FOR ENGINEERS AND ENGINEERING MANAGERS

See network behavior in more
detail. A powerful new analyzer
boost~ frequency range: up to 1.3
GHz and down to 0.5 MHz the widest yet attained. And the
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displayed dynamic range of 100
dB is the best around. You also
get direct counting to 1.3 GHz,
digital display of magnitude and
phase and group delay. P. 113.

Powerhouse.
Dale makes more power wirewounds ... E-Rel , precision, industrial, commercial. ..
has more QPL's .. . more ways to meet your special housing and performance
requirements ... and just plain works harder to make sure you're satisfied.
Here are four ways to prove it:
• For Complete Cross Reference Guide, Circle 351
• For Comprehensive Wirewound Resistor Wall Chart, Circle 352
• For Guide to Non-Standard Wirewound Resistors, Circle 353
• Call 402-564-3131 for immediate information.
DALE ELECTRONICS, INC., 1300 28th Avenue, Columbus, Nebr. 68601
In Canada: Dale Electronics Canada Ltd.
In Europe: Dale Electronics GmbH, 8 Munchen 60, Falkweg 51 , West Germany
A subsidiary of The Lionel Corporation

Our complete product line can be found in Electronic Design's GOLD BOOK.

HP's 5 limes brighter display!
At 20mA our new High-Efficiency red display is 5 times brighter than our
standard red displays. Just 3mA per segment gives you all the brightness you need
and makes it ideal for battery powered applications. These large .43" displays are
offered in High Efficiency Red, Yellow, or Green and are readable up to
20 feet. The 5082-7650 (High-Efficiency Red). -7660 (Yellow),
-7670 (Green) are available in standard DIP packages with left-hand d.p.
and common anode configuration. Just $3.95* each in quantities of 100.
Contact Hall-Mark, Schweber, Wilshire or the Wyle Distribution
Group (Liberty/ Elmar) for immediate delivery, or write us for more
information and our new application note on contrast enhancement.
01503

· Domestic USA price only.
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Sales and service from 172 offices in 65 cou ntries.
IS01 Page Mill Road Palo Alto Ca ll lorrua 94304
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Did you get the message
about our solid state
SerenDIP relays?
International telex communication switching systems often
are expected to run on a 24-hour, seven-day shift. Continuous
duty like that calls for dependable, long-life component reliability- the kind RCA requires from Teledyne SerenDIP®
relays used in their trunk
terminator modules. These
all-solid-state DIP relays provide wear-free and bouncefree switching-features you
RCA Trunk Terminator Module
don't get with electro-mechanical or reed relays. What's more, our SerenDIP's offer high
input/output isolation, low level logic input compatibility,
and fast response time. And you get all of this in a low cost,
low-profile T0-116 DIP package ready-made to replace any
standard DIP reed relay. You also get your choice of output:
bi-polar, AC (triac), or DC. There's lots more to a SerenDIP
relay that you ought to know about. For detailed specs or
applications help, contact the Teledyne Relays people nearest
you. You're sure to get the message about our all-solid-state
DIP relays.

RCA CCT-3 Series
Telex Switching System
(Cou rtesy of RCA/Camden , N.J .)

411~

TELEDYNE RELAYS

3155 West El Segundo Boulevard , Hawthorne, California 90250
Telephone (213) 973-4545
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Increase microcomputer efficiency with interrupt and OMA capabilities. A
microprogrammed µP needs only seven extra ICs and six new instructions.
Speed microprocessor responses without interrupt or OMA techniques. Let
the processor's Ready line do the job, and build a simple floppy-disc interface.
Design for fault isolation: Increasingly, the man who creates the circuit must
ensure that it can be easily tested. Here are some techniques to do just that.
Complacent about resistor reliability? There are at least 18 ways these
components can cause circuit problems. Here are tests to ensure reliability.
Choosing the best enclosure: Here are do's and don'ts for putting equipment
in a sturdy, eye-catching, low-cost package.
Ideas for Design:
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TYPICAL SELLING PRICES PER UNIT FOR
USCC'S BME·KAPS™ ON
QUANTITIES OF 5000 OR MORE

SAVE 303 TO 503
ON THE COST OF MONOLITHIC
CERAMIC CAPACITORS

BME™ " J" DIELECTRIC (COG)

BME-Chip™

BME-Axial™

BME-Radial™

I thru 100 pF, 5 %, 50WVDC

5.1 ¢

6.S¢

7.5¢

12¢

16¢

16¢

BME-Chip™

BME-Axial™

BME-Radial™

3.5¢

5.S¢

5.S¢

9¢

16¢

14¢

1000 pF, 5 %, 50WVDC
BME™ "S" DIELECTRIC (X7R)
.01 1.iF, 20 %, 50WVDC
This major cost saving is the result
of our new BME™ capacitor technology. We've eliminated precious
metals entirely from the electrodes
and terminations of our BME™
capacitors. No precious metals means
lower cost. So now we offer you our
complete line of monolithic ceramic
capacitors - BME Chips™, BME
Radials™ and BME Axials™ - at a
genuine savings of 30% to 50 %.
This significant reduction is not based
on a momentary drop in precious
metal prices. This is a long-term solution due to the replacement of
precious metals by non-noble metals
which are not subject to the same
dramatic cost spirals.

SAVE WITH RELIABILITY
Our BME™ capacitors have not sacrificed the inherent electrical and
mechanical Ceramolithic® quality.
Their reliability can be demonstrated
by the extensive test procedures to
which they have been subjected.
Write to our Applications Engineering Department for complete test
reports .

SAVE WITH DESIGN
FLEXIBILITY
Now you can seriously consider
monolithics to replace micas and tantalums. Our BME™ capacitors feature non-polarity, a wide range of

-

. I µF, 20 %, 25WVDC

52¢

1.0 µF, 20%, 25WVDC

BME™ "R" DIELECTRIC (Z5U)

73¢

BME-Chip™

BME-Axial™

BME-Radial™

+so - 20% ' 25WVDC
.47 µF, +so - 20% , 25WVDC
1.0 µF, +so - 20 %' 25WVDC
2.2 µF, +so - 20%' 25WVDC

5.7¢

S.S¢

S.S¢

13¢

16.5¢

16.5¢

19¢

27¢

25 ¢

capacitance value, low leakage, high
volumetric efficien.cy, availability in
chip, radial and axial packages at
prices competitive with mica below
I OOOpF and tantalum up to 2.2µF.

concise Savings Plan Price list your pass book to the lowest monolithic ceramic capacitor prices available. Compare it with anyone else's
price list and see.

. I µF,

SAVE ON DELIVERY TIME

35 ¢

Remember, USCC/ CentralabQuality, Volume, Savings.

Elimination of precious metal material costs have permitted us to
stockpile chips. We now have five
to ten million units in over 40 popular values ready for two-week delivery in chip style or four-week
delivery in leaded configurations.

JOIN THE USCC/CENTRALAB
BME™ CAPACITOR
SAVINGS PLAN
Get all the details today . Write on
your company letterhead for your

USCC/Centralab
Electronics Division • Globe-Union Inc

4561 Colorado Boulevard • Los Angeles, Ca. 90039
(2131 240-4880
INFORMATION RETRIEVAL NUMBER 4
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Power Supply Size Problem
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Hf' t~in, 2%" narroW, 2%" s~ort
yet this converter produces 1000 volts
DC, regulated, from a battery input of
28 VDC! It weights less than 15 ounces.
This is only one of our wide variety of
many small light weight converters, inverters and power supp lies - there are
over 3000 models listed in our newest
catalog, including size, weight and prices.
If you have a size problem, why not send
for an Abbott catalog?
Mil SPEC ENVIRONMENT - All of the hermetically sealed power modules listed in
our new catalog have been designed to
meet the severe environmental conditions
required by modern aerospace systems,
including MIL-STD-810B. They are hermetically sealed and encapsulated in
heavy steel containers. New high performance units can meet MIL-STD-461A.

Editorial Production

Highest quality components
are used in Abbott power modules to yield
the high MTBF (mean time between failure) as calculated in the MIL-HDBK-217
handbook. Typical power modules have
over 100,000 hours MTBF - proving that
the quality was built in from the beginning.

Art

WIDE RANGE OF OUTPUTS - Any voltage
from 5 volts DC to 740 VDC is available
by selecting the correct model you need
from our catalog with any of a variety
of inputs including:

Production

RELIABLE -

60...,.to DC

Marjorie A. Duffy

Art Director, William Kelly
Richard Luce
Anthony J. Fischetto

Manager, Dollie S. Viebig
Helen De Polo
Anne Molfetas

400 '°lo to DC
28 VDC to DC
28 VDC to

400~

12-38 VDC to 60 ""'

Circulation
Manager, Evan Phoutrides

Please see pages l 037- 1056 Volume 1 of your 1975-76 EEM (ELECTRON IC ENGINEERS MASTER Catalog)
or pages 612-620 Volume 2 of your 1975-76 GOLD BOOK for complete information on Abbott Modules.

Send for our new 60 page FREE catalog.

Information Retrieval
Peggy Long

abbott

transistor

LABORATORIES,
~·eneral

officeM

5200 W. Jefferson Blvd. / Los Angeles 90016
(213) 936-8185
Telex : 69-1398

NCORPORATED
en8tern office
1224 Anderson Ave./Fort Lee, N.J. 07024
(201) 224-6900
Telex: 13-5332

Promotion, Creative Layouts
Manager, Albert B. Stempel
Maxine Correal
Nancy Gordon (Reprints)
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Across the Desk
Chicken about progress
In this age of super small components and sophisticated electronics, one industry is still relying on
old-fashioned electromechanical
gadgetry.
Most of those fried chickens you
purchase at the hundreds of fastfood chicken outlets around the
country are so crisp and brown and
thoroughly delicious because of an
old-fashioned synchronous motor
driven reset timer manufactured
by Gulf & Western's Eagle Signal
Div., Davenport, Iowa. The frying
is done under pressure in large
quantities and as fast as possible,
says Joseph A. Carlin, marketing
manager for industrial controls.
"A half a minute or even several
seconds can make the difference
between a good batch and a ruined
batch," he notes. To duplicate the
timing control, electronically, Carlin says, would, of course, be possible-but at two to three times the
price of the electromechanical
units. And then it wouldn't necessarily be an improvement.

frequency range should have been
960 to 1215 MHz instead of 960 to
121.5 MHz, but I'm sure the readers instinctively knew the correct
range.
Wayne E. Schaub
Vice President Marketing
Power Hybrids Inc.
1742 Crenshaw Blvd.
Torrence, CA 90501

Exact's generator costs
less than it seems
We wer.e very happy to see the
notice of the Exact Model 7059
Pulse/Sweep/ Function Generator
on p. 93 of the Aug. 16 issue. May
we point out, however, that in your
copy you indicated a price of $1895
for this instrument. This is $1000
higher than the actual price of the
Model 7059.
Jo e F oster
U.S. Sales Manag er
Exact Electronics Inc.
455 S.E. Second Ave.
Hillsboro, OR 97123

Misplaced captions
Power Hybrids sets
the record straight
We appreciate the coverage
given to Power Hybrids, Inc., in
the Sept. 1 issue and thought the
survey was complete and informative (" Rf and Microwave Semis
Rising in Power and Declining in
Noise," ED No. 23, p. 34). For the
record:
The photo of the T AC-250 circuit was supplied courtesy of Elliot
Ressler of the Naval Air Development Center, Warminster, PA.
In addition we det€cted an error
in the caption under the photo. The

OPTICALLY COUPLED
INTERRUPTER
MODULES
OPTRON OFFERS
IMMEDIATE DELIVERY OF
NEW, LOW COST SERIES
OPTRON's new , low cost optically
coupled interrupter module series
combines non-contact switching and
solid state reliability for applications
requiring sensing of position or motion
of an opaque object such as motion
limit, paper edge or shaft encoding.
The new OPB 800 and OPB 803
consist of a gallium arsenide infrared
LED coupled with a silicon photosensor
in a plastic housing . The OPB 800 with
a phototransistor sensor has a typical
unblocked output of greater than 0.75
mA with a LED input of 20 mA. Typical
output of the OPB 803 with a
photodarlington sensor is 3 mA at an
input of 10 mA .
Both devices are available from stock
and offer design flexibility with the
following options:
• High resolution aperture for shaft
encoder or strobe bar applications
• Infrared transmitting filter for
applications in high ambient light
applications
• Alternate pin separation to fit
standard DIP socket
New OPTRON optically coupled inter·
rupter modules are interchangeable with
similar products as follows:
OPTRON

"The focus circuit needs a bit
of work."

Sorry. That's Diego Velasquez'
"The Toilet of Venus," which
hangs in The National Gallery in
London.

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor, Electronic Design, 50 Essex St. Rochelle Park, N.J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.

OPB
OPB
OPB
OPB

800
800
803
803

GE

Monsanto

H13A1
H13A2
H13B1
H13B2

MCA 8
MCA 81

Detailed technical information on
these and other OPTRON standard
interrupter and reflective modules, as
well as versions for specific applications
is available on request.

@.

OPTRON, INC.
1201 Tappan Circle
Carrollton , Texas 75006, u SA
214/242-6571 • TELEX-73-0701
TWX-910-860-5958
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DELCO'S NEW FAS
HIGH-GAIN TRANSIS
MAJOR PARAMETER LIMITS

TYPE

hFE
@10A Vceo

VcE (sat)
VcEo (sus) @7A

tf (typical
@SA)

DTS 515

3.5

300V

250V

5.0V

0.25 µ.sec

DTS 516

4

400V

250V

1.9V

0.25 µ.sec

DTS 517

5

500V

250V

1.6V

0.25 µ.sec

DTS 518

5

600V

275V

1.4V

0.25 µ.sec

DTS 519

5

700V

300V

1.4V

0.25 µ.sec

2N6573

5

500V

250V

1.6V

0.25 µ.sec

2N6574

5

600V

275V

1.4V

0.25 µ.sec

2N6575

5

700V

300V

1.4V

0.25 µ.sec

NPN triple diffused silicon transistors. Packaged in solid copper cases
conforming to JEDEC T0-3 (T0-204MA) outline dimensions.

Our newest high-energy silicon power
transistors have increased capabilities over
our earlier types in current ratings, gain and
switching speeds. These improvements were
achieved without sacrificing the useful peak
power handling capacity that is characteristic
of Delco's transistors.
Fall time of these transistors is typically
0.25 microseconds. Their biggest advantage,
however, is their high current gain as shown
on the accompanying beta curves.
A new characterization feature offered
with the DTS-515 series is a graph of
capabilities for reverse bias clamped
inductive switching. Parameter variables,
dealt with in the graph, are voltage, collector
current, temperature, and forward and
reverse base current. As can be seen in the

R

"VsE(reverse) > 5V" notation, emitter
diode avalanche is recommended under
certain conditions.
And, of course, these high-energy silicon
power transistors come in Delco's solid
copper T0-3 packages to ensure low thermal
resistance.
The accompanying curves, charts and
circuits tell part of the story. Prices,
applications literature and electrical data
from your nearest Delco sales office or
Delco distributor can supply another part.
But the most important part of the story
is how well these new transistors function
in your applications.
You can order them today; they're in
stock at your Delco distributor's.
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TER SWITCHING,
/TORS NOW IN STOCK.

NOW AVAILABLE FROM THESE DISTRIBUTORS IN PRODUCTION QUANTITIES.
ALABAMA, Birmingham

ILLINOIS, Elk Grove Village

NEW YORK, Buffalo

TEXAS, Houston

Forbes Distributing Co., Inc.
(205) 251-4104

Kierulff Electronics, Inc.
(3 12) 640-0200

Summit Distributors, Inc.

Sterling Electronics
(713) 627-9800

ALABAMA, Huntsville

ILLINOIS, Skokie

NEW YORK , Farmingdale

Powell Electronics
(205) 539·2731

Bell Industries
Electronics Distributors Div.

Wilshire Electronics/Long Island
(516) 293·5775

ARIZONA, Phoenix

(312) 282·5400

NEW YORK, Woodbury

Sterling Electronics, Inc.
(602) 258-4531

INDIANA, Indianapolis

(716) 884·3450

Harvey Electronics

(516) 921·8700 (212) 895-9260

Graham Electronics Supply, Inc.
(317) 634-8202

OHIO, Cincinnati

Electronics Distributors Div .

MARYLAND, Baltimore
Radio Electric Service Co.

United Radio, Inc.
(513) 761-4030

(213) 321-5802

{301) 823-0070

OHIO, Cleveland

CALIFORNIA, Goleta

MASSACHUSETTS,
Billerica

Pattison Supply Co.

CALIFORNIA, Gardena
Bell Industries

R .P.S. Electronics, Inc.
(805) 964-6823

CALIFORNIA,
Los Angeles
Kierulff Electronics, Inc.
(213) 685-5511

CALIFORNIA,
Los Angeles
R .P.S. Electronics, Inc.
(213) 748·1271

CALIFORNIA, Palo Alto

MICHIGAN, Livonia
Pioneer /Michigan
(313) 525-1800

MINNESOTA,
Minneapolis

CALIFORNIA, San Diego

R.P.S. Electronics, Inc.
(714) 292-5611

CALIFORNIA, Sunnyvale
Bell Industries
(408) 734-8570

Pioneer /Dayton
(513) 236-9900

Newton
The Greene-Shaw Co., Inc.
(617) 969·8900

Stark Electronics Supply Co.
(612) 332-1325

CALIFORNIA, San Diego

OHIO, D·ayton

MASSACHUSETTS,

Kierulff Electronics, Inc.
(415) 968-6292
Kierulff Electronics, Inc.
(714) 278·2112

Industrial Electronics Division

(216) 441·3000

Kierulff Electronics, Inc.
(617) 935-5134
(617) 667·8331

Walters Radio Supply, Inc.
(816) 531-7015

MISSOURI, St. Louis

COLORADO, Denver

NEW JERSEY ,
Cinnaminson

Kierulff Electronics, Inc.
(303) 371-6500

Wilshire Electronics/Philadelphia
(609) 786-8990 (215) 627-1920

CONNECTICUT,
.Norvvalk
Harvey Electronics
(203) 853-1515

OVERSEAS :
EUROPEAN INQUIRIES:
European Parts ES Accessories
Marketing Group
General Motors Continental
Plant 2, Noorderlaan, Postbus 9
B-2030 Antwerp, Belgium

ALL OTHER OVERSEAS
INQUIRIES :
General Motors Overseas

PENNSYLVANIA ,
Pittsburgh
Cameradio Electronics

767 Fifth Avenue
New York, N .Y. 10022

(412) 288-2600

Delco Electronics
Regional Sales Offices

Dixie Radio Supply Co., Inc.
(803) 253·5333

Operations

Union, New Jersey 07083
Box 1018 Chestnut Station
(201) 687·3770

Sterling Electronics
(214) 357-9131

Van Nuys, California 91404
Box 2968
(213) 988·7550

TEXAS, Houston

General Sales Office

Harrison Equipment Co., Inc.
(713) 652-4700

700 E. Firmin, Kokomo, Ind . 46901
(317) 459·2175

NEW JERSEY, Clifton
Wilshire Electronics / New Jersey
(201) 365·2600 (212) 244-8930

FLORIDA, Clearwater

NEW MEXICO,
Albuquerque

Diplomat /Southland
(813)443-4514

Sterling Electronics
(505) 345-6601

FWRIDA, Miami Springs

NEW YORK, Binghamton

Powdl Electronics /Florida
305) 592-3260

Lake Engineering Co., Ltd .
(416) 751-5980

Almo Electronics
(215) 698·4000

TEXAS, Dallas

LCOMP·St. Louis
(314) 647·5505

IN CANADA:
ONTARIO, Scarborough

PENNSYLVANIA,
Philadelphia

SOUTH CAROLINA,
Columbia

MISSOURI, Kansas City

WASHINGTON , Seattle
Kierulff Electronics, Inc.
(206) 763-1550

Harvey Electronics

(607) 748-8211

Division of General Motors
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Save Space. Save Weight. Increase Reliability.
Paralleling transistors doesn't pay
-not when an inherently rugged
single device can do the job far
more reliably, using much less
space, weight, and at lower total
system cost. That's why PowerTech's unique single-chip NPN
silicon high-power transistor is
the one way to go.
Used alone, our space-saving
single-chip device eliminates
multiple failure sources while reducing the environmental testing
costs inherent in parallel arrays.
Because of their simplicity they're
available off-the-shelf-pre-rated,
pre-tested and inventoried to
meet virtually any hi-rel JAN and
JAN-TX hi-current requirements
without custom prices and long

custom waits. For information,
application assistance, and free
design guide call Sales Engineering, PowerTech, Inc., 9 Baker
Court, Clifton, N.J . 07011; (201)
478-6205.

le

v".

(hie= 10)
Vee (sat) @ ~

90A
90A

120V
200V

0.6V @ SOA
0.6V @ SOA

(pk.)

Type #
JAN-TX
2N5926
PT-7511
JAN-TX
2N5927
PT-6502
PT-9502 *

120A 120V 0.6V @ ?OA
200A
aov O.?V @ 100A
aov O.SV @ 300A
SODA
350 Watt Power Rating
*625 Watt Power Rating
Guaranteed SOAR

Copper grid distributes current
most efficiently
tor lowest Vee (sat) .

''" '"""\~
r I

570 mil diam .
or 820 ml/ diam.
single ch/pst';::;..>
·
$

Vold-free [ding
techniques eliminates hot spots.

}Integral
solid and
copper leads
heat sink ma.ke
pre-~ond chip test
and inventory
possible.
·)

~

Si Iicon transistors
to 500 amos with
lowest VcE [ sat~P
(.

PowerTech, Inc.
"BIG IDEAS IN
BIG POWER"
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Everything you need to know about electronics to be called:

''THE
MAN
WITH
THE
ANSWERS''
Win a reputation for accuracy and reliability! Have the right answers fast.
Each volume is a library in itself ... each helps you work quickly,
confidently, more efficiently! And each is yours to examine free!

SAVE MONEY-ORDER IN ADVANCE OF PUBulCATION ...
REFERENCE DATA FOR
RADIO ENGINEERS

•
•
•
•

Over 1,200 pages
Nearly 1,400 illustrations
Large, easy-to-read type
Over 40 pages of index

MODERN DICTIONARY OF
ELECTRONICS

Your key to 18,500 terms and
symbols. With this complete
reference , no electronics book
should baffle you. Also features
terms in communications,
microelectronics, fiberoptics,
semiconductors, reliability,
computers, and medical
electronics. 688 pages. $15.50

The favorite reference for electronics engineers and teachers of
many nations. Over 450,000
copies have been sold. Now, an
updated and expanded 6th edition
has been prepared - the most complete of its kind. Order your copy
today and save $5.
With this volume, you'll save
time and trouble, too. Features
major new additions on semico nductors & transistors, microminiature electronics, radio noise
and inte1fere11ce, naviKation,
filters, optoelectronics, optical
communications, electroacoustics, and more.
Regular price $30- now yours for
only $25! ($5 savings)

AUDIO CYCLOPEDIA

The world's most comprehensive
audio reference-ranging from
Basic Principles of Sound to
Installation Techniques.
Question-and-answer format
helps you understand concepts,
equipment, and the latest solidstate and IC audio technology.
Find answers in seconds.
1.760 pages.
$34.00

HANDBOOK OF ELECTRONIC IC OP-AMP COOKBOOK
TABLES & FORMULAS
The new, comprehensive guide to

This is one book everyone
involved in electronics shou ld
own. Here are al l the charts,
tables, formulas, symbols, and
standards used in electronics.
Includes a colorful foldout chart
showing FCC radio and TV
frequencies. 264 pages. $7.95

RADIO HANDBOOK

IC OP-AM PS. Covers not only
the basic theory in great detail,
but also includes over 250
practical applications. An allencompassing "cookbook" of
useful circuits. 592 pages. $12.95

®~

Howard W. Sams & Co., Inc.

It's the standard reference of the
radio world: the leading
independent authority on amateur
rad io hf and vhf communication.
Use it to look up facts-set up
circuits-or design and build the
latest types of equipment.
Completely updated, this 20th
edition covers every phase of
radio operation and construction.
Features semiconductor and ICcircuit design, amateur television,
1110011-bounce and satellite
communication. Some new
construction projects are a highperformance sol id-state receiver
and linear amplifier using the
new ceramic power triodes.
Regular price $19.50. Now just
$17 .SO! ($2 savings)

• Over 1,000 pages
• Hundreds of drawings
and photographs
• Large, easy-to-read type
• Thoroughly indexed

127

-----------------------------------------MAIL TODAY FOR 15-DAY FREE TRIAL
YES- send me the book(s) checked below to examine for 15 days free. If not
comp letely satisfied. I may return my order and owe absolutely nothing. Otherwise. for the amount shown, plus shipping and handling (and sales tax if
applicable), i1's mine to keep and use permanently.
0 REFERENCE DATA FOR RADIO
0 RADIO HANDBOOK
ENGINEERS
21218
$25.00
24032
$17.50
($2 savings)
($5 savings)
0 HANDBOOK OF ELECTRONIC
0 AUDIO CYCLOPEDIA
TABLES & FORMULAS
20675
$34.00
20982
$7.95
0 MODERN DICTIONARY OF
0 IC OP-AMP COOKBOOK
ELECTRONICS 20852
$15.50
20969
$12.95
NAME ------------------------~

(please print)

COMPANY - - - - - - - - - - - - - - - - - - - - - - - ADDRES~----------------------~

CITY
0 BILL MY COM PANY

STATE

ZIP _ _ __

0 BILL ME

MAIL TO: Howard W. Sams & Co., Inc./4300 West 62nd Street/
Indianapolis, Indiana 46206.

THllA

(Pre-puhlir.:ation offer expire-. 01!(.;cmbcr 3 I. 19 7.<il
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Reflection Cs,.> of broadband tran sformer, 200-1000 MH z, wit h 50 MHz freq uen cy markers.

Heres the W"ay to 01ake 01ulti-octave RF
and IDicroW"ave vector IDeasureIDents.
A total system that now lets
you make broadband swept
measurements of magnitude
and phase from 100 to
2400 MHz or from 2 to 18 GHz
in one continuous sweep.

The familiar HP 8410 Network
Analyzer now has automatic tuning to
track the wide sweeps of the
HP 8620A sweeper with its new
broadband plug-ins.
Sweep 2-18 GHz with the
HP 86290A plug-in and 100-2400 MHz
with the new HP 86222A/ B. The
HP 86222B adds unique digitallyprocessed birdie markers for precise
frequency identification.
Why not find out more about this
complete high-frequency vector
system? All the details are yours by
calling your nearby HP field engineer,
or writing.

HEWLETT. PACKARD
Sales and service from 172 offices in 65 countries .
1501 Page Miii Road . Palo Alie, Californi a 94304

45507
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Anewlowfor
on-board
•

programmg.

AMP introduced the DIP switch to solid-state electronics.
Now we've gone still further. AMP's new low-profile DIP
switches are as low as you can get. You can use them to
program 1cs right-on-the-board without remote wiring.
And sandwich boards in less space, to cut packaging costs.
With our new, low-profile DIP switches, cleaning boards is
easier than ever. Simply place our protective
covers or pieces of tape on the switches
and you can clean complete boards
without damage.
We're the people who developed
and perfected DIP switches
-a whole family of them-including
our innovative, pluggable Hexadecimal
Rotary Switch. Our experience is broader and
deeper than anyone's. At AMP we'll have
the right answers for your applications.

Bright
new lights.
Unique LED DIP switches are available in SPST "on" or "off"
as well as momentary-contact types. They permit rapid,
visual circuit test, fault indication and programing verification.
Plus, for the first time, they permit DIP packaging of LEDS.
Rockers are detented to avoid accidental actuation.
Switch leads and LED leads are terminated independently
for circuit connection versatility.
There's nothing quite like new AMP LED DIP
switches. For more details on
them, or the new AMP
low-profile DIP switches,
call (717) 564-0100. Or
write AMP Incorporated,
Harrisburg, PA 17105.
AMP is a trademark of AMP Incorpo rated .

~NIP
INCORPORATED
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nte 1st
You can go into production of higher density memory systems
confidently now that Intel's new 2104 16-pin, 4096-bit dynamic
RAM is in stock at Intel distributors, and
readily available in OEM quantities.
We are mass producing the 2104
on the same fabrication lines and with
v
the same silicon gate n-channel MOS
process as the industry standard
2107B 22-pin 4K RAM.
Intel's 16-pin RAM assures you
fast, reliable parts as well as delivery in
volume. The Intel 2104 is based
on the proven single-transistor
cell design of the Intel 2107B,
the highest performance
22-pin4KMOS RAM.Like the
2107B, the 2104 chip is much
smaller than other 4K RAM
chips produced today.
The fastest available
16-pin 4K RAMs are also in
the 2104 series.Our 2104-2 guarantees an access time of only 250
nanoseconds and a cycle time of 375 nanoseconds over the full
INTEL'S STANDARD 4K RAM FAMILY
0 to 70°C operating
Max. Access Time
Min . Cycle Time (ns), 0-70°C
temperature range.
(ns), 0-70°C
Read or write Read modify write
To keep system costs
02104-2
02104-4
low, the 2104 operates
02104
on standard - 5, + 5 and
21078
+ 12V power supplies,
21078-2
21078-4
and TTL I/O levels. All
21078-6
inputs including clock
A

16

00

1
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inputs are ·fully TTL compatible.
Overall system advantages of the 2104
are detailed in a new application brief,
"Which Way for 4K .. . 16, 18, or 22 Pin?" It explains why the 16-pin 2104 is best for very
tr
compact systems such as minicomputers,
microcomputers, terminals, business equipment, scientific calculators and anywhere
high density is needed.
Moreover, we show how the 16-pin
standard is compatible with the next generation of even higher density memories.The applica~-liiililiiiiiliiiiiil_;;ti;_on~b~r:ief also tells why the 2107B's simple, straightforward
L
22-pin design has become an in- ~
,,
dustry standard for computer
NO WAITING
main memories and many other
applications.
Now the industry has two
standard configurations-16
HOUR
pins with multiplexed addresses and 22 pins with parallel addresses. WhichDELIVERY
ever way you go, you'll find Intel ready to support
"'
.A
both in volume production. For delivery of the 2104 or 2107B contact our franchised distributors: Almac/Stroum, Component Specialties, Cramer, Elmar, Hamilton/Avnet, Industrial Components, Liberty,
Pioneer, Sheridan or L.A. Varah .
For your copy of "Which Way for 4K ... "or data sheets on any
of our 4K RAMs write: Intel Corporation, 3065 Bowers Avenue,
Santa Clara, California 95051.

)
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Using solid-state technology to replace bulky tube-type equipment,
EN l's broadband amplifiers are tomorrow ideas available today.
EN l's Class A power amplifiers already cover the frequency
specttum of 10 kHz to 1 GHz, with power outputs ranging from
300 milliwatts to over 4000 watts. And we're still climbing.
Driven by any signal generator, frequency synthesizer or sweeper,
EN l's compact portable amplifiers are completely broadband and
untuned. Amplifying inputs of AM, FM, SSS, TV and pulse
modulations with minimum distortion, these rugged units are

versatile power sources for general laboratory work, RFl/ EMI
testing, signal distribution, RF transmission, laser modulation,
data transmission , NMR, ultrasonics and more.
Designed to be unconditionally stable and failsafe (impervious
to severe load conditions including open or short circuit loads),
EN I power amplifiers wi II def iver their rated power to any load,
regard less of match.
For information write: ENI, 3000 Winton Rd. So., Rochester,
New York 14623. Ca/1716-473-6900. TELEX97-8283 ENI ROG.

ENI

World's Leader in Solid State Power Amplifiers
INFORMATION RETRIEVAL NUMBER 14
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News Scope

technician can use and that does
not require a knowledge of software and programming.
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Microcomputers giving rise
to new medical instruments
A new class of mass-producible,
intelligent medical diagnostic instrumentation incorporating microcomputers will be developed at the
Massachusetts Institute of Technology to overcome the limitations
of computer-based medical research
systems now used.
Expected advantages of the new
approach include the following:
• Substantially lower cost.
• Much smaller instrument
sizes, suitable for use in a clinical
setting rather than only in a research laboratory.
• Simplified operation, with the
microprocessor taking over the
monitoring of medical diagnostic
tests and routines.
• Data processing in real time
and with simplified presentation,
so that highly skilled medical researchers or computer personnel
are not needed to interpret the
results.
The work at MIT will be performed in the Core Microprocessor
Engineering Laboratory as part of
a new program administered by
the Biomedical Engineering Center for Clinical Instrumentation.
The center is being established by
the joint Harvard-MIT Program
in Health Sciences and Technology
with the help of a Federal grant
of $1,016,439.
The center's first research projects will be the design, development and testing of four basic
types of instruments: ( 1) A computerized monitor for detection of
irregular heartbeats; ( 2 ) Equipment and techniques for the diagnosis of causes of dizziness and
disequilibrium; (3) Instrumentation for collecting and processing
respiratory-function data for the
study of dynamic events found in
asthma victims; and ( 4) A probe
for the measurement of blood flow
through tissues to monitor patients during surgery.
ELECTRONIC DESIGN
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The center will be under the direction of Roger G. Mark, M.D.,
Ph.D., associate professor of electrical engineering in the MIT
Dept. of Electrical Engineering
and Computer Science. He also is
assistant professor of medicine at
the Harvard Medical School and
director of the Biomedical Engineering Dept. at Beth Israel Hospital in Boston.
Dr. Mark will direct the work
of developing a wearable, computerized device that can monitor,
identify and evaluate heartbeat irregularities in ambulatory patients.
If the beat indicates failure, the
device will give a warning.
Dr. Laurence R. Young, prot:.essor of aeronautics and astronautics
at MIT, heads the project on instrumentation for diagnosing dizziness and vestibular instability.
He sums up his approach, which is
representative of the over-all program this way:
"The problem is that current
methods of diagnosis are clumsy,
difficult for the doctor, uncomfortable for the patient, and require
specialized equipment that is usually not available in a clinic.
"Our objective is to take a number of test conditions that are used
to evaluate dizziness-this requires
measurement and analysis of nystagmus, which is an arhythmic
movement of the eyes when a subject is rotated or if his balance is
upset--and put the instrumentation into a single, usable package
for the clinician.
"The next step will be to take
computer programs for analysis
of this nystagmus and reduce them
to the level of hard-wired programs
on a microprocessor."
The advantages of reducing this
system to a µP-based instrument
are lower cost and smaller size. In
addition, Young says, you'll have a
dedicated machine that a medical

Hand-held control unit
to monitor artillery
A new hand-held control system
that will automatically monitor artillery and ultimately provide correction data for a target is under
development at the Army's Picatinny Arsenal in Dover, NJ.
The new device, still in the development stage, will look like a
hand-held calculator and will contain a radio to receive firing data
transmitted by transducers on a
piece of artillery.
According to Dan Ramer, an engineer at the arsenal, the prototype is being built with a MOS
Technology two-chip calculator set.
The final product, however, will
probably use a CMOS microprocessor, he says. The unit, Ramer
explains, will use Scho.t tky logic to
provide a 100-MHz capability,
while all the rest of the circuitry
will be CMOS.
To achieve maximum battery
life, circuitry that is not in use is
automatically disconnected. The
unit contains a ROM that holds
256 program steps. This eliminates
the need for any sort of programming by the user. Specific calculated data as to shell velocity and
acceleration, recoil velocity of the
artillery and orientation with respect to gravity are read out on a
digital display when the appropriate button is pressed.
The initial unit will only read
out these individual parameters,
but Ramer says there is no reason
why a little extra programming
can't be done to have the device
read out corrected coordinates for
a target.
The transducers for this system,
Ramer reports, will be mounted in
a removable collar that can be
quickly attached to any piece of
artillery. The telemetry equipment
will be self-powered.
Ramer notes that either the
heat, pressure or physical movement of the weapon when fired
will be used to generate electricity
to power the transducers and
transmitter. Final units should go
into production in about a year, he
says.
19

Laser-TV bomb sight
likely to raise accuracy
Day and night bombing accuracy
by Marine Corps aircraft is expected to improve s.ignificantly
with a new angular-rate bombing
system being built at Hughes Aircraft, Canoga Park, CA. Unlike
most current bombing systems,
neither measureme·nt of range to
the target nor inertial quality platform inputs are required.
The bombing unit uses a combination laser and TV system that
automatically acquires the ground
target and immediately begins to
track on the aircraft's first pass
over the target.
According to Richard Furtaw,
program manager at Hughes: "The
unit is basically a simple angularrate system. The tracker, after
locking on a target, provides the
aircraft-to-tar get line-of-sight
angle and angle rate to the weapondelivery computer. This information, combined with the true airspeed and altitude, is processed by
the computer yielding the weapon
delivery solution."
Target position, weapon release
and azimuth-steering information
are displayed to the pilot on a
head-up display.
Furtaw notes that the dualmode laser-TV tracker is the heart
of the system. A television tracker
shares a common optical system
with a laser spot tracker. A dichroic filter behind the optics separates the laser energy from the
visible light for sensing by a fourquadrant laser detector.

A portable radar set
to survey battlefields
A hand-held battlefield surveillance radar being developed for the
Marine Corps to detect both personnel and vehicles is so light ( 10
pounds ) and inexpensive (a tenth
the cost of existing units ) that it's
also being considered for other
military and civilian applications.
Under development for about
four years by the Naval Electronics Laboratory Center, San Diego,
the X-band, solid-state transceiver
was developed by Rockwell International's Autonetics Div. and the
antenna by the company's Missile
Systems Div. both in Anaheim.
20

The reason for the cost reduction, the Navy says, is that it does
not require the diode or ferrite
phase shifter for each array element that existing radars do.
The unit is designed to use an
electronic scan antenna with 26
elements and two ferrite analog
circuits to provide ± 45-degree
coverage. The antenna provides a
six-by-s.i x degree beamwidth at 9
GHz, with sidelobes down to 18 to
20 dB. It will weigh about two
pounds and will have a beam control power of about 0.5 W.
The X-band transmitter signal
is derived from an S-band source,
quadrupled and biphase-coded. The
resulting signal is applied to an
Impatt diode.
The main purpose of using this
technique, Navy Laboratory engineers say, is to achieve a more
efficient power source and to increase the power output. They predict a transmitter efficiency of
8 %-an increase of an order of
magnitude over present battlefield
surveillance radars. The average
power, they estimate, will be 2.5
W, whkh represents a 20-dB gain
over that of conventional units.
The primary advantages of using
fiber optics for remote control
capability are low weight, RFI /
EMI immunity, and wide bandwidth capability. The predicted
weight for 50 m of a four-channel fiber optics cable is about one
pound.

Hitachi cites advance
in optical IC work
Continuous-wave, room-temperature operation of a new distributed
feedback semiconductor laser-reported by Hitachi in Japanpromises to bring a practical optical IC system a step closer.
Room-temperature operation
eliminates the need for cooling and
simplifies substantially the interface between the distributed feedback gallium-arsenide-phosphide devices and OIC elements. Also, it is
possible to integrate several of
these distributed feedback laserseach with a different wavelengthin one element. As a result, a
number of independently modulated laser beams can be easily generated and sent through a single
optical fiber.

With the distributed feedback
device, the optical resonation necessary for lasing action is obtained
by use of an internal grating
structure instead of the mirror
surfaces found in regular semiconductor lasers.
This grating structure, according to M. Nakamura, K. Aiki and
J. Umeda, researchers at Hitachi's
Central Research Laboratory in
Tokyo, produces radiation of substantially purer spectral quality
and better modal control than that
of the conventional lasers.

Data General builds
its own MOS chip
Overshadowing Data General's
recent introduction of its Nova 3
OEM minicomputer family was
the announcement that the machine's memory module would contain a dynamic n-channel, 4096bit MOS RAM chip manufactured
by Data General in Sunnyvale, CA.
It's believed to be the first time
a small computer firm has extended in-house manufacture of computer parts down to the level of
complex MOS devices.
"The use of in-house manufactured chips," says Donald McDougall, Nova 3 marketing manager, "allowed the chip to be designed with close interaction between our semiconductor specialists
and Nova 3 system engineers. This
resulted in the best over-all RAM /
memory design that could be developed for these computers."
An alternate memory board will
be available using MOS parts supplied by Texas Instruments.
The four-slot Nova 3/4 and 12slot Nova 3/12 are available with
core memory in 8-k and 16-k-word
increments, or MOS semiconductor memory in 4-k, 8-k or 16-kword increments.
The new computers feature main
memory expansion up to 128-k
words, an extended data channel
and 16-level priority interrupt
structure.
Memory cycle speeds are 700 ns
for MOS memory, 800 ns for 8-k
word core and 1000 ns for 16-k
core.
McDougall notes that at the low
end of the OEM market, the Nova
3 challenges microcomputers in a
number of applications.
ELECTRONIC DESIGN
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Conversion loss
(dB)
Total
Range

Frequency
Range
(MHz)

Model

SRA-11 H

RF, L0-10-3000
IF· DC-1000

SRA-1 H

RF, L0·.5·500
IF· DC-500
RF, LO· 2 ·1000
IF· DC-1000
RF, L0·.05-200
IF· DC-200
RF, L0-1-750
IF · DC-750

SRA-2H
SRA-3H
SRA-lWH

9.5 typ.
12 max.
6.5 typ.
8.5 max.
7.5 typ.
9.5 max.
5.5
7.5
5.5
7.5

typ .
max.
typ.
max.

Isolation, dB
Lower band edge to
one decade higher
LO-RF
LO·IF
27 typ . 27 typ.
20 min . 20 min.
45 typ.
55 typ.
45 min . 35 min .
50 typ.
45 typ.
40 min. 35 min.
55 typ. 45 typ.
45 min . 35 min .
50 typ . 45 typ.
40 min . 35 min .

Conversion compression: 1 dB at

Upper band edge to
one octave lower
LO-RF
LO-IF
23 typ.
23 typ .
16 min. 16 min.
35 typ. 30 typ .
25 min. 20 min .
35 typ . 25 typ.
25 min. 20 min .
35 typ. 30 typ.
25 min . 20 min .
30 typ .
35 typ.
25 min . 20 min .

Mid range
LO-RF
25 typ .
18 min .
45 typ.
30 min .
45 typ .
25 min .
45 typ.
30 min.
45 typ.
25 min.

+ 10 dBm

LO·IF
25 typ.
18 min.
40 typ.
30 min.
40 typ.
25 min.
40 typ.
30 min .
40 typ .
25 min.

