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Still the
best way to
trim acircuit.
Over the last decade, Models 3006,
3299 and 3386 Trimpot trimming
potentiometers have set the standards
for cermet trimmers. And, because these
dependable models offer the best
performance per dollar around, they'll be
standards for a long time to come.
All models are sealed for board processing.
Bourns exclusive Swage-Bond termination
process virtually eliminates pin termination
failure. Cermet elements offer essentially
infinite resolution. Multi-fingered wrap-around
wiper design reduces contact resistance variation
and open circuit problems. Here are the specs:
Std. Res. Range

3006

Res. Tolerance
Power Rating
Tempco
CRV
Adjustment

10 Ohms to
2Megohms
10%
.75 W @ 70°C
100 ppm/°C
3%
15 turns

Size
Pin Patterns

3/4" rect.
3styles

3299

10 Ohms to
5Megonms
10%
.5 W @ 70°C
100 ppm/°C
3%
25 turns
(top or side
adj.)
3/8" square
5styles

3386

10 Ohms to
2Megohms
10%
.5 W @ 85°C
100 ppm/°C
1%
Single-turn
(top or side
adj.)
3/8" square
14 styles

Time-proven trimmers, backed by the Bourns reputation for
leadership, performance and quality at cost-effective prices. Call
or write today for your new 94-page TR-I trimmer catalog. Or, see
the EEM directory, Volume 2, pages 3726, 3736 and 3746.
A Timely Offer Write to Trimmer Application Engineering on your
company letterhead. While supply lasts, well send you a free
trimmer design aid kit detailing all specifications and drawings.
TRIMPOT DIVISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, CA 92507. Phone: 714 781-5320. TWX: 910 332-1252.
European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar, Switzerland.
Phone: 042 33 33 33. Telex: 78722.

'MOP
For Immediate Application —Circle 120

For Future Application—Circle 220

Atouch of color can
make all your information
work harder.

Choose from Ramtek's line of raster
scan color graphics systems—the
most complete in the world. And
now, Ramtek can deliver the system
that exactly meets your needs—
within 30 days.

The 6200A Colorgraphle Terminal:
Our general purtmse graphics terminal
offers more featuras for the money than
anything else available on the market
today. Its one of our best sellers.

The 9000 Series: High-performance
microprocessor controlled graphics and
imaging systems with many modular
options that allow you to tailor functions
exactly to your needs. Suited for industrial, commercial, medical and aerospace
applications.

The FS 2500*: A dedicated display generator designed specifically for process
control applications. Many special
features for easy operator interaction.

Ramtek offers more choices in graphic displays and customer
support than anybody. Nationwide field service and technical
support staff. Intensive hardware and software training programs.
Thorough documentation, maintenance programs, product warranties and more. When you buy Ramtek, our experience shows.

The 9050: The most popular features of
the 9000 Series packaged in budgetpriced configurations.

Monitors: Choose from 37 models to
1280 X 1024 resolution. In color or black
and white. Standard or long persistence
phosphor. 13:' 19:' or 25" CRT sizes.

Want more information on how to add the color touch to your
information? Write: Ramtek, 2211 Lawson Lane, Santa Clara,
CA 95050. Or call your nearest Ramtek office.
'available domestic U.S. and Canada.

Ramtek
Our experience shows.

REGIONAL OFFICES Santa Clara. CA (408)988-2211. Newport Beach. CA (7141979-5351. Seattle.WA12C51838.5196. Albuquerque. NM 1505) 298-2200. Dallas. TX12141422-2200. Mania nd. FL 305)645-0780. HuntswIle. AL
1205) 837-7000. Cline». IL 13121956-8265, Cleveland, OH1216) 464-4053. Dayton. OH 15131278-9461. Washongton, DC 301)656-0350. Metropolotan NV (201) 238-2090. Boston, MA16171862-7720
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TO THE FAMILY

Seal Tani'Ceramic Capacitors
• WITHSTANDS WAVE SOLDERING. III CONFORMS TO SPECIFICATION MIL-C-81.
Ill HIGH Q FACTOR AND FREQUENCY RESPONSE. U LOW TEMPERATURE
COEFFICIENT AND DRIFT RATES. U IMPERVIOUS TO ALL STANDARD
P.C. BOARD CLEANING SOLVENTS. II TAMPER PROOF, NON-SLIP

ADJUSTMENT WITH UNIQUE SQUARE DRIVE TUNING.
SEAL TRIM' capacitors are a new, innovative outgrowth of the popular Johanson "Thin Trim"
capacitor family. These sealed miniaturized variable ceramic capacitors are intended for microwave,
RF, video and digital applications, where small size and contamination-free operation are required (.250 dia.).
The sealed capacitor body is designed to prevent the intrusion of solder flux, cleaning agent and
atmospheric contamination.

-r4.0
LA.

•-•

Johanson Manufacturing Corporation
Circle 2 on reader service card

Boonton, New Jersey 07005

(201) 334-2676
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An in-depth analysis (more like it are on the way) takes a hard look at
research and development in the U. S. Despite the fact that U. S. companies
are spending more dollars on R&D each year, expenditures are falling behind
inflation. As apercentage of sales, R&D outlays are only constant, and as a
percentage of profits they are declining. As a result, the U. S. is falling
'behind in the race for new ideas and the Government is taking alot of flak
for policies that impede capital formation.
Cover photograph is by Don Carroll.
Four-chip SSI hybrids mix well with LSI, 113
A cost analysis of possible package-mix options finds dual in-line packages
wanting. Chip-carriers with leads on 50-mil centers reduce board costs, as
does mounting in them the 10% of ahypothetical central processor not yet in
large-scale integration. Carriers with four small-scale integrated circuits on
a one-layer hybrid substrate offer future cost reduction as they are replaced
by single-chip gate arrays—without redesigning the boards.
Easing communication between man and microprocessor, 118
smAL/80 is acompiled assembly language for small machines. Microprocessors can ill afford the extra storage and slowed execution required by
structured high-level languages, but smAL/80 is memory-efficient even as it
offers structured, top-down, modular programming. And its symbolic notation is easier for humans to deal with than that of other assembly languages.
Partials fill in for scarce RAMs, 131
A new generation of random-access memories would suffer an unbearable
infant mortality rate were it not possible to work around afew defects. With
RAM in short supply, schemes for reliable storage using mostly good chips
cannot be ignored.
Multiple keys fit encryption chip set, 136
The design of a two-chip data-encryption set provides for boosting data
security with double and triple keys without major hardware or software
additions. The fastest version of the chip set executes the National Bureau of
Standards' algorithm at arate of 11,500 bits per second.
...and in the next issue
Speech synthesis with an analog microprocessor ...the effect of acontact
temperature probe's design on its accuracy ...a custom L.S1 integratedinjection-logic chip set for computer-peripheral control ...amicroprocessor with a memory socket on top for microcomputer system design ...a
microprocessor development system ready for chips unborn.
January
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1980

Voiefne 53. Number 2

Electronics (ISSN 0013-5070) Published every other Thursday by
McGraw Hal, Inc Founder JarneS H McGraw 1860 1948 Publication
office 1221 Avenue of the Amerrcas. NY. NY 10020. second class
Postage pad at New York, N Y and addeOnal mailing offices
Execufive. edaorial, ctrculafion and advertising addresses Electronics.
McGraw Hal Building. 1221 Avenue of the Americas, New York, N Y
10020 Telephone 1212) 997- 1221 Teletype 12.7960 TWO 710 581t 4879
Cabteaddress MC Gli A W HI L L NE WY ORK
Subscriptions landed to prolesseonal persons with active responstbdity
in electronics technology No subscrrplions accepted wolhout complete
identification ol subscriber name. fille or tot) 'unction company or organization, and product manufactured or services performed Based on
Information supplred the publisher reserves the right to elect non
qualified requests Subscrtption rates in the United Slates and possessions St? one year 529 two years $43 three years. company addressed
and company libraries $23 one year. $41 two years. $58 three years.
APO/FPO addressed $35 one year only. Canada and Mmuco $19 one
year. $32 two years $47 three years. Europe $.46 one year. $78 two
years. Sit () three years. Japan. Israel and Brazil $70 one year. $115 Iwo
yea.. $165 three years Australia and New Zealand $95 one year. $170
two years. $240 three years. including air bete. all other countries $50
one year, $85 two years. $125 three years Limited quota ol subscriptions
available al higher than basic rate tor persons allied lo field served
Check with publIsher for these rates Single CopieS $4 00 Please alto*
four to eight weeks tor shipment
Officers of McGraw•Htll Publications Company Paul F McPherson.
Preedenk Executive Vice Presidents James E Boddort. Gene W Simp
son. Group Vice President Daniel A McMillan, Sen., Vice PresidentEditorial Ralph R Schulz. Vice Presidents Kemp Anderson. Business
Systems Development. Stephen C Croft, Manufacturing, Robert B Doll,

tû t.614 copes of ens issue Pinter,
Ctrculation, James E Hackett convier William H Hammond. Commu
mcations, Eric B Her, Planning and and Development, John W Patten,
Sales. Edward E Schirmer, International
Officers of the Corporation Harold W McGraw. Jr .President. Chief
Ekecutive Officer, and Chairman of the Board. Robert N Landes. Sen.,
Vice President and Secretary. Ralph J Webb. Treasurer
Title registered in US Patent Office. Copyrighte 1980 by McGraw-Hill.
Inc All rights reserved The contents of this pubficalton may not be
reproduced in whole or in part without the consent of copyright owner
Where necessary, permission is granted by the copyright owner for
libraries and others registered wan the Copyright Clearance Center
(
CCC ). po Box 889m. Boston. MA 02114, lo photocopy any article
herein tor the base tee of 50 50 per copy of the article plus $0 25 per
page Payment should be sent directly to the CCC COPY.0 Clone for
other than personal or interne reference use without the evpress permis
bon of McGraw Hill is prohibited Requests for special permission or bulk
orders should be addressed to the publisher
ISSN 00 t3
5070 ,8050 50. 25
Subscribers The publisher upon written request lo our New York
office fro ,,, any Subscriber agrees to refund mat part of the subscription
price applying to copies not yet mailed Please Send changetokaddreSS
notices or complaints to Fulfillment Manager. subscropfion orders to
Circulation Manager, Electronics at address below Changeteaddress
OfiCeS Should ',rondo old as well as new address, including yip codes
Attach address label from recent Issue Allow one month for change to
become efteclove Subscriber Service call (609) 448-8110. 9 a m to 4
m EST
Postmaster Please send form 3579 lo Fulfillment Manager. Electronics, P O By, 430. Hightslown. N J 08520

Electronics/January 17, 1980

low cost
KEPCO IEEE-488
interface
series SN 4138 provides the connection between the
bus and youranalog instrumentation

• 12 bits, 2 ranges: 0.024% or 0.0024% resolution
• two optically isolated channels
• bipolar, plus and minus output
• compatible with Kepco programmable power supplies
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KEPCO PROGRAMMER
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KEPCD®

For complete specifications, write Dept. CNF-14

KEPCO, INC. •131-38 SANFORD AVENUE •FLUSHING, N.Y. 11352 U.S.A. •(212) 461-7000 •TWX #710-582-2631 •Cable: KEPCOPOWER NEWYORK
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WHEN
HALF THE
POWER
•

WILL
DO
THE
WHOLE
JOB!
If your application requires only
moderate power, ENI's new
Model A150 will do the job. All it
takes is alaboratory signal
generator and you've got a
perfect match for RFI/EMI
testing, NMR/ENDOR, RF transmission, ultrasonics and more.
Capable of supplying more
than 150 watts of RF power into
any load impedance, the A150
covers the frequency range of
.3 to 35 MHz.
We could mention unconditional
stability, instantaneous failsafe
provisions and absolute protection from overloads and transients,
but that's what you expect from
any ENI power amplifier, and
the A150 is no exception!
For additional specifications,
ademonstration,
or acopy of our new, full-line
catalog, contact ENI,
3000 Winton Road South,
Rochester, New York 14623.
Call 716-473-6900 or
Telex 97-8283 ENI ROC.

ENI

Publisher's letter
Research and development spending
at times seems much like the
weather—everybody talks about it,
but nobody does anything about it.
There has certainly been alot of talk
about support of R&D as the United
States has seen its assumed technological leadership challenged over
the last decade and felt the impact of
these challenges in the form of
tougher competition for both domestic and foreign markets.
But something is in fact being
done about R&D, though many
wonder if it is enough. The article on
this subject (p. 81) is the first of a
new type of story we will be presenting called Inside the News.
Research and development, we
think, is agood kickoff topic.
It's asubject close to the heart of
Boston bureau manager Jim Brinton, who put together this report
with the support of our domestic and
overseas bureaus. "There is genuine
concern in America on the part of
industry, academia, and Government," Jim remarks. "Yet it seems
that the three groups need a means
of getting together and converting
their concerns into goals. It's not just
a matter of funding—although that
is an important consideration. It's a
matter of balancing long-range, pure
research against short-range product
development. Many worry that the
pressure to get hardware obscures
the need for basic research."
Meanwhile, the governments of
Japan and Western Europe have
long taken a partnership view of
supporting technology as part of
their national welfare. Without enormous defense budgets to fund, these
countries have been able to focus on
long-range commercial development.

"This story is kind of a snapshot
of how high-technology companies
view R&D," says Jim. "But the
message is clear that its costs are
rising, that product life cycles are
shorter, and that other countries are
breathing down our necks. It seems
we have to run faster just to stay in
place."
Another new feature in this issue is
In My Opinion, on page 26. This
commentary from various industry
sources will appear from time to
time when we feel it will be valuable
to air outside opinions on hot topics.
The first subject —transfer of
technology to the Soviet Union—
could not be hotter these days in the
light of the recent tensions
between the U. S. and the USSR.
Our guest commentator is J. Fred
Bucy, president and chief operating
officer of Texas Instruments, Dallas.
Bucy has strong opinions on the
possibility of establishing a "militarily critical technology" system to
guide companies and countries in the
Coordinating Committee of the Consultive Group of Nations (the U. S.,
Western Europe, and Japan). Essentially, 'Ws president argues that it is
possible to encourage trade and at
the same time protect technology
that might aid the military effort of
hostile nations.
We will be identifying other issues
and inviting other guest observers in
the coming months.

Why not an editorial career?
Electronics has available challenging editorial positions for electronics engineers with a bent for journalism. Our editors keep abreast of and write or edit
articles on the latest trends in electronic technology. Right now, we're
looking for editors to cover microcomputer systems and software, as well as
the consumer and industrial fields. A bachelor's degree and design experience are desirable. Salary and benefits are excellent. Write a letter telling us
about yourself to the Managing Editor (Technical) at Electronics, 1221
Avenue of the Americas, New York, N. Y. 10020.

