH 

AS BUSINESS 
HELPS 

COLLEGES? 
Yes, they do. But not in 

the same proportion. 
Bu siness contributes 

about 15% of the total vol­
untary support received by 
colleges. 

But today, business gets 
half the college-trained 
people who are employed. 
Tomorrow, it will need even 
more. 

As a result , businessmen 
should think seriously about 
increasing th e leve l of cor­
porate giving to education. 
Can you, as a bus inessman , 
think of a better investment? 

For the latest national fig­
ures on corporate giving to 
higher education, write on 
your letterhead for " CFAE 
Survey of Corporation Sup­
port of Higher Education ," 
and enclose $2 .00 to help 
cover costs . Mail to : Coun­
ci I for Financial Aid to 
Education , 6 East 45th 
Street , New York , N .Y. 
10017. 

Give to the college of 
your choice . Now. 

Advertising contributed for the public good 
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INDEX TO ADS, PRODUCTS AND LITERATURE '·' ·u";ccard for free product inf~~ma~g,n . 
l.R . PG. 
NO. NO. NO. NO. NO. NO. 

CIRCUIT MODULES / CARDS INSTRUMENTATION PASSIVE COMPONENTS /NETWORKS 
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MATERIALS/ HARDWARE SPECTRAL DEVICES Card Readers 291 105 

Cassette Systems 280 102 Analog Components 50 105 Bar-Segment Displays 264 114 
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Data Tablets 285 103 Circuit Board Jumpers 258 113 IR Thermal Imaging Systems 204 108 

Lasers 231 28-29 Disc Recording Heads 281 102 Connectors 44 101 
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Indicator Lights / Rotary Switches 51 106 CRT Displays 279 102 

CRT Terminals 286 204 DISCRETE SEMICONDUCTORS Lamps 256 113 Data Acquisit ion Systems 284 203 LEDs 3 6-7 Miniature Switches 58 116 
Matched Transistors 186 100 Sl ide Applications 46 101 Data Tablets 285 203 
MOS FETs 171 96 Terminal Blocks 38 107 Minicomputers 277 102 
Pin Diodes 73 Terminal Blocks / Strips 47 103 Mu ltiplex Systems 230 28-29 
Power Darlingtons 173 96 Optical Data Systems 289 205 
Power Darlingtons 62 16 PCM Decons 288 204 
Varactors 181 99 MICROWAVES Printers 287 204 
Triacs 187 100 Double Balanced Mixers 266 114 Programmable Ca lculators 282 202 

Double Balanced Mixers 266 114 Tape Systems 282 202 
Logic If Amplifiers 271 116 Transient-Recorder Systems 192 106 
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Card Readers 291 105 Pin Diodes 73 
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Plug-In Switch Lights 54 112 Demultiplexers 188 100 DP Ms 191 106 
Printers 287 104 Digital Mixers 174 96 Frequency Counters 19 33 
Reed Relays 60 118 ECL Memories 170 96 IR Therm al Imaging Systems 204 108 
Relays 255 113 ECL Terminators 37 97 Level Tracers 202 108 
Relays l Cov. 212 Hybrid Crystal Oscillators 177 98 Mechanical Force Testers 29 84 
Rotary Switches 257 113 Hybrid Op Amps 269 115 Miniature Scopes 194 107 
Switches 244 110 Hybrid Sample and Hold Circuits 180 99 Portable Oscil loscopes 17 30-31 
Synchronous Motors 210 117 Linear Arrays 172 96 Potentiometric Recorders 197 107 
Tape Systems 283 102 Photo Couplers 175 96 Programmable Oscillators 206 108 
Thumbwheel Switches 55 111 Power Darlingtons 185 100 Pulse Generators 2 Cov_ 3/ 125 
Time-Delay Relays 6 11 Power Darlingtons 176 96 Pulser / Plug- Ins 196 107 
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Power Strobes 178 98 Resistance Bridges 22 52 
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Extra -Thin Lead Pencils 48 104 Sense Amplifiers 184 100 Spectrum Analyzers 215 117 
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MAGNECRAFT'S NEW CLASS 388 

C::.ENERAL F"""3URPOSE RELAY 
Magnecraft is pleased to introduce the new Class 
388 General Purpose Relay. This inexpensive, 
high performance line of stock relays offers many 
quality features found only in custom built ver­
sions. Available in either a covered plug-in or 
open style with a wide choice of AC or DC coil 
voltages and SPDT, DPDT, or 3PDT 10 amp 
contacts. 