Price
Quant.
$79.95
(1·24)
$15.95
(5-24)
$29.95
(4-24)
$17.95
(5-24)
$19 .95
(5-24)

rf input

World's largest supplier of double balanced mixers

OMini-Circuits Laboratory
A 01v1s1on S c1e nt1f1c ':omoonents Corp

837-843 Utica Avenue, Brooklyn, NY 11·203
(212) 342-2500 lnt'I Telex 620156 Domestic Telex 125460

International Representatives:

[1 AUSTRALIA General Electron ic Services, 99 Alexancer Street . New South Wales , Australia 2065 ; O ENGLAND
Dale Electronics, Dale House , Wharf Road, Frimley Green, Camberley Surrey : O FRANCE S. C. I.E.· D. I. M. E. S., 31 Rue George • Sand, 91120
Palaiseau , France : 0 GERMANY, AUSTRIA, SWITZERLAND Industrial Electronics GMBH , Kluberstrasse 14, 6000 Frankfurt / Ma in, Germany : 0 ISRAEL
Ve ctronic s, ltd ., 69 Gordon Street , Tel -Aviv , Israel : D JAPAN Densho Kaisha , ltd ., Eguchi Build ing , 8-1 1 Chome Hamamalsucho Minato-ku , Tokyo :
EASTERN CANADA B. D. Hummel , 2224 Maynard Avenue, Utica . NY 13502 (3 15) 736-7821 : 0 NETHERLANDS, BELGIUM, LUXEMBOURG : Co imex ,
Velaweg 11, Hattem, Holland .

n

US Distributors: O

0

NORTHERN CALIFORNIA Cain-Wh i te & Co., Foothill Office Center, 105 Fremont Avenue , Los Altos, CA 94022 1415) 948-6533:
SOUTHERN CALIFORNIA, ARIZONA Crown El ectronics, 11440 Collins Street , No . Hollywood , CA 9160 1 1213) 877-3550
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Good news from Hughes
for circuit designers
bogged down in SSl/MSI:

Now you can get
these popular high-density
CMOS/LSI circuits

off the shelf.

4-Decade Counters
Three CMOS units to
choose from :
• 2 MHz, up/ down ,
BCD outputs
(HCTR4010)
• 1 MHz, BCD outputs,
16-pin package
(HCTR6010)
• 5 MHz, presettable,
7-segment outputs
(HCTROl 54)

Reader Se rvice No. 271

CMOS Decade CounterI
Latch/Decoder/Driver

CMOS Programmable
Logic Array

CMOS LED/LCD
Watch Chips

(HCTR0200)
• Up/ down, 2 MHz,
5V operation
• 7-segment output
compatible w ith LED
and LCD
• Units may be
cascaded

(HPLA0174)
• 1 MHz with 5V supply
• 19 inputs, 16 outputs
• 12 on-chip DFFs ,
• 70 product terms

•

Reader Se rvice No . 272

Our business is making advanced MOS/ LSI
devices. Mostly they're custom circuits, but
we also produce designs that have widespread application as standard parts.
We're now offering some of our standard
devices to circuit designers still burdened
with SS/ and MSI circuits-to save space,
power, 'Cost and time, and a lot of headaches.
Look over these proved-and-packaged
circuits and let us know which ones fit your
particular needs. We'll send you specs,
prices and delivery information.

Reade r Service No. 273

Need custom MOS designs? We 've developed a systematic design procedure for
handling any custom MOS proiect, from
simple logic to large scale systems. And we
have the comprehensive manufacturing and
automated testing facilities to complete the
production cycle. (Our new brochure offered

r------------------,

I
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32 KHz crystal
oscillator
• Hours, minutes,
seconds, date
• Low power, AM
indicator
• De-bounced set ·
inputs

Reader Service No. 274

here tells how it works.) Use our extensive
experience in MOS/ LSI circuits to meet
unusual requirements such as wide supply
variations, high speed , ultra low power,
differential amplifier input, RC oscillator and
crysta I osci Ilator.
For more information, use the handy
reader service number shown under each
product group, or contact Hughes Microelectronic Products Division , 500 Superior
Avenue, Newport Beach, California 92663.
(714) 548-0671, Ext. 346.

Malco Rectangulars ..•
they'll help you out
in a tight spot.
D
Twist/Conr!.22124 pins and sockets. In the Twist/Con system,
the male contact is constructed of seven strands of spring
copper alloy wire wound t.elically around an inner core of
three copper alloy strands. This creates a breathing helical
spring so that contact is made at many points around the
periphery of the pin bundle instead of a few discrete points as
in conventional design.
• Material: Copper Alloy
• Plating: .ooooso• Gold over Copper Flash
per MIL-G-45204, Type II
• Rating: 5 amps for 22 pins, 3 amps for 24 pins.
• Contact Resistance: .008 ohms max.

If you've never looked at Malco, look now. Malco offers
a complete line of rectangulars including some of the
smallest high-density connectors available ... to help
meet your tightest packaging requirements. Like our
MCDM 1 Micromate.™ Only Malco gives you a metal
shell connector like this one with as many as 184
straight-through connections, centers as small as .050"
and very little weight.
Whether you're designing with conventional wire,
coax, flat cable or ribbon-cable, Malco has the
rectangulars you can plug into your circuitry-all with
the Twist/Conr• high reliability contact system. And if
you ever need help getting out of a tight squeeze, you
can depend on Malco for a custom engineered rescue
operation. Malco-the only contact you need for all
your connectors. Write today: 12 Progress Drive,
Montgomeryville, Pennsylvania 18936 or call our South
Pasadena facility (213) 682-3351 for price and delivery.

MA
LCD
A Microdot Company
Helping industry put things together. 'M
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Takes the tedium
from microcomputer
systems design
"Donkey Work" in microcomputer systems development seems endless. It doesn't have to be! With
Motorola's M6800 Family and an EXORciser*, that
wasteful tedium is no longer necessary.
EXORciser configuration as a prototype of a unique
M6800 system is fast and simple using standard production board options. That's instant breadboarding.
It's in the M6800 tradition of simplifying and accelerating the design job. But, instant breadboarding is only
one of the key functions of this triple-threat design
development tool.
The EXORciser also is used to edit and assemble
source programs, and its very name is derived from the
functions of debugging, exorcising, and evaluating
M6800 system designs in real-time.
It's both the complete system emulation tool and the
debug system, too. Two systems in one. Emulation of
the user system within the EXORciser chassis is
achieved with the use of optional memory and 1/ 0
modules. With an external system , connect its bus as
Floppy Disk
(EXDRdisk • )

Hypothetical EXORciser Configuration

User ' s Sy stem
Peripherals

Remote
Reporti ng

MODEM

Debu g System
Program Development System

Internal or Externa l to EXORciser

User's System Emulation

an extension of the EXORciser bus, and timeshare the
EXORciser's MPU.

The basic machine consists of MPU, Debug and
Baud Rate Modules, with chassis and power supply.
Flexibility is enhanced by options for altering memory
and 1/ 0, the 2K Static RAM, 8K Dynamic RAM,
Input/ Output and ACIA modules. EXORciser options
also include extender and wirewrap modules, flat ribbon interconnect cable, and battery backup.

There's a full range of
M6800 support software and hardware
Support Software. M6800
software meets nearly any need.
It's available on commercial
timesharing from G.E. ,

U.C.S. and
Motorola Time-sharing.
Custom and host computer software are available, and
so is a full complement of M6800 Resident Software.
Evaluation Modules. Certainly the EXORciser is
the ultimate M6800 system development tool, but many
designers may prefer to first evaluate the operating
characteristics of the various M6800 Family devices
with one of several evaluation module options. These
include a bare board, a completely assembled and tested
module, and the same version with an 8K Dynamic
RAM module plus resident software.
Support Peripherals. Other systems development
tools supplement EXORciser capabilities. The EXORdisk * floppy disk unit and EXORtape* high speed tape
reader are available. More items are being added.
For complete story on Motorola's M6800 support
hardware and software, use the reader service number
or write to Motorola Semiconductor Products Inc., P.O.
Box 20912 , Phoenix , AZ 85036. Any Motorola sales
office or authorized Motorola distributor can handle
your questions and your order.
•Trademarks of Motorola Inc.
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Smaller, cheaper passive chips
spurring hybrid-circuit advances
As hybrid circuit manufacturers
reach for more complexity in their
designs, impressive advances in individual chip components are turning their ideas into reality.
Capacitors, inductors and resistors are getting smaller and smaller.
Component costs also are dropping.
And-how lucky can you get?ranges are being extended.
Chip capacitors are now available with values from 1 pF to well
over 200 µ,F in chip sizes from 30
mils square by 5 mils thick to 250
mils square by 100 mils thick.
Inductors are being offered with
values from 1 nH to over 10 mH
in both fixed and variable types,
while sizes start at 50 x 80 X 25
mils and increase to over 250 x
250 x 200 mils.
Chip resistors and resistor networks come with values from 1 n
to 10 12 n, while tracking capabilities are to within 1 ppm/° C.
There are now three major families of chip capacitors: monolithic
ceramic, tantalum and MOS. Inductors can be broken down into two
families: deposited and wound.
And for resistors, there are thinfilm and thick-film types.
Within each of these areas.
manufacturers are developing new
ways to lower costs, extend the
value range and shrink the size.
For instance:
• New materials and processes
for monolithic ceramics promise to
cut costs up to 50 % by eliminating
the use of precious metals and replacing them with base metals.
• Thinner dielectrics will permit
a fourfold increase of capacitance
per unit volume.

Thin-film resistor networks, deposited on either silicon chips or ceramics,
made by Analog Devices are coming down in cost when used in high volumes.

Dave Bursky
Associate Editor

Ceram ic chi p capac itors in various sizes, including these from USCC/Centralab, range in value from O.lpF to over 200 µF . Ratings are from 4 to 200 V.
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• Better packages for tantalum
capacitors promise to eliminate reliability problems of the T-bar construction.
• New mounting methods are
permitting low-cost thermal compression bonding instead of reflow
soldering or conductive epoxy.
• More use of machine operations is expected to cut the cost of
chip inductors by up to 75 % .
• Increasing use of laser trimming in thin-film networks is making possible tight-tolerance applications.
• Automated processing is expected to cut the cost of thin films
by over 50 % in the next few years.

with these materials differ widely.
The NPOs are ideal for highstability circuits, have tempcos of
about ± 30 ppm /° C and are typically available with values from 5
pF to 0.02 µF. X'/Rs are good for
bypassing applications, have tempcos of about 50 ppm/° C and can
range in value up to about 0.1 µF.
The Z5Us offer the widest range of
applications, have tempcos of about
100 ppm/° C and are available with
values of over 2 µF.
The lower-cost chips are the

You need a scorecard

Base-metal cuts ceramic costs

Ceramic chip manufacturers
have had problems with the rising
cost of precious metals. USCC/
Centralab, though, has done something about it. The company has
developed monolithic ceramic capacitors that use a base metal compound for the electrodes. This
makes them 30 to 50 % cheaper
than ceramic types that use
precious metals. In 5000-piece lots
for a 0.1-µF capacitor, the new
capacitors sell for less than 10
cents each.
USC C/Centralab, Union Carbid e,
A VX, Sprague, Centre Enginee ring and other companies predict
that new and thinner dielectric materials will permit higher capacitance per unit volume. More capacitance without an increase in
package size will be a reality with in the next year.
Ceramic chip manufacturers offer various termination styles designed for reflow soldering or
conductive epoxy attach techniques.
However, A VX claims to have
found a better way with its Planar
series of foil-tab leaded chips, intended for low-cost thermal compression bonding. Prices start at
$3 to $10 in single quantities, and
the values range from 1 pF to 1
µ,F. Four different dielectrics are
available, along with 12 chip sizes.
Monolithic ceramic capacitors
are the most widely used chip family, but within the family many
different dielectric types are available. Three of the most common
are the NPO, X7R and Z5U. The
temperature characteristics · and
prices of monolithic capacitors
ELECTRONIC DESIGN
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-such as the Z5U-have properties that are similar to those of
tantalum capacitors, although the
values are limited to about 2 or 3
µF when the K is more than 1000.
Medium-K dielectrics, such as
the X7R formulations ( K between
100 and 1000 ) can equal the performance of Mylar and polycar- .
bonate types. The low-K types, like
NPOs (K less than 100 ) , have
characteristics similar to those of
mica and polystyrene capacitors.

Thin-film resistor networks are often
housed in DIPs for easy use. Shown
is one from Hybrid Systems.

Tantalum capacitors use T-shaped
terminations for mounting onto ceramic substrates. These are from
Union Carbide.

NPOs and X7Rs; prices are down
around 15 to 20 cents each in 5000piece lots. The Z5 s cost between
25 and 40 cents for similar lots.
Chip sizes start at about 50 mils
square by 20 mils thick and range
to about 250 mils square by 100
mils thick.
Capacitors that use a material
with a high dielectric constant, K

Telling different valued chips
apart can be troublesome, since
many values are available in the
same package size. Marking the
values on the tiny chips is an art.
Some companies have even resorted
to laser marking to get the values
ingrained permanently. Coding is
done either by letters, dots, numbers or combinations thereof.
If you don't know the value you
need, several companies offer adjustable chip capacitors that let
you add or subtract capacitance
within a limited range. Vitramon
has its Vee-Cal series of chip capacitors with an NPO dielectric
that permits up to 12 incremental
adjustments. Base values start at
10 pF and go up to 680 pF in 24
models. Adjustment increments
vary from 1 pF for the small-value
units to 20 pF for the larger
values.
Each of the Vitramon chips has
adjustment contacts on two sidesone set for the coarse adjustment
and the other for the fine. A maximum of six adjustments can be
made on each side. All that's needed to adjust the value is a lead
pencil and an eraser. The chip sizes
are all identical-0.18 x 0.05 x
0.05 in.
Semtech offers a different method with its SC6000 series. The company will sell you slabs of monolithic capacitors made from barium
titanate ceramic. The slabs are
about 1.8 x 1.8 in., which you can
then cut to the value you need with
a diamond saw. Result: instant
custom capacitors.
The Semtech slabs have capacitance values up to 23,000 pF and
are available in voltage ratings of
2 to 20 kV. Slabs are also available
with custom voltage ratings of up
to 70 kV. Prices start at 66 cents
27

and rise to $10 a slab in 1 to 10
quantities.
Tantalums pack it in

To get .even more capacitance in
a small space, users now have
tantalum-based capacitors. These
can have values from about 0.1 µ,F
to over 200 µ,F, while taking up no
more room than the large ceramic
chips. Typical sizes range from 50
x 100 x 50 mils up to 150 x 285
x 110 mils.
There are, though, several different termination variations for
the chips. For instance, National
Components Industries offers endterminated Blue-Chips, with wide
area mounting terminals that are
similar to those on ceramic chips.
Other .companies, like Union Carbide and Corning, have the T-bar
structure, which uses the chip itself for one terminal and a· lead
shaped like a T for the other.
The T-bar has a tendency to
break, however, if the chips are not
handled with extreme care, says
Robert Gress, tantalum capacitor
product manager for Corning.
Prices for the tantalum capacitors start at about 20 cents for a
low value and increase to about
$2 and more for larger values or
higher voltage ratings. Ray Irion,
marketing manager for Union Carbide, says that tantalum chips cost
less than ceramics with the same
value. And they provide the user
with a more stable temperature
characteristic, he notes.
1

Capacitors get transistorized

Metal-oxide semiconductor technology is being used for capacitors
of low value. But so far only a
handful of companies-Texas Instruments, Dionics and Micro Networks, among them-are offering
MOS chip capacitors. The values
range from fractions of a picofarad
to about 150 pF.
The advantages of these chips
include their low height from the
circuit substrate-typical thicknesses are only 5 mils against the
20-to-50-mil thicknesses of ceramic
types.
Larger values than the 150-pF
upper limit are possible, note
George Seaton, marketing manager for Dionics, and Robert Jay,
president of Micro Networks. But
28

Inductors made by deposits of metal
on glass are the specialty of Thinco.
Values range up to 120 nH ..

as low cost becomes the dominant
consideration in design, ceramic
tends to prevail. However, MOS
capacitors can be attached with
the same equipment used for semi.:
conductor die mounting and conventional wire bonding.
Typical chip prices in 10,000piece lots range from 13 cents for
low-value units to about 75 cents
for high-value. Since the capacitors are deposited on a silicon substrate, many different values can
be placed on a single silicon chip.
Dionics, for example, has its
Models C-700 and C-1248, which
contain capacitors that range from
1 to 39 pF on a 50 x 35 x 5-mil
chip. The C-700 contains a total of
94 pF, while the C-1248 has a total
of 1.5 pF-but on a chip about half
the size.

Chip inductors: Limited choice

Tantalum chip capacitors range in
size from 100 to over 250 mils
square. A sampling from Corning is
displayed.

Monolithic ceramic chip capacitors
made by American Technical Ce·
ramies vary in size from 50 to 250
mils square,

Thick-film chip resistors, like these
made by KDI Pyrofilm, are available
in values from 1 n to 10 Mn.

Miniature inductors in chip form
have been available from only a
few manufacturers because they
are both hard to make and the veryhigh-volume demand for them just
isn't there. The companies that do
offer them have both fixed and
variable types, with values from 1
nH all the way up to 10 mH. The
variable types are usually available with a tunable range of about
half a decade.
"Prices are starting to drop as
more of the expensive hand labor
needed for wound inductors is
eliminated," says Bill Parker, vice
president of technical and special
components for Airco Speer.
However, the assembly of variable wound inductors is a very delicate operation, and their prices are
still in the $3 to $5 range for small
quantities--still cheap compared
with the $15 to $20 of several
years ago.
The cost of fixed units has also
continued to decline as production
techniques , have improved or new
methods have been found. Fixed
inductors can be bought for as
little as 29 cents each in large
quantities.
Inductor size is perhaps the
most critical factor, after the inductance value. Ultra-small deposited fixed units, such as the
L-30 inductors made by Thinco,
span a range of 1 to 120 nH and
have a chip size of only 50 X 80 x
25 mils. These units are made by
ELECTRONIC DESIGN
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SEMTECH NEWS
Published from time to time by SEMTECH CORPORATION • 652 Mitchell Road, Newbury Park, California 91320 I Phone: (805) 498-2111

Maximum Power
in a Mini Package!

Bl-POLARITY
TRANSIENT SUPPRESSORS

Semtech technology once again sets
the standard for semiconductors! Now, a new
generation of Voltage Regulators and
Transient Suppressors for protection of delicate
logic circuits and sophisticated power supplies, providing protection against voltage
transients in airborne·equipment as well as suppression of relay coil and contact noise.
The smallest package in the industry and with power ratings up to 1500 watts is
available now thanks to a breakthrough in junction technology, combined with the proven
metoxilite (metal-oxide) coating and superior non-cavity monolithic high temperature
bonded construction I

LOW DYNAMIC IMPEDANCE VOLTAGE REGULATORS "ZENERS"
These new devices offer significantly lowerdynamic impedance. Lower impedance means
improvement in regulation ripple reduction and transient protection.

1 watt

-

-

1N5559A,B thru 1N5589A,B.
Nominal Voltage: 6.8 to 120 V (±5%)
Low Reverse Leakage
Dimensions (max.): Body .070"D x .165"L
Leads .031 "D x 1.25"L

3 & 5 watt

-

SX6.8 thru 120
Nominal Voltage: 6.8 to 120 V (±5%)
Low Reverse Leakage
Dimensions (max.): Body .140"D x .165"L
.
Lead .040"D x 1.1 O"L

5 watt

-------- - -

1N4954 thru 1N4984
Nominal Voltage: 6.8to120V (±5%)
Low Reverse Leakage
Dimensions (max.): Body .140"D x .165"L
Lead .038"D x 1.1O"L

1Owatt

•

SY6.8 thru 120
Nominal Voltage: 6.8 to 120 V (±5%)
Low Reverse Leakage
Dimensions (max.): Body .165"D x .165"L
Lead .040"D x 1.10"L

At last, a single chip device providing
symmetrical transient voltage protection. Voltage
matching to 5% in either direction. Protection
for A.C. and D.C. circuits.

500 watt

-

Peak Pulse Power

L 10A, 20A, 30A, 39A, 51A, 60A, 82A, 100A
and 110A.
Nominal Voltage: 10 to 110 V
Dynamic Impedance (max.): 1.5 to 70 Ohms
Dimensions (max.) : Body .140"D x .165"L
Lead .031 "D x 1.25"L

1500 watt

•

Peak Pulse Power

TS 10A, 20A, 30A, 39A, 57A, 60A, 82A, 100A
and 110A.
Nominal Voltage: 10 to 110 V
Dynamic Impedance (max.): 0.7 to 35 Ohms
Dimensions (max.) : Body .165"D x .165"L
Lead .040"D x 1.1 O"L
1975 NATIONAL SBA SUBCONTRACTOR OF THE YEAR

SEMTECH
CORPORATION
652 Mitchell Road , Newbury Park, California 91320
(805) 498-2111 , (213) 628-5392 I TWX : 910-336-1264
CHICAGO : (312) 352-3227
DALLAS : (214) 387-3551
FLORIDA : (305) 644-5404
MARYLAND: (301) 424-6663
NEW JERSEY: (201) 654-4884
SAN FRANCISCO: (415) 494-0113
EUROPEAN SALES HOO: Bourns AG Zug ,
Switzerland. (042) 232-242

Contact factory for complete specifications.
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Variable chip capacitors, newcomers
to the hybrid scene, are made by
Vitramon for easy breadboarding.

Tantalum capacitors in rectangular
chip form are the specialty of National Components Industries.

Miniature variable and fixed inductors from Airco Electronics are available with values up to 10 mH.

Pellet resistors by CTS Microelectronics are designed to fit into holes
drilled through the substrate.

High-value thick-film resistor chips
made by Eltec are so small that
stamp perforations dwarf them.

Chip capacitors designed for microwave ICs use beam leads. These are
from Johanson Monolithics.

vacuum-depositing sequential layers of insulation and metal so they
f_o rm a square, fiat coil. Larger inductor chips, made by Delevan, Nytronics, Vanguard and others, use
wound coils of very fine wire that
are epoxy-sealed in brick or cylindrical form. They come in sizes up
to 250 mils square by 100 mils
high .
Inductor manufacturer s have had
problems in maintaining the coil Q
while providin g the most inductance in the smallest space. The
tradeoff is usually the lower Q,
whi C:h for t hese small units is
usually under 100, althou gh the
L-30 fixed units from Thinco are
reported to have Qs as high as 260
at 400 MHz.
Most companies that offer chip
inductors also make tun ed circuits
to custom r equirements, since all
they have to do is add a tap, or
seve ral r es istor s and a capacitor.

Resistance comes in many forms
Whether you need a high-value
resistance or a low one, you have
a choice of thick. or thin films.
Thick films tend to offer the lower
cost but lack the temperature
stability of thin-films.
Prices for thick-film resistor
chips start at about 10 cents each
in 10-k lots ; thin-film resistors
still cost about double that. ManufacturPr~ of thin-film networks, like

is not the answer if tight tolerances are needed. This is because
the temperature drift of thick
films (depending upon formulation )
can be as bad as 200 ppm/° C or
as good as 50 ppm /° C.

Thin films have high stability

Beam-lead capacitors from AVX are
designed for thermal compression
bonding with foil tabs.

Analog Devices, Hybrid Systems,
LRC Microelectronics and National
Semiconductor, all feel that as volume applications for thin-film networks increase, prices will drop to
compete with those for thick-film
circuits.
Thick-film networks are usually
not available in chip form; usually
they are part of the circuit substrate. Thin films, however, can be
built with IC technology, which
permits the networks to be treated
the same as active chips.
The accuracies of thick-film resistors range from a poor 20 % to
a fairly tight 1 %, with some 0.5 %
tolerances available on special
orders. However, for most applications, trimming thick films to 0.5 %

Thin-film networks, on the other
hand, have typical stabilities of 25
ppm/°C and can be formulated
down to about 5 ppm /° C. The ratio
accuracies of the networks can be
trimmed down to 0.001 % with computer-controlled laser machinesquite a bit tighter than the accuracies of thick films.
Typical thick-film resistance
values range from about 1 n to
well over 10 Mn. Mini-Systems offers thick-film chips that range in
value up to 1000 Mn and can handle up to 0.5 W. Their prices start
at about 13 cents in 10-k lots, with
the chip sizes ranging from 35 x
35 to over 100 x 100 mils.
Other companies-like AircoSpeer, KDI Pyrofilm, Dale, Eltec
and CTS Microelectronics-offer
chip resistors that are designed
for power handling, isolation and
special circuit designs.
For instance, CTS manufactures
the Ceradot series of cermet pellet
resistors. The pellets range in size
from 50 mils in diameter and 30
mils thick up to 100 mils diameter
and 62 mils thick. Values go from
10 n to 1 Mn. A typical application
INFORMATION RETRIEVAL NUMBER 20 ...

The new package
from the leader:
Precision Graphics at an
alphanumerics price.
Not just graphing. Graphics from the
graphics specialist. The key is information capacity. Tektronix' new 4006-1
offers far and away the highest output
density of any terminal in its price
range : 1024 X by 780 Y viewable points;
2590 alphanumeric on screen
characters .

It's all you'd expect from the company
serving all your graphic needs ...
priced competitively with most alphanumerics.
Immediately compatible with most
mainframes. Thanks to proven interfaces. Time-tested software. Great new
usable software packages. And expert
maintenance anywhere in the world .
And rely on Tektronix to do it right.
The 4006-1 is our biggest breakthrough
towards making the power of graphics
affordable for everyone. Just $2995

for openers . Lease price $150 per
month on a two year lease, includes
maintenance . Plus peripheral options
like our 4631 Hard Copy Unit for up to
four 4006-1 's, with 8112 "x11" copies,
and 4923 Digital Cartridge Tape
Recorder. And as fine a package of
technical support as you ' ll find for any
terminal anywhere.
Check it out: we ' re graphic leaders
for some mighty good reasons. Your
local Tektronix Sales Engineer can give
you the whole story. Or write:
Tektronix, Inc.
Information Display Group
P.O. Box 500
Beaverton, Oregon 97077

•-

TEKTRONIX®

might be to mount the pellets in
holes drilled in the circuit substrate and make contact to the top
and bottom.
Tolerances for the Ceradots can
be as close as 1 %, while the temperature drift of the resistance is
about 300 ppm/°C. CTS also has
rectangular resistor chips that
cover a 200-n to 350-kn range.
If you need high resistance
values, try the Eltec. It has thickfilm resistor chips with resistances
up to 10 1 2 n. Prices start at about
45 cents each in 10-k lots and
accuracies at 30%, narrowing to
5%.

Bulk-Metal for high efficiency
If your circuit needs call for
high accuracy and high-stability
resistors, thin films are the only
way to go. Vishay has just entered
the super-prec1s1on chip market
with its Micro Chip series of 0.01

and 0.001 % absolute accuracy
Bulk-Metal film chip resistors.
Temperature coefficients are down
to 5 ppm/° C over a - 55 to + 150
C operating range. Resistance
values at present are limited to
1 n to 10 kn, but higher values
will be available shortly. Prices for
these precision chips will be about
$3 for 100-piece lots.
Analog Devices offers a thin-film
custom service to buyers who fill
out a form in the company's catalog. Prices for user-designed networks with 0.1 % ratio accuracy
typically cost $5 in 1000 quantities.
National Semiconductor has introduced thin-film networks that
cost only 35 cents each in 100,000piece lots. This is for 1 % tolerance.
Typical thin-film resistance
values range from 10 n to about 10
Mn. Most networks are built on
silicon that has a sheet resistivity
of about 250 fl/square. However,
Jay of Micro Networks says that

materials with sheet resistivities of
1000 n/square are "just around the
corner." This increased resistivity.
he says, is needed to build the low power circuits required.

Prototype kits--a mixed bag
Did you ever try to calculate the
resistance value that you need for
a circuit? Or the inductance or capacitance? The law of averages
says that you won't have that value
available to plug in.
To counteract this breadboard
problem, just about every chip company offers a designer's kit of chips.
This could range from as few as
five chips to several hundred, depending upon what you want to
pay and your need. Typical kit
prices range from $10 to $700. The
kits are usually a great bargain,
since they offer a wide selection of
component values at a greatly reduced price. • •

Need more information?
The following companies contributed inputs for this report.
The list is far from complete,
but it does contain most of the
chip component manufacturers.
Additional listings can be found
in ELECTRONIC DESIGN'S GOLD
BOOK. The code letters after
each company define the various
product lines: thick-film resistors
( A ), thin-film resistors (B), inductors (C), ceramic or porcelain capacitors (D), tantalum
capacitors (E), and MOS capacitors (F).
AVX Ceramics, P.O. Box 867, Myrtle
Beach, SC 29577. (803) 448-9411. (D)
Circle No. 401
Airco Electronics, P.O. Box 547, Bradford ,
PA 16701. (814) 362-5536. (A, B, C)
Circle No. 402
Alpha Industries, Sylvan Rd., Woburn, MA
01801. (617) 935-5150. (D)
Circle No. 403
American Technical Ceramics, 1 Norden
Lane, Huntington Station, NY 11746.
(516) 271-9600. (D)
Circle No. 404
Analog Devices Inc., P.O. Box 280, Norwood, MA 02062 . (617) 329-4700. (Bl
Circle No. 405
Burr-Brown, International Airport Industrial Park, Tucson, AZ 85706. (602) 2941431. (A, F)
Circle No. 406
CTS Microelectronics Inc., Box 1278,
Lafayette, IN 47902. (317) 463-2565. (A)
Circle No. 407
Centre Engineering, 307 Benner Pike,
State College, PA 16801. (814) 2370321. (D)
Circle No. 408
Corning Glass Works, Electronic Products
Div., Corning, NY 14830. (607) 9748237. (D, E)
Circle No. 409
Dale Electronics, 1376 28 Ave ., Columbus,
NE 68601. (402) 564-3131. (A)
Circle No. 410
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Delevan Div., American Precision Ind.,
271 Quaker Rd., East Aurora, NY
14052. (716) 652-3600. (C)
Circle No. 411
Dionics Inc., 65 Rushmore St., Westbury,
NY 11590. (516) 997-7474. (F)
Circle No. 412
Eltec Instruments Inc., Central Industrial
Park, Daytona Beach, FL 32014. (904)
252-0411. (A)
Circle No. 413
Emcon Div., Illinois Tool Works Inc.,
11620 Sorrento Valley Rd., San Diego,
CA 92138. (714) 459-4355. (D)
Circle No. 414
Gowanda Electronics, 179 Broadway Rd.,
Gowanda, NY 14070. (716) 532-2236.
(C)
Circle No. 415
Hybrid Systems Corp., 87A 2 Ave., Burlington, MA 01803. (617) 272-1522 . (B)
Circle No. 416
Hy Comp Inc., 146 Main St., Maynard,
MA 01754. (617) 897-4578. (B)
Circle No. 417
Johanson Manufacturing Corp., 400 Rockaway Valley, Boonton, NJ 07005. (201)
334-2676. (D)
Circle No. 418
Johanson, Monolithic Dielectrics Div.,
P.O. Box 6456, Burbank, CA 91505.
(213) 848-4465. (DJ
Circle No. 419
KDI Pyrofilm Corp., 60 S. Jefferson Rd.,
Whippany, NJ 07981. (201) 887-8107.
(A)
Circle No. 420
LRC Inc., 101 Digital Dr., Hudson, NH
02051. (603) 883-8001. (B)
Circle No. 421
Mepco/Electra Inc., Columbia Rd., Morristown, NJ 07960. (201) 539-2000. (D)
Circle No. 422
Micro Networks Corp., 324 Clark St.,
Worcester, MA 01606. (617) 852-5400.
(B, F)
Circle No. 423
Mini-Systems Inc., 20 David Rd., North
Attleboro, MA 02761. (617) 695-0206.
(A)
Circle No. 424
MuRata Corp. of America, Rockmart, GA
30153. (404) 684-7143. (D)
Circle No. 425
National Components Ind., Inc., 5902
Australian Ave., West Palm Beach, FL
33407. (305) 842-3201. (E)
Circle No. 426
National Semiconductor Corp., 2900 Semiconductor Dr., Santa Clara, CA 95051.
(408) 732-5000. (B)
Circle No. 427
Nytronics Components Group Inc., Orange
St., Darlington, SC 29532. (803) 3935421. (C)
Circle No. 428

Philips Research Press Dept., Eindhoven,
the Netherlands. (Bl
Circle No. 429
Piconics Inc., Cummings Rd. , Tyngsboro,
MA 01879 . (617) 649-7501. (C)
Circle No. 430
Precision Monolithics, 1500 Space Park
Dr., Santa Clara, CA 95050. (408) 2469222. (B)
Circle No. 431
RCL Electronics Div., AMF Inc., 700 S.
21 St., Irvington, NJ 07111. (201) 3743311. (BJ
Circle No. 432
Republic Electronics Corp., 176 E. 7 St.,
Paterson, NJ 07524 . (201) 279-0300.
(D)
Circle No. 433
San Fernando Electronic Mfg., 1501 First
St., San Fernando, CA 91341. (213)
365-9411. (D)
Circle No. 447
Semi-Films Div.,
National Micronetics
Inc., Box 188, West Hurley, NY 12491.
(914) 338-7714 . (B, Fl
Circle No. 434
Semtech ltd., 652 Mitchell Rd., Newbury
Park, CA 91320. (805) 498-2111. (D)
Circle No. 435
Sprague Electric Co., 645 Marshall St.,
North Adams, MA 01247. (413) 6644411. (D, El
Circle No. 436
Stackpole Carbon, Carbon Div., Stackpole St., St. Marys, PA 15857. (814)
781-1234. (A)
Circle No. 437
Tensor Electronics Inc., 11404 Sorrento
Valley Rd., Bldg. 120, San Diego, CA
92121. (714) 453-7262 . (D)
Circle No. 438
Texas Instruments, P.O. Box 5012 , Mail
Station 84, Dallas, TX 75222. (214)
238-3914. (F)
Circle No. 439
Thinco Inc., Hatboro, PA 19040. (215)
675-5000. (C)
Circle No. 440
USCC/Centralab, 2151 N. Lincoln St.,
Burbank, CA 91504. (213) 843-4222 . (D)
Circle No. 441
Union Carbide/Components, Box 5928,
Greenville, SC 29606. (803) 963-7421.
(D, E)
Circle No. 442
Vanguard Electronics Co., 930 W. Hyde
Park Blvd., Inglewood, CA 90302 . (213)
678-7161. (C)
Circle No. 443
Varadyne, 1547 18 St., Santa Monica CA
90404. (213) 829-2991. (D)
'
Circle No. 444
Vishay Resistive Products , 63 Lincoln
Hwy., Malvern, PA 19355. (215) 6441300. (B)
Circle No. 445
Vitramon Inc., P.O. Box 544, Bridgeport
CT 06601. (203) 268-6261. (DJ
'
Circle No. 446
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When you've got a new product
that excites 1,235 people at Wescon,
you've got what they want.
Bud has it!

Phone your nearest
Bud Representative.

It's Bud's
Modular Electronic
Packaging System.
And 1,235 people were stopped in their
tracks at the Bud booth during the Wescon
show to see it, talk about it. Here's what
they saw . Talked about.

Accurate alignment.
Highly stable , one-piece, full length guides
provide accurate alignment of circuit boards
and edge connectors. The edge connectors
are mounted directly to the end of the
guides, thereby eliminating the need for
separate mounting rails and spacers.
Glass-loaded polycarbonate guides rest on
the horizontal cross rails of the sub-racks.
Since guides do not carry the weight of
boards or sub-units, there is no guide
distortion.

Variable
guide spacing.
Plug-in guides can be spaced instantly on
any pitch that is a multiple of 0 .200" . Basic
pitch of 0 .200" with a normal card pitch of
0.600" provides 0 .200" on the wiring side
and 0.400" on the component side of the
circuit board . When guides are plugged in at
an 0.400" pitch, 42 circuit boards can be
housed .

Easy insertion.
Guides are flush with the front of the
sub-rack . Circuit boards and sub-units can,
therefore, be inserted into the sub-rack
even vyhen the sub-rack is located above
or below eye level .

JACK BERMAN CO., INC.
(Ariz., S. Calif., S. Nev.)

LUND & COMPANY INC.
(Okla., Tex.)

Inglewood, Calif.
213-649-6111

Dallas, Tex .
214-387-4634

CARTWRIGHT & BEAN
COMPANY
(Ala. , Ark., Fla., Ga., La.,
Miss., N.C. , S.C. , Tenn .)

MARLOW ASSOCIATES,
INC .
(Oh., W. Pa., W. Va.)

Huntsville, Ala .
205-533-3508

Simple and
rugged construction.
The system has been uniquely designed
with a minimum number of components to
assemble. Rugged aluminum extrusions
and heavy gauge aluminum panels provide
extreme rigidity. The front panels are
brush finished and anodized while all other
aluminum parts are etched and anodized.

And it's flexible.
One of the major advantages of the Bud
System is that the componentry comes in a
range of sizes. In sum, the System adapts to
your application . Sub-rack frames are
available in standard 19" width, four E.1.A.
panel heights and two depths. Eight
sub-racks, 30 sub-units, six printed board
units come in individual easily assembled
kits. Eight standard circuit boards and 16
standard edge connectors are also avai lable .
Special Connector Mounting Rails can be
ordered to accommodate other types and
sizes of connectors .

Orlando, Fla.
305-422-4531
Plantation, Fla.
305-791 -3989
Atlanta , Ga.
404-255-5262
Chalmette, La .
504-279-4598
Jackson, Miss.
601-981-1368
Charlotte, N.C.
704-333-6457

Cleveland, Oh .
216-932-0900
Xenia, Oh .
513-426-6270
MARSEY SALES, INC.
(Upper New York)
Rochester. N.Y.
716-442-9700
MULLIN TECHNICAL
SALES, INC.
(Ma. , N . H., Vt. , Mass. , R.I.,
Conn .)
Needham, Mass .
617-444-4780

Raleigh, N.C.
919-832-7128

PALATINE ENGINEERING
SALES, INC.
IS. Ill., Kan .• Mo., Neb., la.)

Knoxville, Tenn.
615-693-7450

Cedar Rapids, la.
319-365-8071

Memphis, Tenn .
901-276-4442

Andover, Kan .
316-683-7512

EARL & BROWN CO., INC. Lenexa, Kan .
(No. Ida., Mont., Ore., Wash.,913-492-7020
Alas.)
St. Louis. Mo.
Seattle, Wash.
206-284-1121
Portland, Ore.
503-245-2283

314-426-7055
DAVID H . ROSS COMPANY
(N. Calif., N. Nev.)

San Carlos, Cali f.
INDUSTRIAL
415-591-4411
REPRESENTATIVES, INC. SOUTHERN SALES CORP.
(N. Ill., £ . Wis.)
(Ind., Ky.)

See it. Talk about it.

Chicago , Ill.
312-647-7755

Indianapolis, Ind .
317-257-7575

Your Bud Representative has complete data
on the new Modular Electronic Packag ing
System. He also has a demonstration model.
See it . Work with it. Then you'll realize
here's a highly functional system that adapts
to your ideas, your imagination , you r
system.

THE CLARK R . GIBB CO.
(Minn., N. Oak., S . Oak.,
W. Wis.)
Minneapolis, Minn .
612-377-1200

JACK M . THORPE CO.
(Mich .)

No profiling of boards.
A specially designed connector end
foot provides lead-in for each board and,
also, allows the edge connector to be
the full height of the board. Board profiling is eliminated .

LINDBERG COMPANY
(Col., Ut., KYo., S. Ida.,
£ . Mont., N.M., £/Paso,
Tex.)
Denver, Col.
303-758-9033
Albuquerque , N.M .
505-881-1 006

BUD RADIO , INC .
4605 East 355 Street Dept. 11 A
Willoughby , Dh io 44094

Salt Lake City . Ut.
801 -534-1500

St. Clair Shores , Mich .
313-779-6363
TRINKLE SALES, INC .
(£. Pa., S. N.J., Dela., Md.,
D.C., Va.)
Cherry Hill, N.J.
609-795-4200
215·922·2080 IPhila.l
WILLGOLD ELECTRONIC
SALES CORP.
(N. N .J., Metro N . Y.C., Long
Isl., Westchester Cry.)
Rockville Centre, N.Y.
516-764-4022
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can do for your bottom line.
Your cost? Probably less
than $200 per interface.

Stack the new ALPHA LSI- 3/05
millicomputer up against any
other low-end computer.
Preferably while you're
sitting down, because on
price alone, you're bound
to be astounded.
Ready? $701 total
packaged price. And that's
complete with 256 words
of MOS RAM, and a CPU
that offers a really powerful
instruction set, Power Fail
Restart, Real-Time Clock
and Autoload capability.
Try to buy an equivalent
computer at twice the price.

The pros know.

Have it your way.
You also get the capability to configure your computer
pretty well the way you want it.
A choice of packaging, of course ,
that includes either the Operator's or the Programmer's Console, power supplies and so on.
A choice of two standard
I/O options.
And a choice of optional
memory configurations that

Maxi-Bus co mpa tible ALPHA LSI -3/05
ach ieves unpreced ented cost-effectiveness
with ComputerAutomation's new Distributed
VO System.

All prices shown are for lots of 100 (U.S.A. only).

include RAM/ROM, RAM/
EPROM and RAM-only in sizes
from 256 words all the way up to
32K words. Totally addressable.

Family connections
save you still more money.
So far, what we've been
talking about could easily add
another five or six figures to
the bottom line of your ledger.
But there's more. Really
big savings on off-the-shelf
software, peripheral controllers
and I/O interfaces.
The reason is that the
ALPHA LSI-3/05 millicomputer
is a full-fledged member of
ComputerAutomation's LSI
Family ... Maxi-Bus compatibility
and the whole works. So, every
piece of Family hardware we've
ever developed will work like
it was made for the ALPHA
LSI-3/05. Including ComputerAutomation's exclusive new
Distributed I/O System ... just
like you see it in the picture.
With this versatile interface system, you can interface
virtually any kind or combination of peripherals. Parallel or
serial.Just by plugging them in.
INFORMATION RETRIEVAL NUMBER 102

Computer-wise OEM's
will tell you that product
requirements sooner or later
get ahead of the hardware.
For instance, the computer
you buy today may not have
enough I/O or memory capacity for tomorrow's Mark II
Super Widget.
Then you'll have to scrap
all your software and your
interface designs, because
they're not about to work on
some other machine.
You lose.
Of course, with our LSI
Family of compatible computers
you don't.
You can switch to a different CPU or a different memory
anytime. Faster, slower, bigger,
smaller. The electrical interface
will still be the same; the original
programming will still work.
You win.