The Worlds Leader in Power Arnrilhers
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CENTRONICS
COVERS THE COURT

..with new, low-priced printers for small businesses
Now small businesses can have the advantage
of Centronics performance. We have new
models to meet the needs of small businesses —
aselection that covers the court. And we've
followed-through by pricing them lower than
other printers that can't match Centronics'
features and reliability.
TOP-RANKED TEAM We understand your
small business needs—that's why Centronics
has sold more printers to the small business
market than anyone else. We have new, fullyfeatured models designed for small business
applications. High throughput for inventory
control. Full 132-column width for accounts
receivable. Versatile forms handling capability

for invoicing, payroll, and statements. Plus
excellent print quality for labels and listings.
The bottom line: with Centronics, small businesses can have mainframe performance at
micro prices.
READY FOR ANY TOUR These printers are
designed to deliver maximum in-service time,
akey consideration for asmall business. And we
have the largest worldwide service organization
of any independent printer company.
DON'T WRITE —phone Bob Cascarino today
at (603) 8È3-0111, extension 4032, or contact
any of our 15 U.S.A. or 9 international sales
offices. Centronics Data Computer Corporation,
Hudson, New Hampshire 03051.

ess.,
'

cEnTnonucsR PRIMERS
...the advantage
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470
I
100l411.14

'I
(150 I
100W IMA

0022
63WIMA

0g333_3
WIMA

11

0047

1000

ml

10/1161,t

1500
100-,
WI1RA

0,066
63WIMA

WIMA
100

1'
2200
100WI MA

WI»

3300
100WIMA

5800
1004/11.1/1

0,33
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WIMA plastic film capacitors show greater
'reliability and should be
preferred to other types.

°el

WINIA

1

OAS
Wilda

1,0
50WIMA

Complete
ranges
from 220 pf
to 1.0 pF
WIMA were first with
5mm pcm plastic film
capacitors - miniature
components designed
for semiconductor
technology.

4700
100WIMA

The uniform lead spacing
of 5mm for the complete
capacitance range is
ideal for automatic
component insertion.
WIMA have always been
in the forefront of
plastic film capacitor
technology.

FKP 2: 220 pFto 0.01 (IF:
FKC 2: 220 pFto 0.01 liF:
FKS 2: 1000 pFto 0.015
MKS 2: 0.01 pFto 1.0
uF:
(Typical values at 1000 Hz)

D.E.
D. F.
D.E.
D. F.

2-4x10
1-2x 10'
5-6 x10 3
5-8 x10 -3

WILHELM WESTER MANN

Spezialvertneb elektronischer Bauelemente
P.O. Box 2345
0-6800 Mannheim 1
Fed. Rep. of Germany

U. S. Sales Offices:
THE INTERNATIONAL GROUP INC.
North Dearman Street •P.O. Box 23
Irvington •New York 10533
(914) 591-8822
TAW ELECTRONICS CO.
4215 W. Burbank Blvd.. Burbank
California 91 505 •(213) 846-3911
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Readers' comments
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Low cost tool
for design and
trouble-shooting

Faulty table
To the Editor: In your issue of Oct.
11, 1979, a table appeared on page
113 containing comparisons of several technologies for the realization
of electrically erasable programmable read-only memories (FS.PRoms). In the part about the SGSATES nonvolatile random-access
memory we have noted several
errors. First, it is realized using mos,
not c-n408, technology. Secondly,
there are only two transistors per
cell, not six -of obvious importance
where very large-scale integration is
concerned. Third, the memory does
not work on the principle of transferring data from aRAM to aROM, as is
implied by labeling the device's two
supplies as "RAM — and “RAM-10backup" voltages. Also, the two voltages should be + 12 and +25 V.
Finally, regarding the electronic program memory circuit for television
controllers, we have been in fullscale production of the M193, with
272 bits of nonvolatile memory, for
over one year now.
Chris Wallace
SGS-ATES Componenti
Elettronici spn
Milan, Italy

Pocket Size
Slide-Switch
Resistance
Substitution
Unit
still only $58
• Over 11 million ohm values
• 1% accuracy resistors
. Unique in convenient size
• Rugged construction
Small enough to take anywhere in your pocket,
this aluminum-housed 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 11,111,110 ohms,
in one-ohm steps. Has three binding posts,
one to ground case.
Available now from stock. Order Catalog
No. 7092-236. 5% discount for cash with order.

ri

Ask your dealer, or contact:

PIOUIPPÉ33,11:1121D, orin.

Manufacturers of Scientific Instruments
P.O. Box 27324 •Richmond, VA. 23261

804/2647590
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FREE

Spending on the sun
To the Editor: Your exhortations to
the Government to further fund the
solar electric industry are amusing.
We have yet to reap any benefit
from the money already pumped in.
The retail cost of solar arrays still
stands where it was five years ago,
around $30 per watt, despite all the
"goals - and claims which I've read
in your articles.
If you disbelieve, consult your
Edmund Scientific catalog.
Ihave a kilobuck ready to spend
on some silicon, but I'm waiting for
even the $10 watt to show on the
market. Where is it?
T. J. Lally
St. Ann, Mo.
Correction
On page 126 of Electronics, Jan. 3,
1980, the price of areprint of the three
1980 market reports was misquoted at
$4. The correct price is $3.

Brochure
describes Electronics
editorial reprints,
services, books...
•More than 70 article
reprints in 15 subject
categories
•Handy wall charts
•Custom-made reprint
services
•Books especially for
Electronics' readers
•Convenient postage-paid
order cards
For your free copy, circle #275
on the reader service card.
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"THE 8086 IS
HERE TODAY!"
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Well, Intel's still out there shouting about the
8086. Still making lots of claims, still running
pages and pages of advertising, still forgetting
to mention one little fact:
The 8086 isn't the best 16-bit CPU.
The AmZ8000 is.
The AmZ8000 has amore advanced, more
powerful, much more flexible architecture
than the 8086. It has more addressing modes,
more general purpose registers, more powerful
instructions. It can even accommodate more
data types. It has better I/O capability, larger
addressing spaces, and alot higher throughput using standard NMOS, than the 8086
using HMOS.

What about availability? We're shipping prototype quantities right now.
What about support? Glad you asked.
Our new System 8/8 was designed especially
for the AmZ8000. It beats Intel's development
system hands down.
System 8/8 can be directly upgraded to a
16-bit system by changing one card. Intel's
can't. System 8/8 can translate 8080/8085
and Z80 programs. Intel's can't. System 8/8
has aPASCAL compiler that produces object
code for the 8080 and AmZ8000. Intel's doesn't.
System 8/8 comes with 8080/8085, Z80, and
AmZ8000 macroassemblers. Intel's doesn't.
System 8/8's in-circuit emulators include, in

"So is the AmZ8000.
And it's better!'

addition to the AmZ8000, the 8080, 8085,
8048, and the Z80. Intel's doesn't. And we let
you buy our System unbundled.
To demonstrate the capability of the
AmZ8000 we developed afully assembled and
tested Evaluation Board. It's got the AmZ8002
CPU on it, along with RAM, EPROM, and I/O.
It plugs right into System 8/8 and can execute
the assembler or PASCAL object code. Ask for
it by name: AMC96/4016.
Just one more thing: We know it hurts to drop
Intel for somebody else. We've been through it

ourselves. But it's going to hurt alot more next
year. By then your competitors could be so far
ahead of you, you might never catch up.
Call Advanced Micro Devices and we'll send
you everything we've got on the AmZ8000. Or
come to one of our seminars. Or sign up for a
course on the AmZ8000.
Better yet, buy an AmZ8000. Check it out
for yourself. Put it through its paces. Compare
it with the 8086.
Intel can beat their chests all they want.
But they can't beat the AmZ8000.

Advanced Micro Devices a
901 Thompson Place, Sunnyvale, CA 94086
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News update

The
shopper's answer
for DEC LSI
compatible
I/O cards.
When it comes to I/O functional cards
for DEC LSI-11 microcomputers, ADAC has
the biggest selection available.
ANALOG I/O
1012
16 channels, high level inputs, 12 bit
1012EX 32-64 channel high level inputs,
mux expander
1014
16 channels, high level inputs, 14 bit
1023
16 channels, high level inputs, 12 bit,
LSI-11/23 interrupt compatible
1023EX 32-64 channel high level inputs,
LSI-11/23 interrupt compatible
1030
16-64 channels, high level inputs,
12 bit, 2DACs
1112RL 8-16 differential low level and
thermocouple inputs, 12 bit
1112RX 8-16 differential low level and
thermocouple inputs, mux expander
1113
8-16 differential low level and
thermocouple inputs, 12 bit,
LSI-11/23 interrupt compatible
1113E1 8-16 differential low level and
thermocouple inputs, mux expander,
LSI-11/23 interrupt compatible
1412DA 1-4 DIA channels, voltage or current
loop outputs

DIGITAL I/O
1604/0P1 2-4 optically coupled pulse-input
channels
1604/POC 2-4 pulse output channels
1616CCI
16 discrete inputs, contact closure
detect
1616/1AIC 16 discrete inputs with priority encoder
1616/010 16 parallel outputs, optically isolated
1616/011 16 parallel inputs, optically
isolated, can cause interrupt
1620Til
16 latched inputs and outputs for
DMA operation
1616HCO 16 discrete outputs, high current drive
1632HCO 32 discrete outputs, high current drive
1632TTL
32 TTL I/O lines
1664111.
64 TTL I/O lines
BUS INTERFACE
16201114A Direct memory access controller
1900
Unibus to LSI-11 translator
1950
Bus repeater
1900CT
Cable terminator card

Whatever your DEC system —Unibus, Obus
or Omnibus, write or call for full details on
the industry's widest line of compatible cards
and complete system enclosures.

CLOCK CARDS
1601OPT Programmable crystal clock/timer
SERIAL I/O CARDS
1750
Asynchronous line interface with
two I/O ports

12
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CORPORATION
70 Tower Office Park •Woburn. MA 01801
(617) 935-6668

• The 64-bit peripheral array processor unveiled last June by Computer Signal Processors Inc. [Electronics, June 7, 1979, p. 161] is
making its debut in the lab and in
systems—but slowly. The Burlington, Mass., firm has shipped one
MAP-6400 to the University of
Arizona's mechanical engineering
department for structural analysis
applications. Two more, shipped to
Systems Inc. (formerly Systems Engineering Laboratories Inc.) in Florida under an original-equipmentmanufacturer agreement announced
last year, are going into that company's new mini vector processor.
No other firm orders are yet on
csPi's books, but the inquiries
received so far from scientific engineering people are encouraging CSPI
to gear it production for volume
deliveries of the MAP-6400 by the
second quarter, says John FL Meyn,
product line manager for the machine. CSPI is also offering apackage
of matrix functions for the processor
"to satisfy all but the most esoteric
use," Meyn adds.
Other software offerings are in the
works as well. "This is a new area
for us," says Meyn, "but we're learning from the kinds of inquiries we've
been getting what kinds of packages
users want." CSPI, accordingly, is
looking actively "to cultivate some
close relationships with software
people to adapt specialized arrayfunction software routines."

II Direct-step-on-wafer lithographic
equipment retrofitted to yield circuit
line widths less than 1 micrometer
[Electronics, Nov. 22, 1979, p. 46]
have produced consistent, good-quality lines between 0.425 and 0.65 gm
for interdigital transducers on surface-acoustic-wave delay lines. According to Andrew J. Slobodnik Jr.,
engineer at Rome Air Development
Center, the 1.25-microsecond delay
line is the highest-frequency operating SAW device yet fabricated optically, having a center frequency of
2.2 gigahertz. The device's transducers consist of 10 pairs of single electrodes with 100-gm acoustic aperture.
-Linda Lowe

Electronics/January 17, 1980
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Cherry has been combining both digital and linear
functions on the same chip since the infancy of I
2L
logic. Long experience, integrity of design, technological innovation and manufacturing excellence
are only the beginning. You'll never meet a group
of engineers more eager to work with you to solve
YOUR problems. Engineers ready for the challenge of new
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design concepts. Eager for your business.
It really doesn't matter what your IC problem is. Whether
the solution is one of our standard digital or linear bipolar ICs—
or the most sophisticated custom design—Cherry has or can
provide the right solution. At the right price. With the right
delivery date.
All this from the folks at Cherry: A trusted name
in industry for more than 25 years.
SEND FOR OUR FREE 36 page catalog of
digital and linear ICs. Includes low level amplifiers—
differential amplifiers— level detectors—DC to DC
eel".
converters— timing circuits— motor speed controls —
optical detector systems—camera controls—
flip chips.

CHERRY SEMICONDUCTOR CORPORATION
99 Bald Hill Rd .Cranston. Rhode Island 02920 /(401)463-6000 /TWX 710-381-1757

Circle 13 on reader service card

People
Nonken putting software
on level equal with hardware

Socket/Carrier
Systems for Leaded
"Chip Carriers" and
4-Sided Flat-Packs
Versatile TEXTOOL test systems accept wide range of devices on .040"
centers (up lo 64 leads) and .050" centers (up to 48 leads).
This new TEXTOOL test system series
is designed to accept leaded "chip carriers" and other 4-sided packages up to
.750" square (on .040" centers) and
.600" square (on .050" centers). With
only aminimum of tooling, the series will
accept other package sizes.
Like all TEXTOOL sockets/carriers, these systems offer maximum device protection. The contacts give firm
wiping action, but do not damage device
leads. The carrier completely protects
the device leads and offers a fast, efficient method of testing or aging.

The sockets
have alid design
that eliminates shorting against contacts and which will not separate from
the socket body under normal usage.
Other significant features include integral chassis mounting holes and
minimum lid overhang at the back of the
socket to permit maximum P.C. board
mounting density.
Since TEXTOOL's socket/carrier
system series accepts package sizes up
to 64 leads, it offers test versatility previously unavailable.
Detailed technical information on
TEXTOOL 's expanded line of socket/carrier
test systems for leaded "chip carriers" and
4-sided flat-packs is available on request.