All Class 388 relays have 3-way pierced terminals. 
While spaced for standard plug-in mounting, the 
flat terminals (0.187" x 0.020") also accept quick­
connect receptacles or direct soldering. For plug-in 
use, three types of chassis mounted sockets are 
available; quick-connect, solder, or printed circuit 
terminals. Covered plug-in version has a tough 
clear polycarbonate plastic cover. 

In a highly competitive business, delivery can be 
a deciding factor. If delivery is important to you, 
be aware that Magnecraft ships better than 90% 
of all incoming orders for stock relays, received 
before noon, THE SAME DAY (substantiated by 
an independent auditing firm). In addition to our 
shipping record, most stock items are available 
off-the-shelf from our local distributor. 

FREEi 
DESIGNER'S 

CATALOG 
The purpose of this 36-page catalog is to assist 
the design engineer in specifying the proper relay 
for a given application. The book completely de­
scribes General Purpose, Sensitive General Pur­
pose, and Mechanical Power Relays. New 
products include the complete line of Class 388 
General Purpose Relays. 

See Us at WESCON, Booth 2400 

~a.gnec:ira.Ft® ELECTRIC COMPANY 

5575 NORTH LY NCH AVENUE • CHIC AGO . l LU NO!S 60630 • 3 12 • 282-5500 • TW X-9 10 221 5221 

Circle No. 1 



New Dale Trigger-Type Pulse Transformers 
~---LINE----! Available fast for SCR control circuits. New Dale Trigger-Type Pulse Transformers 

match your performance and budget requi rements for industrial and commercial 
appl ications. Two styles with PC pins (PT20) or bobbin type leads (PT10) for use 
where tr igger source isolation is employed in half or full wave SCR power control 
circu its . Available with turns ratio of : 1 :1, 1 :1 :1, 2:1, 2:1 :1 and 5:1. Primary 

LOAD 

inductance from 200 µh to 5000 µh. Inter­
wind ing capacitance as low as 400 pf. 
Leakage inductance as low as 3 µh . 
The p rice -very competitive in most 
any quanti ty. Phone today fo r a 
quote : 605-665-9301 or wri te : 

DALE ELECTRONICS, INC. 
East Hig hway 50, Yan kton , S.D. 57078 
A subsidiary of The Lionel Corporation 

Check our expanded inductor capabilities .. . 
Standard or special , D~le is moving up as a preferred source for inductive com ponents. 
Read ily available among our broadened standard lines are: 

Conformal 
Coated Chokes 
Type IR-2, IR-4. Durable 
epoxy coating give equiv­
alent performance, lower 
price than molded styles. 
Machine insertab le. 
Tolerance :!: 10%. Induc­
tance : .1 O µh to 1000 µ h. 

Flame Retardant 
Molded Chokes DIP Pulse Transformers 
Type IM-2, IM-4. 
Meet MIL-C-153050, 
Grade 1, Class A, B. 
Tolerances : :!:5%, 
:!: 1 0%, :!:20%. In­
ductance: .10 µ h 
to 1000 µ h. 

Type PT-14, PT-16. Machine insert­
able, 14, 16 pin styles. Inductance: 
1 µh to 2 mh. Tolerance :!:20%. Leak­
age inductance : As low as 0.2% of 
inductance. lnterwind ing capaci ­
tance : As low as 3 pf . ET product : 
Up to 1 O volts/µsec. 

PC Mount Toroids 
Series TE. Meet MIL·T· 
27C. Type TF5SX20ZZ. 
Epoxy encapsulated. High 
Q and wide selection of Q 

Custom Chokes, Toroids, 
Bobbins, RF Transformers, 

Variable Pitch Inductors 

vs. frequency ranges. In­
ductance: .050 mh to 20 h. 
Tolerances: :!:1 %, :!:2%, :!:5%. 

Complete facilities to design 
and produce everything from 

prototype quant ities to high 
volume production runs. 

For a fast quote or immediate design help, phone 605-665-9301 or write 
Dale Electronics, Inc., East Highway 50, Yankton , S.D. 57078. Circle 80 fo r Inductor Catalog . 