From the people who
brought you the NAKED MINI~
And the NAKED™MILLI.
And the Distributed I/O System.
And the PICOPROCESSOR.
And now the ALPHA
LSI-3/05 millicomputer.
One cost breakthrough
after another. Breakthroughs
that didn't just happen . .. a
lot of profits got plowed back
intoR&D.
But then, that's the price
of leadership.

IP/a

ComputerAutomation

~\\ NAKED MINI Division

U.S. A. 18651 Von Karman. Irvine, CA 92664
(714) 833-8830
EU ROPE 31/35 Clarendon Road, Watford.
Hertfordshire, WDI , IJA England (0923) 39627

COMING NOVEMBER 22
A MAJOR NEW EDITORIAL SECTION

IN EVERY ISSUE OF

Electronic Design

UMICROPROCESSOR
DESIGN"
Microprocessors are hot . .. and they're going to get even hotter. That's why we've been giving microprocessors extensive
coverage ever since their first commercial availability three years ago .
Now we're going to do even more. A major new section of the magazine, MICROPROCESSOR DESIGN , will begin November 22
and will continue in every subsequent issue.
The new section will cover all important developments that relate to designing with microprocessors. In addition to several major
reports devoted exclusively to microprocessors in 1976, tech articles , news, new product data, new lit, new books , announce ·
ments of meetings and seminars and interviews with industry experts will be consolidated in this section .
Microprocessors don't stand alone. Our approach will be to help our readers not only to specify the microprocessor, but also
to deal with everything that will surround the micropro~essor and everything that will help him to design with a microprocessor.

So if microprocessors figure in your future . .. watch for MICROPROCESSOR DESIGN ... another service to the reader from
Electronic Design.
320
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NEWS

Optical reader scans coded copy
at 400 characters per second
A new low-cost optical page
reader scans typewritten copy with
a throughput rate equivalent to
that of 20 to 30 computer keyboard
operators.
The reader, which uses special
typewritten copy that contains a
bar code under each character, can
scan a densely typewritten page in
10 seconds-400 characters per second-according to Gordon Baty,
president of Taplin Business Machines, Burlington, MA, the system developer. The company recently changed its name to Context
Corp.
The machine reads out data in an
8-bit ASCII format and also in
the RS232C serial code at 4800 or
9600 baud. With modifications,
other codes can be used.
Called the Model 101, the machine was developed for use as a
minicomputer peripheral, Baty
says. Typists use a special $30 ball
for an IBM Selectric or Remington SE-100 typewriter.
The key to the system is a continuously rotating three-lens barrel
that scans the copy and focuses
the 0.024-in.-high code bars onto a
fixed linear array of nine photocells. These cells are electrnnically
gated to give an effective array of
six four-bar cells. The electronics
controlling this selection, according to Baty, provide the following
advantages:
• The typewriter letters are rejected and only the bar codes are
read.
• The proprietary bar code.
which consists of four narrow or
wide vertical bars and three narrow or wide spaces between the
bars, reduces errors. It has a builtin parity check that preYents the

· . . :kt;
Constant paper
speed 1.33 in ./sec

23, November 8. 1975

Light spot

scanning area

~~
/'
......+-_..-.,.......-.-"

The optical drum is the only moving part in the Model 101 reading mechanism. The drum rotates at 1800 rpm, scanning the typed line at 1000 inches
per sec .

reading of spots of dust or dirt.
• If error-free typewritten copy
is used, the accuracy of the reader
is better than 1 character 1 n
25,000.

Jim McDermott
Eastern Editor
ELECTRO IC DESIGN

Enlargement of

. :

• The machine can read "free
form" typing-numerica l data,
lines and corrections typed anywhere on the page-so long as the
lines are within the system's skew
53

Thin-Trim®
capacitors

J.)}' · Tucked in the .corne~ ~f th is
~,

Pulsar Watch 1s a m1n1ature
capacitor which is used to trim the crystal.
This Thin-Trim capacitor is one of our
9410 series, has an adjustment range of 7
to 45 pf., and is .200" x .200" x .050" thick.
The Thin-Trim concept provides a variable
device to replace fixed tuning techniques
and cut-and-try methods of adjustment.
Thin-Trim capacitors are available in a
variety of lead configurations making
them very easy to mount.
A smaller version of the 9410 is
the 9402 series with a maximum
capacitance value of 25 pf. These are perfect for applications in sub-miniature circuits such as ladies electronic wrist
watches and phased array MICs.
Johanson Manufacturing Corporation,
Rockaway Valley Road., Boonton, N.J.
07005. Phone (201) 334-2676, TWX 710987-8367.

tolerance of ± 0.070-in.
The Model 101 code, says Leland
J. Hanchett, manager of advanced
product development for Context,
was chosen over previous codes for
several reasons. The code corresponds to four bars and three
spaces. Both the bars and the
spaces are wide for a digital ONE,
Hanchett explains, or narrow for
a digital ZERO.
The basic code provides a sevenelement array with 128 possibilities, but because the typewriter
prints only 88 characters, the most
easily recognized sets of 88 bars
were chosen.
Use of the four-bar code aids in
holding down reading errors, Hanchett notes. In contrast with other
optical bar codes, he says, dust
specks and other sources of optical
noise, instead of making the system believe it is exposed to a false
character, tend to make the bar
code unreadable. The machine
then provides an indication of unreadability.
For example, Hanchett explains,
the dust speck is more likely to
obscure the space between bars,
producing three bars instead of
four. The dirt may add another
bar, making a total of five. The
system electronics rejects such
false readings.
Further, Hanchett points out, if
the bar and space widths fall substantially outside the specified
dimensions, it will be diagnosed as
a "can't read."
On the other hand, Hanchett
notes, with bar codes that follow
the Teletype or ASCII format, the
addition of a speck of dirt can add
the equivalent of a bar and cause
an error.
No timing errors

In the electronics for interpreting the bar codes, the Model 101
detection system starts a clock
count at the beginning of every
bar and every space, and it stops
counting at the end of every bar
and space.
In this way, Hanchett says, the
system is free from the cumulative
timing errors of ASCII coding
methods. ASCII-coded systems use
the timing circuits to generate a
strobe, which samples whether a
bar is present at predetermined
interval.s.
Another limitation of the ASCII
~

MANUFACTURING CORPORATION
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Special type ball imprints bar codes
for character recognition beneath
each of i he typewritten characters.

method, Hanchett asserts, is that
samples of the horizontal bars in
the typed letters can be misconstrued as a code bar. For this reason, ASCII bar readers require
that the first typed line coincide
with a preprinted marker and that
the paper be stepped in precise
line increments. As a result, freeform typing cannot generally be
used.
In the new reader a sheet is inserted, and it progresses beneath
the rotating optical head at a uniform rate of 1.33 in/ s. This head
design was chosen, Hanchett says,
to eliminate the drawbacks of scanning with mirrors, as well as those
of mechanical systems that scan
back and forth across the page.
The role of the rotating lens assembly is to illuminate the characters to be read and to focus the
typewritten elements onto the nineelement photocell array.
The paper is drawn by a vacuum
into a semicylinder shape as it
travels under the reading head,
Hanchett explains. Thus the lenses
view the entire line at constant
focal length.
The optical drum rotates at
1800 rev / min or 30 rev / s, sweeping a beam of light across each
line of typed characters. At the 30
rev/ s drum speed, the light spot
travels across the width of the
page at about 1000 in/ s.
Since the characters are typed
at 10 per inch, each character in
a line is illuminated for about 100
µ,s. This provides an instantaneous
reading rate for a single lens of
10,000 characters per second.
However, because the rotating
drum houses three pairs of illuminating and imaging lenses, the
typed line is swept three times by
a light spot per revolution. • •
INFORMATION RETRIEVAL NUMBER 22 ...

Our years of working directly with design engineers on hybrid
circuits for high-reliability military applications have given us
the experience to eliminate your uncertainties in hybrid circuit
planning and packaging. We can ease you through a smooth
transition from your basic electronics to hybridization, or help you
consolidate a preferred circuit, taking advantage of the space,
handling, stock and inventory economies of the hybrid package.
With hybrids, the only limitation is imagination. You'll be
surprised by the variety and number of parts we can put in a
package. Our unique facility can supply thick film or thin film
hybrid microcircuits ranging from simple multiple chip to
complex multi-layer assemblies, all built and maxi-tested to
meet the most stringent military standard, 883 Level A.
In addition, our experience has led us through an evolution of
top quality hybrid analog gates and 0-to-A switching circuits.
We make an array of standard hybrids from which you might
easily choose the one to answer your special design
problem, at a cost much lower than you expected.
No matter what your hybrid
requirement-small quantities of custom
circuits or large quantities of our
standard hybrids-Crystalonics is
unbeatable on size, reliability and
tum-around time. You can send
for our microcircuits catalog
today. Or for immediate
design assistance, stop
wrestling and call Jack
Senoski, Art Pauk or
Richard Antalik of our
hybrid applications
engineering squad.

0-

We're at your elbow to ease your design.
Crystalonics. We listen.

~

~~TELEDYNE
CRYST~ ONICS
147 Sherman Street, Cambridge, Mass. 02140
Tel: (617) 491 -1670 •TWX: 710-320-1196

Rockwell
a system

lllllfAI:

Another burden
lifted from the CPU.

~U'ill®~~~[fi)~ ~/(Q)~ @©
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Our 8 channel Direct Memory
Access Control (DMAC) gives
priority to data flow between
the I/ O's and the system's
memory. Once again, the
CPU is freed from a routine,
time-consuming chore.

We've identified many common tasks performed by microprocessing systems and designed intelligent LSI I/ O's to control
them - independent of the CPU. The CPU is thus able to delegate
mundane chores such as running the peripherals, while concentrating on the serious thinking it does best.

The spreading of intelligence among the I/ O's also reduces the
amount and cost of program memory in your system. And because
the CPU is no longer responsible for monitoring a multiplicity of
functions all over the lot, programming becomes simpler, faster,
and more flexible. You simply plug in or remove a chip with minor,
not total, software changes to add or subtract functions.
56
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is there with
approach to microprocessing.
PA~Allfl

P~O(fH~nG~

our LSI system approach to his
problem. He walked out with
his entire system in LSI on one
PC board at a cost of about
$85.

HIGH SPEED
RESULTS FROM
LOW COST
TECHNOLOGY

Help II ncvc1 mcNC than
ten digit/ away:

With so much independent
intelligence spread
through our system,
many tasks can be
executed at virtually
the same time. With
our parallel processing system (PPS) you
can now perform
tasks with
MOS microprocessing
that would
otherwise
require
higher cost
technologies.

ro4.
119•17199)
Just call us at any hour and
tap into a wealth of Rockwell
customer support : detailed
literature, software libraries,
assembler - simulators and
other design aids. Programming and board development assistance. And training
programs at our facilities or
yours. Some of this help is free;
some costs. Take as much or
as little as you need. What's
important is that it's there .
Right now.

A
cmRllLLllNG
CASE
~llSTO~

A fellow designed a new cash
register whose I/ O's sprawled
over three PC boards and
cost about $250. He felt there
was a better way and went to
a large microprocessing
house, but one which sold
chips , rather than systems.
They reduced him to one
large and two small PC
boards, with a cost of about
$160. Finally, he came to
Rockwell. where we applied

your electronic needs. As well
as a worldwide sales and
field service organization .
Add to that a production
capacity of tens of millions of
circuits per year and you get
the picture: giant Rockwell is
very serious about tiny microprocessors. Don't let anyone
tell you otherwise.

MILLIOtU Of DOLLARJ
JM WE'KE JERIO\JJ
IH,O\JT llLL THLS
We've spent millions of dollars
to develop more than 40 LSI
microprocessor circuits to
offer you LSI options for most of

'!"

Stop trying to solve microprocessor problems by bits
and pieces. Instead , see
how Rockwell 's LSI system
approach can help you. Call
Bill Roland at (714) 632-3729
or write to :
Department l C 1108
Microelectronic Device Div.
Rockwell International
P.O. Box 3669
Anaheim , California 92803

Rockwell International
...where science gets down to business
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HEWLETI· PACKARD'S 21MX FAMILY
TYPICAL 21MX SYSTEM

M / 30

t

Only
$594*
more
Now Hewlett-Packard brings 4K RAM semiconductor
techno logy to OEM's with large memory needs. Compatible with all previous 21MX minicomputers, the new
M/ 30 offers the same modularity, the same flexible
user microprogrammability.
Not only does 4K RAM technology bring you more
reliability, you also benefit from our recent February
30% price reduction on memories. (Send for your free
copy of our recent " Engineering Evaluatiofl Report. "
It proves ttie 4K RA M based 21MX minicomputer
series is 50% more reliable than our previous "core"
based machines.)
And take a hard look at what HP offers you in 1/ 0 .
We give you more: 14 I/ 0 slots in the M/ 30. But equally
important they're all fully powered with vectored
interrupts.

4K RAM
MEMOP.Y

PRICE
(QTY. 50)

64K
WORDS

$13,629*

t

WITHIN
MAINFRAME
14

46

t

I

RACK
HEIGHT

WITH TWO
EXTENDERS
12V.."

t

50%
more
1/0 slots

Double
the
memory

I

1/ 0 EXPANSION
FULLY POWERED 1/ 0 CHANNELS

Only
3'12"
more
rack
space

I

I

M / 20

32K
WORDS

$ 7,788•

9

41

8'!4 "

M/10

16K
WORDS

$ 5,049.

4

36

5y.·

*Domestic USA OEM prices quantity SO.

HP Minicomputers.
They work for a living.

Plus Dynamic Mapping with addressability to
1 megawords.
Choose the 21MX that fits your thinking: M/ 10, M/ 20
or M/ 30. Ideal solutions for OEM 's from 8K to 256K.
For complete data, write or phone your nearest
Hewlett-Packard sa les office.

HEWLETT

Ml

PACKARD

Sales and se rvice from 172 offices in 65 countries.
1501 Page Miii Road P110 Alto . Calilorma 9'304

22529
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Straight talk
about IC sockets.
I ntegrated-circuit sockets are becom ing
such a household item, people are starting
to forget something.
They're not all alike. And the differences can have a major impact on the
performance and profitability of the products they're u sed in.
That's why we've decided to go over a
few socket basics.

THE REASONS ...
AND THE RISKS.
All sockets serve basically the same
purpose: they allow you to replace ICs
without damaging either the IC or the PC
board. In so doing, they m ake both design
changes and field service economically
feasible for you and your customer.
There's only one problem. When a
socket fails, troubleshooting can be a
nightmare -to a point where you'd have
been better off without sockets in the first
place. So it pays to be sure that the sockets
you buy are right for your application.

CHOOSING THE
RIGHT SOCKET.
Buying the right socket is m uch more
than a m atter of profile and price. It's
matching the right one to the demands of
your application .
For low-cost, high-volume products
where the risk and consequences of socket
failure are minimal - and where rep ca ted
IC insertion and high retention aren't
required - buy the cheapest sockets that
will do the job properly.
But for high-shock and vibration environments, or other situations where performance is critical, by all means get
the best sockets money can buy.
At Augat, we understand these

differences. That's why we make sockets
for both needs, in the widest range of sizes
and specifications in the industry-from
6 to 40 contacts, on .300", .400", and .600"
centers. These include low-profile, LED,
and test sockets, socket carrier assemblies, and more-with PC, wire-wrapping,
and solder pocket terminations.
And thanks to high-volume, automated
production economies, these sockets are
priced competitively despite many features you can't get elsewhere.

SMALL POINTS MAKE
A BIG DIFFERENCE.
It's amazing how the finer points of
socket construction can affect reliability.
Take the material the contacts are made
of. For repeated IC insertion and good
retention no other material can match the
beryllium copper used in all Augat PC
sockets. Cost alone leads other producers
to use other materials.
Designs vary, too.
Among low-priced sockets, Augat's new lowprofile series grip the IC
lead along both flat
sides, rather than by the
edge, for best contact.
The Augat
And they'll take the full
method since 1965.
range of lead sizes, too.
Among premium sockets, Augat's Series
500 and 700 are the only ones in the
world to include the two-piece machined
contact assembly designed and perfected
by Augat. While stamped "equivalents"
abound, their looser tolerances have given

rise to a series of pitfalls avoided by the
Augat design:

The corroded
contact.

The l>ent
IC iead.

The ioose
contact.

In the important matter of flow soldering, both series again provide a decisive
edge. The closed-end construction completely eliminates the possibility of flux
or solder wicking.
These distinctions may seem small. But
taken together, they're a good indication
of how well the sockets you buy will
stand up under long-term use. And in a
market flooded with lookalikes, they're
something to shop for.

A SUPPLIER YOU
CAN COUNT ON.
As the pioneer and leader in the IC interconnection industry, Augat has always been
the world's prime supplier of IC sockets.
Now, after completing a multi-million
dollar program of vertical integration,
we're better equipped than ever to maintain that position- by providing the best
sockets, the best service, and the finest
distributor network in the world.
For all the facts, send today for our new
brochure. We're convinced that the more
you know, the more you'll come to Augat
for all your IC interconnection needs.

YOU ONLY GET IT
ALL FROM AUGAT.

AU6Ar

Augat Inc., 33 Perry Avenue, P.O. Box 779, Attleboro, Massachusetts 02703. Tel. (617) 222-2202.
Europe -Augat N.V., Boulevard A. Reyers, 103, 1040 Brussels, Belgium, Tel. (02) 7369399.
Japan-Kyokuto Boeki Kaisha Ltd., N ew Oternachi Bldg., 2-1, 2-Chom e O tem ach i, Chiyoda-Ku, Tokyo 100-91, japan, Tel. (03) 244-3788.
Canada-A.C. Simmonds & Son s Ltd., 285 Yorkland Blvd., Willowdale, Ont. M 2JlS8, Tel. (41 6) 491-1010.
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IPRMI
180wattsof
the most reliable
power supply
you can buy

Typical
Size "C"
Cased Module

Recognized by Underwriters' Lab under their component recognition program, UL478 and UL 114.
180 watts of the most reliable power supply you can buy . We really mean it. Reliability bears a simple inverse relationship to the number of parts likely to fail. Kepco's Size "A" PRM design uses exactly 10 components: 4 diodes, 2 capacitors, 1 transformer, 1 resistor, 1 terminal strip, and 1 chassis . .. . That's it, period .
Compare parts population to some of the competitive SCR-regulators, high-frequency switching supplies and transistor
feedback stabilizers. But, the PRM isn't an unstabili zed brute ; it's a rather elegant power supply with a number of
atractive features :
• Automatic (inherent) overcurrent limiting- at approximately 150% of
rated current.
Automatic (inherent) overvoltage protection. There's no crowbarthere's no need for one.
• Good source isolation, a 100-130V a-c Iine change brings less than 2%
output effect. Line noise is attenuated by more than -120 dB at
1 MHz.
Low output impedance for minimal load effect, typically less than 0.1
ohm.
Ripple on the order of 30- 300 millivolts (depending on model) and
as little as 3 millivolts for th e double filter models .
Operation in environments up to +55° C with no derating whatever.
A choice of several power ratings for the standard output voltages:
5.2V, 6.3V, 12V, 18V, 24V, 38V, 36V, 48V 60V, and 120V. The size
"D" models offer 85 different volt/ampere combinations from 4.2
volts at 12 amperes to 260 volts at 0.23 amperes.
Custom volt/ampere combinations available to your order.

SIZE B
SERIES 120

For complete specifications,
write Dept. 0 - 05

l"""'I c 0
KE r-

----------------

SERIES 300

KEPCO , INC. • 131 -38 SANFORD AVENUE• FLUSHING, NY 11352 • (212) 461-7000
® TWX = 710-582-2631 • Cable: KEPCOPOWER NEWYORK

INFORMATION RETRIEVAL NUMBER 26

An independent FAA sought
The Federal Aviation Administration may regain its old place in government life through a father and son act. Sen. Barry Goldwater ( R-AZ)
and his son, Rep. Barry Goldwater Jr. (R-CA), have introduced bills in
their respective chambers on Capitol Hill that would take the FAA out
from under the Dept. of Transportation and once again make it an independent agency.
In 1967 the then independent Federal Aviation Agency ran its own
show, but management experts argued-and won-the debate that resulted
in all forms of transportation being lumped into one department. By stacking bureaucracies on top of one another Senator Goldwater contends, the
Government has introduced some obvious shortcomings-such as adding
18 months or more to the F AA's procurement process. Both father a11d
son argue that independence will permit the agency to act more quickly to
update its services and improve air safety.

Better distribution of NSF grants urged
Contending that there is a pattern of administrative abuses and mismanagement in the National Science Foundation, Sen. Jesse A. Helms
(R-NC) has introduced a bill to provide a peer review and management
system for awarding grants. A similar bill in the House has been introduced by Rep. John B. Conlan (R-AZ). Both bills are aimed at obtaining
better nationwide distribution of grants and the blocking of projects of
questionable value.
At present, there is no single decision process in the foundation. On all
but the larger grants, the program officer has formidable power. The bills
to amend the National Science Foundation Act of 1950 would, among
other things, require a review of applications by a peer group of no less
than five qualified individuals in a particular field. The NSF program
officer could select half of the group from an approved list, the applicant
could name 20 7c and the remaining 30 7'( , chosen randomly.
Recent statistics, says Rep. Conlan, "show that NSF funding is restricted primarily to a small group of preferred institutions within a few states,
with special preference to an elite corps of academic institutions heavily
represented on the foundation's advisory committees."

Defense budget backers arm for new battles
The war over the Defense budget goes on with the Senate Armed Services Committee victorious over the Senate Budget Committee and the
Hou e of Representatives in the first engagement. But more battles lie
ahead.
ELECTRONIC DESIGN
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Just prior to the August recess, the Senate, at the urging of its new
Budget Committee, refused to approve the conference report on the
authorization bill, which was a stinging defeat for Sen. John Stennis
(D-MS), chairman of the Armed Services Committee. Although the more
liberal Senators wanted billions sliced from the bill, Senator Stennis and
the other conferees reported back with a bill that was further trimmed by
only $250-million. The Senate has now passed this version almost placidly,
with the defense budg~t-cutters reserving their next attack for the appropriations bill passed by the House on Oct. 2.
The authorization for the coming 15 months now amounts to $30.9-billion. The conferees cut $60-million for a nuclear strike cruiser. The
AWACS program still calls for six aircraft, but $60-million was cut from
the program and spares. The Air Force F-15 program was reduced $22.3million on all spares, in addition to AW ACS, $22. 7-million. The Navy's
patrol frigate program was cut from 10 to nine vessels, saving $85-million.
With the "shopping list" bill out of the way, the Senate began considering a $112-billion appropriation bill, which would cut some $4.5-billion
from the sum the Defense Dept. now plans to spend this year. A spirited
fight is expected in the Senate, for example, over the AW ACS program.
The House, which reluctantly agreed to a six-plane program, voted money
for only two planes.
According to the Senate Budget Committee, the House appropriation
bill exceeds the Senate committee's guidelines by $700-million. A replay
of the donnybrook on the authorization bill is assured, because this will be
the last chance to cut defense spending during the next 15-month period
that began on July 1.

California leads, in defense contracts
When it comes to winning the defense dollar, California still reigns
supreme, capturing one-sixth of the total procurement in the fiscal year
that ended last June. According to the Defense Dept. Comptroller, the total
value of military procurement for the year came to $43.3-billion; California contractors got nearly $8-billion of that.
New York State was second with $3. 7-billion, followed by Connecticut,
$2.3-billion, and Texas, slightly over $2-billion. States with more than
$1-billion in contracts were Massachusetts, Washington, Missouri,
Virginia, Pennsylvania, Florida and Ohio. Montana, with $5.1 million, received the smallest slice of the pie.

Capital Capsules:

The Air Force has developed a Voice Input Code Identifier that
enables a computer to recognize spoken digits and certain command words,
say Air Force engineers, who tested it with a variety of regional accents.
The identifier will be used with the Automated Speaker verification system
for controlling entry to restricted areas ... : The Army's Safeguard ballistic missile defense system became operational Oct. 1. It will not be deployed, however, due to terms of the U.S.-Soviet detente.... Libya is looking for $30-million worth of air control training equipment, including air
traffic control, search and rescue and computer systems .... The Army's
selection of the French-German air defense system, Roland II, over an
American system is described by the Defense Dept. as "a major step forward in defense cooperation among NATO allies.".... The Army is giving
a longer reach to chaff dispensers by sending the jamming material via
rocket. The projectile dispensers are powered by 2.75-inch rocket motors.
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It makes
audio communications
measurements
too ...
se

Tektronix
TMSOO
• digital multimeters
• counters
• generators
• amplifiers
• power supplies
• oscilloscopes
• a blank plug-in for your own circuitry
• and more

The TEKTRONIX modular Audio Frequency Instrumentation group provides the test and measurement instruments you most frequently need ... for only $1970*
These compact light weight instruments work together as
a system or independently within a TM 504 power module/
mainframe.
The above TM 500 configuration features a dB reading
DM 502 Digital Multimeter with 3X digit display and
optional ($125) *temperature measurement capability (a
function that has proven valuable in identifying active
solid-state device circuit problems); the SG 502 Audio
Oscillator provides 5 Hz to 500 kHz sine and square
waves, 600Q output, and low distortion (0.035% from
20 Hz to 50 kHz); the DC 504 Digital Counter offers
5-digit LED display of frequency to 80 MHz and
period resolution to 1 µs; and the SC 501 Oscillo-

501

OSClllO SCOP[

scope is a single-channel, dc-to-5 MHz modular instrument with triggered sweep and vertical sensitivity to
10 mV/division.
All TM 500 plug-ins are readily interchangeable within
the entire TM 500 line. Plus there's a blank plug-in kit,
which allows you to add your own special circuits to a
TM 500 system. The plug-ins can work together synergistically through the common interface circuit board of
the power module/mainframes. So you can tailor a system
of instrumentation exactly to your needs ... a system
that's only 6" x 11 " x 20" and weighs less than 30 lbs ....
and a system that offers you benefits difficult to duplicate
with "monolithic" instruments.
TM 500 is a growing, compatible family of 29 plug-in
modular instruments, accessories, and one, three, four,
and six-compartment power module/mainframes. Package configurations can be selected for work in high-speed
logic circuitry, medical instrumentation; instrumentation
calibration, industrial equipment, and more. All may be
hand carried, all go on the bench, and there are rackmounting and SCOPE-MOBILE® configurations as well .
You can select from general-purpose instruments, such
as the DM 501 Digital Multimeter, or highly specialized
instruments, such as the AF 501 Tunable Bandpass Filter
or AM 502 high-gain amplifier with calibrated gain to
100 dB and switch-selectable high and low-pass filters .
If your work requires the measurement of electrical phenomena in the audio frequency range, Tektronix TM 500
offers substantial benefits to you .
Find out what TM 500 can do for you. Get the TM 500 Catalog A-3072 with full specifications and applications information. Or contact your local Tektronix Field Engineer for
a demonstration of how TM 500 offers a
better solution to your needs. Write to
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97077. In Europe,
write Tektronix Limited, P.O. Box
36, St. Peter Port, Guernsey,
Channel Islands.

TEKTRONIX®

FOR TECHNICAL DATA CIRCLE #241

committed to
technical excellence

*U .S. Sales Prices FOB Beave rto n. Oregon

-

FOR DEMONSTRATION CIRCLE # 242

New snap-in rockers
with Coder-Hammer
reliability.
Here's a completely new line of snap-ins,
each engineered with the kind of solid
dependability you expect in Cutler-Hammer
Rockette®switches. Bright metal bezels,
illuminated and non-illuminated, A-c and D-c
capabilities up to 20 amps.
Sub-panel rockers in a variety
of colors, rocker or paddle
designs in standard, special, or
proprietary models.
Switches snap in and stay in
permanently. Speed up
assembly time, cut costs.

Flush-mounted rockers in the
same wide range of designeroriented colors and styles.
One- and two-pole models.

Illuminated single-pole
rockers. Choice of red, green,
amber, white, or clear. ·
Hot- stamped legends indicate
switch functions.

For more information, call
your Cutler-Hammer Sales
Office or Switch Distributor.

CUTLER-HAMMER
SPECIALTY PRODUCTS DIVISION. Milwaukee. Wis. 53201
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TEKTRONIX 455

• 50 MHz bandwidth. • Dual trace. • Delayed sweep. • Sweep
rates to 50 ns/div with 2% accuracy (5 ns/div with 3% accuracy.)
• Vertical deflection factors to 5 mV /div with 3% accuracy.
• Large 8 x 10 cm CRT display • $1695.
And that's not all. The 455 offers this performance combined
with more convenience features to speed measurements and
reduce human error. All at a budget-conscious price. Measurements are made easier and faster with trigger view; trigger holdoff; lighted deflection factor indicators; and a functionally laid
out, easily understood control panel.

Announcing .....
A New

Portable
from Tektronix

Servicing the 455 is faster and less expensive. Although monolithic in design, the instrument contains easily removable vertical
amplifier and time-base modules for ready access to all components. That means quicker repairs and less down time. And the
entire unit is housed in a shock-resistant, reinforced plastic case
to withstand rough handling in factory or field environments.
Optional battery pack provides operation at remote sites and
eliminates noise due to line transients. The 455 will operate up
to 4 hours without a battery recharge. When AC power is available, the battery pack can be detached to reduce weight.
For specialized applications, the 455 can be equipped with emi
protection or tv sync separator.
The 455 is the latest entry in the Tektronix 400 Series of Portable
Oscilloscopes. Other dual channel delayed sweep units offer:
• 5 mV /div sensitivity at 100 MHz (the 465)
• 2 mV/div sensitivity at 200 MHz (the 475)
• 5 mV /div sensitivity at 350 MHz with simultaneous displays of
intensified and delayed waveforms (the 485)
• Unique single-shot storage to 100 MHz (the 466)
For complete information on how the 455 Portable Oscilloscope delivers
the performance, versatility, and cost-saving effectiveness you need,
contact your local Tektronix Field Engineer. Or write: Tektronix, Inc.,
Beaverton, Oregon 97077, for the new
455 applications and specifications
brochure. In Europe, write Tektronix
Limited, P.O. Box 36, St. Peter Port,
Guernsey, Channel Islands.

TEKTRO N IX @
committed to
technical excellence

U.S. Sa les Price FOB Beaverton . Oregon

-

FOR TECHNICAL DATA CIRCLE # 243
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HiNIL Interface

Keeping the bugs out of
microprocessor systems with
high noise immunity logic.
An MOS microprocessor system can be troubled by
disastrous bugs unless it is protected against noise
transients generated by switches, electromechanical
peripherals and other nearby noise sources, such as lamps
and machinery. But filters and sh ielding , the traditional
cures, are often difficult to add to a microprocessor because
of size and cost constraints.
These problems can be avoided by substituting Hi NIL
interface devices for conventional 1/ 0 logic. HiNILTeledyne's bipolar High Noise Immunity Logic-has a
guaranteed DC noise immunity about 10 times that of TIL,
for example (3.5 vs. 0.4V). Also, HiNIL blocks AC transients
large enough to cause TIL malfunctions. Two additional
advantages are superior output drive and , in low power
systems, protection of CMOS memory and random logic
inputs.

65 mA and source up to 12 mA. (The new 390 buffer series
will sink up to 250 mA.)
Manufacturers of systems requiring random logic are
finding that Hi NIL and CMOS are an ideal combination. They
maximize system noise immunity and assure an excellent
system function/ power product. HiNIL and 54C/ 74C CMOS
interface directly at Vee voltages from 10to16 volts, the
power supply range of HiNIL. Moreover, Hi NIL protects
CMOS inputs from destruction by static electricity and from
harmful DC input levels that can exist before CMOS circuits
are powered up.
Vee l• lOV TO t16V I

H1NIL
INPUT

OUTPUT

REG ISTER

RESULTS

CONTROL
MEMORY

P.O.S . SYSTEM

µP
COMPUT A Tl ON

LEO
DISPLAY

&
CONTROL
INFO

DATA INPUTS
IS/ lb., PRODUCT CODE I

H1Nll

....__ OUTPUT

Any ac11ve or pam"e pullup
device type
device duves CMOS dtrectly One 74C CMOS gate
(typical fan out > 251
will dnYe one standard
H1Nll load .

ALU

INPUTS

INPUT

Any HtNll

CONTROL SIGNALS

OUTPUTS

H1Nll~

H1NIL
1--

ELECTROMECHAN ICAL
LABEL MAKER

Figure 1. Use of HiN IL interfaces in POS systems with' electronic
scale. Top diagram shows basic microprocessor
configuration .

One manufacturer of microprocessor-controlled electronic scales decided to use the configuration in Figure 1
because he was concerned about the consequences of
incorrect weights and prices. The probability of errors
resulting from noise transients was high because the scale
would be used in a supermarket POS system, where the
environment includes refrigerators, fluorescent lamps, meat
grinders and electromechanical label makers.
In the system , the microprocessor receives weight
codes from an encoder di sc in the scale and operates a cash
register interface, LED display, and relays of a receipt printer
or label maker. The system designers put HiNIL interface
logic on the microprocessor board to handle the 1/ 0
functions, suppress noise transients picked up along the
transmission lines, and drive the peripheral devices. Hi NIL
output interfaces can drive long lines, relays, displays and
lamps without additional components since they sink up to

..,~TELEDYNE

N-channel MOS

Complementary MOS

Figure 2. Typical HiNIL/MOS and H iNIL/ CMOS interfaces

The rules for using Hi NIL with MOS or with CMOS
operating at lower voltages are simple. The pullup resistor
of an open collector HiNIL device is connected to the
desired high logic level voltage (see Figure 2). To use HiNIL
with other bipolar logic, just plug in a Teledyne dual or quad
interface circuit (see table). HiNIL is also compatible with
most analog devices.
Examples of HiNIL Interface Devices
301 Dual 5-lnput Power Gate
302 Quad Power NANO Gate (OC)
323 Quad NAND Gate (OC)
332 Hex Inverter (OC)
334 Strobed Hex Inverter (OC)
350 8-B1t Multiplexer
351 Dual 4-Bit Multiplexer
361 Dual Input Interface
362 Dual Output Interface
363 Quad Output Interface
3G7 Quad Schmitt Tngger

65mA relay or lamp driver
Input noise protection plus open-collector pull up

to other logic levels
Dnve longer llnes than TIL with 10X noise

immunity (IOH

12mA)

361 directly connects H1NIL to DTL RTL ·nL
362 and 363 connect DTL/ RTL TIL to H1NIL
Suppress 100V 111 s spikes. protect CMOS

368 Quad Schmitt Trigger (OC)

decode switches. etc

380 BCD to
381 BCD to
382 BCD to
383 BCD to

Provide decode/ drive for lamps. LEDs. gas
discharge displays etc

Decade Decoder
Decade Decoder (QC)
Decade Decoder
7-Segment Decoder

390 Interface Buffer Series

250mA H1NIL driver series will be available soon

If you need a simple, inexpensive solution to a difficult
noise problem , write or call Teledyne Semiconductor for a
copy of application notes and specifications on Teledyne's
High Noise Immunity Logic family.

SEMICONDUCTOR

1300 Terra Bella Avenue. Mountain View. California 94043 Tel : (415) 968-9241 TWX: 910-379-6494 Telex : 34-8416
ENGLAN D: Heathrow House , Cranford , Hounslow, Middlesex. Tel: (44) 01-897-2503 Telex : 851-935008
FR AN CE: 90, Avenue Des Champs Elysees, 75008 Paris, Tel : 2563069 Telex : 842-29642
W EST G ER MANY: A lbert Gebhardtstrasse 32, 7897 Tiengen, Tel : 7741-5066 Telex : 841-792-1462
JAPAN: Ni hon Seimei-Akasaka Bldg . (3F). 1-1g, A kasaka 8-chome, Minato-ku . Tokyo 107, Tel : 03-405-5738 TWX : 781-2424241
Additional offices in West Germany, Hong Kong and the United States Representatives and distributors worldwide
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Ignorance and apathy
Dan, an old buddy, telephoned the other day
to relate a conversation. He was sipping some
lemonade at the Wagon Wheel, a local culture
center in California's Silicon Gulch, when he
overheard two semiconductor executives.
"What's wrong with this industry," Will
was philosophizing, "all boils down to two
factors-ignorance and apathy." Jerry stirred
his drink, steepled his hands, looked at the
ceiling, then replied, "I don't know. And I
don't give a hoot."
Jerry may have been kidding. But the story,
even if apochryphal, is more sad than funny.
It's sad on two counts. First, far too many of us don 't know and don't
care. And second, far too many of us don't know and don't care that we
don't know and don't care.
We adjust too readily. When we see our own companies turning out
shoddy products or engaging in practices that might be less than admirable, we close our eyes. We see nothing and want to see nothing. Maybe
the social and economic setup makes us insecure and fearful. Or maybe
we're too comfortable. And maybe our comfort is too, easily shaken by our
seeing things and giving voice to our consciences. Maybe our blinders help
us drug our oonsciences. Unfortunately, conscience can't be buried. So
there's one tragedy.
The second may be a blessing rather than a tragedy. Most of us can't
see what we can't see---even when we are shown.
Tell one fellow that there's too much bigotry in the world. And he might
agree, if he cares to agree, while denouncing Jews, or blacks, or women,
or red-headed men, or Easterners or Westerners, or whomever. Tell a man
there's too much conceit in the world and he might agree while hailing his
own virtues. Tell an engineer there's too much equipment around that
fails too readily and he might agree, while condemning those who don't
use his designs with the utmost caution.
Maybe it's fortunate that most of us have a built-in mechanism to protect us from seeing some of our ugliness. But wouldn't it be better if we
were secure enough and strong enough to see and care?

GEORGE ROSTKY

Editor-in-Chief
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"THE GOLD BOOK
IS A VERY RICH SOURCE
FOR INFORMATION
ON U.S. PRODUCTS"
Mr. Peter Kartaschoff is Head, General Radio Technology Section, R&D Center, of the Schweizerische
Post-, Telephon- und Telegraphenbetriebe (Swiss
Postal Enterprise) in Bern, Switzerland.
The Post Office in Switzerland, as in most of Eu rope, is also responsible for communications, telephone and telegraph . The R&D Center is very important; what it specifies will be bought later in quantities. Mr. Kartaschoff told Electronic Design 's Associate Editor, John Mason:
"We buy a wide range of special components for
development work. We have a relatively good
network of suppliers in Switzerland where we
usually can get small quantities. But in the last
few years we have sometimes had trouble In
finding large quantities.
"Your GOLD BOOK Is a very rich source of
information on U.S. electronic products.
"If a piece or system can be bought on the
market we tell our people, listen there it is. We'll
buy it. We're not going to develop it ourselves
because it's always cheaper to buy something
than to develop it."

This is the Electronic Design audience
at work. The GOLD BOOK sells the best
of both worlds, brings you in-depth
coverage of U.S. engineer/specifiers
plus key engineers in major markets
overseas.

Electronic Design's GOLD BOOK is working. It's working for users and
it's working for advertisers, too.

NEW
SERIES 2850
DIGITAL
PANEL METER

NOW... at the right price ...
a single DPM for popular
domestic and IEC/ DIN cutouts

STANDARD CUTOUT
1.682" x 3.622"
(42.72 mm x 92 mm)

IEC/ DIN CUTOUT

l.77" x 3.622"
(45 mm x 92 mm)

•
•
•
•
•
•
•

31/2 digit readout
Automatic zero and polarity
0.1 % of reading accuracy
BCD output is standard
Input/output edge connector included
Highly reliable LSI circuitry
Choice of 120/240 VAC, 50-400 Hz
or 5 voe operation
• OEM quantity prices available upon request.