1410W
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PRODUCTS, INC.
Pioneer Drive •Irving, Texas 75061
214/259-2676
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In the minicomputer business, the
trend now is to develop operating
software in house. Smaller firms
particularly are fast moving away
from just "selling iron" in order to
get value-added financial benefits,
keep better total product control,
and (they hope) make customers
happier. For example, in Irvine,
Calif., Microdata Corp. recently
created a new post putting software
on an equal footing with traditional
engineering and moved an industry
veteran into it.
Actually, the software moves are
"a lot of trends that fit a pattern,"
observes Howard R. Nonken, Microdata's new vice president for systems
and software engineering. The obvious one: "Mini makers are now
writing their own operating software
as the mainframers do," instead of
letting customers hire third-party
systems houses to do it. Nonken
comes out of big computers, having
spent 22 years at Burroughs Corp.
"doing every engineering job there,"
before joining Microdata in 1978 as
aproject manager.
But more challenging tasks still
remain. "The next step is recognizing what an operating system does
and what is better done with firmware," he says. What Nonken calls a
"migrating trend" is shifting software programming into firmware,
largely dedicated semiconductor
memory. Microdata has started—
Nonken says one example is process
scheduling, or firmware that sets
priorities on machine routines, judgments that previously a programmer
had to make.
However, Nonken still believes in
the sharp distinction between operating system software and programs
for specific customer applications
and thinks companies must continue
to handle these separately. "The
systems side is engineering and
design, while applications should be
part of marketing support." Otherwise, coordination troubles result: he
says there are numerous horror
stories about software written in

New approach. Microdata's Nonken expects firmware to get stronger in minis.

isolation that ends up useless.
Finally, Nonken looks for an even
broader trend to gain speed—by
moving away from general-purpose
architecture and toward specialpurpose computers. However, this is
not an opinion that yet finds wide
support among mini makers, he admits. "The goal is to make programming easier for the customer; it's
terribly expensive now."
As if the pitfalls of marrying software internally to hardware were not
enough, the personnel problem, or
lack of enough good programmers
and engineers, also lurks in the
wings. Nonken says Microdata is
forced to use consultants to help with
software development, despite its
preference for hiring them outright.

Simpson switches his terminal
from IBM to Amdahl
Nearly a decade after hardware
innovator and IBM Fellow Gene
Amdahl went off to form Amdahl
Corp., he has been joined by an
expert of equal stature on the software side. Thomas H. Simpson, also
an IBM Fellow, has joined the
Sunnyvale, Calif., firm as its technical director. Simpson, a native
Texan with a John Wayne—sized
frame, is best known for his work in
developing the Houston automatic
spooling priority (HASP) operating
system for the IBM System/360 and
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13111/2® 13111/23®
COMPONENT PRODUCTS

WHY IS FIRST COMPUTER YOUR BEST SOURCE FOR
)EC'S LSI-11/2 AND LSI-11/23 MICROCOMPUTER
RO DUCTS?
'IRST COMPUTER IS THE WORLD'S LARGEST
PECIALIZED DISTRIBUTOR FOR L51-11 AND LSI-23
NICROÇOMPUTER PRODUCTS.
40—We don't sell capacitors or resistors! We only
,ell products manufactured by Digital Equipment
,:orporation and other leading manufacturers which
?nhance the LSI-11/2 and LSI-11/23 Microcomputer
)roducts.
,
IRST COMPUTER SAVES YOU VALUABLE DOLLAR,:
ecause of our volume purchasing power we can
)cquire the products at the lowest possible cost.
hese savings enable us to offer the best price avail)ble anywhere. Before you buy, investigate our price
and save dollars.
:IRST COMPUTER SAVES YOU VALUABLE TIME!
3ecouse of our large inventory we con provide you
with off-the-shelf delivery on the complete line of
/giro' Equipment Corporation's factory fresh Micro:omputer Products. We are just a phone call away, or
fyou prefer you can TWX us your order. With preapproved credit we con ship anywhere in the United
;totes or Canada within 24 hours.

TM

REE TECHNICAL AND APPLICATION ASSISTANCE.
Because we specialize in LSI-11/2 and LSI-11/23s we
can provide you with technical assistance to help you
determine the products which best meet your application requirements. We utilize these products everyday in our own Commercial, Laboratory, Array Processor, and Image Processing Systems. Our application experience can help you avoid costly mistakes.
LL
éACTURER'S WARRANTY
When you purchase your LSI-11/2 and LSI-11/23
products from FIRST COMPUTER you receive the full
manufacturer's Return to Factory warranty. All warranty claims will be handled by First Computer with
courtesy & dispatch. FIRST COMPUTER stands behind
each of the products we sell.
,iE ARE A RECOGNIZED LLAüt.R IN THE DISTRIBUTION
OF LSI-11/2 AND LSI-11/23 PRODUCTS.
No wonder so many people ore turning to FIRST
COMPUTER to provide them with their Microcomputer
requirements. You owe it ro yourself to investigate
what FIRST COMPUTER con do for you! We stand
ready to serve you. You con bank on us.
Circle
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TWX NUMBER 910-651-1916

ntst computer corporatuon

corporatesquare/825northcassavenue/westmont Illinois 60559/(312) 920•1050

— Trodemork

First Computer Corporation

'
Registered trodemork of Digital Equipment Corporation

C2

People

100.
Introducing Optima plexiglas doors for your electronics
with digital displays, switches, LED's and tape reels.
They protect, keeping unwanted elements outside while
letting people see exactly what's going on inside. It's
another perfectly clear example of Optima's ability to
combine beauty and function. Send for our catalog.

I

We make you look better

OPTIMA

Scientific-Atlanta
2166 Mountain Industrial Blvd.. Tucker. Ga. •Tel: (404) 939-6340
Europe: McKettrick-Agnew, Macmerry, East Lothian, Scotland, EH33 1EX •Te
See us at Nepcon West-Booth 2213
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1979 Electronics
Buyers'Guide
The only book of its kind in the
field. If you haven't got it,
you're not in the market.
To insure prompt delivery
enclose your check with
this coupon.

BU YER%
CUIDC
ENetronlc Buyers Guide
1221 Ave. of the Americas
New Ye*, N.Y. 10020
Yes, please send me
copy(les) of 1979 EBG.
0 I've enclosed $30 per copy delivered in the USA or
Canada.
D I've enclosed $52 per copy for delivery elsewhere
Name
Company
Street
City

State

the JES-2 remote job entry system
for IBM's current multiple virtual
systems (mvs) operating system.
His move was not prompted by a
preference for California scenery,
for Simpson will communicate with
Amdahl through a terminal at his
home in Dallas—just as he did with
IBM. Rather, he attributes the
change to his attraction to Amdahl
as "a company quick to respond to
changes and to take on new ideas."
Simpson offers these observations
of changes to look for in the 1980:
"First of all, you can look for
Amdahl to place much more emphasis on software development than it
has in the past. You may also see the
disappearance of user modifications
to the operating software. The
reason for this is that hardware has
become much cheaper while the
labor involved in software is becoming much more expensive. Thus, it
simply isn't worth it for the user to
change his operating software to
squeeze out another 12% or so in
performance and in the process lose
his software support."
Virtual memory fades. Following
the logic that hardware is cheap and
that programmers are expensive,
Simpson calls the'No. 1priority for
the 1980s the simplification of IBM's
mvs operating software. In fact,
Simpson sees the importance of the
virtual memory system itself—the
darling of the 1970s—declining in
this decade. "The virtual memory
will not become obsolete," he cautions, "but it will become less important."
The simplification of the mvs
program may also improve the reliability of large computers. "We have
finally reached the point where hardware is more reliable than software,"
Simpson notes. In fact, he would like
to see more of the functions of the
on-site support engineer replaced by
remote 14agnostics and by increased
monitoring maintained by independent circuitry. "With microcomputers coming along the way they are,"
he asserts, "we should be able to
sprinkle a handful of service processors here and there throughout the
mainframe at essentially no increase
in overall cost."

Zip
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Now TO-5 military performance
at civilian prices

When we originally developed the TO-5 relay, it was designed to meet
the stringent size, weight, and power drain requirements of military
aerospace and avionics applications. It met them so much better than anything else on the market that it soon became the industry standard, and
spawned a whole family of descendants.
But you weren't satisfied. You kept designing them into non-military
applications. So we took three of the most popular and versatile TO-5
relays, and brought them to you in commercial/industrial versions. They
still give you the same performance and reliability that made the military
TO-5 relays so popular. Take the 712, for instance. It's the basic TO-5 —
takes up much less board space than the .150 grid or the 1/
2 crystal can, and
uses 35 to 50% less power. Or the 732 sensitive TO-5. It's just abit taller,
but uses the same board space, and dissipates even less power. And the
magnetic latching 720/722 — the little relay that never forgets ...and
never needs holding power! All are DPDT, and all share the same
excellent RF switching characteristics of all TO-5 relays from Teledyne.
These commercial/industrial TO-5 relays have already gained wide
acceptance in such diverse applications as telephone systems, portable
transceivers, test instruments and medical instrumentation. If you'd like to
know more about how to get military TO-5 performance at civilian
prices, contact your local Teledyne distributor, or get in touch with us today.

1r TELEDYNE RELAYS
12525 Daphne Avenue, Hawthorne, California 90250 •(213) 777-0077
U.K. Sales Office: Heathrow House, Bath Rd. MX, TW5 9QQ •01-897-2501
European Hqtrs.: Abraham Lincoln Strasse 38-42 •62 Wiesbaden, W. Germany •6121-700811
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Assemble your own
measurement
system in weeks,
instead of months ...

You can take months to design and assemble
your own bus-compatible measurement
system, and get just the system you need.
Or now, you can use HP system-designed
instruments and computers, and get to
your application in just afew weeks.
The reason is simple: All 119 HP systemdesigned components incorporate HP-IB
(Hewlett-Packard Interface Bus). And HP-IB
isn't just HP's implementation of IEEE
488-1978.
It's much, much more.
For example, HP has been designing and
building HP-IB compatible products for
more than adecade. We've put these
10-plus years of experience into bus architecture, and how it can best be designed
into instruments and computers. Quickly and
easily. Which means that when you choose
HP-IB compatible system components,
chances are you'll get your measurement
system up and running weeks faster than if
18

you were to configure it the conventional way.
Because HP offers 119 different HP-IB
instruments and computers, you choose
just the bus compatible hardware that best
fits your system needs.
HP also has developed over 104 application notes on HP-IB compatible products.
One of these may be just what you need
to get to your application. Quickly and
effortlessly.
For that matter, every HP-IB compatible
pi oduct comes with complete and comprehensive documentation. Many of our computers feature high-level I/O language that
eliminates the need for an I/O driver.
Choosing to assemble your own buscompatible system with HP-IB products also
means that if you ever need service on
your system, just call HP. One of our hundreds of field service people will respond
to your need.
Find out how much easier and faster
Electronics/January 17, 1980

with HP's 119
different systemdesigned instruments
and computers.

system design can be with our free, 16-page
booklet, "Do your own system design in
weeks, instead of months." It tells you everything you need to know about HP-IB compatible instruments and computers, about HP
software and documentation support, and
how to get more detailed information on
specific kinds of applications. For your copy,
write Hewlett-Packard,
1507 Page Mill Road,
Palo Alto, CA 94304.
Or call the HP regional office nearest
you: East (201)
265-5000, West (213) 970-7500, Midwest
(312) 255-9800, South (404) 955-1500,
Canada (416) 678-9430.
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DESIGNED FOR

SYSTEMS

HP-IB: Not just a
standard, but a
decade of experience.

mi hp»,

HEWLETT
PACKARD
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Sure Winners

Competitive systems start with Intel static RAMs.
Now you can choose achampion for any design.
space compared with 1K designs.
And, you can expect even faster
speeds in the future as we apply
HMOS II to wide-word memory
devices.

High performance memory
design is afast track. The winners
are those who match advanced
components precisely with today's
system requirements. When it comes
to static memory, only one supplier
has the broad selection of high speed,
low power RAMs, and the delivery
you need to bring your product to
market ahead of the field.

1K x1
20 2115H/25H
(20-35ns)

4K x1

1K x4

2147H

2149H•

Pick the best performer
for microcomputers
For years, microcomputer system
designers have relied on Intel's
18-pin industry standard 2114 static
RAM in 1K x4 designs. Now we've
used HMOS technology to improve
performance with our new 2114A.
It's adirect descendent of our 2114,
but with a30% smaller die size,
40% faster speeds, and 43% less
power dissipation. The 2114A gives
you performance equal to that
of our 4K x1 bit 2141, so you get
optimum efficiency no matter what
modularity you need—no matter
how basic or how advanced your
microcomputer application.

(35 55ns)
(45-55ns)
— 40
Over 50 Purebred RAMs
2115A/25A
2147
2148H*
60
(45-70ns)
From the beginning, Intel has
(55 85ns)
(45-55ns)
Lu
80
been the leader in practical, produc2148
a_
(55-85ns)
ible MOS memory technology. First
(r) 100
NMOS. Then high performance
2114A
2141
200
(120-25Ons)
(120-250ns)
HMOS,* the high reliability
300
technology that's produced more
than 14 million fast static RAMs
Available 01.1980
—as well as our industry standard
16-bit microcomputer, the
For highest speed and low power,
8086. Now HMOS 11* is here,
no bipolar can touch our HMOS II
bringing you the same relia2115H/25H 1K static RAMs.
bility and anew generation
One version gives you record access
of even higher speed
times of 2Ons; three others let you
Intel gets you off and
static RAMs.
choose speed/power combinations
running now
Today, Intel gives
to 35ns. For designs requiring speeds
designers the widest
We're delivering all of these fast
from 45-70ns, our 16-pin industry
selection of 1K and 4K
static RAMs today. To order, or for
standard HMOS 2115A/25A series
static RAMs in the
more information, including our
covers the spectrum. All of these
HMOS Reliability Report, RR18,
industry. Over 50 diflKs are pin-compatible replacements
contact your local Intel sales office
ferent versions let you
for 93415/25 bipolars, and all give
tailor speed, power,
or distributor. Or write Intel Coryou dramatically lower power, too.
density and organiporation, Literature Department,
In a4K x1 format, our HMOS
zation precisely to
3065 Bowers Avenue, Santa
2147 is the industry standard for low
your system requirements.
Clara, CA 95051.
power and speeds to 55ns. Today,
designers requiring even higher perRecord breakers for
formance will find awinner in our
high speed systems
new HMOS Il 2147H—with versions
Nowhere is the precision
as fast as 35ns and standby power
matching of memory components
dissipation of only 30mA.
to function more important than
Finally, for special wide-word
in high speed cache, buffer, control
Europe: Intel International, Brussels, Belgium. Japan.
memories, including control store
Intel Japan, Tokyo. United States and Canadian distributors.
store and main memory. At Intel,
Arrow Electronics, Alliance, Almac/Stroum, Component
and bit slice designs, Intel's 1K x4
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
you'll find static RAMs to cover your
bit 2148 is out in front. It gives you all Components, Pioneer, VVyle/Elmar, VVyle/Liberty,
full range of design goals.
L.A.Varah and Zentronics.
the performance advantages of the
HMOS 2147, plus the modularity
* HMOS and HMOS II are patented
processes of Intel Corporation.
that lets you save 75% on board
CI)

*

delivers.
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IN MINICOMPUTER SYSTEMS DEVELOPMENT ...

See how they run.
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These three HP Logic Analyzers get you on minicomputer buses quickly and easily with improved results.
They're powerful measurement tools that let you
probe into the heart of operating systems. Monitor
I/O transactions. Identify and isolate state flow problems.
View logic circuits in action. And more. With adegree
of user-convenience previously unavailable in systems
design and debugging.
Our menu concept with simple keyboard entries
and plug-in interfacing reduces set-up time to a
minimum. Add the advantages of better insight and
faster debugging and, chances are, you'll make the
transition from hardware acsPrnblies to operating systems more rapidly.
With simple matrix
** LIST **
programming, the 1640A
Serial Data Analyzer
TIME INT1579 MSE
TRIG COUNT -00005
($5,800*) monitors
REPEAT COUNT -000
RS-232C interfaces,
AMMON L
irl,ek THE OUICk, BP')
measures time intervals
ER A LAZY DOG 012
and simulates network
THE QUICK BPI.
ER A LAZY DOG 01
components. It's flex%..y.k THE QUICK B
ible triggering lets you trap
on data errors, time-interval violations or invalid
protocol sequences. For subtle problems, or loopback tests, it simulates aCPU, terminal or modem.
And you can operate with any combination of standard transmission modes.
Now you can capture
TIMING DIHI..WAM
state, timing and glitch
EXPAND IHOICATOP
information simultaON
GLITCH OM,PLAY
MAGNIFICATION
neously with the 1615A
Logic Analyzer
($6,800*). It acts as a
_1-1_11___FL _1
24-bit
state analyzer
"
1 .
I.
or an 8-bit timing analyzer.
w
-I
You can also combine
the two modes to trigger on timing while viewing
program flow. And vice versa—at your choice of
specific points in address flow.
Save both debugging and
development
time by reTRACE LIST
lating parallel data transacL. 114E
tions to handshake protocols;
140
OCT
verifying time sequences;
Fifflin
177775
001
detecting and triggering on
024323
002
glitches; and evaluating sys003
024324
024324
004
tem performance at the
024325
005
024326
006
time of aglitch.

Kru'm _finiuul

State Analyzer ($ ,S(10'e).
Its sequential triggering
allows you to directly locate
sections of branched or
nested loops for complex
software analysis. And
you can define up to seven
words for selective trace
capture to simplify data
examination and program debugging.
HP interface cards make the system connections easier. They provide convenient and
fast pluc-in access to all your bus signals. And are
compatible with most popular minicomputers.
Our General Purpose Interface Probe (10277A1610A; 10277B-1615A—$400*) handles avariety
of systems such as HP's 1000 series and the Data
General Nova. Dedicated interface boards are also
available for PDP8-11 (10275A—$300*) and
LS1-11® (10276A—$375*) minicomputers. The 1640A
is matched up through an RS-232C (V24) interface.
Find out more about how HP Logic Analyzers
can get you on your minicomputer bus. Simply send
for the HP Logic Analyzer Selection Guide. It
will take you through the step-by-step sequence and
help yoL, discover which HP Logic Analyzer is best
for your application. Write Hewlett-Packard. 1507 Page
Mill Road, Palo Alto. CA 94304. Or call the HP regional office nearest you: East (201) 265-5000, West
(213) 970-7500, Midwest (312) 255-9800, South
(404) 955-1500, Canada (416) 678-9430.
'Domestic U.S.A. price only.
KW' and LSI-11' are registered trademarks of the Digital Equipment Corporation.
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Please send me a free copy
of the HP Guide to Selecting
Logic: Analyzers.
Mail to Hewlett-Packard, 1507 Page Mill Road,
Palo Alto, California 94304

Name/Title
Company
Address
City/State/Zip
Dept.
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Editorial
R&D is developing acase of malnutrition
Along with agriculture, the technology-intensive
industries show the only sizable positive
international trade balances the U. S. has to
its name. But, as the article beginning on
page 81 points out, the nation has been slowly
starving technology for years.
In real terms, the country as awhole is
spending less on R&D now than in 1969;
Government alone is spending 17.7% less.
R&D funds also have more differing calls
upon them now than they did adecade ago:
• A greater proportion of R&D money is
aimed at compliance with Government
regulations.
• More is going to pay for the ever-growing
paperwork required in any Government-funded
project.
• Because good people are scarce, salaries
of research workers are rising faster than
those of other employees, and R&D-intensive
firms often find themselves bidding against
each other for gypsy scientists and engineers,
taking another chunk of the R&D dollar.
Simultaneously, inflation is robbing U. S.
currency of its buying power while increasing
the cost of capital equipment necessary for
R&D. And productivity is in decline here
while growing abroad.
The result of all these factors is that despite
level or growing R&D investment in terms
of today's dollars, the U. S. is not only
investing less in real terms, but is spending
it less efficiently than before.
The business climate for R&D is very
unfavorable. According to the New York—based
Committee for Economic Development, U. S.
capital investment as apercentage of industrial
output is lower than that for most other
industrialized countries—its world trading
competitors. And this comes at atime when
much United States industrial plants are, or
are becoming, obsolete.
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At least partly because of the R&D funding
slump, nations like Japan and West Germany
are overtaking what has been atraditional
U. S. technological lead. In some areas, like
industrial robotics, they are already ahead,
according to the Stanford Research Institute
in Palo Alto, Calif.
Meanwhile, colleges and universities, the
traditional strongholds of basic research,
faced with the same economic plague afflicting
industry, in addition to falling enrollments,
plead for funds. Though R&D funding dropped
as awhole, basic research took asteeper
tumble. Now some institutions are wondering
if they will be able to afford tomorrow's
scientists and educators.
Thus, R&D in North America gives the
appearance of running faster while
simultaneously falling behind. Technology
executives see avariety of reasons: astifling
governmental presence; apatent system
which, as Thomas Edison said, is only an
invitation to alawsuit; the high cost of money,
which forces managers to shoot for short-term
returns on investment rather than roll the
long-term dice of R&D.
It's ableak situation. As Texas Instruments
vice president George H. Heilmeier puts it,
"This nation looks like it's trying to shoot
itself in the foot."
There are many suggested cures, some of
them in bills now before the Congress. Among
those cures are patent policy revisions, tax-law
changes, and realistic regulations. But this
is an election year, which generally sees little
legislative progress. Yet the decisions taken
now will establish the international economic
position of the nation in the 1980s and 1990s:
its standard of living, its ability to deal with
social problems, and its defense posture. In
that light, surely Congress should do more
of this spring's campaigning in the Capitol.
Electronics/January 17, 1980

Every domestic PROM
manufacturer evaluates our
programmers, so you get
PROMs programmed exactly to
vendors' specs.
Our U.L. listed Series 90 PROM
programmer consists of interchangeable plug-in PROM personality modules and a control unit. To
keep the system current and to insure programming reliability, we
constantly work with the engineering departments of all domestic
PROM manufacturers. They inform
us of important new programming
algorithms and PROM technologies.
Thus, as new PROMs come along or
as old PROMs change their algorithms, we can quickly develop a

new PROM personality module or
modify an existing one. We routinely submit each module to the
PROM manufacturer to evaluate our
design and test our programming.
We have secured vendor approval
on modules for practically every
PROM currently in use.
We have modules for specific
PROMs, for whole PROM families
and for gang programming 8
PROMs simultaneously. We also
have a generic module for MMI
PALs.
Backed by a 2-year warranty.
Based on the field-proven reliability of 5,000 PROM programmers
and 10,000 personality modules, we

provide a 1-year parts and labor
warranty on modules and a 2-year
parts and labor warranty on control
units.
Learn more from our 98-page
PROM User's Guide.
A definitive work including
cross reference charts on PROMs
and other programmable devices.
Call or write Pro-Log Corporation,
2411 Garden Road, Monterey, CA
93940, phone (408) 372-4593.

PRO-LOG
C () H P () H A T I()N

Microprocessors of your fingertips.
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In my opinion
Protecting 'militarily critical technology'
by J. Fred Buey, president and chief operating officer, Texas Instruments Inc., Dallas
When the promise of warmer U. S.-USSR relations of the early seventies was chilled by Soviet
actions in Africa and the Middle East in the
mid-seventies, the Congress and the Executive
Branch began a reassessment of the role of
export controls in this country. Like others in
the private sector, Ifelt aneed for arevamped,
better-focused system to replace that developed
in the fifties and modified in the late sixties but
seemingly inadequate for meeting national security and international trade requirements of the
seventies.
With the recent passage of another extension
of the Export Administration Act and the reorganizations at the Office of Export Administration and the Department of Defense's research
and engineering section, there is a feeling that
the reassessment is over. But the task is not yet
completed.
We must proceed to implement what is
known as the militarily critical technologies
approach to export controls. Not everyone
agrees with this concept, however.

U. S. defense posture is weapon superiority
through advanced technology. During this period, the defense weapon cycle has lengthened.
Militarily significant technologies, such as
large-scale integration, may not be represented
in operational weapon systems until 10 years or
longer after their initial appearance in commercial applications.
The purpose of export controls must be kept
in mind. They are meant to delay the acquisition
and practice of militarily critical technologies
by forces hostile to this country. The amount of
delay necessary depends on the capability of the
recipient to absorb it and, perhaps more importantly, the rate of R&D and technology implementation of the U. S. Faced with realities of
declining R&D and stretched-out lead times, the
case for controlling the rate of militarily significant technology transfer is overpowering.
• The U. S. must accept part of the responsibility for CoCom's inadequacies. We should limit
controls only to the really critical technologies,
and explain their direct linkages to weapon
systems to other member nations. We should
Conflicting views
request fewer exceptions to CoCom guidelines.
Opposition to focusing export controls on
Commercial technologies of military signifimilitarily critical technologies may be summar- cance are being diffused with greater rapidity
ized as follows:
among the most developed nations. Japan,
• The way for the U. S. to maintain its techno- Germany, France, and other CoCom members
logical advantage, where it exists, is to conduct are developing technology and are interested in
more research and development.
selling it. They often have a more liberal inter• If the U. S. does not export this technology,
pretation of controls and are confused by our
someone else will because we do not have a own schizophrenic behavior regarding trade and
corner on the world's brain power. In addition, controls.
the Coordinating Committee of the Consultative • Technology-intensive firms already use conGroup of Nations (CoCom), organized to monicepts similar to the critical technologies
tor technology transfer to Iron Curtain Coun- approach to protect their competitive position,
tries, is not working.
identifying their most sensitive technologies as
• The DOD has yet to define adequately militrade secrets or proprietary data or applying for
tarily critical technologies three years after patents and copyrights. Over the past 20 years,
acknowledging the sound reason of the concept.
several major sectors of electronics, particularly
There is some validity in each of these state- computers and semiconductors, have aggressivements. But they do not, in my opinion, lead to ly participated in world markets, gaining signifithe conclusion that the critical technologies cant market share and contributing a positive
approach won't work. In fact, the realities assomargin to U. S. balance of trade. The leading
ciated with the three statements underscore the
firms in these sectors have accomplished both
need to implement the critical technologies tasks—emphasizing the sale of products, while
approach. Consider opposition to such imple- at the same time protecting their technology.
mentation in the light of the following:
• In real dollars, we have had adeclining miliElectronics will periodically invite the expression
tary research and development budget over the of outside views on this page on issues of imporpast decade, even though one of the principles of tance to the electronics industries.
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Field test your
3870 design for under $600.

Take that great 3870 singlechip micro idea and make it areal
application. Or set up aone-shot
test quickly and economically. The
tools for this easy, fast, reliable
and easily duplicated design solution: Mostek's EVAL-70T" and
the MK38747
EVAL-70 is our new single-board
microcomputer for program development, debugging and emulation
of Mostek's entire 3870 family of
single-chip microcomputers.
Write and debug your program
in RAM using the powerful DDT-70
operating system. Use the 40-pin
emulator cable for real-time,

in-circuit
emulation of the
3870, 3872 or 3876.
Software single step your
program for errors. To finish, load
the program into a2716 EPROM
using the EVAL-70's on-board
PROM programmer.
MK3874 is our piggyback EPROM
single-chip microcomputer with
the same architectural features,
pinouts and I/O lines as other 3870
family members. Using 24-pin
EPROMs, the 3874 can address 1K,
2K or 4K bytes of memory, for ideal
3870 family prototyping, testing
or low volume production.

Take your programmed PROM
from the EVAL-70, insert it in
the 3874, put the 3874 in the target
socket and field test your idea.
An inexpensive yet powerful
combination: the EVAL-70 is $499;
an MK3874 without PROM is $92.
See both at your Mostek distributor. Or contact Mostek, 1215
West Crosby Road, Carrollton,
Texas 75006; phone 214/323-6000.
In Europe, Mostek Brussels;
phone 660.69.24.

MOSTEK

© 1979 Mostek Corp
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Custom
Hybrids
Aerospace
Military
Medical

Crystalonics can deliver prototype
quantities of custom hybrid circuits
in less than 12 weeks from the time
you present your debugged design.
Our people have been designing
and building devices and circuits
exclusively for high reliability
applications for twenty years. Our
engineers have sharpened their
skills in teamwork with designers
of aerospace, military and medical
projects, such as F15, Hawk,
Viking Mars, Intelsat and
implantable pacemakers. We can
ease you quickly and confidently
through the transition from
schematic to finished hybrid
package. Utilize the hybrid's
advantages of space, weight,
reliability and cost by calling on
our experience: (617) 491-1670.

TELEDYNE
CRYSTALONICS
147 Sherman Street
Cambridge, MA 02140
Tel: (617) 491-1670
TWX 710-320-1196
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Meetings
Third Annual SEMI Information Services Seminar, Semiconductor
Equipment and Materials Institute
(625 Ellis St., Suite 212, Mountain
View, Calif. 94043), Marriott Hotel,
Newport Beach, Calif., Jan. 27-30.

Annual Television Conference, Society of Motion Picture and Television
Engineers (862 Scarsdale Ave.,
Scarsdale, N. Y. 10583), Sheraton
Centre Hotel, Toronto, Canada,
Feb. 1-2.

Software Quality Assurance and
Configuration Management Seminar,
American Institute of Aeronautics
and Astronautics (P. O. Box 91 295,
Los Angeles, Calif. 90009) et al.,
Colonnade Hotel, Boston, Jan.
28-29, and International Inn, Washington, D. C., Feb. 21-22.

Eighth Semiannual Conference on
Federal ADP Procurement: New Departures, American Institute of Industrial Engineers (P. O. Box 3727,
Santa Monica, Calif. 90403), Shoreham Americana Hotel, Washington,
D. C., Feb. 4-6.

Status '80, The Changing Semiconductor Industry, Integrated Circuit
Engineering Corp. (6710 E. Camelback Rd., Scottsdale, Ariz. 85251),
Quality Inn, Arlington, Va., Jan. 29,
and Hyatt Rickey, Palo Alto, Calif.,
Feb. 6.

Los Angeles Technical Symposium,
Society of Photo-Optical Engineers
(P.O. Box 10, Bellingham, Wash.
98255), Sheraton-Universal Hotel,
North Hollywood, Calif., Feb. 4-7.