ORDER FROM YOUR ELECTRONICS DISTRIBUTOR

OTHER DOMESTIC CUTOUT
l .682" x 3. 92"
(42.72 mm x 99.57 mm)

Model 2850 120/240 VAC input; 0.55" planar gas
discharge display complete with panel mounting
clips, edge connector and manual. .. ...... $138
Model 2851 5 VDC input, 0.55" planar gas discharge display complete with panel mounting
clips, edge connector and manual. ..... . . . $138
Model 2852 120/240 VAC input, 0.43" LED display
complete with panel mounting clips, edge connector and manual. . . . . . . . . . . . . . . . . . . . . . $138
Model 2853 5 VDC input, 0.43" LED display complete with panel mounting clips, edge connector
and manual. ........ .. ........ .... ... . . . $138
STOCK DC CURRENT RANGES: 20 & 200 uA; 2, 20 & 200 mA
STOCK DC VOLTAGE RANGES: 200 mV; 2, 20 & 200 V
OTHER RANGES ON SPECIAL ORDER
KATY INDUSTRIES

SIMPSON ELECTRIC COMPANY
853 Dundee Avenue, Elgin, Illinois 60120

•

(312) 697-2260

CABLE: SIMELCO • Telex : 72-2416
IN CANADA : Bach-Simpson, Ltd., London, Ontario
IN ENGLAND : Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwall
IN INDIA : Ruttonsha-Simpson Private , Ltd., Vikhroli, Bombay

INDUSTRIAL
EQUIPMENT
GROUP
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Increase microcomputer efficiency
with interrupt and OMA capabilities. A microprogrammed
µ P needs only seven extra ICs and six new instructions.
Two common features of large computersprogram interrupt and direct memory access
(DMA)-can be readily applied to microcomputers. These features give micros a vast increase
in processing efficiency.
Program interrupt allows external hardware
to initiate program operations without continuous program monitoring. It also makes more time
available for program operations by reducing
time spent waiting for I / 0 devices to complete
operations (see box).
The DMA feature provides controls for highspeed direct transfer of data between an I / 0
device and memory. No program intervention is
required during the transfer. Data can be transferred at rates up to the maximum speed of the
memory-much faster than would be possible
under program control. And the DMA feature
allows attachment to the microcomputer of hightransfer-rate devices, such as magnetic tape and
disc units.
Moreover program interrupt and DMA can be
simple to build into a microprocessor. A microprogrammed processor,' in particular, requires
only seven additional ICs, six new instructions
and nine extra control-ROM bits (Fig. 1).
Making decisions

Both interrupt and DMA operations occur between instructions. Thus these operations affect
normal instruction fetch and execute sequences.
At the end of each instruction the microprocessor
must select the next sequence to be performedexecution of an interrupt, one of two DMA operations or the fetch and execution of a normal
instruction.
This decision-making begins with the ROM address register (RAR) of Fig. 1. It clears to zero
at the end of each instruction, so that ROM-address zero starts the next instruction fetch portion of the microprogram. A memory called the

David C. Wyland, Microprocessor Design Manager, Monolithic Memories, 1165 E. Arques Ave., Sunnyvale, CA
94086.
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End-Op ROM decodes the status of the following
lines: Interrupt Request (INTR), Interrupt Enable Flip-Flop (INTEN), DMA Request (DMAR),
and DMA Write (DMAW). The decoding produces an address that is loaded into the RAR
at the end of instruction execution.
If no interrupt or DMA requests are present,
the ROM emits an address of zero, and RAR sets
to the start of the next instruction-fetch sequence.
If an Interrupt or DMA request is present-indicated by activation of the INTR and/ or the
DMAR lines-the RAR loads with the starting
address of the appropriate Interrupt, DMA Read
or DMA Write sequence. The End-Op ROM is so
coded that DMA operations have priority over
interrupt operations. Also both INTEN and
INTR lines must be active before the interrupt
sequence can be selected. A flow chart of these
operations appears in Fig. 2.
Once an interrupt request has been received
and the execute sequence has been entered, the
interrupt request must be disabled. Otherwise the
hardware will continue to loop through the interrupt execute sequence. The End-Op ROM, enabled
at the end of the interrupt sequence, continues
to generate the sequence start address as long as
INTR is active.
The INTEN flip-flop overcomes this problem.
It disables the interrupt request (INTR). And
the INTEN flip-flop clears during the interrupt
sequence, and may be set--or cleared-under program control by new instructions.
The INTEN flip-flop is loaded from the I/ 0 bus
and by bit 15 (least-significant bit). The circuit
is set or cleared when the 6701s emit all ONEs
or all ZEROs as data, respectively. Also the flipflop must be clocked with an additional controlROM bit.
The right time for requests

Interrupt and DMA requests can come at any
time. However any request must be made available before the end of the microstep that enables
the End-Op ROM.
Specifically these signals must be stable for
one ROM access time plus a counter-load setup
ELECTRONIC DESIGN
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Interrupt and OMA: µP time savers
Both program interrupt and direct-memory access capabilities conserve valuable microprocessor
time. They allow a computer to devote most of its
time to a long program, while simultaneously providing immediate response for short.er, more urgent
functions.
The program-interrupt function provides what its
name implies: the ability to suspend a running
program to perform a higher-priority one. When
the latter program is complet.ed, the original one
resumes.
One example of interrupt is printer buffering.
Serial printers are often slow-about 10 characters
per second. To print a line of cllaraeters without
interrupt, the CPU transfers a character to the
printer, waits 100 ms until that character is
print.ed and then transfers the next character. This
procedure repeats until all the characters in the
line are print.ed. However, only a few microseconds
are needed to transfer a character. So the microprocessor spends most of its time waiting for the
completion of print operations.
The program-interrupt feature eliminates this
waiting time. Now the printer causes a program
interrupt when it has complet.ed a character. And
while the printer is busy, the microprocessor begins
or continues the execution of a program.
When the printer interrupts current program
operation, the microprocessor is forced to begin
execution of a special interrupt-service routine.
The interrupt-service program gets the next character to be printed, sends it to the printer and
re-enables the interrupt. If the last character has
been printed, no commands are sent to the printer.
The microprocessor can return to the original program (usually called the background program)
and continue operating. Processor time is required
only for a few microseconds every 100 m8.
The direct-memory access (DMA) feature allows

time and before the trailing edge of counter-load
RAR clock. These signals are synchronized
through clocking into flip-flops earlier in the
microprogram, providing the settl.ing time.
In our system a synchronizing flip-flop in each
device requests an interrupt and/ or DMA operation (Fig. 3). The flip-flops are clocked at the
end of State 0, and they are clocked at appropriate points in the DMA and interrupt microprograms to ensure sufficient settling time. Timing
diagrams for the DMA and interrupt operations
appear in Fig. 4.
A microcomputer may have more than one
DMA device, and more than one device may
simultaneously request service. Thus a priority
scheme is required to determine which gets serviced first. It also specifies whether a read or write
ELECTRONIC D ESIGN
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the high-speed transfer of data directly between
the memory and an I/0 device. Memory cycles are
"stolen" from the processor for use by the I/0
device that is transferring data.
Typically the DMA feature is used to transfer
blocks of words to a list in memory. The I/0 device supplies the memory address and data for each
word to be transferred. It also contains the logic
to increment the address to the next word on the
list, count the number of words transferred and
determine when the transfer is complete.
Direct-memory access must be used when datatransfer rates exceed those that are possible with
program-controlled transfers. For example, a discfile unit may require a byte of data every 3.2 µ.s.
This can easily be too short for a program. Within
the required interval, the program must do the following: detect the transfer request, get a byte from
a list, transfer it to the disc unit, increment the list
address counter, decrement the word counter and
test the word counter for a zero result. But with
DMA, the I/0 device usually contains all the logic
necessary to perform data transfer in one memory
cycle-typically 1 µs.
DMA is also useful for low-speed block transfers,
such as in the serial-printer example. And DMA
can be used simply to make more proeessor time
available. However, it is particularly useful for
medium-speed devices with transfer rates of 1000
to 10,000 bytes per second.
If a device transfers data at 100 µs per byte
(10,000 bytes/sec) and the interrupt service program requires 60 µs to run each interrupt, only
40% of the processor's time is available for the
background program during the transfer. But if
DMA transfer is used, only one 1-µs memory cycle
will be "stolen" from the processor every 100 µs.
Thus 99% of the microprocessor's time can be
applied to the background program.

operation is to be performed.
This priority selection is performed by the
logic in Fig. 3. The DMA Request flip-flop sets
at the end of State 0 of the microprogram, ensuring that at least one microprogram state
exists before the End-Op ROM is enabled. It also
ensures that at least two microprogram state
times minus a ROM access time ·and counter setup time exist before all lines must be stable. During this period if any DMA Request flip-flops sets,
the DMAR line (an open-collector OR bus)
activates.
The priority of simultaneous requests is resolved in serial, "daisy chain" fashion: Each set
of DMA request logic has a priority enable input,
DMAP IN. If this input is low and the DMA Request flip-flop is set, l/O device logic is enabled
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1. A microcomputer employing bipolar processor slices
(the 670ls) uses just seven additional ICs, six new instructions and nine extra control-ROM bits to obtain

N

0 CD

interrupt and direct-memory-access capabilities. This
relatively simple implementation is possible because the
670ls are microprogrammable.

~

FETCH

NORMAL

OMA READ

OMA WRITE

BUS-MAR
GATE 1JMAD

BUS-+MAR
GATE
OMAll

NO-OP

NO-OP

TEST

EXECUTE
NO

MEM-+PC

2. Decisions affecting interrupt and OMA requests focus
on the End Op ROM. It determines whether the proc-

TOI FROM l/O DEVICE

essor will perform a DMA operation, an interrupt sequence or a normal instruction fetch and execution .

TO/FROM CPU
REQ CLK
GATE INTP

OMA TIMING
MICROPROGRAM

f---1NSTRUCTION CYCLE-+-DMA CYCLE---..j

STEPS-+-o-1-1--+1s+44--l-45+46--I
D
INTERRUPT
REQUEST

c
D

c
OMA
REQUEST

D

c

CPU CLK

MASK
7474

INT REQ
7474

U
0

OMA
REQUEST

OMA REQ
0
7474

OMA
REQ FF
END
OP ROM
ENABLE

L....J
OMAIN
(WRITE
CYCLE)
OMA OUT~~~~~~~~~~~~~~
(READ
CYCLE)
!--INSTRUCTION CYCLE+INTERRUPT EXECUTE ---!
f.-o-i--1--l-1s+37-+-3s-+-39 _____ TO 43
CPU CLK

3. Each 1/0 device contains all the logic needed to
initiate interrupt and DMA transfers.

to receive the next DMA cycle, and to drive
the DMA W line, which controls read/ write
selection.
The DMAP IN line is permanently enabled, or
grounded, for the highest priority device. Each
set of logic generates a priority output signal,
DMAP OUT, that goes to the DMAP IN- input of
the next lower priority device. This signal is
normally low, unless the DMAP IN line is high
or the DMA Request flip-flop is on. Either of
these forces DMAP OUT high.
(continued on page 7 4)
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LI
INTERRUPT
i
REQUEST---'
INTERRUPT
REQ FF _ _.....,.

END
OP ROM
ENABLE

INTEN FF
INTERRUPT TIMING

4 . Both interrupt and OMA operations require special
timing. The timing diagrams are segmented by microprogram steps defined in Fig. 6.
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NEW INSTRUCTIONS

I Op Code I
Op Code

A

I

19
20
22

Interrupt Enable
Interrupt Disable
Load Interrupt Status
Set Interrupt Mask

23

Save Status

24

Restore Status

21

I lnstructt0n Format

B

Opention

Inst ruction

Sets Interrupt Enable !hp-flop
Clears

""

Interrupt Status - Register B
Register B - Mask flip.flops
Status bits - Register B
Register B - Status flip.flops

NEW CONTROL-ROM BITS
Na-

Function

INTEN CLK
REQ CLK
GATE INTP
LO MASK
GATE STAT
LO STAT
OMAO
OMAIN
OMA OUT

Clock to INTEN flip.flop
Clock to all request fhp·flops
Gates device INTP signals to bus
Clock to Mask flip.flops
Gates Status bits to bus
Gates bus to Status flip.flop inputs
Gates device OMA address to bus
Gates device OMA data to bus
Clock to OMA device data register

5. Data transfer for interrupt and D'MA entails the use of
these new instructions and additional control-ROM bits.

ROM ADDRESS
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OPERATION

PC - MAR. PC+ 1 REQ CLOCK
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PC

INSTRUCTION FETCH
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GATE ENO OP ROM

END OF EXECUTE

37

o-Q

BEGIN INTERRUPT EXECUTE
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•

B +A Je. END
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50

I

254
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MEM ....... MA
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Sc~ 1_~ ..~. MAR
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GET PC STORE ADDRESS
STORE PC
3 - Q. MAR

GATE ENO OP ROM

ENO OF EXECUTE

.G,tf~R

BEGIN OMA READ EXECUTE
OMA ADDRESS - MAR
UPDATE REQ H s
OUTPU T OMA WORD
STROBE DEVICE REG
ENO OF EXECUTE

+l ·- &MAR

REQ CLK

45

OP • 7, ADO

~~~TE

Q - Q (NOOP)
GATE ENO OP ROM

·

- MAR
GATE

;;·

MEM
GATE
Q - · Q (NO OP)
GATE ENO OP ROM

GET NEW PC VALUE

BEGIN OMA WRITE EXECUTE
OMA ADDRESS -• MAR
UPDATE REQ Ffs
OMA DATA - MEMORY
GATE OMA DATA -- BUS
END OF EXECUTE

NOT USED
I

NOT USED

0 _. PC, END

OP • X, ILLEGAL OP (RESTART @ 0)

6. A portion of the microprogram is reserved for interrupt and DMA execution sequences.

Thus the DMA Request flip-flop of the highestpriority device seeking service disables all lowerpriority devices. The flip-flop raises DMAP OUT,
causing the DMAP IN lines of all lower-priority
devices to go to the high, disabled state. Sufficient time must be allowed for this priority decision to ripple from the DMAP IN.- to bMAP
OUT t erminals of all devices in the request
chain. The time is provided by the two microstep
periods mentioned earlier.
A microcomputer may also have several devices
that can request interrupts. In this case resolution of simultaneous requests transforms into a
priority resolution of which interrupt program
will be executed. And this can be determined by
another program.
In our system, all interrupting devices activate
a common interrupt-request line, f1itTR. The in74

terrupt-execute sequence causes the program
counter to be set to the address of a common interrupt-service program. This program determines
which devices are currently requesting an interrupt, and it selects the highest-priority program
for execution.
The advantages of this technique are that it
minimizes the amount of hardware required and
allows priorities to be set and modified under
program control. However, the technique requires
several program steps between the time that the
interrupt request is generated and the beginning
of the selected program's execution.
To implement the technique, the device logic
of Fig. 3 has an open-collector driver that generates INTP. The driver's connection to the data
bus determines priority; bit 0 has the highest
priority, while bit 15 has the lowest. The dr.i ver
is activated by a new control-ROM bit, GA TE
INTP (Fig. 5). The ROM bit, in turn, activates
during execution of a new instruction, Load Interrupt Status (LIS).
This instruction causes all devices requesting
an interrupt to activate their INTP drivers, and
it loads the corresponding data on the bus into
a selected register. In this way all interrupt requests become available to the program.
In some cases interrupt-request signals must
be inhibited. This is called masking, and it is
done with a simple flip-flop in each device (see
Fig. 3). These mask flip-flops prevent the setting
of other flip-flops that control interrupt requests.
And they are loaded from the data bus by a new
control-ROM bit, LD MASK, and the corresponding new instruction, Interrupt Mask. Mask flipflops have their data inputs connected to the same
bus bit as the INTP drivers mentioned earlier.
Masking can be used by a program to· recognize
interrupt requests of higher priority while a
lower-prior.i ty interrupt program is processed.
Simply mask all interrupt devices with a priority
not exceeding that of the current interrupt and
re-enable the interrupt system.
For the interrupt function to work properly,
it must be possible to save all previous data and
to restore it after the interrupt has been serviced.
This is easily done for CPU registers and the program counter. However, we also must be able to
save and restore the status indicators.
Two new Control ROM bits are required:
GATE STAT, to place the status bits on the data
bus for save operations, and LD STAT, to load
the status bits from the bus for restore operations. Two new instructions-Save Status and
Restore Status-are also required.
Three other control-ROM bits are required for
DMA: DMAD, which causes the requesting DMA
device to gate its address onto the data bus ;
DMAIN, which causes the DMA device to gate
data onto the bus for write operations; and
ELECTRONIC D ESIGN
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Interrupt
METHOD:

SINGLE HARDWARE INTERRUPT
SOFTWARE PRIORITY DETERMINATION
HARDWARE FOR INTERRUPT STATUS SENSE
INTERRUPT LATENCY:
2.4 µs (8 MICROCYCLES)
MASKABLE INTERRUPT
16

DMA
METHOD: SYNCHRONIZED REQUESTS
HARDWARE PRIORITY DETERMINATION-DAISY CHAIN
OMA LATENCY:
1.5 µs (5 MICROCYCLES)
OMA TRANSFER RATE:
1.11 MEGAWORDS / SEC (3 MICROCYCLE LOOP)

7. A performance summary reveals latencies of only
2.4 ,µ,s for interrupts and 1.5 µs for DMA.

DMAOUT, which strobes DMA memory data.
The execution sequences for interrupt and
DMA operations appear in Fig. 6. The interrupt
sequence causes the old program counter to be
stored at the memory location defined by the contents of location 2. The program counter is then
loaded with the contents of location 3-the location of the interrupt-service routine. The DMA
execute sequences have an extra, dummy step
that ensures a minimum of two steps between the
request clock and the enable of the End-Op ROM.
Interrupt and DMA performance is measured
by the maximum delay-or latency-between the
submission of a request and the start of the
corresponding execution sequence. Other important specs are the transfer rate for continuous
DMA requests and the number of different maskable interrupt requests that the processor can
recognize (Fig. 7) .
DMA latency time equals the execution time of
the longest instruction, assuming that the Request Enable clock came just after a request was
submitted. Interrupt latency equals DMA latency
plus one DMA cycle. This definition assumes that
both an interrupt and DMA request were submitted simultaneously just after the Request
clock and before execution of the longest instruction. The DMA transfer rate is equal to the
inverse of the time required to pass once through
the DMA sequence.
The interrupt and DMA implementations described have been kept simple in order to illustrate the problems and their solutions. However,
many improvements can easily be added because
of the microprogram control.
For example, the interrupt capability could be
extended by the use of one 6701 as a las,t -in,
first-out stack pointer for program-counter storage, and use of microcode to implement priority
determination and program selection. Likewise
the DMA 1sequences can be expanded to include
such features as the use of memory locations as
indirect DMA address and word counters. • •
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Small Wonder
*It's PICOTEMP thermal cutoff
New from Micro Devices
CActual Size)
PICOTEMP thermal cutoffs.
Fit tight spaces - and
limited budgets . Same
accuracy and similar capabilities as the widely used
MICROTEMP® safety thermal cutoffs ... but smaller in
size . Weighs just 1/4Bth of
an ounce . Installed costs
are less, too .
Use PICOTEMP thermal
cutoffs when installation
or space restrictions rule
out MICROTEMP. At present, motors and transformers are two leading
applications.
But, wherever you use
PICOTEMP thermal cutoffs,
you're assured of positive,
low cost protection against
overheating caused by malfunctions in electrical circuits and components .
The PICOTEMP thermal
cutoff is completely sealed

against atmosphere . Because of its unique design
and construction , it won't
derate. And it is unaffected
by age or extended use.
Here are some other
things you'll want to know:
• current capacity-to 5
amps. at 120 VAC . Will hold
this rating up to and including 240 VAC .
• temperature tolerance
± 3°F. C1.7°Cl.
• temperature ratings136° to 300° F. C58°-150° Cl.
• leads are 26 gauge silver
plated wire .
• facilit;ates approval to UL
506. UL 544, UL 547, UL
697, UL 492 and UL 859.
signed to comply to UL
1020 . Currently being
tested by UL for yellow card
recognition .

For more information, check the reader
service card, or call or write.
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MICRO DEVICEScoRP.
1881 Southtown Blvd ., Dayton , Ohio 45439
Ph : C513l 294-0581 Telex : 28-8087
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demands
high-rel CMOS.

SOLID
STATE
SCIENTIFIC
QUALIFIES:'
Charles Fair, Electronics Buyer, North Electric.

"North Electric is making
some pretty sophisticated
telephone equipment. Like
our NX-IE and ETS-4 computer-controlled switching
systems. So we have to be
sure what goes into them are
really reliable. That's why we
asked Solid State Scientific
to supply a special grade of
CMOS for us. "
North Electric's reliability
specs are so tough we developed a prescreening and
burn-in program, for the 4000
Series Cerdip CMOS devices
we supply for North ' s advanced electronic switches.
We call this program Solid
Plus. It's the first complete

high-rel screening program
for commercial CMOS. It
pays off in exceptionally high
delivered quality level, and in
extremely low failure rates
during equipment burn-in
and in field operation.
We like tough specs. Because we know we can meet
them , with one of the most
modern and most experienced processing and testing
facilities in the CMOS business. And we can do it at the
most attractive pricing you 'll
find. Just ask us to quote on
your next order. We'll prove
what we claim . Meanwhile,
call or write for our Solid Plus
booklet.
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HP CALCULATORS SOLVE YOUR PROBLEMS YOUR W A Y - - - - - - - - - - - - - - - - - . .

This free brochure will show you
fresh new approaches to electronic design.
Network analysis, control systems, logic
simulation, magnetics, microwave ... whatever
your engineering problem, our calculator-aided
design brochure will show you how to
slash days - perhaps weeks -from your design
schedule. It describes fully-proven combinations
of computing calculators and engineering
software that can give you fast, accurate
solutions to your most complex problemsperhaps to the very design problems that
confront you now.
From electronic super slide rules to the
most powerful calculator-aided design system,
there's a combination that fits your needs ...
and your budget. HP puts the computing
power where you need it-right at your
fingertips. Get out from under tedious number
crunching and back to creative engineering
design . We'd like to show you rather than
tell you, so call your local HP Sales Office.
Or send for our 12-page, illustrated brochure ...
it's free.

/-----------------------~
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I
I

I

HEWLETT~ PACKARD

I
I
I
I

Sales and service from 172 offices in 65 countries.

I

P 0 Box 301 , Loveland, Colorado 80537

\

O.K., I'd like to see how HP computing calculators can help
solve my design problems. Please send me your free brochure.
Name _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

'\

Title _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Company _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Address _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
City/State _ _ _ _ _ _ _ _ _ Zip _ _ _ _ _ __
Phone _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
HP-Cale. Inq .
P.O. Box 301, Loveland. Colorado 80537
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Speed microprocessor responses

without
interrupt or OMA techniques. Let the processor's Ready
line do the job, and build a simple floppy-disc interface.

Microcomputer designs don't require techniques
based on minicomputer hardware to achieve high
speeds. Though designers often employ speedenhancing interrupt or direct-memory-access
(DMA) techniques borrowed from the mini world,
the same improvements can be obtained far more
simply. All that's needed is a microprocessor
whose operations can be suspended readily during data transfers. Microprocessors like Intel's
8080 permit just this kind of solution.
When applied to an 8080-based floppy-disc
controller, the simple approach requires only
about 20 ICs. By comparison, an interrupt structure uses 40 to 80 ICs, and a DMA approach
needs 80 to 100. Moreover the 8080 exercises full
format and timing control over floppy-disc functions, with all of the algorithms contained in less
than 512 words of ROM.

PERIPHERAL
DEVICE
PRIORITY
ENCODER

MICRO PROCESSOR

INTERRUPT SERVICE
ROUTI NE

VECTORS

20-50
BYTES

APPLICATION
PROGRAM
INTERRUPT

The alternatives

Interrupt structures often require hardware
that is external to the microprocessor, as well as
special programming (Fig. 1). Further, highspeed applications can easily require all of the
microprocessor's real-time capability. For this
reason, other interrupt sources usually must be
disabled during the execution of the high-speed
routine. Also, it may be necessary to save--in advance--sensitive registers to increase the speed
of the interrupt sarvice routine.
After an interrupt in the application program,
a series of vectors (either hardware or software)
transfer program control to the interrupt-service
routine. This routine is the actual program that
performs the synchronized I / 0 transfer. After
the servicing of the interrupt, control returns to
the application program to prepare again for
the next high-speed interrupt service. As many
as 100 bytes of code may be needed to handle the
high-speed interrupt. This doesn't include the
code for standard I / 0 that would be required
without interrupt synchronization.

Eugene Fisher, Design Engineer, Lawrence Livermore
Laboratory, Livermore, CA 94550.
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1. Interrupt techniques may entail the addition of such
external circuits as storage latches and priority encoders
(a). Typical response time is 32 µ,s. However, the major
portion of an interrupt structure resides in software (b).
Interrupt techniques can achieve typical data rates of
about 31-k bytes per second.

MICROPROCESSOR

~

MEMORY

I-

DATA
CONTROL

H
CONTROL

OMA

DATA

'-I

50 TO 100

t-'

!Cs

RESPONSE:::::

I

µ. s

2. Direct-memory access, or OMA, requires a separate,
external controller that communicates directly with
memory. When built with standard ICs, the controller can
use up to 100 circuits.
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Debugging of this interrupt service is extremely difficult, since it cannot be effectively s.i mulated on a separate computer. In fact, debugging
is a very time-consuming effort, requiring the
use of all of the sy·s tem's hardware or a trial-anderror method using oscilloscopes and other external hardware. This difficulty alone has discouraged designers. The typical speed for an interrupt
interface is a:pprnximately 31,000 bytes per second.
Unlike the interface for a high-speed interrupt,
the direct-memory-access interface isn't really
part of a microprocessor or microcomputer system. It actually is a separate hardware controller
that communicates directly with the computer
memory (Fig. 2). The only function a microprocessor has in these cases is to initialize the
data channel.
Once DMA has begun, the microprocessor must
be able to disconnect itself from the associated
memory, so as not to inhibit the transfer. Thul"
debugging focuses on the hardware, because the
only software functions employed are those needed for DMA-channel controls. The typical datatransfer rates are limited primarily by the
memory. For example, memories for most singlechip MOS processors operate at 415 ns to 1 µ,s. So
the data rate can be in excess of 100-k bytes per
second.

DONE

BOBO
MICROPROCESSOR

D

DATA

READY

4>2

c
OUT

READ~

•
•
•

OUT DISC.--- PROCESSOR STOPS
I
(TIME DEPENDS ON
:
EXTERNAL DEVICE l
I
I

e - - - - - START

PROCESSOR

•

•
~~I~~ - - - - - - - ~~I~·~
'i/iiliill' ._ ___ _

A simple solution

An alternative approach-one that requires the
µ,P to halt for each transfer-takes full advantage of the processor. The technique can be applied to any microprocessor that has Ready-line
synchronization or otherwise allows the stopping
of the processor for data transfers. The hardware to implement this synchronization appears
in Fig. 3. The block diagram shows that a simple,
external flip-flop can synchronize the microprocessor.
The circuit operates as follows: An I/ 0 instruction-in this case an output from the microprocessor-clears the flip-flop, halting the processor with the I / 0 data available on the
microprocessor's data bus. The external device
takes the data presented by the microprocessor
and then returns a signal. Called DONE, the signal is used by the synchronizing flip-flop to raise
the Ready line, letting the microprocessor continue. The microprocessor responds to an external input within one cycle-500 ns in our case.
Not only is this interface simple, but the microprocessor worst-case response is 1 µ,s. This response time }s comparable to a DMA transfer,
but with none of the associated hardware complexity. And the software is extremely simple;
no difficult timing loops are required.
The output instruction actually stops the procELECTRONIC DESIGN
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3. The alternative to OMA and interrupt techniques em·
ploys a microprocessor's Ready line (a) to suspend the
processor's operation during data transfers (b). The
Ready line is sensed by the microprocessor during phase
two of state T 2 or Tw. the Wait state (c). This straightforward approach has a response time of 1 µ,s, and it
yields data rates of 62-k bytes per second.

essor for a time that depends on the external
device. If the microprocessor is already running
at 100 % utilization, there isn't time for other
operations anyway. Thus the time lost by halting
the processor i.s of no real consequence. And now
software for the output or input is merely a
standard I/ 0 operation, with synchronization
and data timing taken care of automatically. The
data rate is 62-k bytes per second-a programexecution limitation.
Employing the Ready line

The Ready line on the 80~0 processor was designed primarily to interface the processor to ~
slow memory or a slow I / 0 operation. But while
the prncessor is stopped, the data bus is present
on the processor's data lines. On an input instruction, the processor takes the data within
500 ns ·after starting or after the assertion of
the Ready Signal. After the Ready line is raised,
79

that the maximum time between instructions is
16 µs. Also the response to an external stimulus
is 1 µ,s. And the data rate for this interface is
twice that possible in any equivalent interruptdriven interface.

READ SYNC

MARK SYNC

cp2

c

0
WAIT I READY

END OF WORD

D
"::'

c

WRITE DATA

0

4. The synchron izing circuit fo r the Ready line employs
two f lip-f lops , on e for th e output and one for the input.

the microprocessor responds within the next clock
cycle. Thus over-all response is about 1 µ,s when
a 500-ns clock is used with the 8080.
A typical Ready-line synchronization circuit
appears in Fig. 4. Two synchronizing flip-flops
are used, one for input and one for output from
the peripheral. In both cases all synchronization
is handled by an external flip-flop . Even the _requirement for an external D-type flip-flop has
been eliminated by a new clock driver recently
announced by Intel. The synchronizing of the
Ready line can be taken care of by the new IC.

Spedfying the interf.ace

Our floppy-disc application employs the IBM
format (Fig. 6). Note the different types of
sector information. Each has a unique indicator
-a Mark-for Index, Data, Deleted Data and
Address. A Mark doesn't contain a full set of
clock pulses, and the missing clocks and Mark
words, form synchronizing elements. Another
critical item is the cycle redundancy check (CRC)
character_ This appears at the end of each data
sector. It must be read to determine if there has
been an error in reading or writing.
The data rate in this format is 4 µ,s per data
bit, with the clock pul.s es coming between each
data pulse (Fig. 7) . The data rate of the standard
floppy disc is 4 x 8 bits/ byte, or 32 µ,s per
8-bit byte. However, to eliminate any possibility of
timing problems, the interface is designed for
twice that rate, or 16 µ,s per 8-bit byte-an
effective transfer rate of 62-k bytes per second.
And to eliminate the need for double buffering,
the previously collected data word is read before
the next clock pulse occurs. This results in the
2-µ,s interval at our double speed.
1

Programming constraints

The program must be able, of course, to accept synchronization by the external hardware.
In the sample program (Fig. 5) the timing of
each instruction in a critical loop has been calculated. This is necessary to ensure that the next
I / 0 instruction is asserted in time. The routine
allows the maximum data-transfer rate for t he
8080 by employing the processor's stack pointer.
By adding the two halves of the loop, we see

005161
005163
005164
005165
005166
005170
005171
005174
005176
005200
005202
005203
005206
005207
005212

333
157
015
345
333
147
302
333
333
333
027
052
371
332
311

011

ROVR:

011

DATCOL:

161 012
011
011
007
301 014
217 012

The "missing"-but implied-clock signal is
detected by a retriggerable, monostable multivibrator. With the aid of a separate clock signal
from the floppy disc (Fig. 7b), the detected signal is then used to synchronize an 8-bit register
and to generate an end-of-word signal.
A 4-bit counter (Fig. 8) r egenerates t he missing pulses. The microprocessor's crystal clock

IN DATAR
MOV L - A
OCR C
PUSH H
IN DATAR
MOV H - A
JNZ ROVR
IN DATAR
IN DATAR
IN STAT
RAL
LHLD TEMP
SPHL
JC CRER
RET

5. The time of each instruct ion in a critical loop must
be calculated t o ensure that 1/ 0 instructions are as80

Solving interface problems

:READ ONE WORD-5.5
:SAVE -2.5
:BUMP CNTR - 2.5
:STORE TWO WORDS - 5.5
:NEXT-AND CRC WORD 1 -5.5
:SET UP WORD-2.5
:AGAIN-5
:CRC WORD 2
:CRC DELAY WORD
:CHECK STATUS
:SET UP FLAG
:GET THE STACK POINTER
:RESTORE SP
:CRC ERROR
:WE MADE IT

se rted soon enou gh. A portion of t he read ro utine lists
these ti mes in microseconds.
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WRITE TURN ON COINCIDENT WITH LEADING EDGE OF INDEX HOLE DURING INITIALIZATION
INDEX MARK I BYTE

NUMBER OF
BYTES MAY VllP.Y
DUE TO END OF
TRACK
TOLERANCES

26
SECTOR

32
ID
17
BYTES SECTOR BYTES
01

46
BYTES

CRC

3

4

6. An I BM data format applies to our floppy-disc example. Different sectors of information use an indicator

0c

c

c

I

c

D

D

I

I

I

c

D

I

C

I

I I
0

C

D

D

D

I

I

D

c

I

I

c

0

7

3

c

I

c

D

D

D

D

RAW DATA
D C

c

c

SEPARATE CLOCK

7. The Data Mark has a transfer rate of 2 µs per bit la),
or twice that of the usual format. This eliminates possible errors and the need for double buffering. The miss ing clock pulses are generated with the aid of a separate clock signal (b) from the floppy disc.

(2 MHz)

cp2

SEPARATE
CLOCK

CLOCK
RESET

-'-- 8
(9300)

INPUT
A'

4>2

I

__

B

A

B

DATA
CLOCK

c

I II I I I I I I I I I I I I

___.

....___. . !.
I

c
SEPARATE CLOCK

LI

I

LI

8. A simple 4-bit counter, synchronized to each separate-clock pulse from the floppy disc, regenerates the
missing clocks.
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ID
17
SECTOR BYTES
02

DATA
SECTOR 02

1-128
131 BYTES
(1048 BITS)

6

7 BYTES
(56 BITS l

121-LSI

33
BYTES

128 BYTES OF DATA
INITIALIZED 10 HEXES

CRC

5

DATA
SECTOR 01

ETC.

CRC
129

known as a Mark. It relies on a series of implied-but
not present-clock pulses for synchronization.

provides the time base for the counter and thus,
the flopp·y disc.
The counter is synchronized with the data received from the floppy disc, thereby providing a
clock signal that doesn't have missing pulses.
This counter and the crystal clock also generate
the accurate timing pulses required for the Write
operation to the floppy disc.
A single IC-the 8-bit register-handles both
the serialization and deserialization of the signal
from the floppy disc to the microcomputer
(Fig. 9) . This register has a common I/ 0 ; the
same eight pins are used for parallel data input
and output. Three-state data lines are compatible
with the 8080 microprocessor data bus.
The Ready-line synchronizer for our application appears in Fig. 10. To detect .a Mark word,
the microprocessor sends the input signal called
READ MARK. This signal sets the flip-flop called
Mark Sync, which suspends microprocessor operation until a "missing" clock signal occurs. When
missing pulses are detected, the synchronizing
flip-flop resets, allowing the processor to read
the Mark word collected.
At this time the microprocessor verifies that
the correct Mark word has been read. If it is not
the correct word, the microprocessor loops back,
sending out the READ MARK signal. Again, the
processor stops until the next Mark word is received. The timing diagram shows an input Mark
signal being sent two times. The first time it detects the address sector and the second time a
data sector .
After the Mark word has been read, the succeeding data words must be read to verify the
data format, the data transfer or the address
sector. Therefore a second input signal called
READ DAT A is sent in a manner similar to that
of the Mark operation just described. However,
the input-data synchronizer resets at the end of
81

BOBO DATA BUSS

DO

07

SOI
CRC GEN
IB503)

DATA CLOCK
CLK
SERIAL
DATA

(74SZ99l

CLK

500

SDI

CRC SHIFT
Boeo OBIN

READ

SELECT - - - - '

9 . An 8 -bit shift register, synchron ized by the " miss ing "
clocks , provi des t he para llel-to-serial conve rsion of t he
signal from t he floppy d isc. The second IC generat es t he
cycle-redundancy-check chara cter.

READ DATA
READ MARK

INPUT

~-----__.n.._
READY
~
MISSING CLOCK

Vt111111111,I

____P_R_oc_E_s_so~\~RU-NS~

.,..,.,..,,....,.,\.,.....'="'~

V/1111111111111

n~~~~~~~~n~~~~
_ _ _ _ _IOATA SECTOR

- - - - - - ' ADR SECTOR

10. The Ready-line synchronizer for t he floppy-disc
plication employs only four flip -flops and a few gates
The input Mark signal is sent twice (b) to detect
dress and dat a sectors.

82

ap(a) .
ad -

each data word rather than at the end of a Mark
word. The processor reads t he data word at t he
end of each serial string in less than 1 µ,s, giving
a 100 % safety factor even for a floppy disc having twice t he usual storage capacity.
The lower portion of the synchronizer controls
Write operations for the Ready line. Three types
of Write signals require synchronization: Write
Mark, Write Data and Write CRC. Write Data
simply writes the next 8-bit data word from the
microprocessor into the shift register at the appropriate time. The Write Mark signal loads an
8-bit shift register (not shown), and this generates the missing clock lines for the writing of
a Mark word.
Also on this shift register, Data Bit 6 is provided for one of the inputs, thereby allowing the
software to create any of the t hree m issing clock
words required. The Write CRC command converts the CRC generator from a coded mode to a
16-bit serial shift register. The latter shifts out
the collected CRC data word.
The control of the floppy disc functions-such
as Head Load, Head Step In and Head Step Out
-are handled in the usual I/ 0 fashion, with fl ipflops set to perform the required functions.
Key portions of the software for the floppydisc application appear in Fig. 11. The first
routine verifies t hat the floppy-disc head is actually on the correct track. The sequence is as follows: Wait for an address Mark; read the rest
of the address sector; save the critical words of
interest, the track and sector addresses ; verify
that there are no errors ; then drop into a routine
t hat steps the head to the desired track. Note
t hat no critical timing loops are required. The
only requirement is that the program return
within 16 µ,s, so it can read the next data block.
Fig. 11 b shows the code used to read a data
block from the floppy disc and to store it in
memory at the maximum transfer rate. This
routine uses the processor's stack pointer to store
16 bits or two bytes per operation (thereby
transferring data at 16 µs per byte). Note that
t his code lists timing intervals in the comment,
so the programmer can actually count the instruction times that will result.
Fig. llc shows the code that writes a data
file on t he floppy disc. This routine .is sim ilar
to t he previous one. However, a preamble of zero
words must be written before the actual data
file. Also, t he last CRC character must be followed with a zero word. • •

11. Excerpts from the program, compiled by an 8080
macroassembler, ill ust rate the th ree major routines. The
f irst, a search routine, checks to see t hat the disc head
is properly pos it ioned (a) . The next routi ne reads a block
of data in the disc and stores it in memory (b) . The t hird
routine writes data int o the floppy disc (c) .
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004403
004404
004406
004411
004412
004414
004417
004422
004425
004427
004431
004433
004436
004440
004441
004443
004445
004447
004451
004453
004455
004457
004460
004463

365
323
315
176
376
322
315
315
333
333
376
302
333
107
333
333
333
333
333
333
333
027
332
072

005064
005066
005070
005073
005075
005077
005101
005102
005105
005107
005111
005113
005115
005117
005121
005122
005125
005127
005130
005133
005136
005137
005142
005144
005147
005151
005153
005156
005160
005161
005163
005164
005165
005166
005170
005171
005174
005176
005200
005202
005203
005206
005207
005212
005213
005216

333
376
302
333
333
333
270
302
333
333
333
016
333
333
027
332
333
015
302
041
071
042
016
061
333
376
302
333
147
333
157
015
345
333
147
302
333
333
333
027
052
371
332
311
052
371

005024
005025
005027
005030
005031
005033
005034
005037
005040
005042
005044
005046
005047
005051
005054
005055

174
323
341
175
323
015
302
174
323
323
323
257
323
052
371
311
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STRT:
012
222 011
112
147
242
222
010
010
376
027
011

011
011
011
TSTRD:
011

011
011
011
011
011
011
007
165 011
300 014
010
376
064 012
011
011
011

READ:

064 012
011
011
011
013
011
007
217 012
011

CRAPLP:

125 012
000 000
301 014
100
000 014
010
373
213 012
011
011

ROVR:

011

DATCOL:

161 012
011
011
007
301 014
217 012
301 014

CRERX:
OVR:

014
DATWT:
014
024 012
014
016
016
014
301 014
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PUSH PSW
OUT HOON
CALL LDDLY
MOVA · M
CPI 112Q
JNC NOADER
CALL SEEK
CALL LDDLY
IN RDMRK
IN RDMRK
CPI 376Q
JNZ TSTRD
IN DATAR
MOV B · A
IN DATAR
IN DATAR
IN DATAR
IN DATAR
IN DATAR
IN DATAR
IN STAT
RAL
JC ERROR
LOA ADR

:SAVE A REG
:LOWER HEAD
:WAIT FOR HEAD
:TRK ADR
:TEST FOR TOO LARGE ADR
:ADR ERROR-TOO LARGE
:STEP TO TRK
:WAIT TO SETTLE
:SYNC AFTER STEP
:READ MARKS
:WAIT FOR ADR
:LOOP
:TRK ADR
:SAVE TRK ADR
:ZEROS
:SECTOR ADR
:ZEROS
:CRC
:CRC
:CRC DELAY WORD
:CHECK CRC
:SET UP FLAG
:CRC ERROR
:GET EXISTING ADR

0

:ROUTINE TO READ A DATA SECTOR
:ENTER SECTOR ADR IN B
IN RDMRK
:LOOK FOR ADR MARK
CPI 376Q
:LOOP BACK
JNZ READ
:SKIP TRK ADR
IN DATAR
:SKIP ZERO WORD
IN DATAR
:READ SECTOR ADR
IN DATAR
:TEST SECTOR
CMP B
:WRONG SECTOR-LOOP
JNZ READ
:ZEROS
IN DATAR
IN DATAR
:CRC
IN DATAR
:CRC
:SET UP JUNK-IN-GAP COUNTER
MVI C . 13Q
IN DATAR
:CRC DONE GAP WORD # 1
IN STAT
:CHECK CRC
RAL
:SET UP FLAG
JC CRER
:CRC ERROR
IN DATAR
:SKIP THE JUNK-IN -THE-GAP -13 WORDS
OCR C
:DONE? -2 .5
:NOPE LOOP BACK - 5
JNZ CRAPLP
:CLR HAND L
LXI H -0
:ADD STACK POINTER
DAD SP
:SAVE SP
SHLD TEMP
MVI C · 1000
:SET DATA CNTR
LXI SP · BUFF
:POINT TO BUFFER
:WAIT FOR DATA
IN RDMRK
:TEST FOR DATA MARK - 3.5
CPI 373Q
JNZ CRERX
:NOT A CRC ERROR BUT GET OUT FOR NOW -5
IN DATAR
:FIRST WORD -5.5
MOV H-A
:SET UP -2.5
IN DATAR
:READ ONE WORD-5.5
MOV L-A
:SAVE -2.5
OCR C
:BUMP CNTR - 2.5
PUSH H
:STORE TWO WORDS -5.5
IN DATAR
:NEXT-AND CRC WORD 1 -5.5
MOV H -A
:SET UP WORD-2.5
JNZ ROVR
:AGAIN-5
IN DATAR
:CRC WORD 2
IN DATAR
:CRC DELAY WORD
IN STAT
:CHECK STATUS
RAL
:SET UP FLAG
LHLD TEMP
:GET THE STACK POINTER
SPHL
:RESTORE SP
JC CRER
:CRC ERROR
RET
:WE MADE IT
LHLD TEMP
:GET THE STACK POINTER
SPHL
:RESTORE SP
MOVA· H
:SET UP NEXT WORD -2.5
OUT DATAW
:WAIT FOR DISC-5.5
POP H
:GET TWO WORDS - 5
MOVA · L
:NEXT WORD -2.5
OUT DATAW
:WAIT FOR DISC-5.5
OCR C
:BUMP CNTR- 2.5
JNZ OVR
:OVERS-5
MOVA· H
:SET UP LAST WORD
OUT DATAW
:OUT LAST WORD
OUT CRC
:SHIFT OUT CRC
OUT CRC
:IBID
XRA A
:CLEAR THE A
OUT DATAW
:WRITE OFF - LAST WORD ·IS ZEROS
LHLD TEMP
:GET SP
:RESTORE SP
SPHL
:FAREWELL
RET

0

8
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YOUR
G=G"\?'~~0(9

©O~C98=D0u§

DESERVE THE
BEST SOLDERING
INSTRUMENTS
AVAILABLE...

MODEL RR-4
ROTARY REFLOW
SYSTEM

MODEL CM-2
MICRO REFLOW
SYSTEM

MODEL AR-7
AUTOMATED REFLOW
SYSTEM

MODEL CC-1
SPOT REFLOW
SYSTEM

MODEL SR-3
SONIC REFLOW
SYSTEM

. . . . INTRODUCING
A COMPLETE LINE OF
REVOLUTIONARY HIGH
SPEED LABORATORY AND
PRODUCTION SOLDERING
SYSTEMS . . .

1~~g~~
CORPORATION
203

CHAPALA

STREET

SANTA BARBARA, CALIF. 93101
PHONE (805) 963-0371
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SIEMENS

[S(Q)w ~IT1©1100® C?®DCID~~
Space savings in a proven design.

Siemens low profile relays permit nearly
double the PC board mounting density
compared to standard height relays. And only
the Siemens design covers the full range1, 2, 4 and 6 PDT contacts, with a uniform
height of only 0.4 inches. Space savings that
add up to greater dollar savings through
better cabinet utilization.
Bifurcated contacts (standard) of fail-safe
design assure maximum reliability over a long
electrical life. Millions in use over the past
four years confirm this proven design. Typical
applications include communications systems,
data processing and automatic control
systems.
Delivery is assured as Siemens-designed low
profile relays are available from more than
one source.
Siemens low profile relays. Space savings in a
proven design. Write for detailed literature.

Siemens Corporation
Special Components Division
186 Wood Avenue South , lselin, New Jersey 08830 (201) 494-1000
INFORMATION RETRIEVAL NUMBER 151

TDA 1170/1270 vertical deflection systems
The TOA 1170 and TOA 1270 are integrated vertical
deflection systems for B & W and colour TV sets.
Both are mounted in a FIN DIP package and integrate the
functions of oscillator, voltage ramp generator and high gain
power amplifier with 1.5 A output current.
Their main features are :
• independent frequency, lineari!Y and height controls
• few extern al component::;
• ve r~ low oscillator and ramp generator bias current

• high frequency stability
• positive or negative sync input
The TOA 1270 is for colour sets. When its own output
current is inadequate the addition of a low-cost complementary
transistor stage will solve the problem .
The supply voltage can be up to 40 V.
The TOA 1170 incorporates the flyback generator and provides
the complete vertical deflection section for B & W sets. Maximum
supply voltage is 27 V and the peak flyback voltage is 58 V.

SGS-ATES Semiconductor Corporation - Newtonville, Mass. 02160 - 435 Newtonv1Ue Avenue - Tel : 617-9691610 ·Telex : 922482. Stocking Distributors: Edmar Electronics Co., Des Plaines,
ILL, (312) 298-8580 - Energy Eleclronic Products, Los Angeles, CA, (213) 670-7880 - Esco Inc .. Dayton, OHIO, (513) 226-1133 - KA Electronic Sales, Dallas TX, (214) 634-7870 Radar Eleclnc Co .. Seattle, WA, (206) 282-2511 - Re-Coil Electronics Inc .. Santa Clara, CA, (408) 984-0400 - Rosyl Electronics. Bayshore, NY, (516) 586-1800 - Wilshire Electronics,
Burlington, MASS, (617) 272-8200 - Zeus Components Inc . Elmsford. NY. (9141 592-4120 - Burlin g t on. MA.1617) 273-0750 - Pompano Beach, FLA , (305) 942-4312 Prelco Electronics Ltd .. Montreal 357, Qu ebec , (514) 389-8051
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NUMBER 1

~?

General Electric••• No. 1 manufacturer of

silicon tubes that ...
Got a "blooming" problem? General
Electric's new Reduced-blooming Silicon
Epicon® Vidicon can provide the soluf ;i
without degradation of performance.
Available in 2/3-inch, 1-inch & 11/4 -inch
sizes, GE's Reduced-blooming Epicons offer
significant reduction of blooming caused by
high light glints, point sources of light,
lamps, and auto head lights. And you still
get the high sensitivity, high resolution and
low lag that you paid for!
For more information contact Microwave and
Imaging D evices Products Section, (315) 456-3231 ,
Room 301 , Building 7, Electronics Park, Syracuse, N.Y.
13201 . Or circle the number below o n th e Reader
Service Card .

substantially
reduce "blooming''!

GENERAL. ELECTRIC
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H4C

Interested in network variety?
Salect from a spectrum of 347 standards.
Allen-Bradley has the popular configurations you need. Pull-ups, Pull-downs. Line
Terminators. Networks to complement Core Memory Sense Amplifiers. TTL to
ECL Translators. 0-Pad Attenuators. All styles available from your Allen-Bradley
Electronic Distributor. Call for specs or check your EEM Catalog. If you
need specials, contact your local Allen-Bradley district office for fast
turn-around. Ask for Publication 5840. A-B is an experienced twinfilm manufacturer, i.e. precision thin film and thick film .

~O\~~atea/
~~~
as a special feature .