Communication Networks '80, The
Conference Co. (60 Austin St.,
Newton, Mass. 02160), Sheraton
Washington, Washington, D. C.,
Jan. 28-30.

Third International Business Computing, Word Processing and Information Management Exhibition and
Conference (Info '80), BED Exhibitors Ltd. (Bridge House, Restmor
Way, Wallington, Surrey SM6 7BZ,
England), Cunard International Hotel, London, Feb. 12-15.

Fifth Topical Meeting, Integrated
and Guided Wave Optics, Optic
Society of America (200 L St.
N. W., Washington, D. C. 20036)
and IEEE, Hyatt-Lake Tahoe, Incline Village, Nev., Jan. 28-30.

The IBM Evolving Network Strategy,
The Yankee Group (Box 43, Cambridge, Mass. 021 38), Hyatt Rickey,
Palo Alto, Calif., Feb. I
3-14, and
the Harvard Club, New York,
March 25-26.

The Automated Office, American
Institute of Industrial Engineers,
(P. O. Box 3727, Santa Monica,
Calif. 90403), Statler Hilton Hotel,
New York, Jan. 28-30, and Twin
Bridges Marriott Hotel, Washington, D. C., Feb. 11-13.

isscc80, International Solid State
Circuits Conference, IEEE and the
University of Pennsylvania, San
Francisco Hilton Hotel, San Francisco, Feb. 13-1 5.

I1th International Symposium for
Mini and Microcomputers, International Society for Mini and Microcomputers (P.O. Box 2481, Anaheim, Calif. 92804), Asilomar Conference Grounds, Pacific Grove,
Calif., Jan. 30-Feb. I.
Export Administration Act of 1979,
Law & Business Inc. (Harcourt
Brace Jovanovich, 757 Third Ave.,
New York, N. Y. 10017), Mark
Hopkins Hotel, San Francisco, Jan.
31-Feb. I.

Southwestern Tool and Manufacturing Engineering Conference and Exposition, Society of Manufacturing
Engineers (P. 0. Box 930, Dearborn,
Mich. 48128) and National Tool,
Die and Precision Machining Association, Albert Thomas Convention
Center, Houston, Texas, Feb. 19-21.
Alternate Energy Sources of the
1980s Conference, IEEE, Town and
Country Hotel, San Diego, Calif.,
Feb. 20-22. (For information, write
to George Seebeck, San Diego Gas
& Electric Co., San Diego, Calif.
92101.)
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MOSTEK 3870
Bring home the big one with our
single-chip microcomputer.
e> Now you can bring that
microcomputer idea to the surface with Mostek's 3870.
Already, hundreds of
companies have chosen
it for its flexibility, reliability and low cost:
Shakespeare Marine Electronics:
"We're using Mostek's 3870 as the controller in our chart printing fish finder,
the Ultimate 1" We incorporated two separate programs in the 3870's 2K ROM memory
This let us introduce adeluxe model—the
Ultimate 2"-!— that uses the same circuit."
Ed Short ridge, Chief Engineer

Saxon Business Products, Inc.: "Mostek's 3870
cost-effectively replaced athree-chip microprocessor set.
As the controller in the Saxon 301, 302,
and soon—the 301R—bond copying
machines, the 3870 has improved the
Saxon-line reliability with field uptime at all time highs." Mike Bonavia,
Electronic Engineer

The point is that our MK3870 is the
performance and volume leader in the
8-bit single chip market—we've al ready shipped over one million of them
to customers around the world.
Bring home your big one with our 3870.
Call or write Mostek,1215 West Crosby
Road, Carrollton, lbxas 75006; phone
(214) 242-0444. In Europe, contact
Mostek Brussels;
phone 660.69.24.

mosrEK,
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In the entire universe of ATE,
only one board tester
Is truly universal.
Introducing Series 70 from
Fairchild. The first true hybrid
PCB test system. Most board
test systems today are designed
for either analog or digital testing.
But Series 70 offers digital, analog, functional and bed-of-nails
testing. All in one system.
And since most of today's
PCBs contain both digital
and analog components, it
makes sense to get the system
that does it all.
SERIES 70.
UNCOMPROMISED
FLEXIBILTTY.
There's virtually no limit
to the flexibility of Series
70. It can test hybrid
boards without compromise because it
was designed from the
ground up as ahybrid
system. Not asystem
modified to test hybrid
boards.
It also offers user-oriented
software, ahighly convenient
fixturing system and superior
fault-isolation techniques. All
the things necessary for matching the performance of today's
digital, analog and hybrid printed
circuit board assemblies.
TEST THE BOARD,
DON'T FIGHT THE SYSTEM.
You don't have to fight to interface additional instrumentation
to the Series 70. It has two IEEE
488 buses, so it accommodates
more instrumentation than other
test systems. And it's not
restricted by instrument type
or model. So you can use
your favorite multimeter, spectrum analyzer or power source.
Series 70's high-level programming language helps the
system adapt easily to all makes
and models of instrumentation.
Circle 31 on reader service card

And with Series 70, you also
get your choice of fixturing
systems— universal, edge connector, or optional vacuumoperated bed-of-nails interface.
ALL THIS AND
5MHz TOO.
Most popular board testers run
at relatively slow data rates.
Series 70 operates at 5MHz
across all digital pins in parallel
and collects probe data at full
test speed.

In addition to its super system
speed, Series 70 offers faster,
more accurate fault isolation.
It features multiphase clocks,
which let you program timing
increments with 20 ns resolution.
And its new dynamic current
measurement technique lets
you track bus-related faults at
full system speed.
SOFTWARE THAT SPEAKS
YOUR LANGUAGE.
Series 70 offersthe most flexible,
easy-to-use software of any
board test system, thanks to
MEDIATOR. It's ahigh-level
English-like language that lets
you write programs in aconversational test program language
rather than lower-level code.
It's not only high-level, it's
multilevel, so you can easily
write board programs. And it's
structured for modularity and

clarity to reduce programming
time, simplify program maintenance and improve test quality.
All of which translates into
substantial time and money
sayings for you
COIV/PREHENSIVE
SUPPORT —WHEREVER
YOU NEED IT.
Fairchild backs up Series 70
with hands-on training at any
of our centers. Or, we'll have
atraining team come to you.
After training, our
applications group gets
you running. They'll
apply their experience
to your testing problems
and help you develop
your own programs.
To keep you going,
we have the industry's
largest field service
organization, with over
20 major service
centers throughout
the world.
For more information on
our new Series 70, call or write:
Fairchild Test Systems Group,
299 Old Niskayuna Road,
Latham, New York 12110.
Telephone: (518) 783-3600.
TWX: 710-444-4968.
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Your low cost way out
of the impedance jungle.
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Before they get on board,
fend off wild RCL components for $795 r
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Those untamed componentà. They sviarm'
over your circuit boards, eat into your resources, trap you in the impedance jungle
But there is alow cost, reliable way out
Armed with the Model 252, you breeze
through awide range of values for resistance
(R), capacitance (C), inductance (L) and
conductance (G) at ±
- 0.25% accuracy. The
push of abutton gives you dissipation
factor (D).
At $795, the 252 rivals instruments costing
twice as much
•0.25% basic accuracy
•Wide ranges (01 pF resolution to 200 ii.F)
•31
/-digit display (no manual balance)
2
•Dual analog outputs (C or Lwith D)
•External bias (to 50 VDC)
•Four measurements/second
•4-terminal Kelvin Klipsle (guarded)
•Input protection
•Easy calibration, servicing
•1kHz test frequency (120 Hz option)
•Low power design
•Lightweight, tiltstand handle
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The sure way
to innovation.
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For systematic GO/NO-GO sorting,
there's an optional limits comparator and
sorting fixture
Want autoranging? Gear up with the
Model 253. And if you test at low frequency,
check out the 120 Hz Model 254
For over 25 years we've tamed the ways of
the impedance jungle. A detailed 252
brochure shows you how.

Electro Scientific Industries, Inc., 13900 N.W. Science Park Drive, Portland, Oregon USA 97229, 503/641-4141; telex 15-1246
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Electronics newsletter
32-bit machine
from Prime Computer
aimed at OEMs

250-Mb/s modem
for Wes tar
developed by TRW

Hybrid multiplying
converter is fast
and inexpensive

Mostek to add
high-performance

Two new low-cost midrange minicomputers from Prime Computer Inc.,
Newton, Mass., are on the way, including Prime's first 32-bit computer
for original-equipment manufacturers. The Prime 150 and 250 should be
announced within a month. Both are software-compatible with Prime's
750 and other 50-series 32-bit machines. The OEM-oriented 150 should
come with 256 kilobytes of mos main memory, an 80-ns cache, operating
system, floating-point package, 32-megabyte Winchester disk drive, and
other features. Base-priced at $49,000, the 150 should be driven by
aggressive discounting into the mid-$30,000 range when purchased in
quantity, putting it into competition with less powerful 16-bit machines.
The 250 will have similar features, but 512 kilobytes of main memory and
acathode-ray-tube console rather than the 150's virtual-control panel. The
$59,000 250 is aimed at end users.

A modem that handles communications satellite data at 250 mb/s has
been successfully demonstrated at TRW Defense Space Systems. Developed
at Redondo Beach, Calif., for Western Union Space Communications'
advanced Westar network, it attains this rate (present commercial ground
equipment, by comparison, operates at 64 Mb/s) by employing timedivision multiple-access modulation. Use of TDMA modulation in commercial satellite hardware also is afirst, say TRW engineers.

Hybrid Systems Corp. of Bedford, Mass., is preparing to announce a
hybrid digital-to-analog converter with 16-bit resolution and true 16-bit
linearity priced at only $99 in hundreds. Chiefly behind its low price are
its two-chip hybrid design and the firm's new 24-pin commercial package
that combine reliability with extremely low cost [Electronics, Sept. 27,
1979, p. 168]. Although the 9331-16's 1-i.ts settling time and its two- and
four-quadrant multiplication capability already set it apart from competing devices, its price will be of most interest—other converters approaching
the 9331-16's performance cost up to $407 in hundreds.

Though 16-bit microprocessors are today's state of the art, Mostek Corp.
sees plenty of long-term market potential for 8-bit machines such as the
Z80 central processing unit that it builds as a second source to Zilog.

8-bit Z80

Expected from Mostek during the second quarter is a high-performance
version of the Z80 CPU believed to be geared to a5-to-6-MHz clock rate.
The Carrollton, Texas, firm is also continuing to fill out its line of
peripherals that work with its 4-MHz Z80 and may duplicate the five-chip
set it supplies for the standard 2.5-mHZ Z80.

Intel second-sources

Intel Corp. is about to unwrap its 40-pin model 8272, a floppydisk-controlled chip that supports double-sided, double-density disk drives.
It is compatible with both IBM single-density and double-density formats,
and it is pin- and functionally compatible with Nippon Electric Co.'s µPD
765. The 8272 uses Intel's HMOS (for high-performance mos) technology,
and it operates at aclock rate of 8 MHz. It is the first domestic second
source of this long-awaited chip, which allows a20:1 parts count reduction over conventional controller boards.

quad floppy-disk
controller chip
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Electronics newsletter
20 U. S. companies
climb aboard
GTE's viewdata

Intelligent terminals
from IBM do data entry,
distribute processing

GenRad company
aim at VLSI
s

test equipment

Z8000 gets disk
operating system

Software package
to get Perkin-Elmer
into CAD arena
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With an eye to the future market for low-cost computer-based information
services, over 20 major U. S. corporations have contracted for space in th e
viewdata system, developed by the British Post Office, that General
Telephone and Electronics Corp. is establishing at its computer center in
Tampa, Fla. The corporations—among them Chase Manhattan Bank; J.
Walter Thompson Co.; McGraw-Hill Inc.; Merrill Lynch, Pierce, Fenner
& Smith Inc.; and Time Inc. —are installing between one and five terminals each tied to Tampa via GTE'S Telenet packet-switched system.
Insac Viewdata Inc., the British software marketing company that along
with GTE is offering the service in the U. S., expects many corporate users
to move to aprivate in-house viewdata system with enhanced capabilities
and is negotiating with several. The system can be used for communication
and for interactive operations such as reservations, ordering, and data base.

Further updating its distributed processing offerings, IBM Corp. has introduced the model 5280 Distributed Data System. Coming from the corporation's Atlanta-based General Systems division, the new system includes
the model 5285 and 5286 intelligent terminals, as well as the model 5288
controller that can support clusters of up to four model 5281 or 5282
terminals. In addition to being programmed to do data entry for larger
System/32, System/34, System/370, or 4300 processors, the units can be
programmed in Cobol to do stand-alone data processing. The products
use anew packaging technique that places up to four large-scale integrated
logic chips onto a36-mm, ceramic chip-carrier.

GenRad Inc. of Concord, Mass., a major maker of automatic board test
equipment, is going after the coming boom market in testing very l
arge scale integrated circuits through a new venture: GenRad Semiconductor
Test Inc., Santa Clara, Calif., known as GenRad STI. GenRad will invest
about $4 million this year in exchange for 80% of the new firm's stock, and
in an effort to transfer some of its computerized board test expertise into
the market in bipolar and MOS VLSI quality control and assurance. The
other 20% of the stock is owned by GenRad STI managers. GenRad
insiders expect initial deliveries of test systems by 1981 and that GenRad
STI will be folded into the parent company by 1985.

Hemenway Associates Inc. has unveiled what may be the first disk
operating system for Zilog Inc.'s Z8000 microprocessor, interfacing it with
Winchester and floppy disks. Available for sale at $500 and up or through
licensing from the Boston firm, the HA-CP/Z8000 needs less than 8
kilobytes of memory, combines memory-resident and transient commands,
and transfers data between devices via its Peripheral Interchange Program.

With its 16- and 32-bit minicomputers already widely used in simulation
and computer-aided manufacturing systems, Perkin-Elmer Corp.'s
Computer Systems division, Oceanport, N. J., is apparently looking to
expand into the burgeoning computer-aided design applications. The
company is putting the final touches on a CAD software package that
sources say will be released in March.
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BECKMAN Announces
Large Area LCD's
For All Reasons

Thanks To The
World's Largest
Watchmakers.

So, what do Liquid Crystal
watch displays have to do with
other applications? Everything!
Yes, for small instruments,
clocks, appliances, even point-ofsale equipment. Here's why:

digit displays, respectively. The
result: At least one large-area
LCD for every application.
Meanwhile, there exists ahuge
custom capability .... that can
build an LCD for your application — just the way you want it.
All because Beckman got a
head start in the watch business.

"Beckman LCD's are the best
on the market. In aside-by-side
comparison, any knowledgeable
user would choose Beckman
every time. The contrast ratio is
better. Viewing angle (at 3V rms
or above) is almost double that
of the others. Switching time is
almost instantaneous. And,
besides, Beckman is acompany
you can rely on."

Early on, Beckman developed
superior LCD's ... because of an
already extensive knowledge of
materials. This helped win contracts with the World's largest
watchmakers. So, when the

That experience also provided
the know-how to maintain quality
while reducing costs. And,
it helped to develop these other
advantages for Beckman LCD's:
market opened for large-area
LCD's, Beckman was there
waiting.. .with the know-how,
the resources, and the experience
of performing for the best!
Today, Model 737 is aimed
squarely at the clock market,
while Models 741-3 and 741-4 are
primarily for small instruments.
The many versions of Model 739
can be used for either. More
importantly, these latter types
were joined recently by Models
740-56 and 742-58, six and eight
Electronics/January 17, 1980

• Low power consumption.
CMOS compatible.
• Excellent contrast ratios;
won't wash out, even in direct
sunlight.
• Fewer drive components
required.
• Choice of designs for night
viewing.
• Long life expectancy.
• Fast (100 mS) Total Response
time.
One clock manufacturer was so
impressed that he wrote:

What more can we say, other
than, "try Beckman large area
LCD's ... for whatever your
reason — or, application!"
For complete details, write:
Display Systems Division,
Beckman Instruments, Inc.,
350 North Hayden Rd.,
Scottsdale, AZ 85257.
Phone: (602) 947-8371.
TWX: 910-950-1293.
In Europe, Write:
Beckman Instruments (Belgium)
S.A., 14, Avenue Hamoir,
1180 Bruxelles, Belgium.
Phone: (02) 275.44.30.
Telex: 23577.

Beckman Displays.
The Visible Edge.

BECKMAN
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Acomplete line of single-clip
microcomputers should do just one Ming.
Part
No.

ROM

RAM

Pow
I/O Tech- Supply Features
nology (Volts)

PD546

2000 x8 96 x4 35

PMOS

-10

TTL Comp

pPD547

1000 x8 64 x4 35

PMOS -10

TTL Comp
Outputs

pPD547L

1000 x8 64 x4 35

PMOS -8

Low Power
PD547

PD548

1920 x10 96 x4 35

PMOS -10

ECR/Scale
Applications

PD550

640 x8 32 x4 21

PMOS

FIPDrive/TTL
Comp Outputs

pPD550L

640 x8 32 x4 21

PMOS -8

Low Power
PD550

PMOS

On Chip A/D

Outputs

64 x4 27

-10

pP0551

1000 x8

pPD552

1000 x8 64 x4 35

PMOS -10

-10

pPD553

2000 x8 96 x4 35

PMOS

-10

FIP Drive

pPD554

1000 x8 32 x4 21

PMOS

-10

FIP Drive/TTL
Comp Outputs

0 )0555

External

96 x4 35

PMOS -10

Development
Chip

P0556

External

96 x4 35

PMOS

-10

Development
Chip

pPD557L

2000 x8 96 x4 21

PMOS

-8

Low Power/
Small Pkg
pPD546

HP Drive

µPD650

2000 x8 96 x4 35

CMOS

+5

la = 2mA Max

pPD651

1000 x8

64 x4 35

CMOS

+5

Icc = 2mA Max

µPD652

1000x8

32 x4 21

CMOS

+5

lcc =2 mA Max.

pPD7520

768 x8 48 x4 24

PMOS

-6 to
-10

On-chip
Display Cntrlr

pPD7800

External 128 x8 48

NMOS +5

Development
Chip

4096 x8 128 x8 48

NMOS +5

Addresses
64K Memory

pPD8021

1024 x8

64 x8 21

NMOS +5

Zero Cross
Detection

PD780 1

PD8022

2048 x8

64 x8 28

NMOS +5

On-chip A/D

pPD8035L

External

64 x8 27

NMOS +5

8048
Compatible

pPD8039L

External

128 x8 27

NMOS +5

8049
Compatible

i/PD8041/A 1024 x8

64 x8 18

NMOS +5

Peripheral
Cntrlr

pPD8048

64 x8 27

NMOS +5

1024 x8

,

Industry
Standard

pPD8049

2048 x8 128 x8 27

NMOS +5

11 MHz Clock

pPD8243

16

NMOS +5

4.4 -Bit I/0 Ports

64 x8 27

NMOS +5

UV EPROM
Version of 8041A

1024 x8 64 x8 18

NMOS +5

UV EPROM
Version of 8048

PD8741 A 1024 x8
PD8748

REPS: Alabama: 20th Century Marketing. Inc., 205/772-9237. Arizona: Eltron, 602/997-1042. Arkansas: Action Unlimited. 817/461-8030. California: Cerco. 714/560-9143;
Santana Sales. 714/827-9100: Trident Associates, Inc.. 408/734-5900 Colorado: D/Z Associates, Inc.. 303/534-3649. Connecticut: HLM Associates. Inc., 203/482-6880.
Delaware: L & M Associates. Inc.. 301/484-7970. 302/475-1033. District of Columbia: L & M Associates. 301/484-7970 Florida: Perrott Associates. Inc.. 305/792-2211.
813/585-3327. 305/275-1132. Georgia: 20th Century Marketing. Inc.. 205/772-9237. Idaho: Tri-Tronix. N. W. 206/232-4993. Illinois: Technology Sales. Inc..
312/991-6600. Indiana: Technology Sales. Inc.. 312/991-6600. Iowa: Electronic Innovators, Inc.. 612/835-0303. Kentucky: Imtech, Inc.. 513/278-6507. Louisiana: Action
Unlimited. 817/461-8039 Maine .Contact Sales, Inc ,617/273-1520. Maryland: L& M Associates, 301,484-7970 Massachusetts: Contact sales. Inc ,617/273-1520: Stone
Component Sales, 617/890-1440. Michigan: R.C. Nordstrom & Company. 313/559-7373, 616/457-5762. Minnesota: Electronic Innovators, Inc., 612/835-0303. Mississippi:
20th Century Marketing. Inc., 205/772-9237. Montana . Tri-Tronix, N.W. 206/232-4993 Nevada: Eltron. 602/997-1042. Trident Associates, Inc., 408/734-5900 New
Hampshire: Contact Sales. Inc.. 617/273-1520. New Jersey: HLM Associates. Inc.. 201/263-1535: Harry Nash Associates. 215/657-2213. New Mexico - Tri-Tronix.
505/266-7951. New York: D. L. Eiss Associates. Inc.. 716/328-3000: HLM Associates. Inc.. 516/757-1606. North Carolina: Wolff's Electronic Sales. Inc..
919/851-2800. North Dakota: Electronic Innovators. Inc., 612/835-0303. Ohio: Imtech. Inc.. 216/666-1185. 513/278-6507. Oklahoma: Action Unlimited. 817/461-8039.

Everything.
NEC presents the biggest line of single-chip
microcomputers in the world.
When you have agreat product idea, NEC has amicrocomputer chip
that will help you make the most of it. Because our line covers the full range
of single-chip microcomputer capability.
It's all here. CMOS, PMOS and NMOS technologies. LED or fluorescent display drive. Four bits and eight bits. With every combination of
ROM, RAM and I/O.
Your choices range from our high-end µPD7801, through the industrystandard µPD8048 family, clear down to our economical µPD7520.
The µPD7801, with 4K bytes of ROM and 48 I/0 lines, is avery powerful
single-chip microcomputer capable of addressing 64K bytes of memory
and interfacing to industry-standard 8080/8085 peripheral devices
for compact, powerful microcomputer systems. When your application
requires aminimum of external components, there's the low-end
µPD7520. It includes an on-chip display controller and clock generator,
and all outputs have high-current drive capability for easy interfacing.
And when you look beyond your immediate needs NEC looks even
better. We design our chips in compatible families, so you can move from
one chip to another without having to relearn instruction sets.
Or if you'd rather not bother with programming, we'll write the
software for you. So your NEC Microcomputer chips will come ready to run.
Whatever you want your product to do, we have asingle-chip microcomputer that's made to do it. To learn more, just write NEC Microcomputers,
Inc., 173 Worcester Street, Wellesley, MA 02181. Or contact the regional
office near you. NORTHEASTERN: Wellesley, MA at (617) 431-1244;
EASTERN: Melville, NY at (516) 293-5660; SOUTHERN: Dallas, TX at
(214) 980-6976; MIDWESTERN: Des Plaines, IL at (312) 298-7081;
WESTERN: Orange, CA at (714) 633-2980.

Next time
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NEC
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NEC

NEC Microcomputers, Inc.

Oregon: Tri-Tronix, NW., 206/232-4993. Pennsylvania: Imtech, Inc., 216/826-3400; Harry Nash Associates. 215/657-2213. Rhode Island: Stone Component Sales,
617/890-1440. South Carolina: Wolff's Electronic Sales. Inc., 919/851-2800. South Dakota: Electronic Innovators, Inc.. 612/835-0303. Tennessee: 20th Century
Marketing, Inc., 615/966-3608. Texas: Action Unlimited, 817/461-8039, 512/255-1381; Tri-Tronix. 505/265-8409. Utah: D/Z Associates. Inc.. 303/534-3649.
801/486-4251. Vermont: Contact Sales, Inc., 617/273-1520. Washington: Tri-Tronix, N.W.. 206/232-4993. West Virginia: Imtech. Inc., 513/278-6507. Wisconsin:
Electronic Innovators. Inc., 612/835-0303; Technology Sales. 312/991-6600. Wyoming: D/Z Associates, Inc., 303/534-3649. CANADIAN REPS: Alberta, Ontario. Manitoba:
Kaytronics Limited. 416/669-2262. British Columbia. Saskatchewan: Kaytronics, Limited, 604/581-7611. New Brunswick. Newfoundland, Nova Scotia, Ontario. Prince
Edward Island. Quebec: Kaytronics Limited, 514/487-3434.
DISTRIBUTORS: Allied Electronics; Almo Electronics Corp.: Bell Industries; Diplomat Electronics Corp.; Future Electronics Corp.: Hughes-Peters. Inc.; Intermark
Electronics; KA Electronic Sales; Kent Electronics; G.S. Marshall; Marshall Industries; Milgray Electronics. Inc.; Parts Mart: Quality Components: Reptron Electronics. Inc.:
Semiconductor Specialists, Inc.; Sterling Electronics; Summit Distributors. Inc.; Western Microtechnology Sales.
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POWER-ONE
D.C. POWER SUPPLIES
Now available for small systems applications
Power-One, the leader in quality open-frame power supplies, now offers acomplete line of single, dual,
and triple output models for small computer systems. Also available are special purpose models for
Floppy Disk and Microcomputer applications.
Below are just afew popular examples of the over 90 "off the shelf" models now available from stock.
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5V 0 3A, w/OVP
SINGLE OUTPUT &
LOGIC POWER SUPPLIES
•56 "off the shelf"
models
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..

• ± .05% regulation

FLOPPY-DISK SERIES
•8"off th eshelf"
models
•Powers most popular
drives
•Single/dual drive
applications
•2-year warranty
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H85-3/0VP
$24.95 single qty.

5V e 0.7A, w/OVP nle ,__
12V e1.1A/1.7A PK ---:-.4..„1.1/

HD5-12/0VP
$79.95 single qty.

SK5-40/0VP
Switching Model
$250.00 single qty.

5V @ 1A, w/OVP
-5V g 0.5A, w/OVP
24V 0 1.5A/1.7A PK

5V @ 2.5A, w/OVP
-5V e0.5A, w/OVP
24V @ 3A/3.4A PK
4

CP205
For one 8.0" Media Drive
$69.95 single qty.

CP206
For two 8.0" Media Drives
$91.95 single qty.

12V/15V @ 0.25A

5V @ 2A, w/OVP
9-15V @ 0.5A

±. 12V @ 1.7A or
±15V I@ 1.5A
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HAD12-.25/HAD15-.25
$32.95 single qty.

HAA512
$44.95 single qty.

H8815-1.5
$49.95 single qty.

5V @ 2A, w/OVP
rt_ 9V to ± 15V @ 0.4A

5V e 3A, w/OVP
±12V @ 1A Or
±15V @ 0.8A

5V g 6A, w/OVP
±
-12V @ 1.7A or
±15V @ 1.5A
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•5V plus ± 9V to
± 15V outputs
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•10 "off the shelf"
models

•Industry standard size
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CP340
For one 5.25" Media Drive
$44.95 single qty.

5V to ± 24V, 0.25A
to 6A

•Models from 16W to
150W
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HBAA-40W
$69.95 single qty.

HCBB-75W
$91.95 single qty.

NEW 79' CATALOG!
Get Your FREE Copy Now!
Phone us direct or circle the reader service
number below.

oPoweeofie„
D.C. POWER SUPPLIES

Power One Drive •Camarillo, CA 93010 •(805) 484-2806 •TWX 910-336-1297
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Electronics review
SIgnfficant developments m technology and busmess

Talking products,
voice response star
at consumer show
by Bruce LeBoss, San Francisco regional bureau manager

Prototypes and introductions
run gamut from calculators to
personal computers; Japanese
firms appear in the forefront
Even if the Consumer Electronics
Show in Las Vegas had not been
crowded, it still would have sounded
like a sellout because microcircuits
for speech synthesis and speech
recognition in a wide range of new
products had alot to say.
It seems clear that the early 1980s
will see an explosion of such consumer products. Interestingly, Japanese
companies appear to be in the forefront of applying large-scale integration to speech technology, at least
for consumer products.
Unveilings. Among the first-generation and prototype products shown
were a calculator, digital clock, and
microwave oven that talk, as well as
atelevision receiver and ahigh-fidelity system that are voice-actuated.
Also previewed were prototype electronic games and personal computers with speech-synthesis and -recognition capabilities.
Sharp Corp. took the wrappings
off a talking calculator that uses a
microprocessor-based voice synthesizer to confirm all calculating
processes. A similar digital clock
reports the correct time when a
special key or a remote control is
touched. The clock will be available
in the U. S. this spring; the calculator will hit the stores this summer.
Their voice-synthesis system uses
two 4-bit complementary-mos microcomputers. One handles such
functions as display, keyboard, and
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clock control, and the other provides
digital-to-analog conversion and
voice generation. Both custom devices were developed by Sharp's
semiconductor division near Osaka,
Japan.
The speech generator uses pulsecode modulation that compresses
data 5,000%. The calculator, with its
greater vocabulary, uses an outboard
read-only memory the clock can
forego. The technology "will be
expanded to translators, hand-held
calculators, and other products especially for the sightless market," says
aSharp spokesman.
Toshiba Corp. of Yokohama
demonstrated voice-actuated TV and
hi-fi prototypes [Electronics, Jan. 3,
p. 46]. They use microprocessor
technology (see figure) to respond
only to aspecific voice whose pattern
they store.
The custom p-channel mOs microcomputer has 2 kilobytes of ROM
and 3 kilobytes of random-access
memory. It is a member of a family
of chips similar to the Intel 8085. A

C-moS version is under development,
as is a voice-synthesis chip, both of
which could be "incorporated in
ovens and other kitchen appliances,
as well as in doors and other products," aspokesman says.
Talking oven. Also at the consumer show was the prototype of atalking microwave oven from Quasar
Co., the U. S. subsidiary of Matsushita Electric Corp. of America. It
can announce such news as the
temperature of the food in the oven
and cooking time remaining.
The oven uses microcomputer and
voice-synthesis chips, both p-mOS
and both developed in Japan. Quasar
also plans to use them in other products, such as TV sets. Its Information
Processor, alanguage translator that
also serves as a four-function calculator, is expected to talk within a
year. Craig Corp., a pioneer in
language translators, also is working
on speech synthesis.
Equal interest in talking products
comes from the electronic games
corner, though some manufacturers

VOICE
ANALYZER

PATTERN
MATCHING

AMPLIFIER

8-BIT
MICROPROCESSOR

REGISTERED
PATTERN
MEMORY

11H
TO TURNTABLE
CASSETTE DECK,
TUNER, AND
VOICE CONTROLLER

PROGRAM
MEMORY

PIJE
":'()RY

Responsive. With the owner's voice pattern in the registered pattern memory, Toshiba's
voice actuator responds by comparing the digitized voice input to the stored pattern.
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think the chips the semiconductor
makers are going to offer are not yet
capable enough. Other game makers
are plunging into speech.
For example, Mattel Inc.'s Electronics division, Hawthorne, Calif.,
showed Talk to It, a voice-actuated
game, and says it has plans all the
way up to home message centers and
beyond. Atari Inc., Sunnyvale,
Calif., showed the prototype of a

new video game, Home Run, that
has limited speech capability.
Also at the show was Texas
Instruments Inc.'s speech synthesizer for its 99/4 home computer [Electronics, June 21, p. 93] and a voice
synthesis prototype for Commodore's Pet home computer. The Pet
prototype has a string of phonemes
with variable pitch, which makes
them sound more natural.