· , ..

. . . room for more
resistors, higher
power ratings, larger
\ resistance values.

f\
1

5x~~~
for visual inspection .

~+

aids orientation and indicates
number of pins. Blue-14 pin ;
green-16 pin .

Quality in the best tradition.
f.l~ ~~!;;~~;~;~RADLEY
Milwaukee , Wisconsin 53204

EC111

Broad range of l·DIP standards
PULL-UP/PULL-DOWN
Two basic configurations (314A-14 pin ;
316A-16 pin). Each available in 81 resistance values for unused TTL gates, parallel
high speed circuitry, wired OR circuits,
TTL-MOS interfacing and pulse squaring .
14

15

16

13

12

11

LINE TERMINATION
Two basic configurations (3148-14 pi n;
3168-16 pin). Each available in 81 resistance valu es for transm issio n line termination, power gate pull-up, current li miting
and logic level tran slation.

PARALLEL TERMINATION
Two basic configuration s (314E-14 pin;
316E-16 pin). Each available in eight
R1 / R2 combinations for a wide rang e of
impedance values.

10

l· l· l· l· l· l· l· j.
2

4

1

5

8

Series 3166

Series 316A

Series 316E

Standard Resistance Values
R (Ohms), ± 2% Tolerance
43
47
51
56
62
68
75

22
24
27
30
33
36
39

82
91
100
11 0
120
130
150

160
180
200
220
24 0
270
300

330
360
390
4 30
470
5 10
560

620
680
750
820
910
1000
1100

2400
2 700
3000
3300
3 600
3900
4300

1200
1300
1500
1600
1800
2000
2200

Characteristic
Impedance Zo
4700
5 100
5600
6000
6200
6800
7500

16K
18 K
20K
22 K
2 4K
2 7K
30K

8200
9 100
10 K
11K
12 K
13 K
15 K

33K
4 7K
68K
10 0K

••

10

12

Rl
120.n.

RS

120 .n.

120 .n.

13

14

R2
100 .n.

11

12
R2

l 20 IL

R7

RS

120 J'L

120 -1\.

RS
l .SKJ'\.
314M120

R1 / R2
160/ 260
180/ 39 0
220/ 330
330/ 680

Zo
50
75
80
80

Zo
100
1 23
132
222

SENSE AMP TERMINATOR
For se nse line appl ications with
two 711 dual voltage comparators.

SENSE AMP TERMINATOR
Three basic configurations complement the 7520 series of co re memory sense am ps.
13

R1 / R2
81 / 130
120/ 200
90/ 660
130/ 210

RS
12K J\.
31 4Ml 25

.

0

10
RJ
120 J\.

R4

120 ..n..

120.1\

R9

R6

I ZOJ\ RJ ZOJ\.

R1

T21( J\.

31 4M 120

.

0

0

2

314M110

314M130

314M120 or 314M125

0-PAD ATIENUATOR
Two basic circu its
for fi xed voltage
attenuation with
impedance match ing .

TIL to ECL TRANSLATOR
Contains si x TTL to ECL translators.

Rl & R2
R3&R 4

...

20852..f'l

0

RS & R6

34 61.1\.

R7 & RB

10435 1\.

'

15

Al l & R12

0

5234.f\.

314Z1001
R1 • 180 1'\.

R2

0
a. R2

143 1 J\.

RJ&R4

2651.1\.

Rl

R9&R10 • 92JO.J\
All & R12 8260.1\.

314Z1002

ALLEN-BRADLEY
Electronics Division
Milwaukee . Wisco nsi n 532 04
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316T110

210.1\

It also comes assembled.
If you need dials, we have dials. If you
need handsets, we have handsets. If you
need Touch Calling keysets,
we've got 'em by the thousands. Ringers and hookswitches, too. Or, if you need
complete telephones, we
have them for you in all the
latest styles and colors.
You get communications
components faster from GTE
Automatic Electric because, outside of the Bell System, we're the
largest manufacturer of telephone
equipment in the U.S. If you need it,
we have it.
Use the coupon below for a complete

catalog. Or if you're in a real hurry, call
John Ashby at (312) 562-7100, extension 250.
When it comes to quality components, call THE SOURCE:
GTE Automatic Electric.

T it le _ _ __
Name
Com pany _ _ _ _ _ _ _ _ _ _ _ _ __
Address _ _ _ _ _ _ _ _ __ _ _ __
City _ _ _ _ _ _ State _ _ _ _ Zip _ __
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BILLIONS OF SWITCHING OPERATIONS
AT A PRICE YOU CAN AFFORD

CLARE 851 SERIES MHMG RELAYS
A new family of epoxy molded mercury-wetted reed relays.
The 851 Series MHMG relays offer billion (10') operations.
Bounce free mercury-wetted switching performance and
load handling capabi lity from signal-level to SO VA. Multipole flexibility from one to five contacts, epoxy molded
packaging for PCB mounting, and at a cost approaching dry
reed relays .
Like al l Clare mercury-wetted relays, the heart of these
relays is a Clare manufactured hermetically sea led glass
capsule. Contact switching is mercury-to-mercury. So
there's no contact wear, no contact bounce, constant ON
and OFF impedances-every operation . Maximum switching ratings are 350 Vdc, 1 ampere.
The 851 Series MHMG family are high quality components
for telecommunications, business machines, industrial data
logging and contro l, and other electronic instrument applications.

FREE SAMPLE OFFER
Send today for your free sample of new 851 Series relays.
Sorry, only one sample per customer. Offer ends Dec. 31,
1975. Just mark your selection below:

852A05B1A 1 form A 5 Vdc
851A12B1A 1formA12 Vdc
851A0582A 2 form A 5 Vdc
851A1282A 2 form A 12 Vdc

D
D
D
D

Function _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _
Company _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

For more information contact: C. P. Clare & Co., 3101 W.
Pratt Ave. , Chicago, ill. 60645. Phone (312) 262-7700. Telex:

Address _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

25-3775.

City _ _ _ _ _ _ _ _ _ _ _ _ State _ _ _ _ _ __

C. P. CLARE & COMPANY a subs1d1ary of
GENERAL INSTRUMENT CORPORATION

1::1

L!.I

Zip _ _ _ _ _ _ _ _ _ _ _ Phone _ _ _ _ _ __
Send to: C. P. Clare & Co., 3101 W. Pratt Ave., Chicago, Ill.
60645.