Software

High-level language is interactive and fast;
software pack is aimed at microcomputers
In enhancing its microcomputerized
health information system, General
Health, a small, Washington,
D. C.—based company has come up
with a high-level language that
combines efficient execution with
considerable interactivity. Though
designed for in-house use, Simpl
mushroomed into a complete software package, including an operating system and extensive utilities,
appealing to microcomputer users.
Dual-purpose. Simpl sprang from
aneed to use asingle language both
for software development and customer data entry. Although one
other interactive language is ubiquitous—Basic—General Health, like
many others, is appalled by it. Rather than succumb to poor software
tools, it put its foot down and
decided to start from scratch.

So the company developed Simpl
as asuper-interactive microprocessor
language. The system includes the
language, acompiler and assembler
written in Simpl, a text editor, and
utility routines. It can serve many
applications outside the medical
field and has recently been fitted
with a speech-synthesis software
option (see "Simpl can talk, too").
Hugo Feugen, vice president of
computer development for the company says Simpl's advantages are
three-fold. First, its highly interactive nature is particularly friendly to
users. Random portions of a cathode-ray-tube screen can be selectively addressed or erased, and
output is free-format. Also, built-in
subroutines make short work of
otherwise key-intensive tasks like
string manipulation and branching

Simpl can talk, too
General Health's goal is to evolve the Simpl system into astand-alone station
for the control of avariety of functions in homes, schools, or offices. To make
it even more interactive, Feugan developed aspeech synthesis program that
executes three times faster than real time. This does not mean that the
output sounds like aChipmunks' record; it means that the program takes
about 2 seconds to generate 6 seconds of speech, so the remaining 4
seconds are available for other processing chores.
The speech synthesis routine converts ASCII textual information into
spoken output. It now works for English, Spanish, and German. In
development are programs for Dutch, Italian, Russian, and French. Whereas
other text-to-speech synthesis programs use character-replacement techniques to generate speech, Feugen's program has an unlimited vocabulary
and fast rule processing Even rules governing stress, intonation, and rhythm
can be incorporated with little difficulty
-J.G.P.
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to aprogram section off-screen.
The second advantage for software developers as well as users is
the language's calculational ability.
Feugen says that languages like
Tiny-Basic and Tiny-C do not have
sufficient calculational ability.
Floating-point Basic does, but all
operations must be done in the floating-point mode, which can degrade
efficiency. Simpl can work on bytes,
words, and floating-point operands
with 13.4-decimal-digit precision,
and these data types are automatically converted from one to another.
Finally, the language allows easy
access to large data bases. Access to
files is by name, and the files may be
nested several levels deep in heirarchical subdirectories.
Compiled. Simpl is compiled, not
interpreted like other interactive languages such as Basic. General
Health says this arrangement does
not cut down on the level of interaction and actually increases speed. A
program with 2,800 source lines
would take about 5 minutes to
compile.
The language currently runs on a
Z80 microcomputer with 56 kilobytes of memory, but the company
stresses that it is not tied to the one
set of hardware. It intends to transport the language to other microprocessors.
-John G. Posa

Financing

Chip maker forming
R&D partnerships
At first glance, semiconductor research and development may appear
to have nothing in common with oil
drilling and real estate development,
but Western Digital Corp. chairman
Charles W. Missler saw alink. Chip
R&D, he realized, can tap the same
capital source as these other highrisk ventures: tax-sheltered limited
partnerships.
The first such partnership, involving $800,000 for three chips, was
organized late last month following
an earlier trial run with Missler as
principal. The chairman of the
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Late entrants star at solid-state parley
As expected, the late papers will be some of the great papers at next
month's International Solid State Circuits Conference in San Francisco. Two
heights in solid-state memory technology will be marked; anticipated but
nonetheless enterprising, they are the 256-K random-access memory and
the 64-K static RAM. These and other late and regular papers will underscore
Japanese semiconductor expertise.
• A 256-K dynamic RAM from NEC-Toshiba Information Systems features a
160-nanosecond access time and a350-ns cycle time.
• A 256-K RAM from NTT Musashino Electrical Communication Lab is made
with molybdenum-polysilicon technology. Access time is 100 ns, and cycle
time is 200 ns.
• A 64-K static RAM from Matsushita has an access time of 80 ns. It
consumes 300 milliwatts while active and only 75 mW on standby.
• A stacked-high capacitor RAM from Japan's Cooperative Laboratories
uses tantalum oxide as adielectric. A 512-K RAM has been fabricated.
• A color image sensor from Matsushita uses heterojunction thin-film photoconductors. It has a413-by-506-element array and an on-chip filter.
• A numerical analysis program from the Musashino lab simulates the
characteristics of asemiconductor device regardless of technology.
• An erasable programmable read-only memory family from Texas Instruments uses a new approach to cell design that permits dense 128-K and
high-speed 3?-K memories.
• Charge-domain recursive filters from General Electric eliminate the need
for feedback amplification.
• A switched-capacitor filter from Reticon is programmable and fast enough
for real-tune applications.
• A monolithic filter from Bell Northern Research is fabricated with n-channel
technology and incorporates line-balancing circuitry.
• An n-channel MOS low-power filter from Mostek, for pulse-code-modulation applications, filters transmitted and received signals.
-John G. Posa

Irvine, Calif., company hails the
concept as good for the company and
equally attractive for investors.
Chip makers who enter limited
R&D partnerships will find such
advantages as:
• No increase in bank debt or dilution of shareholder equity.
• Favorable price-to-cost ratio for
the capital, especially in the present
era of high interest rates.
• No charge against operations for
R&D (when internally financed) or
for interest (when the money is
borrowed).
For their part, investors in highrisk limited partnerships will find
such advantages as:
• A tax write-off within one year of
as high as 85% (if the Internal Revenue Service accepts the partnership).
• Independently of the tax advantages, apotential return on the individual investment of as high as 30%.
• Ownership of the chip design and
therefore a right to royalties (if the
chip is patentable, royalties may be
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considered capital gains).
Missler says another partnership
is in organization, and the firm
hopes to use it and suceeding ones to
raise millions of dollars into the
1980s. He expects other semiconductor firms, even well-financed ones, to
look closely at such arrangements to
help defray what look to be staggering R&D costs—and even more staggering equipment costs—covered under slightly different IRS provisions
for limited partnerships.
Risks. Of course, most drillers for
oil find dry holes, and many realestate ventures flop. Similarly, many
chips fail to make it out of R&D or
die in the marketplace.
The risks involved are the genesis
for the Internal Revenue provisions
that can make limited partnership so
attractive to investors. On the other
hand, there must be a genuine risk
involved, or else the IRS will not
accept the partnership.
An oil industry source says firstyear write-offs run from 50% to

75%, and similar substantial writeoffs must be justified in semiconductor limited partnerships for the IRS
to accept them, say tax authorities.
Most industry sources agree with
Missler that action from other semiconductor firms awaits Western Digital's track record. Then, they say,
small companies will be the first to
jump in.
The way Western Digital is working its partnerships is to get outside
investors to put up cash in blocks of
$50,000 for specific chips. Its first
partnership with Missler covered its
data-encryption part [Electronics,
Jan. 4, 1979, p. 41], and the new
partnership with a total of 16 investors covers the X.25 packet-switching chip [Electronics, Dec. 20, p. 89],
an avionics chip, and a microcontroller.
-Larry Waller

Communications

Chip set captions
TV programs for deaf
Beginning this spring, deaf and
hard-of-hearing TV viewers will gain
new access to prime-time programming, thanks to acaptioning project

that depends on a custom chip set
developed by Texas Instruments Inc.
The captions will be visible only on
specially equipped TV sets.
Project. The Federally sponsored
project calls for digitally encoded
subtitles corresponding to a program's soundtrack to be transmitted
on line 21 of the TV vertical blanking
interval. A new nonprofit agency
known as the National Captioning
Institute will put the caption information on floppy disks for network
use with videotape equipment.
TI developed the seven-chip caption decoder over a two-year period
under contract to the Public Broadcasting System. With speed and
linear requirements in mind, it uses a
variety of bipolar techniques, notes
L. Dwain Chaffin, advanced circuits
department manager at the company's Sherman, Texas, plant.
The heart of the system is the
display controller, which combines
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Six chips. Texas Instruments has developed a six-chip set that turns digitally transmitted codes into subtitles not otherwise visible on the TV
screen. There also is a random-access memory that temporarily stores the data necessary for character generation by the ROM.

linear bipolar circuitry with integrated injection logic on a 47,000square-mil chip. The controller
works in conjunction with a linear
video processor chip and a 5,760-bit
read-only-memory chip that stores
the captioning characters. (see figure above).
The ROM is made with Schottky
TTL, primarily for speed, says Chaffin. Each of the 96 ASCII and 8
special characters is stored in 45
bits, and access time is 280 nanoseconds. The 250-milliwatt typical power dissipation is low in view of the
quantity of circuitry on the 18,000mil' ROM, Chaffin observes.
Other devices in the chip set are
four low-power Schottky parts that
handle such functions as timing and
output logic and "rounding" logic to
make characters easier to read.
Chaffin says Ti drew upon earlier
development work for its Teletext
chip set for the British video information system.
Prices. Without the chip set, the
$249.95 retail price for decoder units
would be more than double, he adds.
Sears Roebuck and Co. is the sole
distributor for these adapters and for
the 19-inch color TV receivers to
incorporate the circuitry. To be
available next fall, the receivers will
cost around $500, with about $100
attributable to the built-in captioning circuitry.
Sanyo Electric Co. of Japan is
making both adapters and TV sets
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for Sears. TI is shipping 100,000 chip
sets to Sanyo.
The Public Broadcasting System
initiated work on the captioning
project in 1972, under contract with
the Department of Health, Education and Welfare. The National

Captioning Institute, in Falls
Church, Va., is currently operating
under HEW grants, but will receive
an $8 royalty for each adapter and
receiver sold and will charge networks $2,000 per program hour for
the coded floppy disks. In addition to

Automated tellers hit Illinois
Recent changes in the restrictive Illinois banking laws are opening up a fertile
new market for automated teller machines—and the regulations also mean
that the banks and their system vendors will develop new software. Until this
month, Illinois treated the machines as branch banks, forbidden under state
law. Now, automated tellers get an official blessing, but to ensure that the big
state's many small financial institutions do not get left out, the new law
requires mandatory sharing among banks of remote machines.
Thus the state's setup will require massive new communications switching
schemes to link more than 600 banks, 150 data-processing centers, and
about 500 new teller machines. Adding to the complexity, several big
Chicago banks and independent contractors are developing the required
special networks for the teller machines—several times larger than those
attempted elsewhere in the U. S.
For example, First National Bank of Chicago and Continental Bank are
each planning new networks they will share with other banks. Each net may
have more than 100 automated tellers, more than triple the size of the only
currently operating multibank network, in Seattle.
The activity in Illinois comes during a surge in nationwide interest in
automated tellers. More than 5,000 of the machines were sold in 1979,
better than double the annual level of 1978.
Other electronic funds transfer services are largely shunned by consumers,
but the convenience of 24-hour-a day automated tellers sparks their interest.
One survey indicates that about 80% of bank customers in a position to take
advantage of EFT services now base their choice of banks on the availability
of teller machines.
Improved automated tellers introduced in the last year feature lower
operating costs, increased reliability, and better interfacing with the customer. For example, one system in New Jersey communicates in English,
Spanish, or Portugese, based on input from the user's magnetic-striped
card.
-Larry Marion
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There's abright new face
in 12"data monitors.
If you've got aneed for 012" CRT monitor, Sanyo has a
model that will fill it.
For cost-sensitive applications, choose the 5000
series. You get your choice of AC or DC power, P4 or P31
phosphors, and separate or composite video and sync
inputs.15 MHz bandwidth and standard 15.75 kHz scan
rate provide excellent resolution and easy application.
For extra-demanding jobs, pick
the 6000 series. You get1,000 line
/
resolution and 22 MHz bandwidth I
for ultra-sharp graphics and crisp, I
high definition 80-character lines. I
TTL-compatible sync inputs make
interfacing asnap.
With either series, you get a

110-4 0_10"

compact, rugged stool chassis with adjustable CRT
tiltback to fit virtually any enclosure design. You also get
adjustable scan size, plus remote brightness control
capability. Single-PCB construction and one-connector
hookup save time in assembly, testing, and
maintenance. And Sanyo's many years of
manufacturing field-proven CCTV monitors, and our
unparalleled QC assure long, trouble-free service.
For all the facts on these exciting new open-chassis
monitors, contact your local Sanyo sales representative
listed below.

eSANYO
Communications Products Division
1200 W. Artesia Blvd., Compton, CA 90220 (213) 537-5830

Contact your nearest Sanyo rep
AKRON: Avcom. Inc (216) 777-2060 ATLANTA: Len Elliott Company (404) 875-9701 ATLANTIC CITY: Austin Associates (609) 871-9290 BALTIMORE: Oavid H Brothers. Inc (301) 764-7189
BOSTON: Piper Associates (617)449-1144 CHICAGO: George Petit Company. Inc (312)261-0342 DALLAS: The Crockett Sales Co (214)748-8209 DENVER: Mile-High Marketing (303) 457-2058
DETROIT: Burcaw Co & Associates (313) 533-7700 INDIANAPOLIS: Midwest Rep & Assoc Inc (317) 844-4555 KANSAS CITY: Pacer Sales Corporation (816) 358-6638 LOS ANGELES:
Marketing Specialists (213) 341-1471 MIAMI: L Haas Company (305) 945-6544 PORTLAND: Earl & Brown Co, Inc (503) 245-2283 SAN FRANCISCO: Tech-Rep Associates (415) 785-4531
SEATTLE: Earl & Brown Co .Inc (206) 284-1121 ST. PAUL: Skor. Inc (612) 645-6461 WHITE PLAINS: Irving Langbaum Assoc .Inc (914)634-1141
,C 1979 Sanyo Electric Inc..