L------------------------------
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Let us
send you 33
proven ways
to conserve
•
energy m
your
business

~~~~

Frederick B. Dent

Secretary of Commerce

You will find that these 33 ways to
save energy will also save you money.
~nd if you send for this free booklet,
we will also send you another: "How
to Start An Energy Management
Program."
The energy crisis is now a serious
reality. But it is something that we all
can do something about. One of the
best ways to start is to send for these
two booklets now.

r-----------,
To: U.S. Department
of Commerce
Office of Energy Programs
Washington, D.C. 20230

Please send me your two free booklets
on "33 Ways to Conserve Energy" and
"How to Start An Energy Management
Program.''

Title-----------Company - - - - - - - - - Address----------City -----_..,tate---ZIP-Type of Business - - - - - - - - ·-~

L -
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Design for fault isolation: Increasingly,
the man who creates the circuit must ensure that it can
be easily tested. Here are some techniques to do just that.
Largely overlooked in the search for solutions
to the problem of fault isolation has been the
designer who creates the circuits to be tested
and diagnosed.
Fortunately, this situation is now changing.
The realization is growing that the designer not
only has a responsibility in this area, but also
has available a number of rather simple-to-implement techniques that can significantly reduce
the cost and complexity of fault isolation.
These techniques permit the subsequent faultisolation test system to observe and control specific elements within a circuit so that meaningful
tests can be made.
The difficulty and cost of fault isolation has
risen in direct proportion to the density and
complexity of today's circuitry. Dozens of IC devices of a circuit board can be the equivalent of
hundreds of thousands of individual components
and circuit connections. Moreover, most of the
problem points are out of reach, and the effect of
individual faults can be masked by intermittent
failures, fanouts, and errors that occur only when
a particular logic sequence is performed.
For the production department, fault isolation
has long been a growing and frustrating problem.
Go/ no-go testing becomes a meaningless exercise
when the percentage of no-go assemblies exceeds
the half-way mark. Skilled personnel are siphoned
into rework activities, and production-labor costs
continue to climb in an industry that depends
on IC technology for its future profits.
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Fault isolation and computers

Similar frustrations are being encountered in
the field at repair centers and service depots.
A 25¢ devke may be the only item that needs
replacement, but the cost to locate the faulty IC
package often exceeds the value of the complete
circuit board or assembly. And, again, there is
the problem to find and train the skilled personnel needed to do the work. Not surprisingly, then,
Jai Hun Jhu, formerly with Technology Marketing, now
General Manager, i11-P Div., Plessey Memories, 1674
McGaw Ave., Santa Ana, CA 92705.

86

9602
5

9602
II

2. To test asynchronous circuits, control lines can en ·
able or disable the clock circuit.
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a great deal of attention is now being applied to
the technology of fault isolation.
Theoretical work, much of it performed at the
university level, finds expression in computercontrolled diagnostic schemes. Do-it-yourself test
systems are being replaced with more sophisticated equipment from companies who specialize
in this field. Larger manufacturers are developing staffs, strictly for fault isolation, composed
of experts in the theory and implementation of
diagnostic techniques.
But the net effect of much of this activity has
been to replace one cost problem with another.
Computer software and programming can make
the cure as expensive as the disease. New faultisolation systems, w.ith computer-like logic but
without the need for ·Computer programming, are
now becoming available. At best, however, the
new systems will just hold the line in the face of
increasing circuit complexity.
All of these difficulties can be largely overcome, if the designer-with the support of production, service and management--recognizes
the interplay between design and fault isolation,
and takes advantage of the . cost-savings opportunities at his disposal.
The designer may, for example, increase the
size of an edgeboard connector to accommodate
test points for factory-level tests. The extra cost
will probably be insignificant compared with the
easing of the fault-isolation problem.
In general, fault-isolation testing consists of
the creation of a particular set of conditions or
sequence of conditions that permit the designer to
observe whether the circuit performs as intended.
To do this is not necessarily a simple matter,
especially when the objective is to narrow the
test to a particular component or device. The de-

BIT I

0--------1

signer is primarily interested in the over-all performance of the circuit assembly, but the faultisolator must have a way to control specific
elements within the circuit to apply meaningful
tests to indiv.idual devices or groups of components.
The first task of the designer, therefore, is to
aidd to the controllability of his circuit.
His second requirement is to increase the
observability of the circuitry under test. Usually
only a small fraction of the internal-circuit nodes
are brought out for functional purposes. Obviously, it would be impossible to bring out all the
nodes just for test purposes. The answer lies in
a careful selection of extra test lines and a physical design that lends itself to easy probing with
IC clips, oscilloscope leads, and other test-equipment connections.
Controllability and observability are separate,
yet interrelated, functions, and the circuit designer can contribute importantly to both. A
number of examples show how.
Designing for controllability

On power-up, flip-flops or any memory holding device can come up in any state. A long shift
register will therefore require a long series of
input pulses to flush out the unknowns. Thi.s extends the test time and a larger test-system memory may be required. The solution is to use a
master-reset line, even if there is no need for the
line in the circuit function. Bring the master
reset line out to a pin for accessability.
Some circuits include a power-up clear to provide the initial condition. This circuit is active
only when the power is initially applied to the
board. Figure 1 show.s two alternative ways to

CONTROL
T
-----<>LINE I

TRANSMITTER

ENABLE

BIT 2 ~---+------f

T

--+----0 LINE 2

RECEIVER

3. Test-system lines (1 and 2) are assigned to check
receivers and transmitters that share a bidirectional line.
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4. Feedback loops are hard to test. A control line can
be used to stop errors at a gate during test.
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provide external control signals to test both t he
power-up clear circuits and the reset line of the
internal flip-flops.
Astable multivibrators that run asynchronously can make testing very difficult because t here
is no time reference with which to make consistent tests. The solution here is to design control
lines to the clock circuit to enable or disable the
clock, or to let one clock pulse go out at a time.
The control lines will let the fault-isolation
system exercise the circuit one clock at a time,
and thus process the data at the system's own
speed. One typical clock circuit is shown in
Fig. 2. The input, when LOW, disables the
clock. When HIGH or left open, the input enables
the clock. An alternative solution is to provide
a port for an external clock, as well as a clock
disable.
With dynamic MOS circuits, provision must
be made to synchronize the test system and tbe
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5. 5-V regulators often fail under marginal condition s
so t hat provision shou ld be made for lim it t est s.

device under test. In the case of built-in clocks,
provide either alternate inputs for external
clocks or some method to synchronize to the
internal one.
With bidirectional lines-where the line is
shared by both a receiver and a transmittertesting becomes complicated unless there is prior
knowledge as to which circuit is active. It is advisable, therefore, to bring out the enable terms
so that the system can test or troubleshoot the
receiver and transmitter independently. To do
this, assign test-system lines one and two as
output (response) pins and test transmitters
(Fig. 3).
Troubleshooting of circuits with feedback
loops can be very difficult because errors tend to
propagate and feed back to the origin (or .seemingly to the origin). To provide a method for
fault isolation, the designer can use control points
without the sacrifice of circuit performance
or addition of parts. For instance, one of the
88

inverters could be an AND gate that provides
an external control within the loop· so that the
loop can be broken in the middle by an input
signal (Fig. 4).
In Fig. 4, with the control line disabled during
troubleshooting, errors will not propagate beyond
the gate. (The control line is permanently enabled during normal operation.)
Regulators, ROM s and RAMs

It is common practice to place a + 5-V regulator on a printed circuit board. However, designers often neglect to bring out a test point
to check the regulator. Malfunctions in the V cc
regulator will cause massive errors or-worseunpredictable, intermittent errors, commonly
known as ghosts. It is therefore imperative to
check the V cc regulator on the board before
diagnostic attempts are made.
It is also advisable to provide some control
for voltage margin. Many circuit malfunctions
occur at voltage margins. To eliminate "weak
sisters" and thus enhance the reliability of the
equipment, circuits should be exercised at marginal conditions before installation (Fig. 5).
Circuits that use ROMs to replace hard-wired
logic tend to have many feedback loops. In many
cases, technicians troubleshoot the ROMs along
with the rest of the circuit-a practice that can
lead to confusion. Therefore, it is best to install
sockets for the ROMs so that the memories can
be checked prior to installation on the board.
This not only simplifies the test but also provides
a breakpoint in the loops.
The sockets can also be used to connect to the
test equipment during checkout. Thus the test
system can be directed to generate ROM patterns
while the system monitors the results coming
back as inputs to the ROM. (Inputs to the ROM
for address lines are usually a function of the
previous ROM address pattern.)
Circuits with ROMs also tend to have many
jumps and subroutines · so that it is often difficult to verify whether the instruction sequence
follows the right course. Single-step capability is
easy to implement at points where an external
break is advisable.
To test large RAM systems requires specialized
test equipment. However small memories embedded in a large circuit board may be easily
tested by provision of some access for external
controls, such as READ or WRITE.
In the usual circuit implementation, a memory
READ cycle forms a subcycle of a CPU instruction. Therefore, it may not be possible to exercise
a READ cycle without going through all the motions. If it can be done without unbearable cost
and long delay in the development cycle, provide
pins for external READ and WRITE commands
EL ECTRONIC D ESIGN
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(data input and output can be monitored by·means of an IC clip).
For dynamic MOS RAMs, refresh requirements
present some degree of difficulty. The strategy
here is to first thoroughly check out the refresh
logic, then test the memory.
One shots, ghosts and fanouts

Verification of the pulse width of a one-sliot
circuit can be easily handled by test s.y stems with
programmable sample clocks. However, most test
systems have a fixed resolution and a minimum
sampling time period, which makes it easier to
check a long than a very short pulse width. If
possible, therefore, make the pulse width at least

CLOCK
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c>-------"'-1
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CLOCK
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6. Two gates are laid out on a PC card so that each
uses the same test routine (a). This can't be done with
setup in "b."

1 µ.s, or greater.
A common occurrence is for errors to ·disappear
when a scope probe is placed in an IC .pin. This
can be traced to changes in dynamic and static
loading characteristics. The problem can become
worse if the test system is directly interfaced
with the internal circuit outputs.
For instance, standard TTL fanouts are usually limited to 10. If the tester receiver (s) is connected directly to -an output node with the maximum fanout, circuit behavior may become ·
erratic. A CMOS buffer can prevent loading but
this can increase the cost of the test system
(CMOS chips are also very slow). The design
engineer can resolve this problem by limiting
the number of fanouts to one less than the
nominal maximum.
Designing for observability

It may not always be possible to design circuit
boards with identical edge connectors. However,
ELECTRONIC DESIGN
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as a general rule, boards should have a minimum
number of connector varieties. A void connectors
on more than one side of the board, multipleconnector types and connectors in the middle of
the board.
Provision for extra test points is very important. However, the points must be easily accessible if they are to be of value. Use of extra
edge-connector pins to bring out the test points
can minimize test time and simplify the test fixture design.
More thought should be given as to what constitutes a good test point: Each test point should
be an internal circuit node that can give the test
system -an important clue to the nature of possible -failures (Fig. 6).
Most test-systems use IC clips to monitor circuit operations during troubleshooting. Often, the
ICs are so close that it is impossible to use the
clip. Sometimes discrete components get in the
way or ICs are inserted in more than one direction. These p·r oblems must be avoided during
the layout stage. At this stage, component locations should be numbered and the numbers should
be easily 'visible on' the board.
Jumper options can be tested most easily if
all the jumping is done on the edge connector.
However, if the board :is not designed in this
fashion, a set" of parallel access lines should be
provided, at the least, so that the tester automatically can exercise all the possible jumper
configurations. Unused jumper options and their
verification are often overlooked, and circuit malfunctions · traceable to the jumper options are
sometimes hard to diagnose.
It is common for a printed-circuit-board assembly to go through engineering changes after it
has been put into production. Some of the
changes will be temporary fixes. The manner in
which these changes are incorporated will affect
the tests. If an IC clip is to be used during testing, it is ~dvisable to avoid the "dead-bug" method. If a "bed-of-nails" fixture is to be used. consideration must be given to accessibility before
jumpers are added._
Design for simplicity

To ease diagnosis and test-program generation
on an automatic tester, circuits can be laid out
to use a common test routine. For examp.Je, in
Fig. 6a an automatic card tester with an IC-clip
probe is used for diagnostics. The two 7400 gates
are laid out on the printed-circuit board in such
a way that a test routine for one chip can also
be used for the other (the clock is connected to
pin 2 on both chips).
By contrast, the circuit in Fig. 6b has the
clocks connected to pin 2 of one chip and pin
1 of the other so that a common test routine is
89
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impossible. This example also pertains to testers
that handle input signals as well as output.
Unused inputs, gates, flip-flops and other devices can also be tied to a known state to simplify
the diagnostics. For example, if half of a 7474
flip-flop chip is not used, the output state will be
unknown on power-up. Therefore, it will be difficult to program diagnostics for that chip. To
eliminate the problem, tie the reset side to
ground.
If identical pin assignments can be achieved
throughout the system, as in systems that use
mother boards, fixturing (as well as programming) becomes simpler. Since the stimulus and
response pin definition is identical; most of the
test-routine for one board can be used for the
rest.
In any event, the designer should make an effort to simplify the connection scheme by assigning common power connections. Since most
computer-controlled testers have the capability
to change the input and output definition, the
same interface fixture can be used for a number
of different cards, as long as the cards have the
same power connection.
Aside from test specifications and test proced ures," a well-designed schematic can be a great
help- to test ~rsonnel. Schematics must be not
just easy to follow, but should also provide test
information as well. Such information can in, elude a timing diagram, IC types and pin-out
chart, a notation for I/ 0 pins that is different
from the internal oonnections, and the pulse
width of one shots.
Figure 7 shows that "A" and "D" are edgeconnections and that their pin numbers are 85
and 42, respectively; while "B" and "C" are internal connections and their source and designations are on page two and three, respectively.
Also shown is a one-shot with its time-out classified as 12 µ,s with ± 2-µ,s tolerance. • •
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Here comes the biggest OEM computer
you've ever seen. At some of the lowest prices
you've ever seen.
The new Nova 3 from Data General.
Nova 3 has a big price edge over any
competitive minicomputer. You can get a single
4K MOS Nova 3 for only $2600. (And that's
before the OEM and quantity discounts get
figured in.)
Nova 3 has the biggest performance of any
OEM mini. It can execute instructions in
700 nanoseconds with MOS memory. And its
sophisticated architecture lets you use every
bit of 128K words with the optional Memory
Management Unit.
And Nova 3 has the broadest range of
configurations you can get in an OEM minicomputer line.There's a 4 slot Nova 3.A 12 slot
Nova 3. (It has an optional expansion chassis

that gives you 12 more slots of 1/0.) And you can
configure multiple processor Nova 3 systems.
Nova 3 also has the latest, state-of-the-art
MOS memory. And the MOS chips are
manufactured at our Sunnyvale, California facility.
The biggest MOS RAM manufacturing capability
of any minicomputer company in the world. (In
fact, the only one.)
Nova 3 has the biggest array of peripherals
and software. Because its hardware and software
are compatible with previous Novas. The most
successful 16-bit computers ever made.
And Nova 3 comes with a comprehensive
OEM support package. Also available are Field
engineers. Systems engineers. Our hardware and
software subscription service. And a Data General
User's Group.
Write or call for the Nova 3 brochure.
This has to be big news for every OEM.

DataGeneral

Data General, Oept.]4, Route 9, Southboro, Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario.
Data General Europe, 15 Rue Le Sueur, Paris 75116. France. Data General Australia, Melbourne (03) 82-1361/Sydney (02) 908-1366.
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Complacent about resistor reliability?
There are at least 18 ways these components can cause
circuit problems. Here are tests to ensure reliability.
Fixed resistors of the molded-composition and
film types generally have such a good reputation
for reliability that many design engineers seldom
question it-until it's too late. Their reputation,
usually well-deserved, is kept that way because
the leading manufacturers subject their resistors
to stringent inspection and testing. Laxity in
any phase of resistor testing can easily result in
poor circuit performance when a completed assembly is put through environmental tests.
To ensure reliability, resistors must undergo
at least 18 tests. Here they are:
Group 1
• Visual and mechanical inspection.
• Resistance value and tolerance.
Group 2
• Resistance-temperature characteristics.
• Resistance-voltage coefficient.
• Dielectric withstanding voltage.
·• Insulation resistance.
Group 3
• Low-temperature operation.
• Temperature cycling.
• Steady-state humidity.
• Short-time overload.
Group 4
• Load life.
Group 5
• Terminal strength.
·• Effect of solder heat temperature.
Group 6
• Solderability.
Group 7
• Shock and vibration.
Group 8
• Pulse applications.
Group 9
• Resistance to effects of solvents.
Group 10
• Temp/ humidity cycling.
Because of the impracticality of testing every
one of a large batch of resistors, select samples

Don Bugalski, Manager Fixed Resistors, and Jack Polakowski, Fixed Resistor Applications Engineer, Allen-Bradley Co .. Electronics Div .. Milwaukee, WI 53205
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at random. For each test sequence, except the
first group, pick 10 resistors of each type and
resistance value.
The tests in Group 1-visual and mechanical
inspection and resistance tolerance--are applied
to all of the specimens. And within each group
the tests should be made in the sequence shown.
Some tests, such as groups 4, 6, 7, 8, 9 and 10,
may damage or render the resistors unfit for further tests, thus they include only a single test.
In testing to compare the products of several
manufacturers, use resistor samples with the narrowest standard tolerances. The resistance values
should include the manufacturer's lowest and
highest standard values as well as the "critical."
The critical resistance value is defined as the
highest Rtandard value that can safely dissipate
full-rated wattage at 70 C when a maximumrated, continuous-working voltage (RCWV) is
applied. The maximum RCWV for de or rms voltages is supplied by the manufacturers. Table 1
lists RCWV values for common hot-molded fixed
resistors.
All resistors, except those that are truly hermeticaUy sealed, absorb moisture. Since this can
affect resistance values, you must remove the
moisture. This operation on test samples, often
called conditioning, is done by exposing the resistors to warm, dry air from a ventilated oven in
an air-conditioned space. For the resistors in
Table 1, apply dry 100-C air for the conditioning
time listed. Longer drying may be required if the
resi·s tors have been stored for long periods under
unusually high relative humidity.
Resistance to resistance change

Of course, a resistor's ohmic value and its tolerance range are the most important specifications. The ohmic values should be within the
specified tolerance when measured at 25 C. And
because composition and some film resistors exhibit a voltage coefficient, measure the resistance
with standardized voltage levels, so the measurement error doesn't exceed one-tenth the allowable
resistance tolerance.
The use of specific de test voltages, as in Table
ELECTRONIC DESIGN
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Table 1. Test limits for hot-molded fixed resistors
Maximum
continuous
power rating
at 70 C
ambient
watts

Maximum
rated
continuous
working
voltage
(RCWV)
de or rms
volts

1 /8
1/4
1/2
1
2
3
4

150
250
350
500
750
500
750

Dielectric withstanding
voltage
volts
at
at
30" Hg
3.4" Hg

volts

±10%

300
500
700
1000
1500
1000
1500

200
325
450
625
625
625
625

100
100
500
500
500
500
500

0.3
1.0
3.0
10.0
30.0
100.0

2, is recommended for all performance tests. Apply these voltages for the shortest possible time
to avoid heating. Wherever practical, use the
same instrument and the same temperature
(within ± 2 C) in all tests. Wheatstone-bridge
test equipment is preferred.
To evaluate resistance-temperature characteristics, maintain the resistors within ± 1 C. at each
of the ambient temperatures in Table 3 and in
the sequence shown. The use of forced circulating
air i1s recommended to assure temperature stability and uniformity. Make the resi,s tance measurements 15 minutes after the air temperature has
stabilized at each specified temperature. The percent difference in res.istance, referred to the resistance at + 25 C, is computed by the equation
(R - r) x 100
r

where R is the resistance at the test temperature
and r is the resiis tance at + 25 C.
The resistance-voltage coefficient-often called
instantaneous voltage coefficient-is normally important only in testing; it allows accurate ·comEL ECTRONIC DESIGN

volts

50,000 ft.

Test voltages
(de volts)

1.0 to 9.1 ohms
10 to 91 ohms
100 to 910 ohms
lK to 9.lK ohms
lOK to 91K ohms
0.1 Meg. and Higher

Short-time
overload
voltage limit

sea level

Table 2. Recommended resistance
measurement voltages
Nominal
resistance range

Insulation
resistance
test voltage
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200
400
700
1000
1000
1000
1000

Recommended
conditioning
time at

Critical
resistance
value

100 c -0
+5c
hours

megohms

25
50
75
120
130
120
130

0.18
0 .27
0.27
0.27
0.30
0.091
0.15

Table 3. Temperature characteristic
test ~equence
Sequence
A

B

c
D

E
F
G

Ambient
temperature

oc

105
85
55
25
0
- 25
- 55

parison of the results. Measure the resistance
values for calculating the voltage coefficient at
one-tenth RCWV and full RCWV. And remember
to apply t he voltages for a short time to minimize
heating. The voltage coefficient is calculated from
Voltage coefficient
(R - r) x 100
% per volt
= R x 0.9 (RCWV) '
where R is the resistance at full RCWV and r
is the resistance at one-tenth RCWV.
The next test is to check the resistors' dielectric withstanding voltage. Clamp the resistors in
the trough of a metallic 90-degree V-block. The
resistor body should not extend beyond the ends
of the trough, and the resistor leads should be
parallel to the sides of the V-block.
Apply ,sine-wave voltage at commercial-line frequency and at the levels specified for the resistors under test (Table 1). The voltage should be
applied between the V-block and both resistor
terminals, with the terminals connected together.
Raise the voltage at 100 V / s and hold it for 5 s.
Note that Table 1 provides two sets of test
voltages. One is for a sea-level presstfre of abollt
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30 in. of mercury, and the other is for atmospheric testing at about 3.4 in., which corresponds
to an altitude of 50,000 ft.
A companion test to withstanding voltage is
insulation resistance. Clamp the resistors between
a round nonconducting rod, placed at right angles
to the resistor body, and a resilient conductive
material about 0.075-in. thick, bonded to a rigid
metal strap (Fig. 1). Apply sufficient pressure
to embed the resistor color bands in the resilient
material and to provide intimate electrical contact along the entire axial length of the resistor
body.
The metal strap and resilient conductive material should be as wide as the length of the resistor body, and the resistor should be placed in
the center of the strap. The resistivity of the resilient conducting material must be less than
1000 .fl....cm.
A void excessive resistor handling to minimize
the effects of perspiration or other contaminants.
Connect the lead wires of the resistor together
and measure the resistance between these leads
and the metal strap. Use the manufacturer's
specified de test voltage. Table 1 provides test
voltages for hot-molded resistors. Check the
values obtained against the manufacturer's
limits.
Testing for performance at extremes

To test for the effects of very low temperature, mount the resistors by their leads so there
is at least 1 in. of fr.ee air space around each
resistor, with no appreciable obstruction to the
flow of air.
Measure the initial resistance. Then expose the
resistors to an air stream of - 65 C for 1 h, with
no voltag·e applied. Follow this with 45 min of
exposure, but with the RCWV applied. Allow the
.r:esistors to return to room temperature and to
remain there for 24 h, then make a final measurement of resistance. Note any deviation from
the manufacturer's spec.
Temperature cycling is an even more severe
test of a resistor's ability to withstand temperature extremes without permanent change of resistance. Again, measure initial resistance with
the resistors mounted for low-temperature evaluation. The temperature-cycling sequence in Table
4 is frequently used by manufacturers. It shows
four steps. The temperatures in steps 1 and 3
are obtained by forced-air circulation. The heat
sou.r:ce should push the air temperature within
2 min to the temperatures specified in the table.
Measure the final resistance about 1 h after completion of the last cyde.
Moisture also can permanently ohange a resistor's value. Though the results of humidity
tests are hard to reproduce and compare, the fol94

RESILIENT CONDUCTIVE

NON· CONDUCT I NG
ROD

SIDE VIEW

1. To check insulation resistance, the resistor should be
clamped tightly against a resilient conductive surface to
obtain a large·area contact with the resistor's body.

lowing procedure has proved effective as a steadystate test:
Measure the initial resistance values, avoiding
excessive handling. Place the resistors in a chamber with relative humidity of 90 to 95
at an
ambient temperature of 40 C for 240 h. Then remov·e the resistors from the chamber and allow
them to dry at room ambient for 4 h. This removes only surface moisture. Final resistance
measurements can then be made.
To determine if any resistance changes are
permanent, the resistors may be conditioned, as
described pr·eviously, and the values checked
again.
A more realistic approach to humidity testing
is sequential exposures of high temperature followed by high humidity. After measurement of
the initial resistance, put the r·e sistors in a dry
oven at 130 C for 240 h. Immediately after this
exposure, place the resistors in an atmosphere of
66 C and 100 % relative humidity for 125 h. Then
take final resistance measurements and observe
for erratic behavior. This cycle may be repeated,,
depending on the severity of the intended application.

ro

Testing under load

The testing thus far still does not assure longlife stability under load conditions. An actual
load-life test is needed.
Do this test at an ambient temperature of 70 C,
with the resiis tor leads so1dered to lightweight
termina1s. Bolt the clamps of metal-clad resistors
to 4-in.-square steel plates, 0.05 in. thick, one
plate for each resistor. The length of each lead
should be about 1 in.
Arrange the resistors so heat from any one
resistor doesn't influence the temperature of any
other. And allow only the natural convection circulation of air to cool the resistors. Use RCWV.
Expose the resistors to the 70-C ambient temperature without load for 2 h, then make the
initial resistance measurements .• Apply de RCWV
ELECTRONIC DESIGN
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Table 5. Capacitor energy-pulse
test limits

Table 4. Temperature cycling
test sequence
Step

Temperature

oc

Time
minutes

1

- 55

::g

30

2

+25 :t:5

10

3

3
+85 +
-0

30

4

+25 :t:5

10

intermittently- 1-1 / 2 h ON and 1/ 2 h OFFfor a total of 1000 h. Take resistance measurements near the end of OFF periods after 50,
100, 250, 500, 750 and 1000 h. Keep the resistor
ambient temperature at 70 C throughout.
For intermittent short-time overload testing,
apply for 5 s a well-regulated de or sine-wave
voltage that iB 2.5 times the RCWV but does not
exceed the limit values in Table 1. Measure the
resistance before and about 30 min after application of the test voltage.
For circuit applications that experience repeated pulses with peak values in excess of
steady-state rating..s, design special tests. These
should last ideally for at least 1000 h under conditions that accurately represent the peak value,
pulse waveform, repetition rate and environmental conditions that must be met. Even more
severe conditions than expected are recommended
to establish .safety factors.
,
However, a good way to test easily for pulse
capabilities is to use a ca:pacitor-discharge technique for the stress signals. Charge a noninductive capacitor at successively higher voltages and
di..scharge it through the resistor. The circuit
should have a minimum and consistent inductance value. Make resistance measurements initially and after each capacitor discharge.
Some recommended test levels are listed in
Table 5. Resistors are subjected to a single ·e nergy pulse from a capacitor discharge. The resistor
samples should have a nominal resistance of at
least 150 n. A change in resistance of more than
4 % is considered excessive. The actual applied
voltage can be computed from the equation

V:=N,
where C

=

capacitance i.n farads and E

= ener-

gy in watt-seconds (Table 5).

A resistor may be accurate, stable, resist moisture and take the stress of overloads, but if its
leads break off easily or its resistance changes
when the leads are stressed, the component is
E LECTRONIC D ESIGN
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Rated
wattage

Energy
wattseconds

Approx
applied
de volts

Capaci·
'tanoe
µ.F

1/8

0.45

670

2

1/4

1.8

600

10

1/2

6.4

630

32

1

16.0

1000

32

2

44.0

1650

32

obviously too unreliable to be put to use.
To test lead strength, measure the. initial resistance and then hold the resistor by one lead
and gradually apply a pulling force of 5 lb to the
other lead along the Longitudinal axis of the resistor. Maintain the force for 5 s. For 1/ 8-W resistors, use only 2 lb. The leads, of course, should
not come off.
Follow this pull test with a bend test. Bend
the leads 90 degrees at a point 1/ 4 in. from the
resistor body in a radius of about 1/ 32 in. (Fig.
2a). Then clamp the free end of the · lead up to
3/ 64-in. from the bend (Fig. 2b).
Now rotate the resistor body 360 degrees about
its longitudinal axis in alternating dir·e ctions three
times. Each rotation should be done in about 5 s.
After the last rotation, measure the resistance-assuming, of course, that the lead has not broken
off. The resistance should not have changed
appreciably.
Solder heat is another stress that resistors
must withstand. Measure initial resistance, then
immerse the resistor leads, one at a time, for
about 3 s each in molten solder at 350 C (250 C
for 1/8-W re8istors). Immerse to a distance of 1/ 8
to 3/ 16 in. from the resistor body. Now measure
the final resistance about 24 h after the. immersions; it should not exceed the manufacturer's
specified limits.
Leads must be solderable

To evaluate solderability, use either a heated
still pot or a recirculating-fl.ow soldering machine, both capable of maintaining the solder at
a uniform temperature of 232 C. If a still pot is
used, the stirring-paddle and skimmer material
should not contaminate the solder.
The flux must consist of a minimum of 35 'lo
by weight of waterwhite rosin dissolved in 99 'lo
iiSopropy.l alcohol. The solder should be 60 'lo tin
and 40 'lo lead.
Test both leads of each resistor "as received,"
with normal care taken to prevent contamin.a95

3164"
RESISTOR BODY

1/4"

APPROX.
1132"

CLAMP

BEND FORMING

BLOCK

2. To test the twist strength of the terminal leads, first
bend the leads (a), and then twist slowly three times for
360 degrees in alternate directions (b) . .

10

100

1000 2000

VIBRATION FREQUENCY-Hz

3. The resistors should be subjected to a vibration test
over the frequency range and vibration amplitudes. as
shown in this graph.

tion that might influence test results. The leads
should be immersed first in flux for 5 to 10 8 at
room temperature. Skim off any scum or dross
accumulation on the solder surface.
If the solder isn't circulating, stir it with the
·paddle to keep its temperature uniform. Then
dip the fluxed leads into the solder only once to
the same depth they were immersed in flux. The
rate of immersing into the molten solder should
be about 1 in. / s with a dwell time of 5 s.
After this soldering operation, allow the leads
to cool in air. Remove residual flux from the
lea:ds by bathing in clean isopropyl alcohol and,
if necessary, wiping with a soft cloth. Examine
the surface of each lead for uniform coverage
with a 10-power optical magnification system.
Shock and vibration testing

In addition to pull and bend stresses, resistors
must contend with vibration and shock. To test
for shock effects, mount them on rigid holding
fixtures. Resistor leads should be supported 1/ 4
in. from the resistor body. Test leads to the
resistors must be 22 A WG or smaller. Apply a
sawtooth .s hock with a peak value of 100 g and
du:riation of 6 ms. The actual velocity change
must be within 10% of the ideal change of 9.7
ft/ s.
Meas·ure the initial resistance. Then subject
the mounted resistors to 10 impacts in two directibns : parallel and perpendicular to the longi96

tudinal axis of the resistor. Provide electrical
monitoring during the test to detect resistor discontinuities of 0.1 ms or greater. After the shock
cycle make final measurements and examine for
mechanical failures.
To evaluate vibration characteriatics, the test
fixtures with the resistors mounted on them must
be free of mechanical resonances over the frequency range of 10 to 2000 Hz.
After measuring the initial resistance, subject
the mounted resistom to the vibration amplitude
aind frequency range shown in Fig. 3. The vibration waveform should be a simpler harmonic
motion with an amplitude that provides 20 g of
peak acceleration but does not exceed 0.06-in.
peak-to-peak displacement.
Vary the frequency approximately logarithmic·ally between 10 and 2000 Hz with a return
sweep to 10 Hz. The entire sweep cycle should be
traversed in approximately 20 min. Continue this
sweep cycle for 6 h in two directions-parallel
and perpendicular to the longitudinal axis of the
resistor. Test interruptions are permitted, provided the requirements for rate of change and
total test duration are met.
Here again, provide electrical monitoring to
detect resistor discontinuities of 0.1 ms or
greater. Make the final measurements and examinations for mechanical failures after the tests.
Resistors must resist solvents

To test for the action.g of common solvents,
inspect the resistors visually first for color coding. This is so comparison can be with after-test
results should the aolvents remove the codes. In
addition measure the initial resistance values at
ambient room temperature. Then heat the resistors in an oven at 120 C for 4 h.
Immediately thereafter immerse the resistors
completely in ultrasonically (25 kHz) agitated
liqu_ids at approx;imately 40 C, one solution at a
time, in thiiS order :
1. Methyl chloroform
10 min.
2. A 50-50 mixture of
5 min.
isopropyl aloohol
and freon alcohol
3. Toluene or xylene
30 min.
4. Trichloroethylene
· 30 min.
5. Tap w.ater
30 min.
Avoid mechanical abrasion during the tests. At
the conclusion of the immersions, allow the resistora to dry for 4 h. Then measure resistance
values and examine the color code for changes.
Because of the popularity of Freon TMC, many
manufacturers test resistors with a one minute
immersion in this solvent. However a separate
test group of resistors should be used for this
or any other special solvents the resistors may
be subjected to. •
1
•
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VACTEC
Unlike our little
Japanese friend,
photodetectors have
always been insensitive to blue. Until
now.
Vactec's latest development is a new Blue Enhanced Silicon (BES) photodiode with exceptionally low dark current
for efficient response in the blue region (200 - 400 nm).
Made in Missouri, U.S.A., it performs equally well in an
expensive Japanese SLR camera or in an American-made
colorimetric analyzer as well. And you'll like the price,
which could be as big a breakthrough as blue sensitivity.
Vactec also introduces a new line of PIN photodiodes that
operate at high voltages, low noise levels, and fast rise
times, with about half the blue sensitivity of the BES photodiode. For larger areas, Vactec offers a complete range
of Blue Enhanced Silicon photovoltaic cells up to 1 ~"
diameter.
Vactec now supplies the broadest line of photodetectors
in the industry, including:
• silicon solar cells
• hi-speed/low-leakage
silicon cells
• NPN phototransistors
• NPN photodarlingtons
• CdS & CdSe
photoconductors

• CMOS & bi-polar custom ICs
• opto-couplers
a) LED/ photoconductor
b) LED/ phototransistor
or darlington
c) lamp/ photoconductor
• selenium photovoltaic cells

Call or write today:

Vactec, Inc.
2423 Northline Industrial Blvd.
Maryland Heights, Mo. 63043
(314) 872-8300

Design with

the complete
flat cable/connector
system.

trimm ing the cable aft$r
Connector
~"™~
positive alignment with precisely
spaced conductors in 3M 's flat,
flexible PVC cable . The connector
contacts strip through the
insulation , capture the conductor,
and provide a gas-tight pressure
connection .
Assembly-cost savings are bu ilt
in when you design a package with
"Scotchflex" flat cable and
connectors . But more important,
3M Company offers you the full
reliability of a one-source system :
cable plus connectors plus the
inexpensive assembly aids that
crimp the connections quickly
and securely (with no special
operator training required) .
The fast, simple
" Scotchflex" assembly
sequence makes as many
as 50 simultaneous multiple
connections in seconds,
without stripping ,
soldering or

With cable , connectors
and assembly tools from one
design and manufacturing source,
you have added assurance the
connection will be made surely,
with no shorts or " opens. "
And "Scotchflex" now
offers you more design freedom
than ever. From stock you can
choose shielded and non-shielded
24-30 AWG cable with 10 to 50
conductors , and an everincreasing variety of more than
The 3M DELTA pin and

socket connector.

100 connectors to interface
with standard DIP sockets,
wrap posts on standard grid
patterns, printed circuit
boards, or headers for
de-pluggable appl ications .
3M 's DELTA " D" type pin
and socket connectors are
now also available. For
full information , write
Dept. EAH -1, 3M Center,
St. Paul , MN 55101 .

~m

.;JcomPANY

'line.
"Scotchflex" is a registered trad em ark of 3M Co.
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Consider all the ins and outs
of your new circuit design.
Then consider Curtis®
Terminal Blocks.
Tangled, twisted, and loose wires can snarl up even the
best circuit design. So don't tangle with trouble . Curtis
offers 19 electronic and electrical terminal blocks with
hundreds of model variations available to straighten out
almost any wiring layout problem.
Here are just a few of the features offered-----

0

capacities ranging from 5 amps/300 volts to 250 amps/
600 volts

D modular,

channel-formed, closed-back, feed-thru and
fully insulated feed-thru designs offered

D choice of tab, screw, clamp, PC pin

or taper pin termination

O heavy duty lug and tubular, high pressure solderless types
available for high current applications

D full

mechanical thread system incorporated in many units

.

Specify Curtis electronic and electrical terminal blocks
and you'll have the best line in the industry to work with.

I

~cu&T1s·::~:::·::b,

. . . . . , , . 8000 West Tower Avenue, Milwaukee, Wisconsin 53223
Call (414) 354·1500 for the name of a representative or distributor near you.
In Canada: A.C. Simmonds & Son' LTD, Willowdale, Ontario.

INFORMATION RETRIEVAL NUMBER 38

( "rvu dvn•t have tv buy a new ca.- tv get an elect.-vnic ignitivn~
Most of you know the evaluation of automotive electrical systems .. an evaluation characterized only occasionallv by
efficiency and performance. I know that, and that's why I use
the Delta Mark Ten B CDI on all my cars, new and old. And
believe me , you don 't have to have a new car to appreciate
the best electronic ignition available today. Study these features and you'll know what I mean.
1. Mark Ten and Mark Ten B Capacitive Discharge Ignition
Systems are manufactured by Delta Products, Inc. , a company
with a conscience, and with a proven record of reliability both
in product and in customer relations.
2. The Mark Ten COi 's really do save money by eliminating
the need for 2 out of 3 tune-ups. Figure it out for yourself. The
first tune-up or two saved pays for the unit, the rest is money
in your pocket. No bunk!
3. Because the Mark Ten COi's keep
your car in better tune, you actually
can save on expensive gasoline.
,,.,..,"Ri<-·- •
4. With a Mark Ten, spark plugs stay
-· .d,EN a
clean and last longer . . . fouling is
virtually eliminated .
No matter what kind of car you drive, it too can use a Delta
quality lift.

I

r~~::::::::::~~~~;~~::~:; 1

I
I
I
I
I
I
I

no-nonsense information on how they can improve the performance
of my car.
Name
Address
City

State

Zip

IF~ !~l1~ r,~~~e~~!~rG!~~J0unct1on,

I
I
I
I
I
I
I

I
Colo 81501
I
I ________________________
,.
. , 303-242-9000
L
J
Mark Ten B,
assembled
Mark Ten B. kit

$64.95 ppd
$49 .95 ppd

Standard Mark Ten .
assembled
$49.95 ppd
Deltakit@
$34 .95 ppd
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Choosing the best enclosure: Here
are do's and don'ts for putting equipment in a
sturdy, eye-catching, low-cost package.
Selecting the right cabinet or rack for an instrument or circuit calls for a dual personalitywell, almost. To do the job right, you must be
both design engineer and purchasing agent. You
must analyze the cabinet or racl<; construction
from the standpoints of size, material, eye appeal
and cost.
As a design engineer, you want the enclosure
that best fits the equipment while providing
good user efficiency. On the other hand, as a pur-

Allen Hehs, Technical Director, Bud Radio, Inc., 4605
E. 355th St. , Willoughby, OH 44094.

chasing agent, you must watch out for expensive
custom options; you want the best unit for the
lowest possible cost.
If you can't find an enclosure that fits the
equipment, consider minor equipment changes
instead of custom cases. Depending on the number of enclosures needed, it might pay to redesign
a portion of the circuit rather than buy a custom
case.
Here are some do's and don'ts that can help
minimize cost and simplify selection of the right
enclosure. The list contains many often-overlooked design details. After checking these, you'll
probably come up with several more of your own.

Eye appeal
Do's
1. Consult with the vendor when it comes
to finishing or coloring the enclosure. It's
important to know the environment the
equipment will be operated in so the proper
primer can be chosen to resist corrosion. For
color selection, use Federal Color Chart No.
595. The lowest-cost colorings are "selftexturing" enamels, in which the resins are
ground into the vehicle. To cut costs, use
the vendor's standard paint whenever
possible.
2. Decide how much "sophistication" you
want in cabinet or rack styling. If you know
the final location of the product--executive
office, showroom, computer room, laboratory,
production area, etc.-consider that factor.
3. Look through vendors' catalogs to see
what is available from stock. Nearly every
stock unit can be modified, for a price.

Don'ts
1. Try not to specify paint by brand name,
unless the vendor can't supply an equivalent
covering. Remember, air-dry paints (except
lacquers) require dust-free rooms. Also, baking cycles change, depending upon oven type

100

and paint formula. If you order a specific
paint, you'll be responsible for the resultsgood or bad. Don't order a textured paint
and then use silk-screening for lettering; the
resulting resolution is very poor.
2. A void loading up the enclosure with
fancy trim, two-tone paint, odd shapes, etc.
You pay extra for these.
3. Don't purchase a completely painted
unit and then modify it by punching holes,
drilling, etc. Any operations like these will
probably destroy the finish.
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Mechanical extras
Do's

Don'ts

1. If slides are needed, tell the vendor the
load to be moved, distance of travel and
whether a tilting or disconnect feature is
required. G forces should also be indicated
for internal components.
2. Indicate panel size and the amount of
air to be moved per minute if you plan to
cool equipment with a blower. For casters,
.indicate load. Other accessories, such as
drawers, handles, shelves, brackets, etc., are
usually available in company catalogs.
3. For large room-like enclosures, try
using aluminum extrusions with corner connectors. The engineering and fabricating
costs are less than for similar steel structures, and the weight is up to 65 % less, too.

1. Don't specify the slide loosely. If you
aren't sure what type to use, explain the
conditions and constraints to the vendor's
applications engineering staff. Let the vendor
help you select the slide.
2. A void constraining the vendor unnecessarily with tight noise-level and motorshieiding specifics. Check with the vendor
for his specs on acoustic noise and his
standard for rs hielded blowers and fans-he
might be able to do the job at lower cost.
3. Minimize the use of aluminum extrusions, unless the vendor is extremely
familiar with this construction method. The
extrusions are trickier to use than steel, and
they won't bear as much weight.

The inside specs
Do's

Don'ts

1. Allow an internal radius equal to the
thickness of the material used.
2. Understand that sheared edges are not
perfect but are generally accepted "as is"
for materials up to 3/ 16-in. thick. Indicate
areas where additional finishing is needed.
3. Allow for burrs on cut edges, unless
special dies and punches are used for each
metal thickness.
4. Specify in detail the amount of visible
welding you can accept. Use such phrases as
(a) "Remove weld mar~s completely;" (b)
"Weld marks to be not over ± 0.005-in.
deep," and (c) "Weld marks not to be
visible from 36-in. distance."
5. Make your smoothness requirements as
minimal as possible. A 30-to-60-microinch
finish is usually adequate.
6. Outline the requirements for mechanical
loads, g forces, environment, etc. If heavy
loads are expected, show their distribution.

1. Avoid specifying formed radii, unless
they are actually needed.
2. Don't use the phrase "sheared edges
not acceptable," unless this is absolutely
necessary. And then use the wording only
for material thicker than 1/ 8 in.
3. Try not to demand a general requirement like "deburr all over," since this involves finishing both sides and is expensive.
4. Avoid MIL specs and certified welding,
unless they are true requirements, since
these procedures add substantially to the
cost. Omit general terms like "no visible
weld marks are permitted."
5. Try not to make rigid demands for surface "roughness," since textured finishes
usually cover blemishes.
6. Don't forget to indicate which loading
factors are important. Anti-tilt devices or
provisions for bolting the unit to a floor or
rack may be required.
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(conti nued on p age 102)
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The outside specs
Do's
1. Outline in general terms the purpose of
the enclosure and the approximate quantity
needed.
2. Make a simple sketch to indicate physical dimensions (allow a tolerance of ± 2 in.
on height, width and depth, so you can use a
low-cost standard case).
3. Indicate the placement of brackets,
holes, cutouts, louvres, etc., together with
acceptable tolerances.
4. Specify the material as loosely as possible and the range of gauges for various
sections of the enclosure. Have the vendor
indicate the alloys he intends to use, subject
to your final approval. Specify exact alloys
only if stresses, strains or other considerations require their use.
5. Use fractional tolerances when expressing dimensions, especially when measured
from a formed edge.

Don'ts
1. Try not to make the enclosure design
too elaborate or detailed, until you are
familiar with the production capability of
the vendor.
2. A void specifications that are so tight
that they make it difficult for the vendor to
quote on a standard product. The savings of
standard vs custom designs can often be
10 :1.

3. Don't specify hole tolerances for fasteners or louvres, unless absolutely necessary. Remember, practical tolerances vary
with the thickness of the materials used.
4. Minimize the use of specific aluminum
alloys. Vendors usually have thousands of
pounds of material that they have purchased
in volume at low prices. A small-quantity
purchase of a specific alloy can increase cost
substantiallly.
5. Try not to use two or three-place decimal dimensions from formed edges or between spot welds or tack welds. And don't
make the tolerances from hole to hole· tighter
than the tolerance for the hole sizes themselves.

Available standards
Do's
1. Use EIA * specs, like RS-310-B, for
racks, panels and other enclosures. These
specs are for metric as well as English units.
For large-quantity orders, it's less expensive
to use tapped screw holes than threadedscrew receptacles.
2. Minimize the use of NEMA * * standards. They apply more to electrical than
electronic equipment.

Don'ts
1. A void the use of tolerances other than
those listed in EIA standards, unless you are
prepared to pay extra. The EIA standards
have replaced RETMA t standards and
Western Electric spacing.tt
2. Don't confuse the different NEMA en-
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closure specifications. There are many different types and tradeoffs. For instance,
don't use an expensive NEMA Type 4 case
to meet the hose-test requirements in definition IC-1-2.68; all you really might need
is the lower-cost Type 1 enclosure.
*EIA: Electronic Industries Association,
2001 Eye St., Washington, DC 20006.
* *NEMA : National Electrical Manufacturers Association, 155 E. 44th St., New York,
NY 10017.
.
tRadio Electronics and Television Manufacturers Association (original name of EIA).
ttW estern Electric spacing is the same as
the EIA "Wide Mounting-Hole Spacing for
Racks and Cabinets" specification.
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Amphenol wants to
break up your marriage.

You and your
SMA suppliermaybe you've
been a twosome
long enough.

Now there's an alternative - Amphenol. You ca n't get better SMA
connectors than Amphenol's. O urs operate at all mi crowave frequencies
up to 25 GHz. RF perfo rm ance and mechani ca l integrity comply with
MIL-C-390 12. They're easy to assemble with either crimp or so lder
connecti ons. And ou r quali ty wi ll give you a change of heart: all shell
and body parts are go ld-plated stai nless steel. The center contact is go ldplated bery lliu m-copper. The dielectric is so lid TFE, making Ampheno l
SMA's completely interchangeable w ith you r present sou rce.
Our price will make you want to change partners. When you hear our

price, you' ll know our SMA's are the best va lue around. So ask
fo r a quote.
There's a big selection of popular types. Incl uding styles for cable

mounti ng, fl ange and bu lkhead mounting, and stri p line mounting. We
also offer between-series adapters.
And our SMA's are available. Wherever you are. Your Amphenol

Industria l Di~t r ibutor can fix you up with the SMA connectors you need,
by giving you fast off-the-shelf service. He's close to you (there are over
sixty Amphenol Industrial Distributors- nationwide). Give him a ring
(on the phone, not the finger). Or for more information, write or call us:
Amphenol RF Division, 33 East Franklin Street, Danbury, Connecticut
06810. (203) 743-9272.

I I When you can connect it
I I and forget it... thats quality
BUNKER
RAMO

AMPHENOL

Wrapping and unwrapping wiring tools
are easily made from tubing
Inexpensive manual wire-wrapping and unwrapping tools that do a professional job can be
constructed from small-diameter nickel, aluminum or brass tubing available at most hobby
shops. The tubing costs approximately 25 cents
for a 12-in. length. Tubing with ODs of 1/ 16,
3/ 32, 1/ 8 , 5/ 32 and 3/ 16 in., cut into 2.,in.
lengths, is used. Epoxy the 1/ 8 tubing inside the
5/ 32 tubing, and then fasten both inside the 3/ 16
tubing to form a handle. Make two such handles.
To form the wire-wrapping stem, apply epoxy
to a length of 1/ 16 tubing, insert it into 3/ 32
tubing and carefully crimp one end of only the
3/ 32 tubing until there is a noticeable gap between the two tubes. Make the crimp· about 3/ 16in. long. Select a drill bit about the size of the
wire you intend to wrap-a 0.020-in. drill is
suitable for 30-AWG wire.
First, drill a hole through only the 3/ 32 tubing
at right angles to the stem at the back of the
crim p, and then drill a hole through the gap toward the previously drilled hole (see figure).
With a file, shape the tubing at the drilled back
of the crimp so a wire inserted from the front
slides easily out the back. Finally epoxy 1 in. of
the stem inside the handle and allow sufficient
curing time before use.
The unwrapping tool is made to remove righthanded wire wrapping. One end of 1/ 16 tubing
is filed to approximately a 45-degree slope. Position the tube with the slope to your right and
face it upwards. On the side of the tubing closest
to you, at mid-point of the slope and perpendicular t o it, file a notch half way through the slope
and form a counterclockwise groove that
winds part way around the tubing. The groove
depth should cut partially through the tubing at
the start and taper off as it lengthens.
Epoxy 1-1/2 in. of the square end of this 1/ 16
104

tubing into 3/ 32 tubing and 1-1 / 2 in. of the 3/ 32
tubing into the handle, and allow sufficient curing
time before use.
With constant use, the tools wear. However,
the faces of the tool can be reformed-about
five minutes' work with a file. At least for the
1/16 and 3/ 32-in. tubing, nickel should be used,
because it is harder than brass or aluminum.

David L. Holmes, Systems E ngineer, Communications Electronics Div/ DOKS, Hq. Stmtegic
Air Command, Offutt AFB, NE 68113.
CIRCLE No. 311
WIRE-WRAPPING TOOL

I'----

2"- --+14-- -- 1"--1

'-------~~:GAP~d 1-CRIMP ANO DRILL THROUGH
(DRILL AT BACK ENO)

3/16"

UNWRAPPING TOOL

14-----2"--------112"t112"1
FILE 45° SLOPE

Wrapping and unwrapping tools are easi ly made
from metal t ubing avail able in hobby shops .
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Programmable sawtooth generator
settable at high and low output levels
Many circuits can generate sawtooth waves, but
seldom can they be programmed easily to provide
a wave that oscillates between two desired voltages-Vt', the higher voltage, and V L• the lower
voltage.
The circuit in Fig. 1 is programmed by voltages
V Rt and V R"· It consists of an integrator, IC 1; a
comparator, IC" ; and inverter, IC 0 , and a switch,
IC,, where
Vu= VR2 + V o3
and
VL = VR1 - Vo2 ·
Pin 3 of IC 2 is at V u during the rising portion
of the waveform. Since pin 2 is at a much lower
voltage than Vu, the output of IC2 is ~ V cc (Fig.
2). This output is applied to pin 2 of IC3. And
with only V R1 on pin 3, the IC3 output is approximately zero, which holds the switch, IC,, open.
When the integrator output reaches Vu, the
output of IC2 changes to near 0 V, and its pin 3
drops to V L · Then IC/ s output goes to V cc. which
turns on the IC. switch to discharge C 1. When the
integrator output falls to V L•. pin 6 of IC2 goes
back to approximately V oc, the switch opens and
the ramp part of the waveform is again generated.
The ramp rise time is given by

er-supply voltage, these ICs should be fast. Thus
531s are used. Because in the author's application the maximum required sawtooth excursion
was only 1 V, the slower 7 41 was used for the integrator. In this circuit the fall time is about
2 µ,s.

The circuit can be synchronized with negative
pulses to pin 2 of IC 3.

Jack E. Holzschuh, Project E ngineer, Dept. of
the Navy, Naval Undersea Center, Hawaii Laboratory, P.O. Box 997, Kailua, Hawaii 96734.
CIRCLE

No. 312

OUTPUT OF
ICI ,PIN6

Lf

LJ
0

INPUT OF
IC2,PIN3

u~~

LJ

IC 2 , PIN6

VL--------------

n

ti = R iC1 (Vu - VL)
VR1 - Vo1
The fall time, tz, is determined by the slower of
either the time constant of C 1 and the IC. switch
resistance or the slewing-rate limit of IC1' IC"
or IC3.
Since the IC2 and IC3 outputs are pulses with
amplitudes that range from near zero to the pow-
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2. The outputs of IC" and IC 3 swing from near
ground to the supply-voltage level; and the fall time,
t 2 , is about 2 µs.
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1. A sawtooth voltage-generator can be programmed to provide an output between selected high
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and low voltage levels. The ramp rise time depends
on R,C, and the upper and lower voltage levels.
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Signal has the a·n wer . ..

The 241
Series.
Cuts transformer weight, size and cost
allllost in half!
Special "split" bobbin
(secondary wound
alongside primary
rather than over it) effectively isolates primary and secondary
and reduces interwinding capacitance.
An electro-static shield
is not required in all but the most sensitive applications. Hipot rating of 2500V RMS is standard.
Bobbin winding technique affords a 40-50%
savings in winding space over conventional
layer winding. "Split" i..i0bbin eliminates the
need for inter-winding insulation and cross-over
of primary and secondary leads.
Grain-oriented steel core is used at higher saturation flux densities and results in about a 40%
reduction in turns required . Although the cost
per lb. of grain-oriented steel is higher than that
for ordinary silicon
steels, the net cost is
less, since less core
weight is required and
a significant reduction
is made in copper
weight.

Terminals, which are
wedged into the bobbin
wall, are designed so
that they can be used
as solder lugs or as
0.187" quick-connect
types. Lead slots are
incorporated in the
bobbin wall leading to
the terminals. It is not necessary to tape the
start lead since it comes to the top of the coil
through the slot and is thus separated from the
winding. Separate lead wires or terminal boards
and the extra assembly time to use them are
eliminated.
Fresh thinking in engineering design and material selection has reduced material and labor
cost and results in a series of small power transformers which cut weight, size, and cost almost
in half. Therefore, we
named them the "2for-1" series ...

signal translormer co., inc.

1 Junius Street, Brooklyn, N.Y. 11212
Tel: {212) 498-5111 • Telex 12-5709

-and Signal has it in Stock!
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Power-failure alarm operates a long ·time
on a single 1.5-V cell·
A power-failure alert is often a vital need,
especially in hospitals and laboratories. The
warning circuit shown drains only about 50 µ,A
from a single-cell battery when the ac power is
normal. This low drain allows more than threeyear life from many battery types.
Capacitor C, and resistor R 2 form a positivefeedback loop to make an LM3909 oscillate. However, with ac line power, charge accumulates on
C1 to keep pin 8 slightly more positive than pin
2. This cuts off the input transistor of the LM3909 and the complementary, direct-coupled circuit of the IC alm.o st completely turns off.
When line power fails long enough to allow
the charge on C 1 to disappear and reverse its
polarity somewhat, the IC oscillates. The very
small reverse voltage on C1 and the short time

that it is reversed cause no damage to C1 , even
if it is electrolytic.
Current from the line charges only the capacitor and produces very little flow in the 1.5-V
cell. The circuit is safe to leave plugged-in for
years.
The alarm tends to oscillate at the speaker's
self-resonant frequency. A louder and clearer
tone results if the speaker enclosure is built to
augment the speaker resonance. This can be done
by adjustment of the enclosure size with baffles
and ports.

Peter Lefferts, Design Engineer, MS 220, NCJ,tional Semiconductor Corp., 2900 Semiconductor
Dr., Santa Clara, CA 95051.
CIRCLE No. 313
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Low-drain power-alarm circuit operates on a 1.5-V cell for as long as three years .

IFD Winner of July 5, 1975
Robert W. Hilsher, Assistant Engineer, Dept.
487, Bendix Communications Div., E. Joppa
Rd., Baltimore, MD 21204. His idea "Constant
Period with Variable Duty Cycle Obtained from
555 Timer with Single Control" has been voted
the Most Valuable of Issue Award.
Vote for the Best Idea in this issue by circling
the number for your selection on the Information Retrieval Card at the back of this issue.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit your
IFD describing a new or im portant c1rcu1t or design
technique, the clever use of a new component or test
equipment, packaging tips, cost·sav1ng ideas to our
Ideas for Design editor. Ideas can only be considered
for publ1cat1on if they are submitted exclusively to
ELECTRONIC DESIGN. You will receive $20 for each
published idea, $30 more if it is voted best of issue
by our readers . The best·of·issue winners become
eligible for the Idea of the Year award of $1000 .

ELECTRON IC DESIGN cannot assume responsibility for circuits shown nor represent freedom from patent infringement.
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HYBRID MANUFACTURERS:

Let So/Jtron

Put You In The Chips!
We're in the hybrid chip business in
a big way. We have an immediate
supply of semiconductor chips for
power transistors, planar diodes
and field effect transistors. You can
order individually tested silicon
chips with or without gold backing.
Complete wafers. Power chips on
molytab or Beo substrates with or
without ultrasonic bonded aluminium leads. Just about everything
you need to build your own hybrids.
Solitron offers epitaxial planar,
triple-diffused planar and singlediffused mesa dice, including a full
line of NPN I PNP complementary
devices, and planar power Darlington transistors. Our capabilities can
meet design requirements up to
currents of 200 amps, gains of
10,000 and reverse breakdown
voltages up to 2,000 volts.

The very latest state-of-the-art
technology combined with exhaustive qualification testing guarantees the quality and reliability of
Solitron chips. For example, our
dice are 100% tested to meet the
rating of the die either in chip or
wafer form. Dice can be packaged
for shipment either in bulk form or
in cavity packs. Flat packs are used
for complete wafers. Shipments in
hermetically sealed containers may
be requested.
With more than ten years of
experience, we can offer application
assistance. Solitron engineers are
always avai Iable to work with you
on hybrid circuit designs and
assembly techniques.
Today, contact us and we'll send
you a free copy of Solitron's newest
Semiconductor Chip Catalog.

R.tolitron

DEVICES, INC.
1177 BLUE HERON BLVD./ RIVIERA BEACH, FLORIDA 33404
(305) 848-4311 I TWX : (510) 952-7610
PLANTS IN : CALIFORNIA

•

FLORIDA •

NEW YORK •

ENGLAND

•

HONG KONG

•

MEXICO
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1n tern at ion al Technology

Ratio ratemeter
has high accuracy
A ratio ratemeter that is accurate to better than 1 % with regularly distributed input pulses and
2 % with statistically averaged
pulses has been designed by the
Radiation Centre, University of
Birmingham, England. The output
of the circuit (see figure ) is proportional to N 1 / N 2 , where N 1 and
N 2 are average rates of the applied
input pulse trains.
The ratemeter consists of a logic
circuit and an integrator. The logic
circuit converts the two input
trains into a single train whose
pulse rate is equal to N 1 . The pulse
width is equal to the time intervals between two adjacent pulses
in the N ? train.
Operation of the ratio ratemeter
is satisfactory as long as at least
two N 2 pulses appear for every
time interval, or the gap between

NI

Road-guidance system
directs by minicomputer
two successive pulses N 1 • For regularly distributed input pulses, it
is sufficient to satisfy the following conditions: 2N 1 < N 2 • For
random pulse trains, 2N should be
much less than N 2 •

Heartbeat drives pacemaker signal
A pacemaker that uses a delayed,
amplified signal generated by the
patient's own heartbeat-conventional pacemakers are driven by a
pulse generator-has been developed at the Royal County Hospital
in Brighton and Sussex University's Medical Research Centre,
England.
The new device picks up an electrical pulse produced when the
atrium-the chamber above a ventricle-contracts to fill the ventride prior to its contraction. The
unit delays the atrial pulse for the
proper fraction of a second and
110

much greater electrical activity of
the ventricle from confusing the
pacemaker.
Cambridge Instruments, Cambridge, England, is currently
building five nonimplantable commercial models for further hospital
trials. The research team at Sussex is miniaturizing the electronic
package and battery so it can be
implanted.

uses this signal, amplified, as the
stimulus for the ventricle. If the
ventricular beat fails, a fail-safe
pulse generator takes over.
This technique has two advantages. First, the ventricle contracts
at the correct time after the atrium has filled it. And, second, because the atrial beat adjusts to
the body's needs, the pacemaker is
physiologically compatible.
The pacemaker's catheter, which
picks up the signals from the atrium, also picks up a signal from
the ventricle but electronically
screens this out, preventing the

An automatic highway guidance
system, known as ALI, provides
information on directions, weather
ahead and traffic. Developed by
Blaupunke Werke GmbH of West
Germany, the system also indicates
the best speed to make the fastest
time.
Each car in the system has a
radio transceiver with a 20-cm ferrite antenna. An indicator panel
conveys information to the driver,
who keys in a four-character code
that represents his destination.
The first character defines one of
16 zones in Germany; the second,
one of 16 areas within each zone ;
and the remaining two, an area
about three square miles. Resolution is sufficient to direct the
driver to within 1.5 miles of 65,000
destinations.
Messages from the system's
minicomputers are preceded by a
series of rapid flags to draw the
driver's attention. An analog scale
indicates changes of direction.
Communication to roadside beacons is performed by buried inductance loops.
ELECTRONIC DESIGN
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There's a reason we make so
many types of precision resistors.
You need them.
Established Rellablllty Metal Glaze. Per
MIL-R-39017, 55182 and program specifications.

Precision Metal Glaze™. Rugged performance at
low cost. An industry standard for semiprecision
and precision film resistor applications.

Precision Metal Fiim. Excellent high stability
performance in a wide variety of sizes and
specs. S level MIL-R-55182.

- ~ ~ - ., -?\If'

,•

Precision Power Wlrewound. Best available
power-to-size ratio from %-1 OW. Tolerances to
0.1%, TC < 20ppm.

Precision High Voltage, High R
high voltage load stability; 1.5-20KV, to

Ultra-Precision MAR™. Bulk property metal film .
Rugged molded construction. Broad resistance
range, high frequency response with TC's and
tolerances to 2ppm and .01 %.

Precision Power Metal Glaze. 3W rating in a
molded RW69 size. Runs cooler than wirewound.
Has excellent frequency characteristics.

Precision Power Metal Fiim. Excellent powerto-size ratio, 1-5W ratings. High frequency
response. Tolerances and TC 's to 0.1%, 25ppm.

-·
Precision Fiim Resistor Networks. 7,8,10
and 12 bit A2A ladders replace up to 27
discretes. Other precision TaN-Fiim ™
networks available.

-

-

-

·' .\

-,.

~

- ~4'·
•
•·.,,=_:
- '

.
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Most types available from your local distributor.
Or, for the broadest choice in resistors for all types
of applications, write or call TRW / IRC Resistors,
an Electronic Components Division of TRW, Inc.,
401 N. Broad St.. Phila., Pa. 19108. Tel. 215-922-8900.

TRW /RC RESISTORS
We give you a choice.
INFORMATION RETRIEVAL NUMBER 43
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Tis New TMS 4051
The fully TTL compatible 4K RAM
in the 18-pin space saver package
Available now in the 18-pin sp acesaver package: A fully TTL compatible 4K RAM. In addition to the high
board density achievable with the
compact 18-pin package, board space
is also minimized because the TMS
4051 is fully TTL compatible and
fewer parts are necessary. Fewer
parts, less wiring, and a smaller PC
board mean the TMS 4051 will save
you money.
Easiest 4K dynamic RAM to use.
The TMS 4051 is fully compatible
and will plug directly into your
Ser ies 74 TTL system. No longer is a
high voltage clock driver needed to
interface from TTL to MOS. All
TMS 4051 inputs (including the single clock) and output interface directly with TTL.
Reduce parts. Save PC board space.
In addition to eliminating the need

11'11. . . . . . . ,..,,
ACCDIT!m IBDORWNlE
lllllG1 TilCLOCIC
lllll•t-t TilCU>CI

TM841118

HMMLCUICK
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TMS-.2 HM.Ml.CLOCK

CllAll

CYCLEl•lll

300111
llOlll

470111
430111

300111
ll0111

470ns
430ns
400ns

...

for clock driver !Cs, the TMS 4051
requires no external address multiplexers or address registers . The onchip address registers provide full
direct addressing eliminating system timing headaches. The TMS
4051's common data 1/0 eliminates
the need for an external 1/0 multiplexer making it ideal for busoriented and microprocessor based
systems. And the space saver package alone yields as much as 30%
board savings over 22-pin 4K RAMs.

Availability is now .
TMS 4051 adds to Tl's pioneering
experience and volume production
of 4K RAMs . TMS 4051 uses the
same proven single transistor cell
design as Tl's popu lar TMS 4030
and 4060. Result: High density.
High yield . Lower cost to you . The
TMS 4051 is available in 300 mil wide
18-pin plastic and ceramic packages.
Proven reliabil ity.
The TMS 4051 uses Tl 's reliable
N-channel silicon gate process, the
same as Tl's other RAMs. And Tl
has proven field reliability.
For a 24-page reliability report of
Tl's 4K RAM family or a data sheet,
write on your letterhead to: Texas lnstrumen ts Incorporated
P.O. Box 5012, M/S 308,
Dallas, Texas 75222.

TEXAS INSTRUMENTS
,. 1975 Texas Instruments Inco rporated

I NCORPORATED

83090

Analyzer brings new power to
network-behavior measurement
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Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, CA 94304. ( 415)
493-1501. See text.
With the broadest frequency coverage, widest displayed dynamic
range and a line-up of performance
features hitherto unavailable, Hewlett-Packard's Model 8505A brings
new measurement power to network analysis.
The HP unit measures magnitude and phase-from 500 kHz to
1.3 GHz-of the transmission and
i·eflection properties of active and
passive networks. And you can also
use the analyzer to measure group
delay and deviation from linear
phase.
Three channels (two independent and one reference input )-each
with 100-dB of dynamic range--Jet
you display on a CRT, two parameters simultaneously, and you can
see ratios over the full dynamic
range without switching.
Either of two coordinate systems,
rectilinear or polar, can be selected to view the input parameter as
ELECTRONIC DESIGN
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a function of frequency. Or you
can display one parameter in rectilinear and the other in polar
format.
Fully integrated, the 8505A contains a swept source, which can operate in several modes, a built-in
counter for direct readout of frequency to the top frequency, and
various digital displays of the
measurement parameters.
Internal RAMs let you select independent operating conditions for
the sweep, so that two, independent
start-stop sweeps can be programmed. You can also set any of five
independent markers, and the
counter will measure the marker
frequency while the unit is sweeping.
Other digital displays read magnitude, phase or delay at the marker setting with resolutions of 0.01
dB, 0.1 ° and 0.1 ns, respectively.
The group delay and linear-phase
deviation features are also fully
calibrated and direct reading-no
calculation is needed. Pushbuttons

for each digit of display provide
calibrated offsets · ( up or down ) of
the reference in steps as fine as
the specified resolu tions.
Linear phase is measured with
an electronic line stretcher built
into the HP analyzer (no cable
lengths to jockey) and settable
with pushbuttons up to almost five
wavelengths.
Noteworthy is the ability to use
the 8505A as a calculator based
automatic network analyzer. In this
application, the system (called the
8507 A ) offers an "accuracy enhancement program" which measures and stores system errors, then
applies the information to the
measured data to boost accuracy.
Another notable feature of the
automatic system is a "learn"
mode: Each 8505A control setting
is read by the calculator and put
into memory. Consequently, you
don't need to know any programming language-you "write" the
program by just twirling the analyzer's dials and storing the settings .
Other popular analyzers cover a
smaller frequency and dynamic
range compared with the HP unit.
And few analyzers include the
sweep generator and frequencymarker capability in the same box.
These are usually separate, add-on
units. Included are HP's own
8407 A, the General Radio 1710 and
the Rohde & Schwarz ZWD swept
diagraph.
Price of the basic 8505A is
$22,500. Another $2950 buys programmability through the HP-IB
interface bus. Options include an
S-parameter test set, a three-way
power splitter, a transmission / reflection bridge and various calibration kits. Delivery of the HewlettPackard 8505A starts in January.
CIRCLE NO. 304
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INSTRUMENTATION

Unit automatically
makes white-noise tests

Marconi Instr uments, 100 Stonehurs t Ct., Nor thvale, NJ 07647.
( 201 ) 767-7250. $ 6900; 60 days.

Model 2090C white-noise test
set provides an automatic measurement capability for all noise
loading tests . The unit retains the
accuracy of the company's manually operated 2090B and, in addition, has the automatic, programmable mode of operation and a
digital readout. It conforms to the
CCIR and Intelsat recommendations for white-noise testing, as
well as current DCA and Bell
standards. The 2-1/2-digit readout is presented as a front-panel
display and shows the un it of the
selected measurement function
alongside its value . Outputs are
also provided in both BCD and
analog form for recording purposes.
CIRCLE NO. 306

Cassette recorder
accepts four channels
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American made. Competitively priced. Airpax miniature
switches are the product of years of experience in the design
and manufacture of electromechanical devices.
Single and two pole models. Maintaining or momentary switching actions. A wide range of options for appliances, industrial,
military, and consumer applications.
You can choose the exact combination required from the
selection of basic switching functions , contact ratings, terminations, handle types , and hardware.
Airpax miniature switches assure you of the superior quality,
performance, and service that has been synonymous with Airpax products throughout the years .
Send for catalog.

Al RR'AH
I
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AIRPAX ELECTRONICS
CAMBRIDGE DIVISION
Cambridge, Maryland 21613
Switches , Circuit Breakers,
Glass-to-Metal Seals

Other Alrpax Divisions :
CONTROLS DIVISIO N, Ft . Lauderdale , Florida - Instruments for Industry
AMERICAN DATA, Huntsville, Alabama - TV Products
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Dallas Instrum ents , P.O. Box
38189, Dallas, TX 75 238. (214 )
341-2990. $3600 ; 4-6 w ks.

Model T-5 portable magnetic
tape recording system provides
four channels of FM and direct
signal record and playback. The
system uses a tape cassette in the
convenient Philips format and provides up to one-hour recording
time . The deck has a digital tape
counter and is pushbutton operated.
The system has both record and
reproduce electronics and cove rs
the frequency range of de to 1000
Hz in FM mode and 100 to 10,000
Hz in the direct mode of operation .
CIRCLE NO. 307
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Smart timer/counter
brings new benefits

SUM-MOX
Dana Laboratories, 2401 Campus
Dr., Irvine, CA 92664. (7 14 ) 8331234. 9015, $2995; 9035, $3495;
90 days.
Series 9000 mi croprocessing
timer/ counter is a standard timer/
counter, a reciprocating counter
and a calcu lator all in one package.
Two models handle frequencies to
100 and 512 MHz, respectively.
The instruments feature a calculator-type keyboard for function
control, rather than traditional
knobs, buttons or switches. The
keyboard is located in a frontpanel drawer and di sappears from
view when not in use. An 11-digit,
0.43-in . yellow LED display provides numeric information whi le
LED lamps are used as status indicators. Interface options include a
general purpose interface bus
(GP IB ) system, a parallel BCD
format, a serial ASCII and a "doit-yourself" high speed option.
With another option, the 9000 calculates rise and fall times and
pulse widths. Standard is automatic trigger. Or you can key in
trigger levels for unusual wave·
forms. Stability is 3 x 10-; per
month. Higher stability is optional.

NOW VICTOREEN
QUALITY COSTS LESS
THAN A DOLLAR.

Victoreen announces SLIM-MOX, our new,
thick-film, flat substrate resistor.
Compact in design, it carries with it all
the quality and dependable performance
you have come to expect from Victoreen.
SLIM-MOX, right now, is available
from stock in a wide range of standard
resistance values. More important, SLIMMOX will deliver the same proven performance in high-voltage applications
that you find in more expensive resistors with more bulk.
Specify SLIM-MOX in any standard
resistance value and your unit cost will
be less than one dollar in OEM quantities.
Truly a major cost breakthrough for
resistors designed for miniaturized
electronic networks and equipment, or other
critical applications that demand
stability and
reliability.
Standard tolerance is ± 15% for
all standard re-

CIRCLE NO. 308

sistance values
which include1,2,

Test system
checks microprocessors

5, 10,20,50, 100,200,500, 1000, 2000,and

Instrumentation Engineering, 769
Susquehanna Ave_, Franklin Lakes,
NJ 07417. (2 01 ) 891-9300.
Model 10 3 / system 390-series
computer-controlled test system
performs hi gh-speed functional
tests and fau lt diagnostics on
microprocessors and other complex
digital logic circuits on printed circuit boards. The system uses a twofamily digital word general / receiver ( DWG/ R ) that enables the
user to test as many as four different levels of logic simultaneously. The DWG/ R contains bidirectional pins so that it can test bidirectional busses on microprocessor PCBs in real time.
CIRCLE NO. 309

5000 megohm. All in stock. With a voltage
coefficient of better than 5 ppm /volt,
full-load drift typically less than 0.5% in
1000 hr at 70° C, and 250 ppm TCR or
less to 5000 megohm, SLIM-MOX is a little,
big performer. For less than a buck.
From a name you know you can
count on. Victoreen.

Victoreen Instrument Division,
Sheller-Globe Corporation,
10101
Wood/end
Avenue,
Clere/end,
VICTOREEN
Ohio 44104

ISi.ii
SHELLER-GLOBE CORPORATION
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DATA PROCESSING

Tolerance

SCHAUER

Computer series offers
low cost, high performan·ce

1-Watt

ZENERS

General Automation, 1055 S. East
St., Anaheim, CA 92805. ( 714 )
778-4800. P&A: See text.

Kit contains a 51 -piece assortme nt
of SCHAUER 1 % toleranc e 1-watt
zeners covering the voltage range
of 2.7 to 16.0. Three diodes of each
voltage packaged in reusable poly
bags. Stored in a handy file box.
Contact your distributor or order
direct.

A $54.57 value for
ONLY

S24.fil!

Semico nductor Di vision

SCHAUER
Manufacturing Corp.
4511 Alplne Ave. Cincinnati, Ohio 45242
Telephone: 513/791-3030

A series of four micro and minicomputers offers full 16-bit operation with the speed of MSI TTL
processors but at the cost of 8-b it
PMOS microprocessors. The General Automation GA-16 series prnvides an instruction execution time
of less than 2 µ s.
There are four units-the 110,
220, 330 and 440. The 110 a nd 220
are single and dual-board microcomputers that come with 1-k of
solid-state RAM as standard. The
board size is only 7.75 x 11 in.,
and the computer· cost $531 and
$765, respectively.
Capabilities of the 110 include
91 basic microprogrammed instructions, 16 general-purpose registers,
memory expansion to 64-k words,
11 addressing modes. A complete
set of arithmetic and logic im;tructions and auto restart capabi lity
are just some of the features.
The Model 220 includes all this
and more--a microconsole ROM,
TTY controller and serial 1/ 0 port
and DMA capability of the larger
SPC-16 series of minicomputers.
The other two units in the series, the ~mo and 440, are housed
in 5.25 x 19 x 21.25-in. and 8.75
x 19 x 21.25-in. rack-mounting

cabinets, respectively. The 330
comes with 4-k of core memory and
costs $1950, while the 440 equipped
with 16-k costs $5370.
The 330 has no operator controls, save for the on-off switch,
while the 440 has a full operatoi"s
console with keyboard and disp lays.
Both computers can directly address 1 mi ll ion words of memo ry,
and they have a memory cycle time
of 720 ns.
All of the software and 1/ 0 devices for General Automation's
SPC-16 minicomputer line are directly compatible with the GA-16
series. This will save considerable
time and effort in designing systems and getting them on-line.
Prices for the GA-16 series machines are given for maximum-discount quantity purchases. Single
unit prices are about 40 % higher.
All four computers are based on
a two-chip NMOS LSI processor
developed by General Automation
and a subsidiary, Synertek. The
processor chips consist of a 16-bit
register arithmetic and logic chip
and a control read-only memory.
Together they have a complexity
of about 20,000 components.
CIRCLE NO . 30 5
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8-bit microcomputer
fits ·on one board

Monolit h ic Syst ems Cor]J ., 14 In vern ess Drive E ast, E nglewood, CO
80110. (3 08 } 770-7400 . $820 (unit
qty) ; 4 wks.

A new 8-bit microcomputer , the
MSC8080, includes a gener al-purpose wire-wr appable section, whi ch
simpl ifies t he task of interfacing
the computer t o a parti cular system. This single-board uni t uses
an Intel 8080 micr opr ocessor and
includes interfaces for input, output, optional memory and control
panel. Room is provided for 1 k x
8 of PROM, and a n umber of prepr ogr ammed PROMs are available
as options. A power inverter on the
board supplies all necessary processor voltage levels from a single
+5-V input.
CIRCLE NO. 320

For High-Voltage, High-Current Interface
with PMOS, CMOS, TTL, DYL ... Sprague
Darlington Transistor Arrays Have No Equal

Microcomputer system
comes with software
Mostek Corp., 13300 B ranch View
Lane,· Dallas, T X 75234 . ( 214)
620-2454. $995.

Most ek's new general-evaluation
microprocessor system, GEM S-8,
cons ists of a processor board designed a ro und the· MK 5065, 8-bit
microprocessor, a pr ogrammer-aidroutine ROM and a 12-k x 8
memory· board with direct interface t o the processor board. Sof tware suppor t includes a r esident
assembler , wh ich can generate object tapes from source tapes, a
dump-to-dump memor y in ASCII
fo rmat and a text edi tor t hat allows users to generate and modif y
the source text prior to assembly.
The processor needs a power-supply of + 5 and ± 12 V. The available 51 basic instructions have a
typical execution time of 7 µ, s. The
processor can address 32-k X 8
memory spaces with a 1-k RAM
located on the board. T r iple-level
architecture allows rapid interrupt
ser vicing.
CIRCLE NO. 321

A new exclusive Sprague development, Series 2000 Transistor Arrays are
high-voltage, high-current integrated circuits comprised of seven silicon NPN
Darlington pairs on a common monolithic substrate. They feature open collector outputs and integral suppression
diodes for inductive loads.
Supplied in 16-pin dual in-line plastic ,
these devices greatly reduce the number of discrete components used to
interface between digital logic and highvoltage and/or high-current loads. In
some applications, all discrete components can be replaced by a single

DIP, resulting in substantial space and
cost reduction.
With broad commercial/industrial application, these unique arrays are an
excellent choice for interfacing to LEDs,
solenoids, relays, lamps, and small
stepping motors in printing calculators ,
cash reg isters, and control equipment.
Type ULN-2001A is a general-purpose
array, pinned with inputs opposite outputs to facilitate circuit board layout.
Type ULN-2002A is designed for use
with 14 to 25 V PMOS inputs. Type ULN 2003A interfaces with TTL or CMOS
operating at a 5 V supply voltage.

For more information, write or call Chuck Scott, Semiconductor Division, Sprague
Electric Co., 115 Northeast Cutoff, Worcester, Mass. 01606. Tel. 6171853-5000.
For Engineering Bulletin 29304, write to Technical Literature Service, Sprague
Electric Co., 347 Marshall St., North Adams, Mass. 01247.
For the name of your nearest Sprague
Semiconductor Distributor, write or call
Roger Lemere, Sprague Products Company,
North Adams, Mass. 01247. Tel. 413/.664· 4481.

SPRJIGUE
THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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E L ECTRONIC D ESIGN

23 , N ovember 8, 1975

11 7

custom

Power

SUPPiies
have what vou need

DATA PROCESSING

Low-cost CRT terminal
offers full features

Interface converts
printer to data terminal

KKM Corp ., Micro Application
Systems Div ., Box 213, Grand
Forks, ND 58201. ( 701 ) 772-5944.
S ee t ext; 60 day.
T he MAS/ Tl CRT terminal is
designed as a low-cost teletypewriter replacement. It costs only $649
in singles and can perform in many
minicomputer applications where
intelligence and other features are
an unnecessary luxury . Standard
features include full <:ursor control, character and line insertion/
deletion, tab control, selectable
speeds to 9600 baud, and solid/
bli nking underline cursor. The
MAS / Tl display uses a 5 x 7 dot
matrix and has a 12-line-by-80character capacity on a 9-in. video
display ( 24 by 80 capacity and 12in. display are avai lable options ) .
RS-232 compatible output is standard. Other outputs or the ability to
add on I / 0 devices ( cassette, floppy disc, or printer ) are available
as options. The terminal can do a
self-test, function ing in eith er online or local modes to indicate
whether it is operational.

B edford Computer Syst ems, Inc.,
Three Preston Court, B edford, MA
01730. ( 612 ) 275-0870. $1125 (unit
qty ) .
The Model 1200 printer control
converts the Qume Q-30 or Diablo
HyType-I printer mechanisms into
low-cost receive-only data terminals. Options can augment the
basic terminal into a stand-alone
interactive keyboard-entry work
station. The basic package includes
a power supply with sufficient
power for the printer; an interface
modu le, which is contained in the
power-supply assembly; and all required interface cables. The printer control operates in ASCII code
with a full or half-duplex mode
over an asynchronous serial RS232 interface.
CIRCLE NO. 322

Microprocessor system
uses 16-bit chips

.~...
7
e.~rattinc.
~

Gen eral Instrument Corp., 600 W.
John St., Hicksville, NY 11802.
( 516 ) 733-3000 .
The Series 1600 microprocessor
system is based on a 16-bit microprocessor chip and built with GI's
n-channel ion-implant Giant II
process. The processor design uses
eight 16-bit general-purpose registers. All registers are program accessible and can be used as accumulators or address registers.
Six of the registers can be used
by the running program, one is
used as the memory stack pointer
and the eighth is used as the program counter. The memory stadk
pointer provides last-in, first-out
storage in the main memory. The
general registers and high-speed
pipelined ALU and its status register form the data-processing logic
for a ll series 1600 microprocessors.
Com pat i b 1e assembler/ simu lator
software is available for popular
minicomputer systems and large
time-sharing machines. Comprehensive subroutine libraries, diagnostics, uti lity programs and an
on-line debug program for direct
program checkout of the 1600 system are also available.

CIRCLE NO. 324

UV PROM eraser handles
fiv e devices at a time
1

.- ~ ·

··II_)

Prometrics Inc ., 5345 N. Kedzie
Ave., Chicago, IL 60625. ( 312)
539-3373.
Up to five UV-erasable PROMs
are erased in 5 to 10 min wi,th
complete safety to devices and personnel. An adjustable timer shuts
off the UV source when the set-in
time has elapsed. And t he unit's
housing is designed to prevent UV
leakage. An interlock shuts off the
UV wh en unit is opened . Devices
rated at 6 W-s/ cm 2 integrated erasure dose, such as the 1702A/
4702A, require less t han 5 min for
complete erasure; l0-W-s/ cm 2 devices, such as the 2704 and 2708,
erase in less than 10 min.

CIRCLE NO. 323
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57!ABIL/TY

YOV CAN

COUNT ON...
MURATA'S

TEMPERATURE COMPENSATING

CERAMIC CAPACITORS.

- NPO TO N+700
-ALL STANDARD VOLTAGES
- FAST DELIVERIES
- REIJABIL/TY BACKED BY
30 YEARS OF EXPE~IENCE

m11Rata
CORPORATION OF AMERICA

Rockmart Industrial Park, Rockmart, Georgia 30153
Phone : 404-684-7143
Telex: 54-2999

Micro Networks MN512Q Series of successive approximation 8 Bit A/D converters is now less than half the cost
of the previously available Dip A/D converters.
The outstanding features include:
• Completely Adjustment Free ... no external components
or trim pots required , just plug in.
• Linearity ... ±V2 LSB from Q to ?QC, no TC specs needed.
• High Speed ... 6 µ,sec setting time.
• Low Power ... 68Qmw typical-a savings of 3Q to 5Q%
over modular units.
• Hermetic Sealed Dip ... for long term stability.
The MN512Q Series of A/D converters with its high performance and low cost makes it ideal for commercial
and industrial applications, typical of which are : medical
instrumentation, process control , computer peripherals ,
and interface circuits. All units are
1QQ% electrically tested at Q, 25,
and ?QC for linearity and accuracy.
For complete data write or cal I Jerry Flynn : Tel: 617 852-54QQ.

MICRO NET\/\/ORKS

INFORMATION RETRIEVAL NUMBER 51
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CORPORATION
324 Clark Street. Worcester, MA. 01606
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Chip capacitors
resonant free to 10 GHz

COMPONENTS

Mini resistor chips offer the
tops in accuracy and stability
Johanson, Monolithic Dielectrics
Div., Box 6456, Burbank, CA 91505.
( 213 ) 848-4465. $0.76 to $2.95
( 1000 up ) ; stock to 6 wks.
High-Q microwave ceramic chip
capacitors with easy-to-mount ribbon leads offer resonance-free performance to 10 GHz. Chip sizes
available are from 0.055 x 0.055
x 0.050-in. to 0.11 x 0.11 x 0.10in. with a maximum capacity of
100 pF in the smallest size to 1000
pF in the largest.
CIRCLE NO . 3 26

Pushbutton switches
are illuminated
Vishay Resistor Products, 63 Lincoln Hwy., Malvern, PA 19355.
( 215) 644-1300. See text.
Buy a chip resistor today and
try to get another exactly like it
next year. Vishay says you can do
the improbable with its V50X50
Series of Microchip precision resistors.
These resistor chips are built
with Vishay's proprietary BulkMetal process that is said to permit accuracies and repeatabilities
to within 0.01 % and stabilities of
5 ppm /° C over the - 55 to + 150 C
range. The chips measure only 50
x 50 x 15 mils and conform to
or exceed all the requirements of
MIL-R-55342A.
Resistance values ranging from
500 n to 5 kn are available, and
chips with values from 1 n to 10
kn will be offered shortly. Power
ratings for the chip start at 0.05
W at 70 C, when it is bonded to
the ceramic substrate, and are derated to zero at 150 C.
Tracking of resistance values is
to within 3 ppm over the full operating temperature range. End terminations of the resistor chips
consist of gold plating over copper
bonding pads and measure 6 X 6
mils. Each resistor chip has a mois120

ture resistance of 0.5 % .lR, which
improves to 0.005% ~R under
hermetic seal packaging conditions.
Resistance shelf life is very long,
with aging down to only 50 ppm/
year.
Suggested termination for the
chip is by thermal pulse welding of
a 1-mil-diameter gold wire to the
pads. The proprietary process used
to form the resistors provides a
form of stress control that counterbalances the temperature coefficient of the resistor element-thus
keeping the value almost constant.
Two versions of the chip are
available: a fully calibrated, finished chip made to exact user specifications and an uncalibrated chip
for the user who can trim the
chip to exact value before insertion
or who must do active trimming
after bonding. Fixtures and work
stations will be available in the
near future.
Prices for these tight-tolerance
units start at $3 each in 100-piece
lots for 1-to-2-kn values and $3.30
for 2-to-5-kn values. V50X50 resistor chips are available from 8
to 12 weeks for evaluation orders
and 12 to 16 weeks for volume
production.

up)
Self-contained lights indicate
keyboard switch action on sealed
mercury M-5 and gold-plated contact T-5 pushbutton switch series.
Clear plastic keytops, either boxshaped or truncated, contain a light
diffuser made of thin polyester film
that holds the switch legend. In
large quantities, the legends are
printed on the diffuser; for short
runs, press-types can be used. The
operator's fingertips never contact
the legends. Switches mount on
3/ 4-in. centers. T-1 bi-pin incandescent lamps are used to illuminate the switches. The plastic keytops snap off for bulb replacement.

CIRCLE NO. 301

CIRCLE NO. 327

Mechanical Enterprises, Inc ., 8000
Forbes Pl., Springfield, VA 22151.
(703 ) 321-8282. $0.60; T-5 ( 10,000
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Cermet film resistors
meet MIL-R-39017
Allen-Bradley Co., 1201 S. Second
St., Milwaukee, WI 53204. ( 414)
671-2000. See text.
Allen-Bradley's Type CC cermet
film fixed resistor MIL-Style RLR07 has now been approved to MILR-39017 standards for resistance
values from 10 n through 1 Mn.
No other has been approved beyond 470 kn, A-B indicated. Sixweek delivery time is being quoted
for these resistors, compared with
six to 13 weeks generally required
for similar types. The resistors are
offered in both 2 % and 5 % tolerances with a temperature coefficient of ± 100 ppm /°C . The 1/ 4-W
resistor measures 0.25-L x 0.09-D
in. and is priced at 16 cents each
in 1000-piece quantities. It is expected to be offered through A-B
appointed electronic distributor locations this fall.
CIRCLE NO. 328

Chip capacitors meet
Ml L marking standard

If it's athick film
resistor network ...

we make it!
'"1

SIPs, DIPs, Binary Ladders, all manufactured to meet
the most critical specifications. SIPs and DIPs are
offered in tolerances up to ± 1% , Binary Ladders to
± 1/2 LSB. What's more, we can provide custom
resistor networks in almost any configuration to the
very tightest tolerances possible. Write for complete
technical details today.

angstrohm precision, inc.
one precision place/ hagerstown, maryland 217 40
telephone : 301-739-8722
twx: 710-853-6834
INFORMATION RETRIEVAL NUMBER 53

SWITCH TO

CONTROL SWITCH
•

American T echnical Ceramics, One
Norden Lane, Huntington Station,
NY 11746. (5 16) 271-9600.
A new method of marking chip
capacitors enables ATC to fully
identify even its smallest microminiature rf chip capacitors-the
ATC Case A, 55-mil cube-with
the manufacturer's identification,
capacity and tolerance code. Marking meets MIL-STD-202, Method
215 and is unaffected by all commonly used solvents and temperatures to 1500 F. ATC says it is
the only capacitor manufacturer
with such a marking capability.
These marked rf chip capacitors
are available in 40 different design
values. Four kits contain Case A
and Case B ( 110-mil cube ) sizes
with values ranging from 0.1 to
220 pF.

,. .....

0

UNIFORM-PANEL
APPEARANCE
PUSHBUTTONS

They look alike even though they
have different ratings, actions , and
circuits!

TWO-CIRCUIT MINIATURE
PCB SWITCHES
Toggle or Push Button. No mounting hardware required! Ideal for
sub-chassis check out.

''}\

TOGGLES ·
Hundreds of types in all configurations .

. . ........
SEND FOR
FREE
TECHNICAL
BULLETINS

.·····I
PUSHBUTTONS
Circle #/.87

0

[J
PCB SWITCHES
Circle # 88

0

TOGGLES

O Circle ~89

CONTROL SWITCH ,
A CUTLER - HAMMER COMPANY

1420 DELMAR DRIVE. FOLCROFT, PA . 19032 215 /586-7500

Representatives and Stocking Distributors Throughout the Un ited States,
Canada, and Europe
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"off the shelf"
a rugged, well
constructed,
high quality switch
from Capitol it has the
same solid reputation
as our custom ·
ordered switches

DISCRETE SEMICONDUCTORS

JAN power transistors
handle up to 10 A

MOSFET analog switches
made for ±5 and ± 10 V

Solid Power, 440 Eastern Pkwy.,
Farmingdale, NY 11735. ( 516 J
694-2883. From $8 .36; 2 to 8 wk.
The JAN, JANTX and JANTSV2N3715 silicon power transistors
handle collector currents of up to
10 A. The transistors have collector voltage ratings of up to 80
V and are housed in T0-3 packages.

Signetics, 811 E. Arques Ave.,
Sunnyvale, CA 94086. ( 408 ) 7397700. From $0.90 (100-up ) ; stock.
Four D-MOS FET analog switches handle ± 5 or ± 10-V applications. The SD212 and SD213 are
characterized for ± 5-V analog
switching or sample-and-hold. The
SD214 and SD215 cover the same
applications for ± 10-V signals.
The SD212 and SD214 do not have
zener diode protection on the
gates while the SD213 and SD215
do. All devices have an on-resistance of 35 n, typical. Input capacitance is 2 pF typically, output
capacitance is 0.5 pF and feedback
capacitance only 0.2 pF. Isolation
from input to output is -120 dB
typical at 3 kHz.
CIRCLE NO. 330

SP-310
SINGLE POLE
DOUBLE THROW
CONTACT
SQUARE BUTTON,
NON-ILLUMINATED
Contacts: Palladium
rated at 3 amp, 110VAC, non-inducti ve

llOTU I
l

tOMl.lo(TI l 'Oll"tl.otM!'OS Ht I
Mltfllll!CAl.ACTIOll lllTllllOCUllSWllllPOllTIVllOC:lOUIHTWUll"OI

We manufacture
top quali ty push butto n
and lever ci rcu it
selector switches
si ngle switches or
ba nked assemblies.
Wr ite for o ur cata log.

Representatives in principal cities.

CAP.IJ~L SWITCHES
THE CAPITOL MACHINE & SWITCH CO.
87 NEWTOWN RD . DANBURY, CONN. 06810
(203) 744-3300

Power Darlingtons made
for inductive loads
Semicoa, 333 McCormick Ave.,
Costa Mesa, CA 92626. (714 ) 9791900. From $18 (100-up } ; stock.
The SCA108 series of 10-A
Darlingtons is designed for driving inductive loads. The transistors have a VcEo of 100 V, a secondary breakdown of 5 A at 70 C
( at rated BV ero), an f t of 60 MHz
and leakage currents of less than
10 nA at 25 C. The Darlingtons
have betas from 10,000 to 70,000
minimum. An SCA0108 will drive
20 mH at 2 A or 50 mH at 1 A.
The SCA0108 is available in an
isolated or nonisolated T0-5 package for 25-W dissipation at 75 C,
or in T0-3, T0-66 and T0-59
packages.

CI RCLE N O . 333

Epoxy transistors have
125-MHz gain-bandwidth
Sprague Electric, 347 Marshall St.,
North Adams, MA 01247 . ( 413 J
664-4411. $0.17 ( large qty.) ; stock.
The NPSA20 Econoline transistor is housed in a T0-92 one-piece
molded epoxy package. It has
straight, in-line leads with an
emitter-base-collector configuration. Power dissipation for the
transistor is 360 mW. The collector-to-emitter voltage is 40 V maximum and the gain-bandwidth product is 125 MHz. Maximum collector
current at 25 C is 100 mA. The
maximum collector-emitter saturation voltage is only 0.25 V at a
collector current of 10 mA.
CI RC ~E

NO . 3 34

Reverse switching diodes
handle pulses to 1200 A

Teledyne Crystalonics, 147 Sh erman St., Cambridge, MA 02140.
( 617) 491-1670 . $13.40 (100-up ) ;
stock.
The 2N6568 silicon n-channel
junction FET is designed for an
ultra-low ROil' The FET ON resistance is specified as 2.5 n R 0 8 . It
also has extremely high isolation
resistance of greater than 5 Gn.

W estinghous e Electric, Youngwood,
PA 15697. ( 412 ) 925-7272. Sample
prices for 600 V, 2000 A / µs unit:
$83 (100 up) .
The T40R reverse switching
rectifier is optimized for short,
high rate-of-rise pulse switching.
The two-terminal switching units
are available with peak pulse current ratings up to 1200 A, current
rate-of-rise ratings up to 2000
A / µs and blockiP5 voltage range
up to 1000 V at 125 C. A typical
value of turn-off time is 100 µs at
25 C. The reverse switching rectifiers are available with repetitive
peak forward blocking voltage ratings of 600, 800 or 1000 V. Maximum pulse trigger voltage-the
off-state threshold voltage where
turn-on begins when a 500-V / µs
trigger pulse is applied-is 1500
V. The units are available in a
D0-5 type stud-mounted package .

CIRCLE NO. 332

CI RCLE NO. 33S

CIRCLE NO. 3 3 1

N-channel JFET has
on resistance of 2.5

n
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1n1-.1ump•••. 025" disconnect
M ••
TM

jumper for bussing and programming.

FREE

MJ ~.....<?Ptics
,_~3~

Fiber
Optics
Catalog

Features the complete AO line of fiber optics
products-from Inspection Fiberscopes and
Light Guides to llluminators, Image Conduits,
Faceplates and Custom Components. Includes
the four newest remote inspection fiberscopes
now available.
Describes the principle, technology and techniques used to make flexible light and image
transmissions a proven, practical fact. Write today
for your FREE copy of the AO Fiber
Optics catalog to American Optical
Corporation, Fiber Optics Division,
Southbridge. Mass. 01550.
American

/JC)
Optical

Berg's MIN I-JUMP provides flexibility in the
circuit programming of mini-computers, card
readers, printers , modems, point-of-sale equipment and test instruments. It is designed for
high-density packaging and is stackable in both
directions on .100" centers and up. Low-profile
design allows for tight packaging in the vertical
plane. MINI -JUMP mates with industry standard
.025" square or .028" round pins. (Note-.125,
.150, .200 and .250 center versions will be available
in the near future .) Write for Bulletin 144.

BERG

ELECTRONICS

Q,~,~

lfl E

dv Ponr rie Nemou•

4 Co One.

New Cumberland, Pa . 17070 Phone: (717) 938-6711

INFORMATION RETRIEVAL NUMBER 58

INFORMATION RETRIEVAL NUMBER 56

Quickie™ Connector•..
reliably terminates flat, flexible, round
conductor cable.. .in about 10 seconds.

For use in connectors, IC's,
relays, modules, potted
assemblies, headers, etc.
Ultra-miniature, precision machined pins to your most
exacting requirements. Available in diameters from .005"
to .093" and in lengths up to 1". Fabricated from freecutting brass (QQB-626 , Comp.22) . Choose from a wide
selection of plating options. Send for a copy of our catalog of standard mini-pins to ... .

Berg's Quickie Connector simultaneously terminates
multi-lead, flexible round conductor cable without
pre-stripping. The askewed tines of the contact
affect a stripping action which terminates virtually
any insulation material in about 10 seconds. Design
assures redundant electrical contact and allows for
visual inspection before assembly. Connector can be
supplied with either closed or open end-covers for
Daisy Chain usage. The Right-Angle Quickie Header
has a positive latch to assure continuous mating
with low-contact resistance through vibration and
impact. Quickie can be used to interface cable on
.050" centers to .025" sq. wire- wrapping pins on
.100" sq. grid. Write for Catalog 131.

BERG

ELECTRONICS

PRECISION METAL PRODUCTS CO.
4 1 ELM ST .. STONE HA M. MASS . 02 180
Telephone: (Area Code 617) 438·3650
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MODULES & SUBASSEMBLIES

Multiplying d/a converters
meet MIL specs at low cost

Hybrid Systems
OAC 331 MIL-B

Hybrid Systems, 87 Second Ave.,
Northwest Park, Burlington, MA
01803. ( 617 ) 272-1522. P&A: See
text.

You can pay $200 or more for a
multiplying digital-to-analog converter that meets military specs.
But now there's a lower cost alternative. The DAC-331, a 10-bit
current-output hybrid microelectronic unit made by Hybrid Systems, costs only $49 in single
quantities and is processed to MIL-

50

STD-883, Level C, requirements.
The converter is designed to
maintain accuracy over the entire
military temperature range of - 55
to + 125 C and is pin-compatible
with the AD7520 made by Analog
Devices ( Norwood, MA ) .
There are two versions of the
DAC-331, both with 10-bit resolution. The 331-8 has full-scale accuracy of ±0.3 % over - 25 to +85
C, or ±0.5 % over the full MIL
range. The 331-10 has an accuracy

of ±0.2 % over - 25 to +85 C and
±0.4 % over the full range. Either
version can be processed to Level
B or Level C of MIL-STD-883.
Analog output scaling is a nominal 40 µA / V. The reference input
voltage can span a ± 10-V range,
and there is a feed through of 0.1 %
at 5 kHz, minimum. For a fullscale digital input change, the converters require only 2 µ,s to settle
to within 0.05 % .
Accuracy and stability errors are
combined into a total spec. For the
331-8, these errors reach 0.2 % of
full-scale, while for the 331-10,
they are only 0.1% . The output
impedance is 25 kn.
The converters require only a
single 3-to-10-V supply for operation and typically draw only 2.5
mA when operated at 5 V. Hermetically sealed ceramic 16-pin
DIPs house the converters. These
packages measure 0.75 X 0.3 x
0.1 in.
The AD7520, by comparison, is a
monolithic CMOS multiplying d/ a
converter that costs $87 for a unit
with 10-bit accuracy. Prices drop,
though, to $42 if only 8-bit accuracy is needed. Both prices are for
the MIL versions in unit qty. The
gain tempco is 10 ppm/° C.
(continued on page 125 )

ANALOGY
A-1o-D OR D-70-A ' /Hi=Rf.S AN 1rff6C+I
CONVEl<T£R MoDU!.E \.\oilH 1-llGH NX\JRfJ(..y

AT BIG COST SAVINGS. WE 511lCK 1D DIFFERENT
-ryP£5 Wlil·I BINARY RE"S~V1iONS FROM
91b 16 BITS, FROM4;o 5\h. BC D
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"fHAN :±0.0025%,EVf."NOUR LOINEST
COST DAC.s REMAIN i\'IONOTONTHIC
"fHROUGHOUT TSMP RAN6f. WI
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Single unit prices for the DAC331 series of converters start at
$39 for the 331-8-MIL-C, 8-bit unit
processed to 883 Level C and $49
for the 331-10-MIL-C, 10-bit converter also processed to Level C.
Both converters are also available
processed to 883 Level B with a
price increase of approximately
$15, depending upon test requirements. All units are available from
stock to two weeks.
Hybrid Systems
CIRCLE NO . 302
Analog Devices
CIRCLE NO . 303

For Military/ Aerospace Applications

Rf amplifier in T0-8
covers 5 to 500 MHz
Aydin Vector, P.O. B ox 328, Newt01Am, PA 18940. (215 ) 968-4371.
$90 ( 1 to 9 ) ; stock to 2 wk.
The Model MHT-250 hybrid amplifier is housed in a 4-pin T0-8
package. It covers the frequency
range of 5 to 500 MHz, has a noise
figure of 2.5 dB, max, a power output of - 2 dBm min., an input/
output VSWR of 2: 1 max and requires + 15 V de at 10 mA.

160 Smith Street, Farmingdale, N.Y. 11735
Phone (516) 293-8686 • (213) 374-7446

CIRCLE NO. 336
INFORMATION RETRIEVAL NUMBER 61

Counter I controller can
retain count for 10 days
Square D, Dept. SA, Milwaukee,
WI 53201. (414) 332-2000. $395;
stock.
The Class 8854, Type PC-42 storage counter/ controller runs from
120 V ac, 50 to 60 Hz. It consumes
15 VA and uses a rechargeable
battery (charger included ) to prevent loss of count. The battery will
permit the unit to retain the count
for 10 days if necessary. The unit
uses CMOS circuitry, has an up /
down reversible counter that counts
between 0 and 15, an anticoincident circuit to allow simultaneous up and down counts and has
a binary readout consisting of four
LEDs in a 1248 code. The 10-A
output relay switches when the
chosen count is reached-de-energizing on count-up, energizing on
count-down. The controller also
has manual buttons to adjust the
count up or down. The PC-42 i
designed for heavy duty industrial
applications and has a high electrical noise immunity. The PC-42
measures 8 x 9.5 x 4 in. and is
panel-mountable.
CIRCLE NO. 337

SAM IS
THE LOWEST PRICED
READERYOU CAN

BUY. BUT YOU DON'T

GETSHORT

CHANGED.

You could spend a lot
more for a tape reader and
still not get all of SAM 'S
quality features. SAM clips
along at 300 cps, has our
sure-footed dual sprocket
drive and our state-of-theart fiber optic light source
and photo transistor read
head. We can make SAM do
all this and save you money
because we do things differently.

A

This is the plain , brown
wrapper SAM comes in.

The more you know about punched
tape equipment, the better you read us.

IDmlCCTIUJrlm TIK

250 CHANDLER STREET. WORCESTER. MASSACHUSEITS 01602, U.S.A. (617) 798-8731
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Thirty years of designing and manufacturing cord sets, wire and cable has
given us the kind of experience which
can solve your problems. Whether
you are stumped by a complex design
requirement or a sticky cost situation,
our engineering and production staffs
can come up with the right answers.
In fact, many of our now standard
designs were created as solutions to
specific customer problems. And, our
reputation for ingenuity is equalled

only by our reputation for quality.

INTEGRATED CIRCUITS

Test us with your special requirements. You'l I discover why Victor has
become the standard of quality in cord
sets and other wire specialty items.

Preamp operates
from 4-to-20-V supply

Victor Electric Wire & Cable Corp.
618 Main St., West Warwick, R.I. 02893

~~~~~~~~1e;oo Viiiiii'~~~Q'f'

TWX : 710382-1534

II

SGS-ATES
Semiconductor,
435
Newtonville A ve., Newtonville, MA
02160. ( 617) 969-1610. $1.60 ( 100999 ); stock.

The TDA1054 preamp, packaged
in a 16-pin DIP, operates from
supply levels ranging from 4 to 20
V. The IC has a 0.5-dB noise figure, 110-dB open-loop gain and
0.1 % distortion. Supply ripple rejection is 30 dB and automatic
level-control range is 54 dB.
CIRCLE NO. 338

There is no
limit to our
capability in
cord sets
or wire &
cable!

Voltage reference holds
drift to 1 ppm/°C

National S emicon ductor, 2 9 0 0
Semiconductor Dr., Santa Clara,
CA 95051. ( 408) 732-5000. $3.25 to
$35.00 ( 100); stock.

A monolithic temperature-stabilized voltage-reference IC outperforms standard zener diodes by a
factor of 20. Called the LM199,
the linear IC provides a 6.9-V reference and guarantees drift to be
less than 1 ppm/°C. Long-term
stability is better than 0.002 % the accuracy limit of the manufacturer's test system. Low-frequency
noise is less than 10 µ, V, and the
circuit requires only 300 mW at
25 c.
CIRCLE NO. 339

14-pin DIP holds
wideband op amp
Optical Electronics Inc., P.O . Box
11140, Tucson, AZ 85734. ( 602 )
624 -8358. $36.50 ( 10-29 ); stock.

The Model 9916 op amp, packaged in a 14-pin DIP, features 150MHz minimum guaranteed gainbandwidth product, and 6-dB per
octave uniform roll-off rate for
high-frequency stability. It also
has 60-dB open-loop gain at de and
± 300-V I µ,s minimum slew rate.
CIRCLE NO. 340
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4-k 'CMOS' RAM
accesses in 70 ns

CMOS IC counts
units or frequencies
I ntersil, I nc., 10900 N. Tantau
A ve., Cup ertino, CA 95014. (408)
257 -5450. $15 .05 (10 0-999 ) .

Toko, 1-17, 2-Chome, HigashiYuki -gaya, Ohta-ku, Tokyo, 145
J(J,pan. P&A: See text.

The first 4096-bit RAM to employ both n and p-channel MOS devices-Toko's KM 8680-sets the
pace for access and cycle times.
The new silicon-gate dynamic RAM
specs access at 70 ns typical and
100 ns maximum. Cycle time is 160
ns typical and 200 ns maximum.
Existing 4-k dynamic RAMs semploy NMOS, and they have top access and cycle times of 200 and 400
ns, respectively.
The new "CMOS" memory employs n-channel single-transistor
cells for the storage matrix, and it
includes p-channel devices in the
peripheral circuitry. Transistor
gate lengths of 6 µ have been
achieved, and the entire chip measures just 3.5 x 3.9 mm.
The new RAM has a maximum, total power dissipation of
only 350 mW, compared with a watt
or so for some NMOS versions. In
the standby mode, the KM 8680
needs only 3 mW. Refresh is required every 2 ms.
The 4096 x 1-bit KM 8680
comes in a 22-pin ceramic DIP,
with Intel and TI 4-k-RAM pinouts. It uses ±5 and 12-V supplies.
However the 12-V supply can drop
to as low as 5 V or rise as high
as 16 V. So it's possible to have
the memory operate, in fact, from
just two supplies, +5 and - 5 V.
Except for the chip-enable input,
all input and output lines are TTL
compatible.
Production quantities will be
available in December. In sample
quantities, the KM 8680 costs 6000
yen, or about $20. In quantities of
5000, unit prices drop to less than
$14.
CIRCLE NO. 341

The ICM7208 CMOS circuit, a
fully integrated counter-decoderdriver, can count units, frequencies
or time intervals. It can directly
drive a seven-decade multiplexed
common-cathode LED di splay. The
I CM7208 operates over a supply
voltage range of 2 to 6 V. Its operating power dissipation is less
than 10 mW; its quiescent power
dissipation, less than 5 mW.

LASER MARKED
UHF/MICROWAVE
CHIP CAPACITOR
KITS

CIRCLE NO. 342

Interface inductive
loads to TTL, MOS
Pless ey Semiconductors, 1674 McGaw, Santa Ana, CA 92705. (714)
540-9979. $5.94 ( 100) ; stock.

Two bipolar devices provide a
power interface between MOS and
TTL devices and heavily resistive
or inductive loads. The SP761B allows a direct 12-V MOS interface,
while the SP762B permits a direct
5-V TTL interface. Both contain
five current amplifiers, two of
which include a common strobe input to control a high-current parallel output. The 12-V circuit delivers up to 150 mA with input
current of approximately 3 mA.
The 5-V circuit provides up to 200
mA with approximately 1 mA of
input current. Both circuits can operate at speeds up to 1 MHz.

M4XU$
M4kKU$

DESIGN VALUE KITS:
40 MARKED POPULAR VALUES
IMMEDIATELY AVAILABLE IN
KITS OR SEPARATELY.
BUY ANY DESIGN VALUE KIT
OF 100 ATC 100 LOW LOSS
PORCELAIN CHIP CAPACITORS
FOR $77.00.

CIRCLE NO. 343
~I

M"kKU$

Multiply 16 x 16-bit
numbers in 1 µ s
Advanced M icro D evi c es, 901
Thomps on Pl., Sunnyvale,
CA
94086.
(408 )
732-2400.
$23.25
( 100).

With two Am25LS14 multipli ers,
a 16-bit by 16-bit multiplication
can be accomplished in 1 µ, s. The
new 8-bit circuit uses low-power
Schottky techniques. The device
takes an 8-bit multipli cand at its
parallel X inputs and multipli es it
by the multiplier that is clocked
serially into the Y input. A two'scomplement product is available at
the serial output.
CIRCLE NO . 344

Just circle the number below
for more information on ATC's
new laser marked chip capacitor
kits .

ONE NORDEN LANE,
HUNTINGTON STATION , N.Y. 11746
(516) 271 -9600 •TWX 510-226-6993
INFORMATION RETRIEVAL NUMBER 64
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PACKAGING & MATERIALS

Pawl latch locks out
noise, dust & vibration

Processor hardware kit
just needs the ICs

Microwave substrate has
high dielectric constant
3M Co., P.O. Box 33600, St. Paul,
MN 55133. (612) 733-1725. For a
0.025-in.-thick sheet, $81 ( 1 to 4
sheets); stock.

The "Epsilam-10" microwave
substrate, a high dielectric constant laminate for stripline or
microstrip use has a dielectric constant of 10.3 ± 0.5. The copperclad, ceramic-filled Teflon compound
combines the flexible mechanical
properties of a plastic with electrical properties similar to alumina.
Its high dielectric constant allows
for reduced package size and
weight and increased circuit density. Epsilam-10 is supplied in 9 x 9
in. sheets with a choice of thicknesses-0.025 or 0.05 in . with 1-oz
copper on two sides. The sheet size
a llows for multiple circuit layout
and processing using typical resists
and etchants. The material can be
easily machined, drilled, routed or
cut with shears or knife.

The Camloc 65L series pawl
latch is designed to exert increasing pressure to hold gaskets to
panels and access doors. One quarter turn locks the door and each
additional turn pulls the door
closer to the frame to apply the
amount of latching pressure you
need. The latch seals tight to lock
out noise, dust and vibration. Each
latch fits many frame requirements
of varying thicknesses with a grip
range that compensates for wear
and aging gaskets.

The PS-710 F-8 kit module is a
fully assembled printed-circuit
card with sockets to accept the
F-8 microprocessor kit ICs. It can
be used for prototype and development systems or as a standard
hardware module for production
systems. All necessary functions
are available on a standard edge
connector to permit memory expansion.

CIRCLE NO. 350

CIRCLE NO . 354

CIRCLE NO . 355

Rexnord Inc ., Specialty Fast ener
Div., P.O. Box 98, Paramus, NJ
07652. (201 ) 845-6900. From $1 .20
( 1000-up) ; stock.

NEED A COMPETITIVE EDGE?

CHECK OUT

WESTON POTS
FOR COST
DELIVERY • PERFORMANCE

Pronetics Corp., P.O. Box 28582,
Dallas, TX 75228. (214 ) 276-1968.
$65 ( 1 to 99); 2 w ks.

llEI lll COST REED RELAY

RICK HARD EPOXY COATED
$1 .85 to 49¢
Depending on coil voltage , contact level and volume

EXAMPLE:
Model #830P

WESTON
RECTILINEAR
%"CERMET
TRIMMER

PRJCEc1000 Orders~ .91EA.
Piece

WESTON COMPONENTS
ARCHBALD, PENNSYLVANIA 18403
TEL. (717) 876-1500
TWX 510 656-2902
TELEX 83·7443

INFORMATION RETRIEVAL NUMBER 82
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POWER SOURCES

Open-frame source
claims midget title

Isolated supplies
meet UL 544 specs

Power-One, 531 Dawson Dr., Camarillo, CA 93010 . (805) 484-2806.
$49 .95; stock.
Said to be the world 's smallest
triple-output open-frame power
supply, Model HTAA-16W provides
5 V at 2 A with OVP and ± 9 to
15 V at 0.2 A. Total isolation between the 5 and ± 9 to 15-V out-

Calex Mfg . Co., 3305 Vincent Rd.,
Pleasant Hill, CA 94523. ( 415 )
932-3911. 7009, $69: 7010, $79;
stock-2 wks.
Two new power supply modules
are UL approved for use in medical and dental instruments. Listed
as a recognized component under
UL 544, Model 7009 is rated at + 5
V, 1000 mA and Model 7010 is
rated at ± 15 V, ± 200 mA. Special
bobbins and winding techniques
provide complete physical isolation
between primary and secondary
windings . Ac hot and neutral connections may be interchanged
without any degradation of isolation. Isolation is specified as 10 pF
of capacitance, 0.1-µ,A maximum
leakage from input to output and
a minimum voltage isolation rating
of 5000 V.

puts allows the user to arrange
polarities to suit his specific application. Size is 6.5 x 4 x 2.i2
in. and weight is 2 lb. Standard
features include 115/ 230 V ac
±10 % input; ±0.05 % line and
load regulation, and full protection
against short-circuit and overload.
Maximum output ripple is 10 mV
pk-pk whi le the full load operating
temperature specification s are O
to 50 C, derated to 71 C.
CIRCLE NO. 358

CIRCLE NO. 356

Submodular supplies:
42 models, 7 packages

Power/Mate Corp., 514 S. River
St., Hackensack, NJ 07601. (201 )
343-6294 . Start at $35.
By breaking a power supply into
its submodular elements and then
standardizing these elements, the
company can offer custom power
suppli es economically and rapidly.
The new SMS Series of submodular supplies consists of 42 different
models in seven different package
sizes. These provide a wide variety
of voltages from 0 to 20.0 V and
currents from 0 to 36.0 A. The
series features built-in overvoltage protection, current limiting
overload protection, and adjustable
controls for voltage and other protective functions. Line and load
regulation is better than 0.075 %
and the output ripple is better than
1 mV rms.

And here's what we built into our
new 15122.
• solid state circuitry
• short and open circuit protection
• frequency stability ± .001 %
• external pulse or AM modulation
• internal square wave modulation
• low tube cost/operating hour
• qualified to MIL-STD-461 and 810

It has six different plug-in heads
Model
6047
6048
6049
6050
6051
6052

Freq .
(MHz)
10-50
50-200
200-500
400-1000
1000-2000
2000-2500

Pwr.
(MIN)
65
65
65
65
40
35

You have now
ended your search
for a stable, reliable
65 watt oscillator.
Just call or write for
detailed engineering data.
Or ask for a demonstration
MCL, INC.,
10 North Beach Aven~e
,
LaGrange, Illinois, 60525.
(312) 354-4350

M·S~
"

/

INC

_,,

CIRCLE NO. 357
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Custom can meet your capacitor
needs better, because each process
in our capacitor production begins
and ends with quality control to avoid
failure in the field. Let us show you
how we can fill your requirements.
Write for FREE descriptive TechniTip,
includes sample of mica dielectric.

Cap & Toi

0.1 µ.I±10%

WVOC

3000

L x W

2.562"X 1.620"X0.270''

Typlcal
1-10 ea .
Price
$ 9.25

CER- Epoxy Housed Type

....

.

,

Digital multimeters
Portable, 3-1 / 2-digit multimeters
are highlighted in a four -page
bulletin. United Systems, Dayton,

Send for FREE Product Brochures
US TOM

x T

CUSTOM ELECTRONICS. INC.
4 Browne Street Oneonta, N.Y. 13820
PH' (607) 432-3880 TWX' 510-241-8292

OH
CIRCLE NO. 359

INFORMATION RETRIEVAL NUMBER 66

Solid-state current sensor
Features, applications, absolute
maximum ratings, e lectrical characteristics, mounting dimensions
and operating characteristics of
solid-state current sensors are
lh;ted in a four-page bu ll etin .
Micro Switch, Freeport, IL

Three Cheers for
)

Pl5RRITl5S
from the Permag Team

1. With Permag supplying application-rated

Indiana General Corp. Ferramics, you'll always
get exactly what you need.

2. Complete fabricating facilities. Prototype
quantities available. Plus engineering
assistance, field testing.
3. Prompt 24-hour delivery. Extensive stock of
ferrite parts at all locations. New catalog
available. Yea Team !

CIRCLE NO. 360

Structural foam
"The Handbook of Engineering
Structural Foam," 62-pages, de- '
scribes and documents state-ofthe-art design, materials and
processing information. General
Electric, Structural Foam Resins,
P lastics Div., Pittsfield, MA
CIRCLE NO. 361

YOUR NO 1 SOURCE
FOR ALL MAGNETIC MATEAIALS

FERRAMICS'M
FROM
PERMAG ... ·"'·~
. .
:.:.:"
f11nc1sco

'

To!tco

lnAllgt lH

Cons11ll your Yello w Pages lot add1ess
and telephone num ber ol Permag neat you

Cable Address : MAGNETS NEWYORK

A1 •1M1

D.1l'H

ALL AcRoss THE couNTRY

Chips and wafers
Specifications and data on wafer
and chip processing, power ratings, testing, quality-assurance
criteria, bonding and h andling
are given in a brochure. A guide
cross-references standard packaged
devices to chip types. Unitrode,
Watertown, MA
CIRCLE NO. 362
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(3-5169)

(3-6252R1)

NEW. June '15 Miniature Lamps:

NEW. Feb. '15 Sub-Miniature Lamps:

U l f U l . I UUl l C

(3·6254R)

40 pages. 500 changes. Data covers over
24 pages. 91 changes. Data covers over 210
500 miniature lamps ranging up to 20,000
sub-miniature lamps. Diameters lfii" and
hours rated average life. With a design voltsmaller. Rated voltage 1.3 to 60. Candleage range of from 1.2 to 55, and candlepower range from .006 to 15. Rated average
power range from .02 to 250. Diameter
lamp life up to 60,000 hours.
11
range from /32" to 2 Vi&". ·
Circle Product Card # 252
Circle Product Card # 251
To get the catalogs you need, free of charge, circle the product card
number shown under each catalog, or write General Electric, Miniature
Lamp Products Department, 3382· L, Nela Park, Cleveland, Ohio 44112.

NEW. Dec '14 Glow lamps:
8 pages. 50 changes. Data covers 83 Neon
Glow Indicator and Circuit Component lamps.
Diameters ranging from lfii" to 1%". Wire
terminal lengths ¥2_,,, 5/a", %"and 1511.&".
Circle Product Card # 253

GENERAL. ELECTRIC

'~~~~
~'~!!!f
PRINTED CIRCUIT KIT

Low cost tool for design
and trouble-shooting
Pocket Size
Slide-Switch
Resistance
Substitution Unit
still only

S

Makes circuits THREE WAYS

58

1

• Over 11 million step range
• 1% accuracy resistors
• Unique In convenient size
• Rugged construction
Small enough to take anywhere in your pocket, this aluminumhoused unit delivers a very broad range of resistance steps.
Excellent for both development and repair work.
Half-watt 1% tolerance resistors give an accurate range from
1 to 11 ,111 ,11 O ohms, in one-ohm steps. Has three binding
posts, one to ground case.
Available now from stock. Catalog No. 7092-236. Cash savings
available, see coupon. Write, or call (804) 264-2858. Phipps & Bird, Inc.
D Please send _ _ Units @ $58 each . (Check enclosed less 5%
cash discount)
o Send _ _ Units @ $58 each C.0 .0 . (Phipps & Bird will pay
C.0 .0 . charges)
Name _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Firm _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ __
Address-------------------~

City, State _ _ _ _ _ _ _ _ _ _ _ _ _ _ Zip _ _ _ _
-

Ask your dealer, or contact :

. . [;)[:] D~[;:>~ @..ID Dffi[!)0 a~~o
Manufacturers of Scientific Instruments
P.O. Box 27324 •Richmond, Virg inia 23261 •Phone : 804 /264-2858
INFORMATION RETRIEVAL NUMBER 69
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FULL SCALE ARTWORK MASTER

~
..

2
3
.

MAGAZINE ART ........ FILM
•
ILLUSTRATION . . . . POSITIVE

•

DEVELOPED

. . PHOTO RESIST ..... ETCHED
NEGATIVE . . ~~-;~:~LAD
~:AC~JT

lllllllP"

CIRCUIT BOARD

•

r

DIRECT ETCH DAY TRANSFERS APPLIED TO COPPER CLAD BOARD . . . . . .

KIT CONTAINS S" "6" s1eel 1)1'1nt1ng lrame • sheets S" " 6" ohotocooy him 'f'ttllow h1te1 cnem1cals 101 1 01nt l1lm de11elooer
al'\d 1 01nt Mm ""e' 5" • 6" coooer clad board 3" 11 • ~· coooer ctad board soray can ol ohoto etcl'I resist 1 01n1 resist de11elooer
2 srieets e ~· A 11 " lay<>ut lolm 1 roll 1/16" 011n1e<1 c11cu1t taoe I roll 1132 " 0t1nted c11cu111aoe e snee ts dry 11ansl er direct etcl'I
PC oanerns 1nclud1ng pads 1r1n11SIOl'S roul'\d can ano flat Dael\ ICs DIP ICs edoe card connectors hnft c11cles IOQS etc
lb anl'IV(tr ous lemc cnloode 10 malle 1 omt etchln1 1ns1ructt0ns

ER-4 COMPLETE PHOTO ETCH SET ..... $24 .95
ER-2
ER-3
ER-5
ER-6
ER-7
ER-8

PC patte rn s and ta pes-refill . . ...... . .......... . . 3 .39

Y.. pou nd d ry etchant -refil l ..... . . . ........ . ..... 1.25
6 sheets photocopy film -ref ill . . .
Film process ch e micals-ref ill . . . . .
Photo resi st spray, 2.5 oz. -ref il l .
Res ist developer. 16 oz. ca n -refill .

. ... . .... 3 .39
. 1.79
. 2.95
. 2. 95

AT YOUR DISTRIBUTOR OR DIRECT

the DATAK corp.
65 71 st St.• Guttenberg , N. J . 07093
INFORMATION RETRIEVAL NUMBER 70
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NEW LITERATURE

think small ... with
sub-miniature
ceramic
capacitors

..

Specifications on nearly 300 industry standard and special subminiature incandescent lamps,
sizes T-7/ 8 to T-3-1/4, are given
in a 16-page catalog. IEE, Van
Nuys, CA
CIRCLE NO. 363

Thick film hybrid design engineers
can choose sub-miniatu re single
and multi-layer ceramic chip
capacitors with the widest range in
capacitances, sizes, temperature
characteristics and termiriations in
the industry from Centre Engineering.
In
frequency
critical
areas
requiring accuracy and stability,
consider Centre Engineerings NPO
type ch ip capacitors. Applications

h

Incandescent lamps

-

Power supplies
Switching regu lated powey supplies are highlighted in a sixpage foldout. Deltron, North
Wales, PA

requinng less stringent specifications Centre Engineering WSR and
ZSU chip capacitors are economy
savers.

CIRCLE NO. 364

Single layer and multi-layer ceramic chip capacitors, as small as, .080
x .OSO x .SST up to .460 x .420 x .6ST
with extremely high capacitance to
volume ratios are ultri-reliable.

IC logic panels
A 20-page catalog covers IC lo gic
panels. Interdyne, Van Nuys, CA

If you are thinking small ... write
for our catalogue.

CIRCLE NO. 365

Resistors

CENTRE ENGINEERING

Thin-film resistor networks including general-purpose networks,
precision ladder networks, network
sfarter kits and user designed chip
and packaged network specifications are covered in a 16-page
guide. Analog Devices, Norwood,
MA

2820 E. COLLEGE AVE ., STATE COLLEGE, PA 16801

INFORMATION RETRIEVAL NUMBER 71

Thin Film
Center Tapped
Chip Resistors

Plug Us In
15

CIRCLE NO. 366

!f""'-

Turn Us On
·ti: .;..

Microcomputer kits
Specification sheets cover six
different ready-to-assemble microcomputer kits. Cramer Electronics,
Newton, MA
CIRCLE NO . 367

Thick-film materials
STANDARD SPECIF/CATIONS:
• 4. 7 ohms to 560K ohms
• 0.03 x 0 .03 x .007 Silicon
• 0.005 inch x 0 .005 inch , Bonding
Pad Aluminum.
• ± .1, 1, 5, 10 and 20% standard.
Custom tolerances from 0 .01 %.
• TCR, ± 50 ppm/ 0 c, from -55°c to
± 150°c. Custom ± 1o ppm/ 0 c.
• 250 mw.
For additional information
write or call:

llbBJ;~~

1001 Digital Drive , Hudson, N.H. 03051
Tel. 603-883-9351 TWX 710-228-1377
INFORMATIOl\I RETRIEVAL NUMBER 72
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Quietly
Measuring low level signals is t ough enough
without add ing noise - so o ur pre amplifiers
are quiet. T o find out more about our
wide range of quiet preamps, write o r ca ll
for our handy full co lor wa ll chart; it will
help you in se lecting the best prea mp for
your ap pli cat ion. Princ eton Applied
Re search Corporation, P.O. Bo x 2565 Princeton, New Jersey 08540, 609/452-2111.
In Europe, co nta ct Prin ce ton Applied Researc h GmbH, 08034 Unterpfaffenhofen,
Waldstrasse 2, West Germany .

D

PR1ncnan
APPllllD
AISIAACH

Conductor cermet pastes, high
temperature metalizing, dielectrics,
resistor compositions, solder creams
and protective coatings are covered
in a 35-page catalog. Transene Co.,
Rowley, MA
CIRCLE NO . 368

Mini and microcomputers
The U-Series minicomputer and
L-16A 16-bit microcomputer are
covered in two separate catalogs.
Background information on Panafacom is supplied in another catalog. Panafacom, Ltd., Jiygaoka,
Meguro-ku, Tokyo, Japan.
CIRCLE NO. 369
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Introducing • • •

~ustom

G

Devices

DI VISION OF CONTINENTAL TESTING LABORATORIES IN C

We assemble-e

HI REL HYBRIDS

e SEMICONDUCTOR SPECIALS
e ON-SHORE ASSEMBLY (Orlando)

e

COMPLETE MIL-STD-883
and 750 TESTING

Ph. 305/834-3340

we'll
do it
y_our way!

763 U.S. Hwy. 17-92, Fern Park, Florida 32730
INFORMATION RETRIEVAL NUMBER 75
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Thin-Trim variable capacitors provide a reliable means of adjusting
capacitance without abrasive trim ming or interchange of fixed capacitors . Series 9401 has high Q's and
a range of capacitam:e values from
0.2-0 .6 pf to 3·. 0 -12.0 pf and 250
WVDC working voltage. Johanson
Manufacturing Corporation , Boon ton , New Jersey (201) 334-2676 .
THIN-TRIM CAPACITORS
601

New and current products
for the electronic designer
presented by their manufacturers.

SPACE-SAVING 4 AMP SOLID STATE
RELAY occupies only 1 cubic inch,
is logic compatible, with switching
capability from 0.1 to 4 amps, rated
@25°C. Optically coupled; zero
voltage turn-on. Offers inductive
load switching, excellent transient
protection. PC mountable. Prototype
quantities from stock. Grayhill, Inc.,
(312) 354-1040.
SOLID STATE RELAY
604

48 pages of data on circuits for commutation, analog and D.C. switching,
gating, multiplexing, chopping, Oto-A conversion, sample and hold,
modulation,
demodulation,
solid
state re·lays, lamp/relay driving,
TTL to MOS level shifting. Teledyne Crystalonics, 147 Sherman
Street,
Cambridge,
MA.
02140
(617) 491-1670
MICROCIRCUITS CATALOG
607

INTEL

8080
Microcomputer

SYMBOLIC CROSS ASSEMBLER
For Use On Any:

DEC PDP-8

POWCR/ MATICORR

Minicomputer
Free catalog of 34,500 power supplies from the worlds largest manu facturer of quality Power Supplies.
New '74 catalog covers over 34,500
D.C. Power Supplies for every application . All units are UL approved,
and meet most military and commercial specs for industrial and
computer uses. Power Mate Corp.
(201) 343-6294.
POWER SUPPLY
602

T2L Power Distribution-Noise attenuation and highest packaging
density for P.C. boards with T2L
logic are yours with Mini/Bu 5'B), the
Rogers way to eliminate the cost of
multilayer boards
by off-board
power distribution . Rogers Corpor ation, Chandler, AZ 85224 . Phone
(602) 963-4584.
PC POWER DISTRIBUTION

603

Free 84-page Printed Circuit Drafting
Aids Technical Manual & Catalog
contains hundreds of time & moneysaving tips, plus details on over 15,000 component symbols & tapes,
film, vellum, grids. Bishop Graphics,
Inc., 20450 Plummer St., Chats worth, California, 91311, (213) 9931000.
FREE CATALOG
605

1. LOCATE COMPONENTS.

2. DRlll·MILL INSOLATED PADS.

l . INSERT & SOLDER COMPONENTS.

4. INTERCONNECT COMPONENTS.

DRILL/ MILL tools allow fabrication
of small quantity and experimental
circuit boards from full -size artwork
without etching. Isolated -pad tech nique allows duplication of any
etched board layout, even for bread boards . $27 .50 set of 3 (.20" , .15" ,
.10"). Saves builders time , money.
AFS Precision Tools, Bx 354, Cupertino, CA 95014 (408) 252-4219
DRILL/MILL
606

CAL-80 CROSS ASSEMBLER. INPUT:
ASCII source tape using standard
Intel 8080 mnemonics. OUTPUTS:
BNPF Prom Programmer tape and
an assembled program listirig. Runs
on 4K Digital Equipment Corporation PDP-8 series minicomputer.
Stores up to 400 symbols. FBE Research Comp~ny , P.O. Box 68234,
Seattle, Washington 98168
ASSEMBLER
608

SOLID STATE ANTl-TIEDOWN ANTIREPEAT CONTROL fail -safe solid
state two hand machine control.
Small, cor:npetitivel)'. priced, is easily
plugged in. Contains all circuitry
necessary to meet requirements of
OSHA. Provides reliability and operator safety. Nolatron Inc., 3809 Paxton Street, Harrisburg, Pa. 17111
(717) 564-3398.
SOLID STATE CONTROL
609
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FLEXIBLE CIRCUITS BY ROGERS.
We have the people, experience,
plant, equipment-and know-how!
Write for information-or call Herman Gordon for action. ROGERS
CORPORATION .
P.O.
Box
700,
Chandler, Arizona 85224. Phone
(602) 963-4584.

Motorola Component Products is
offering microprocessor clock oscillators. Models MC6870A, MC6871A and MC6871B are designed
to drive Motoro.Ja's M6800 µP;
Model K1117A is recommended
for Intel's 8080 CPU. Prices for
the MC6870A have been reduced
from $68.13 to $33 (1-4) and from
$33.51 to $18.40 (50-99 ) . The MC6871A and B are lowered from
$70.88 to $36 (1-4) and from
$34.85 to $20 ( 50-99 ) . The prices
for the Klll 7 A are the same as
the MC6870A.
CIRCLE NO. 370

FLEXIBLE CIRCUITS

610

Siliconix has dropped p·r ices by
nearly one-third on its 3-112digit LDUO/LDlll a/d converter
IC chip set and LD111/LD114
multiple-option a/ d converter IC
pair.
CIRCLE NO. 371

The Monroe 324 scientific microcomputer has been reduced to
$495.
CIRCLE NO. 372

AP Super-Strip. High-performance
breadboarding element has 840
solderless, plug-in tie points, holds
up to nine 14-pin DIP's, has 8 integral distribution buses. For all DIP
sizes, T0-5's and pther components
with leads up to .032" dia. Patch
with any solid wire up to 20-ga. AP
PRODUCTS INC., Box .llO·D, Painesville, OH 44077 (216) 354-2101.
SUPER-STRIP
611

Signetics has announced that it
will manufacture two device types
selected from the Intel 3000 series
as part of a bipolar microprocessor system set.
CIRCLE NO. 376

New Band-Selectable Fourier
Analysis (BSF A) software is now
included in Hewlett-Packard's
Model 5451B Fourier analyzer
system.
CIRCLE NO. 373

National Semiconductor's Memory Systems group has begun volume production shipments of its
MOS-RAM 410, featuring the
MM2102 lk static memory chip.
Low Cost Model 5800A; sine, square
and triCjngle waveforms from 0.2Hz
to 2 MHz. 15V p·p outputs, 50 Ohm
output. Distortion typ. less than
.3%. 1000:1 tuning dial covers
audio range on one band. Aux. output sq. wave. Price $245. Stock delivery. Krohn -Hite Corp. Avon Ind.
Park, Avon MA. 02322 (617) 580 ·
1660; TWX 710·345-0831.
FUNCTION GENERATOR
612

CIRCLE NO. 374

Siltek is offering 68 types of
CMOS 4000B and 4500B series
products. All types are interchangeable with Motorola's 14500
series.
CIRCLE NO. 375
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ELECTRONIC DESIGN'S function is:

Dual Hi-Speed FFT Processor Easy to Operate
Conceived from the point of view of the operating engineer rather
than the computer programmer, the new OmniferousTM FFT Analyzer
operates like an instrument, calculates like a computer. This Series
OF-400 Analyzer is a universal digital signal analysis system for
real-time viewing of changing functions, a complete instrument with
all signal conditioning and d isplay calibration bui:t-in. For the first
time an operator can observe t ransfer function, cross-spectra or
coherence as the signal is changing without waiting for the analyze r
to perform successive laborious calculations.
Features include high speed of 68, 0 00 samples/sec throughput, and
high resolution with a 2048 transform size and extra-sharp input
anti-aliasing filtering. Calculates FFT, IFFT, power spectra, autocorrelation, cross correlation, and signal enhancement (time averaging), as well as the averaging of any calculated function in sum,
peak or exponential mode.
The system excels in high dynamic range, ease of use, display
flexibiilty with two simultaneous display outputs, frequency co verage to 100 kHz, an d reas o nable cost. Designed by t he originato rs
of the famous Ubiquitous® family of real-time spectrum analyze rs.

Nicolet Scientific Corp.

(formerly Federal Scientific Corp.)
245 Livingston St. , Northvale, New Jersey 07647 IMMEDIATE, CIRCLE
(201) 767-7100 . TWX: 710-991 -9619
ROUTINE , CIRCLE

No. 110
NO . 171

GIANT FREE CATALOG
New 164-page catalog! Packed with 1,000 's of hard -tofind buys in Optics, Science, Electronics . Loa ded with
optica l, sc ientif ic , electronic equ ipment a va ilable from
stock. Rare surplus buys. Ma ny " one-of-a -kinds" . In genious scientific tools. Components galore: lenses,
prisms, wed ges, mirrors, mounts, accessories. lOO's of
instruments: pollution test equipment, lasers, compara to rs , magnifiers, microscopes, projectors, telescopes,
binoculars, photo attachments, alternate energy sources.
Shop, save ·by mail! Request free Catalog " DA ''.
CIRCLE NO. 172

Edmund Scientific Co.
America's Largest Science-Optics-Electronics Mart
300 Edscorp Bldg., Barrington, New Jersey 08007 (609) 547-3488
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New 24 page chip capacitor catalog is the most comprehensive and easy to use available and insures proper
chip selection. The catalog features 7 basic product
sections which cover a complete variety of dielectric
materials and special designs. Included are NPO -COG,
BX-X7R , Hl -K and High Q dielectrics and high voltage
and single layer types. Each section contains suggested
application data for the particular dielectric material ,
technical information on all characteristics much of
wh ich is in g raphic form . A unique bar-chart arrangement
illustrates each chip in its actual size and the various
capacitance values available for that size. Also included
is simplified "how to order" information . Other parts of
the catalog are devoted to chip capacitor theory, feed thru capacitors , prototyping kits , chip capacitor modules
and temperature compensat ing dielectrics.

Box 6456, Burbank, California 91510
(213) 848-4465
136

Wa nt a subscripti on? ELECTRON IC DESIGN is sent free to qua lified engineers
and e11g-ineering managers doing design work, supervising design or setting tandards in the United States
and Western Europe. For a free subscription, use the app lication form
bound in the magazine. If none is
included, wr ite to us direct fo r an
application for111.
If you do not qualify, you may take
out a paid ubscription for $30 a year
in the U.S.A., $40 a year elsewhere.
Single copies are $1.50 each .
If ~ ou chani.:e )'our address. send us an
old ma iling label and your new address; t h.ere is generall y a postcard
for this bound in the magazine. You
will have to requal ify to continue
receiving ELECTRONIC DESIGN free.
The accuracy po licy of ELECTRON I C
DESIGN is:
• To make diligent efforts to ensure
the accuracy of editorial matter.
• To publish prompt corrections
whenever inaccuracies are brought to
our attention. Corrections appear in
"Across the Desk."
• To encourage our readers as responsible members of our business
community to report to us misleading
or fraudulent advertising.
• 'T'o refuse any advertisement deemed
to be misleading or fraudu lent.

-

CERAMIC CHIP CAPACITOR CATALOG

Johanson Dielectrics, Inc.

• To aid progress in the electron ics
manufacturing industry by promoting
good design.
• To give the electronic design engineer concepts and ideas that make h is
job easier and more productive.
• To provide a central source of
timely electronics information.
• To promote communication among
members of the electronics engineering community.

CIRCLE NO. 173

Microfilm copies are avai lable of complete vol umes of ELECTRONIC DES IGN
at: $19 per vol ume, begi n ning with
Volume 1, 1952 through Volu me 20.
Reprints of individual articles may be
obtained for $3.00 each , prepaid ($.50
for each additional copy of t h e same
article) no matter h ow long the
article. For further deta ils and to
place orders, contact the Customer
Services Department, Univers ity Microfilms, 300 North Zeeb Road, Ann
Arbor, Mich igan 48106 telep hone
( 313) 761-4700.
Want to conta ct us? If you have any
comments or wish to submit a manuscript or article outline, addre·ss your
correspondence to:
Editor
ELECTRO!'\IC DESIGN
50 Essex Street
Rochelle Park, N.J. 07662
ELECTRON IC D ES IGN 23, November 8, 1975

Electronic Design

recruitment
and
classified ads

Rochelle Park, NJ 07662
Robert W. Gascoigne
Daniel J. Rowland
50 Essex Street
(201) 843-0550
TWX: 710-9990-5071

CRAMOLIN -CONTACT CLEANER
"The less you use -the better it works!"
Cleaner, Lubricant, and Corrosive for use
on metal electrical contacts. Reduce con tact resistance. Will bring back electronic
system performance. Protects agai nst cor rosive atmospheres. Safe. Liquid or Spray.
Free Data . Sample available .
CAIG LABORATORIES, INC.
P.O. 64, Escondido, CA. 92025

FREE ALARM CATALOG
Hug e selection of burglar & fire systems . supplies . Motion detectors . infrared beams; controls, door switches.
bells. sirens. 500 items. 99 pp. packed
with technical details, notes.
(Outside U.S .. send $1 .00.)

1)()0,, mountain west alarm
4215

n.

1000 pcs.

TRANSIENT
SUPPRESSOR

Philadelphia
Thomas P. Barth
50 Essex Street
Rochelle Park, NJ 07662
(201) 843 -0550

CIRCLE NO. 201
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95¢

Advertising Sales Staff
Tom W. Carr, Sales Director

16th st., phoenix, az. 85016
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GOLD BOOK
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The TSD -1.5 Series are ideal for protection of long signal lines from damage
from induced lightning etc . Reaction
time is in nanoseconds.

Boston 02178
Gene Pritchard
P.O. Box 379
Belmont, MA 0~178
2 units (back to back) will protect
sensitive comp onents from a 5KV , lms
duration transient . Clamp voltages from
5V to -2oov , Call Mike Coyle for applications assistan c e. Full line of protection
modules for every hi -lo voltage / current
requirement. Wr ite or cal I for Catalog 749.

Chicago 60611
Thomas P. Kavooras
Berry Conner, Jr.
200 East Ontario
(312) 337-5088
Cleveland
Thomas P. Kavooras
(Chicago)
(312) 337-0588

INFRA-RED TUNNEL OVENS
Free Catalog Describing Complete Line of
Bench and Floor Models.
IR Radiant Energy , the newest stage of
Product Heating Evolution. Ovens tuned to
the matching absorptive wave length character of product chemistry. Produces clean ,
fa st, dry heat . Has replaced batch Hot Air
types. Every Lab must have one. Many sizes.
OAL ASSOCIATES, INC.
P.O . 64 , Escondido, CA. 92025

~,"r\EP: INf."O

279 Skidmore Road
Deer Park, New York 11729
Telephone: 516 - 586-5125

Los Angeles 90045
Stanley I. Ehrenclou
Burt Underwood
8939 Sepulveda Boulevard
Los Angeles, CA
(213) 641-6544

See Gold Book Vol 2. p. 320-322
INFORMATION RETRIEVAL NUMBER 79
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Texas/ Oklahoma
Burt Underwood
(Los Angeles)
(213) 641-6544

RADAR SYSTEMS
TRACKING ANTENNA SYSTEMS
Nike Hercules, Nike Ajax, M-33. MPS-9, SCR-584,
TPS-1E. TPS-28, FPS-6, FPS-14. FPS-18, FPS-75.
UPX·&, MP0-1 OA, IBM 705 Computers.
HUNDREDS MORE. LARGEST INVENTORY OF
RADAR AND MICROWAVE EQUIPMENT IN THE

~

San Francisco 94040
Robert A. Lukas
3579 Cambridge Lane
Mountain View , CA 94040
(415) 965-2636

WORLD .

~

RADIO RESEARCH INSTRUMENT CO.
3 QUINCY ST .• NORWALK, CONN .
(203) 853-2600

London, Amsterdam, Tokyo, Seoul
John Ashcraft
12, Bear St.
Leicester Square
London WC2H 7AS England
Phone: 01-930-0525
W. J. M. Sanders
John Ashcraft & Co.
Herengracht 365
Amsterdam C., Holland
Phone : 020-24-09 -08
Haruki Hirayama
Electronic Media Service
5th Floor, Lila Bldg.,
4-9-8 Roppongi
Minato-ku, Tokyo, Japan
Phone: 402-4556
Cable: Electronicmedia, Tokyo
Mr. 0-kyu Park , President
Dongbo lnt'I Corp.World Marketing
C.P.O. Box 4010
Seoul , Korea
Tel. 76 -3910 /3 911
Cable: DONGBO SEOUL
Telex: EBKOREA K27286

Protect Your Heart
RAVE REGULAR MEDICAL
CHECK UPS

Give Heart Fund

Revolutionary Lithium
Primary Batteries

\V

For lighter, more compact, higher performance, and
longer-lived portable electric and
electronic equipment.

O

o
0

D
D
O

2.8 volts-per-cell nominal operating voltage
-double ordinary batteries
highest energy per unit weight and volume
outstanding shelf life-5 years and more
remarkable low-temperature performance,
down to -65F
continuous storage to + 160F
rugged, MIL spec qualified

Available in 10 standard cell sizes, lnclud·
Ing standard 9-volt transistor size , " AA " ,
" C", and " D" . Designs for custom applications, too.
Write or phone for full specs on Eternacell ® lithium batteries.

~

f... ABP

Power Conversion, Inc.

- - 70 MacQuesten Parkway South
Mount Vernon, N.Y. 10550 Tel ephone : 914-699-7333
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CONNOR-WINFIELD's

NEW

LOW PROFILE

DIP CRYSTAL
OSCILLATOR

c
Advertiser

Page

A P Products, Inc . ........ .................... 135
AFS Precision Tools ........................ 134
AMP, Incorporated .. .......................... 15
Abbott Transistor Laboratories, lnc. 6
Airpax Electronics, Cambridge
Division ....................... ........... .......... 114
Alco Electronic Products, lnc......... 119
Allen Bradley Co. ·-··--··---·-····-······84D-E
American Optical Corporation ....... . 123
American Technical Ceramics ........ 127
Amphenol RF Division, The
Bunker-Ramo Coporation ............ 103
Angstrohm Precision, Inc............. .... 121
Augat, Inc. -··············-···-·---·-················ 59
Berg Electronics, lnc. ........................ 123
Bishop Graphics, Inc ......................... 134
Browne Corporation ......................... . 84
Bud Radio, Inc ........ ........................... 32A

Actual Size

MODEL
S14R-2
FREQUENCY TOLERANCE:
±.01% from -25 °C to + 75°C
FREQUENCY RANGE: Available
4 MHz to 20 MHz
OUTPUT WAVEFORM:
Squarewave
85% of supply voltage
into a 1Ok n load
Duty Cycle 30/70 or better

Capitol Machine & Switch Co., Inc ... 122
Centre Engineering ............................ 132
Circuit Technology, inc ..................... 125
Clare & Co., C. P . ............................ 84G
Computer Automation, lnc............. 32B-C
Conner-Winfield Corp . ...................... 138
Continental Specialties
Corporation ... ..................... 33 thru 52
Control Switch, A Cutler-Hammer
Company ........................................ 121
Curtis Industries, Inc ......................... 99
Custom Devices ................................ 133
Custom Electronics, Inc ..................... 130
Cutler-Hammer, Specialty Products
Division ············-··········--················· 64
Dale Electronics, Inc. ................Cover II
D ata General Corporation ................ 91
Datak Corporation, The .................... 131
Decitek, A Division of Jamesbury
Corp ................................................. 125
Delco E"iectronics, Division of
General Motors Corporation ...... 8, 9
Delta Products, Inc ........................... 99
Deltron, Inc......................................... 118
Dialight, A North American
Philips Company ..... ....................... 90
EMR Telemetry, Weston
Instruments, Inc . ............................ 135
Edmund Scientific Company ............ 136
Elec-Trol, Inc . .................................... 128
Electronic Design ...................... 13 *, 32D
Electronic Navigation Industries ...... 18
FBE Research Company .................... 134

SUPPLY CURRENT: 1 ma to 5 ma
TERMINATION: 14 pin DIP socket
pin diameter .02 "
SUPPLY VOLTAGE: 5Vdc to 15Vdc
DIMENSIONS:
0.3 " .H x 0.5 " W x 0.8 " L

* SMALL SIZE
* LOW COST
* HIGH FREQUENCY
CONNOR-WINFIELD CORP.
West Chicago,
Illinois 60185
Phone: (312) 231 ·5270

GTE Automatic Electric .................... 84F
Gates Energy Products, Inc . ............ 105
General Electric Company, Miniature
Lamp Products Department ........ 131
General Electric Company, Tube
Products Department .................... 84C
Gold Book, The ..... ........... ........ .. 68, 139
Graybill, Inc. ...................................... 134
Hamamatsu Corp. .............................. 13 3
*Hayden Book Company, Inc . .... 84F-G
Hewlett-Packard ................ 1, 14, 58, 77
Hughes Aircraft Company, MicroElectronic Products Division ... ..... 22
Intech, Incorporated .......................... 124
Intel Corporation .. .................... .... 16, 17
Johanson Manufacturing Corp .. .54, 134
Johanson/ Dielectric, Inc. . ................. 136
Johnson Company, E. F ......... Cover III
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Littelfuse, Subsidiary of Tracor ...... 84H
LRC, Inc. ·---···················-···················-132
3M Company .................................... 98
MCG E"lectronics ...... .......................... 137
MCL, Inc . ............................................ 129
Mako, A Microdot Company ......... . 23
Micro Devices Corp. ·---·-················-· 75
Micro Networks Corporation ............ 119
Microswitch, A Division of
Honeywell ................ .. ...................... 85
Mini-Circuits Laboratory, A
Division of Scientific
Components Corp. ······· ······---·-······ 21
Motorola Semiconductor
Products, Inc ............................. 24, 25
MuRata Corporation of America ...... 119
Nicolet Scientific Corp. . ................... 136
Nolatron Inc ....................................... 134
Optron, Inc. ·······-······· ························· 7
*Oscilloquartz SA ...... ........................ 84H
Permag ................................................ 130
*Philips Industries, Electronic
Components and Materials
Division .............................. ....... ..... 84A
*Philips Industries, Test and
Measuring Instruments Dept. .... 84D-E
Pilips & Bird, Inc .............................. . 131
Power Conversion, Inc. . ................... 137
Power I Mate Corp. . ................... ........ 134
Power Tech, Inc................................. 12
Premier Metal Products Company .... 123
Princeton Applied Research Corp . .... 132
RCA Solid State ........................Cover IV
Reader Service Card .................... 140A-B
Research Inc ....................................... 140
Rockwell Microelectronic Device
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Rogers Corporation ...... ............ 134, 135
SGS Ates Semiconductor
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Sams & Co., Inc., Howard W........... 13
Schauer Manufacturing Corp ........... 116
Semtech Corporation ........................ 29
Siemens Corporation, Special
Components Division .................... 84A
Signal Transformer Co., Inc. ............ 107
Simpson Electric Company ....... ......... 69
Sodeco .... .... ........................................ 84B
Solid State Scientific, Inc. ·· ·········· ···- 76
Solitron Devices, Inc ........... .............. 109
Sprague Electric Company ................ 117
Systron-Donner .................. ................ 13 3
TRW / IRC Resistors, an Electronic
Components Division
of TRW, Inc ............ ....................... 111
Tektronix, Inc ......................... 31, 63, 65
Teledyne Crystalonics ............. ..... 55 , 134
Teledyne Rel ays, A Teledyne
Company ............. .... ....................... 2
Teledyne Semiconductor ............... ... .. 66
Teletype Corporation ....... ............. 10, 11
Texas Instruments, Incorporated ...... 112
*Thomson CSF ........... .......................84C
USCC/ Centralab Electronics
Division, Globe-Union, Inc........ .4, 5
United States Department of
Commerce ...................................... 84H
Vactec, Inc. ······ ················ ········-········· 97
Victoreen Instrument Division,
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Victor Electric Wire & Cable Corp. 126
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Here's all you
need for
computer/
process
interface!
~

~ConlactClosu,..

r:::L Solenoids
~ • Heaters

JUUL

Motors

Stepping
Motors

Heaters

UNI-DRIVER, the one standalone interface between
your computer and a// commonly used final control
elements. It maintains process control at the last command level, even with the
computer shut down , and
provides " back up" manual
control.
Mix or match any combination of control cards to drive
contactors, heaters, motors ,
pumps, power controllers,
valves, set points, motor
speeds, solenoids, shutters,
louvers, fans, lamps, stepping motors, you call the
shots. Up to 64 proportional
outputs or 512 on-off outputs per Uni-Driver.
Eliminate a rack full of " black
boxes! " Call collect (612)
941-3300 and ask for UN 1D R 1VER! Also , ask about
ANA-PLEXER. That 's our
combination Mux& A/D converter for sampling process
control signals of almost any
analog transducer or sensor.
Directly interfaces with your
CPU without external 1/0.
184

Direct Digital Control Division

@ .~~~~L~~~A ~.~!:
PHONE ( e12) 0 4 1 · 3300

Information Retrieval Service. New Products, Evaluation Sampies (ES), Design Aids
(DA) , Application Notes (AN) , and New Literature (NL) in this issue are listed
here with page and Information- Retrieval numbers. Reader requests will be
promptly processed by computer and mailed to the manufacturer within three days .
Category

Page

IRN

137
119
132
120
121
130
90
131
97
138
138
121
115
II
121
111
85
114
122
15
119
119
67
75
Ill
133

80
49
71
326
329
66
35
251
37
82
81
53
45
351
328
43
231
44
55
12
50
51
27
31
247
75

Components
capacitor kits
capacitors
capacitors , ceramic
capacitors , chip
capacitors , chip
capacitors , mica
indicators
miniature lamp catalog
photodetectors
potentiometers
relays, reed
resistor networks
resistors
resistors
resistors , cermet-film
resistors, precision
switch, solid -state
switches
switches
switches, DIP
switches , mini-rotary
switches, pushbutton
switches, rocker
thermal cutoffs
trimmers
vidicons
Data Processing
co"'puter/process
interface
computers
computing calculators
microcomputer
microcomputer board
microprocessor
minicomputers
PROM eraser
printer control
tape reader
terminal , CRT

118
116
59
117
117
118
14
118
118
125
118

48
305
25
321
320
323
11
325
322
62
324

Discrete Semiconductors
Darlingtons, power
FET, n-channel
hybrid chips
interrupter modules
rectifiers, reverse-switch
suppressors, voltage
switches, MOSFET
transistor arrays
transistors, epoxy
transistors, high -gain
transistors, power
transistors, silicon
zeners

122
122
109
7
122
29
122
117
122
9
122
22
116

331
332
42
6
335
19
330
47
334
7
333
16
46

18

14

63
69
12
113
77
65
115

241
30
9
304
33
243
309

Instrumentation
amplifiers, broad.band
audio freq
instrumentation
digital panel meters
electronics books
network analyzer
network analyzers
oscilloscopes
PC-board tester

Category

Page

IRN

132
133
114

73
74
307

preamplifiers
pulse analyzer
recorder
resistance substitution
box
spectrum -analyzer,
real time
timer/counter
white noise tester

131

69

135
115
114

77
308
306

Integrated Circuits
binary converter
CMOS, high-rel
counter, CMOS
crosspoint switch
HiN IL/ microprocessor
interface chip
microprocessing
multiplier
op amp
preamp
RAM, 4 -k CMOS
RAMs, 4-k
voltage reference

127
76
126
127
66
126
57
126
126
126
126
17
126

345
32
342
346
28
343
23
344
340
338
341
13
339

Microwaves & Lasers
fiber optics catalog

123

56

Modules & Subassemblies
amplifier, rf
125
controller, counter
125
converter, d/a
124
converters, a/ d
119
converters, a/ d & d I a
124
crowbars
137
electronic ignition
99
hybrid circuits
55
hybrid microcircuits
125

336
337
302
52
60
79
86
22
61

Packaging & Materials
assemblers , circuit
breadboarding
cable, flat
connectors
connectors
cord sets , wire & cable
ferrites
jumper, disconnect
kit, processor
latches, panel
PC kit
pins
pins and sockets
sockets, IC
substrate, microwave
terminal blocks

133
32
107
103
123
127
130
123
128
128
131
123
23
58
128
99

76
220
41
39
59
63
67
58
355
354
70
157
17
24
350
38

105
137
129
129
129
129

40
78
356
358
65
357

Power Sources
batteries
batteries
medical supplies
open-frame source
power generator
power modules
power supplies
power supplies

6

5

140
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Mature, fully developed, and at their
peak. It's our family of ceramic trimmers.
All of them offer good stability, a variety
of capacitance ranges, ceramic stators,
linear tuning, and a precision rotor.
Our Micro-J Capacitor is the Cadillac
of the group, and features high performance,
monolithic design, and horizontal and vertical
PC and stripline mounts.
Our Micro-K Capacitor is the newest
member of the family. Tiny enough for quartz
watches. And it has a precision lapped
titanate stator and finely machined brass rotor.
Our lOmm model is low cost and
mounts interchangeably with similar ceramic
disc trimmers.
The 5mm type is even less expensive
and can be used in the same applications
as monolithic types where maximum stability
isn't required.

Just send in the coupon for more
information about our newest crop of
trimmers. We think they're ripe for the times.

r------------------------1
E. F. Johnson Co./ ED 9/ Waseca, MN 56093
D Please send me technical information.
D I desire test samples. Please call me at
)

(

Area Code

Name _ _ _ _ _ _ _ __ _ _ __ _ _
Title _ _ _ _ _ _ _ _ _ __ _ __

_ _ _ _ _ _State

Zip _ _

E. F. JOHNSON l:OMPJ\NY
W A S E C A,

®

M I N N E S 0 TA

5 &0 9 3

L------------------------~
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What's new in solid state ...

~ RCA high-voltage
•

· poYler transistors
made our special VIG~
••

You already know
RCA transistors for reliability and performance.
But maybe you didn't
know about our highvoltage, high-current, fast
switching 2N6513,
2N6308 and 2N6251
families. Available off-theshelf, they're made with the special brand of
advanced technology, process controls, device
characterization and circuit performance you expect
from RCA. Inventors of the workhorse 2N3055.
Our special way
These transistors have multiple epitaxial base
structure and 4-layer pi-nu construction, for high
voltage and energy-handling capabilities. Rugged
clip-lead connections for reliability and high current-

handling. Plus a thermal cycling rating that helps you
design for optimum reliability vs. cost. All of which
makes these devices excellent choices for 20 kHz
switching regulators and inverters. Motor switches.
TV monitors. Hammer, solenoid and relay drivers.
Electronic ignition.
Check the specs and competitive prices below.
Contact your local RCA Solid State distributor. Or RCA.
Write: RCA Solid State. Box 3200, Somerville, New
Jersey 08876; Ste. Anne de Bellevue 810, Canada;
Sunbury-on-Thames, U.K.; Fuji Bldg., Tokyo, Japan.
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Corning soon.
A Super Switch.
ti= < 200 nsec@6 amps.
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amps
2N6513 7
2N6308 8
2N6251 10
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500@4A $4.44
700@4A 3@4A
600@3A 1.6@3A 400@3A $5.09
175 1.5@10A eoo@10A 1.8@10A 500@10A S6.84
120 1.5@4A
175 1.5@3A