Compton, CA 90220
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proprietary rights to the circuits, the
Public Broadcasting Service turned
over to the institute 20 Z80-based
editing consoles and associated captioning software. As well as the

public network, ABC and NBC will
participate beginning in March with
a total of 19 hours of weekly
programming. More programming
will come later.
-Wesley R. Iversen

Computers

ICL enhances U. S. push in business systems
with new model offering more pheripherals
To reassert its presence in the
market for small business systems,
ICL Inc. is launching the System 10
model 320, a more competitive
replacement for its model 220 standalone system. The announcement
last week coincides with the third
anniversary of the U. S. subsidiary
of Great Britain's International
Computers Ltd.
From its East Brunswick, N. J.,
headquarters, the firm has been
marketing the System 10 and 1500
series computers, acquired from the
now defunct Singer Business Machines operation, the 2903 model
from the British computer giant, as
well as the 220. But competitors
have never given it credit for much
of aU. S. market presence.
The model 320 and anew marketing thrust are out to change that low
profile, says Chuck Barnes, executive vice president and general manager of the Irving, Texas—based
Distributive Systems division, marketer of the new computer.

Indeed, the 320 has features to
overcome deficiencies of the model
220, which it replaces. Primary
among these are a new range of
peripherals, especially disk drives
with larger capacities.
Memory. Although it uses basically the same central processing unit
as the 220, the 320 replaces the
former's core memory with less
expensive and more compact semiconductor storage. Thus maximum
memory capacity has jumped 25%
from 160 to 200 kilobytes.
The completely redesigned diskdrive controller uses a Z80 microprocessor to reduce size and cost. It
can support as many as four drives
for amaximum of 60 megabytes.
To attach to this controller, the
320 offers two basic types of drives:
cartridge module and Control Data
Corp.'s popular Storage Module
Drive. The cartridge module offers
10 megabytes of removable memory
and 10, 30, or 50 megabytes of fixed
disk. The Storage Module Drive

offers 40, 80, or 160 megabytes of
totally removable disk storage.
ICL makes the point that configurations may mix the two types of
drive to the maximum supportable
160 megabytes. In contrast, the 220
offered a maximum of a 40-megabyte removable disk.
Another major peripheral addition
is a new cathode-ray-tube terminal
with two 8085 microprocessors. Like
the basic unit, it was designed and
will be built at the Product Development Group in Utica, N. Y., which
is the former Singer factory.
The choice of printers has been
expanded to include three matrix
printers with speeds ranging from 60
to 180 characters per second. Four
line printers run between 75 and 600
lines per minute.
Software-compatible with the older system 10 units, the 320 uses the
same multiprogramming architecture, supporting up to 20 partitions
(tasks) at atime. Both asynchronous
and binary synchronous communications are available.
The tab. Prices will range from
$35,000 to more than $100,000
depending on system configuration.
Barnes says the 320's price/performance ratio will be aggressively competitive with such small business
computers as IBM's System/34
and/38 and Sperry Univac's BC/7,
as well as units from Basic Four
Corp. and Wang Laboratories Inc.
In addition to the new hardware,
ICL Inc. has now set up its own U. S.

Pitney Bowes into word processing
Fresh from its purchase of Artec International Corp. of Santa
Clara, Calif., Pitney Bowes Inc. is assigning marketing responsibility for Artec's Dual Display text processor to another
recently acquired subsidiary, Dictaphone Corp. The combination of a full-page cathode-ray tube and a single-line
keyboard users to look at the line just typed, which should
increase productivity, according to Artec.
The system also features concurrent processing so that
non-keyboard functions like sorting and selecting can be
performed simultaneously with typing or editing. The basic
system (right) of CRT, keyboard, 40-character to second
daisy-wheel printer, and floppy-disk module that can hold
200 text pages per floppy costs $15,950. Each additional
work station is $2,995.
-Benjamin A. Mason
•••116
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ST-732
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ST-711RLY16D.. .$104$ SINGLES
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Model ST-711: 32S/16D A/D Channels,
no D/A Channels
$625 (Singles)
Model ST-732: 32S/16D A/D Channels,
includes 2 D/A Channels plus current
loop outputs
$788 (Singles)
Full mechanical, electrical, and pinout
compatibility to Intel's SBC-711/732
Analog I/O Boards.
Operates with all Multibus and SBCSeries compatible microcomputers
including the 16-bit SBC-86/12 (except
SBC-80/04).
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Works directly from Intel's RM X-80
Analog I/O Driver operating software.
Includes program-gatable Pacer start
clock, 1mS to 1sec., crystal-controlled.
A/D inputs accept up to 16 user-installed
shunts for 4-20 mA etc. current inputs.
Differential amplifier for high gain up to
X1000 (10 mV full scalerange).
Includes Programmable Gain Amplifier.

ST-711RLY8D
ST-711RLY16D

S683 SINGLES

8 or 16 differential A/D channels using
a "Flying Capacitor" relay multiplexer for
high common mode noise rejection (126
dB) and high isolation (
_--t 250V RMS).
Complete hardware and software
compatibility to Multibus and SBC-Series
microcomputers.
Uses
identical programming and register assignments to
SBC-711/732, and ST-711/732 AIDD/A boards.
10 mV to 2V input ranges including
Programmable Gain Amplifier. 12 binary
bit A/D resolution.
Includes Diagnostic Program for
immediate TTY or CRT printout.
Includes 10-stage Pacer Start Clock.
ST-711RLY8D (8 Channels) $683, singles
ST-711RLY16D (16 Channels)
$1045, singles
ST-724

S595 SINGLES

Includes Diagnostic Program tape for
immediate TTY or CRT print-out.

4 D/A Channels plus 4 4-20 mA current
loop amplifiers.

12 bit binary conversion; 20 microsecond
throughput period.

12 binary bits, Multibus compatible.
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service operation. Barnes says atwoyear program will expand this
service ,system nationwide.
Unchanged is the marketing setup, through 40 exclusive dealers,
which Barnes claims has proved
successful. "We sold some 1,200
model 220s last year, and that's
more than Singer sold in their best
years," he says.
-Anthony Durniak

Consumer

Compact computer
packs in functions
Shying away from the highly competitive marketplace for low-end
home computers, Hewlett-Packard
Co. is launching a $3,250 personal
computer for technical and business
use. The HP-85 packs such features
as a display, thermal printer, and
extensive input/output capability
into a 16-by-18-by-8-inch unit that
weighs 18 pounds.
The new computer uses an enhanced version of the Basic language
with editing capabilities and extensive software packs for its intended
users. It also has built-in, interactive
graphics (see photograph).
Hardware. HP has tailored the
hardware package to the demands
that technical and professional users
will make. It uses an 8-bit n-channel
mos microcomputer developed at
the Corvallis (Ore.) division, which
will manufacture and market the
HP-85. The four tio ports can hold a
range of optional interface modules
that permit many data-acquisition
and control applications.
There is also plenty of data and
program storage. Standard is 16
kilobytes of read/write memory,
expandable to 32 kilobytes by plugging a module into one of the four
uo ports on the rear. The built-in
read-only memory is 32 kilobytes,
expandable to 80 kilobytes.
The long-awaited machine [Electronics, Jan. 3, p. 33] bowed at the
Winter Consumer Electronics show.
Interestingly HP thinks that the
market at which it is aimed is pretty
much untapped, in spite of the top-
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Compact. The typewriter-sized HP-85 personal computer for business and technical users
has ahigh-resolution CRT display, thermal printer, and cartridge tape drive—all built in.

end Pet and Apple home computers
that come with enhancements that
appeal to professional users.
The HP-85's programming language offers 146 commands with 12digit accuracy and unlimited string
length. There are 42 predefined
functions, four levels of program
security, and flexible output formatting. Applications cartridges include
general statistics, mathematics, electrical engineering, finance, linear
programming, and the like.
Graphics. The highly automated
graphics capability is designed to
draw plots on the cathode-ray-tube
display that will clarify complex
data pictorially. Also, a single key
stroke will cause a hard copy of the
plot to come out on the built-in thermal printer.
This printer also offers the full
128-character ASCII set, as well as
underlining, and can print two 32character lines a second. Furthermore, it can rotate the data from the
display 90° when plotting so that it
can print achain of strip charts.
Optional interface modules, to be
introduced gradually, include IEEE488; RS-232-C; binary-coded decimal, and general-purpose 16-bit bidirectional interfaces. They will in-

terconnect through the 1/0 ports,
which also will let the user expand
capabilities through a variety of
peripherals to be introduced.
The 5-in. CRT is monochromatic,
but color is expected to be offered. It
can display as many as 16 alphanumeric lines of 32 characters each. As
a graphics display, it has a 256-by192-dot field, extremely high density
for apersonal computer.
The HP-85 also has a cartridge
tape drive with a user capacity of
217 kilobytes. Read/write speed is
10 inches per second, with a search
speed of 60 in./s and atransfer rate
of 650 bytes/s.
-Bruce LeBoss

Lasers

Line-of-sight unit
links teletypewriters
Solid-state lasers appear to have a
future in high-speed digital transmission, and security-conscious dedicated data networks are indeed the
principal application of American
Laser System Inc.'s 10-kilobit/second gallium arsenide unit. Somewhat to the surprise of the small
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Our entry-level Dual-Board Micro.
It goes places one board won't.
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Instead of putting all the capability
we could on one large board, like other
micro companies, we put it on two very
small boards. The result is the best form
factor you can find in 16-bit entry-level
micros.
And for just $826 in 100's.
On one 5.2" x8.9" (13.2 cm x22.8 cm)
board you get the 16-bit LSI-11/2 microcomputer, with the PDP-11 instruction
set and a380ns cycle time. On the
other board you get everything else to
implement your system— 8Kb RAM
standard (or 32Kb optional), space for
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up to 8Kb PROM, console
interface port, asynchronous serial I/O, and clock.
You also get the flexibility to configure more
powerful systems simply
by replacing the LSI-11/2
processor board with our
new LSI-11/23.
At Digital, we look at
micros with asystems
understanding. That's why
we offer our 16-bit microcomputer family — in
boards, boxes and systems —
with the most powerful,
advanced, and proven
software on the market.
And why we offer hundreds of hardware tools —
memory and interface
boards, complete development systems, peripherals and terminals.
All backed by over
11,000 support people
worldwide.
It's the total
approach to micros,
only from Digital.
For more information, contact Digital
Equipment Corporation,
M
-2/M70, One Iron
Way, Marlborough, MA
01752. Or call toll-free 800-225-9220.
(In MA, HA, AL, and Canada, call
617-481-7400, ext. 5144.) Or contact your
local Hamilton/Avnet distributor. In
Europe: 12 ay. des Morgines, 1213 PetitLancy/Geneva. In Canada: Digital
Equipment of Canada, Ltd.

It took the minicomputer company
to make micros this easy.

d
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News briefs
Color may be coming for Commodore's Pets
Coming soon may be color displays for the Pet personal computer and CBM
business systems from Commodore Business Machines (Canada) Ltd. of
Santa Clara, Calif. A video interface circuit from its MOS Technology subsidiary would make this possible. Now in prototype, the silicon-gate n-channel
6552 provides 40 columns of screen data and has high-resolution color
graphics and tone color, among other functions. The chip will be available
commercially from the Valley Forge, Pa., subsidiary.
Commodore also is introducing a line of calculators based on a new
complementary-MOS 4-bit microcomputer that reportedly is smaller than
competitive chips and can directly drive multiplexed liquid-crystal displays.
Also in development by the company is a large-area LCD for computers and
consumer products.
Job hopping doesn't pay, says the University of Illinois
The less engineers, including electrical engineers, change jobs, the more they
are apt to make, the University of Illinois says. From the class of 1969, 308
engineering graduates, including 90 EEs, reported in a survey that those with
three or more job changes had an average monthly salary of $2,353 and
those with one job change had the highest average, $2,491. From the class
of 1974, 347 engineers, including 70 EEs, reported an average monthly
salary for job hoppers of $1,579 and for one-time job changers of $1,897.
Many uses. A GaAs laser unit, designed for
secure data transmission over fiber-optic
cables, is serving as a line-of-sight teletypewriter link. It also can carry voice traffic.

Goleta, Calif., firm, its model 736 is
also attracting attention as a lineof-sight transmission system.
The first such installation is atwomile link for teletypewriter traffic in
Trinidad. The advantages of the link
between the Trinidad External Telephone Co. and a downtown Portof-Spain building are twofold.
Advantages. "Land lines did not
have to be installed through the city,
and licences for microwave did not
have to be granted," says Duncan B.
Campbell, American Laser's president. Not only are lasers simpler to
put into operation, but the $10,000
system cost for two transmitters, two
receivers, and interface modules
proves much less than the $40,000 or
so price of the equivalent microwave
tab. Cables are even more costly.
"All we had to do was put
together interface modules so it can
tie into telephone equipment,"
Campbell adds. These standard telecommunications modules, made by
Wescom Inc. of Downers Grove, Ill.,
were configured specifically for
Trinidad. "Wescom acted as a go-
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Computer pioneer John Mauchly dies
John W. Mauchly, co-inventor of Enloe, the first electronic digital computer,
died early this month at the age of 72. Mauchly, who received his bachelor's
and Ph D. in physics from John Hopkins University, worked with J. Presper
Eckert Jr. to complete the design of Eniac at the University of Pennsylvania's
Moore School of Engineering in 1946 [Electronics, April 1946, p. 308].
Tracor, RCA cooperate on custom SOS
Tracor Inc., Austin, Texas, says it will use custom complementary-MOSon-sapphire chips from RCA Corp. to enter the market for military and
commercial special-application computers. A prototype microcomputer
developed for the Air Force and the Navy that uses 29 C-MOS-on-sapphire
circuits to emulate the Navy's standard AN /UYK-20 computer is the basis
for the move. The company designed the chip set, which includes large-scale
integrated 8-bit arithmetic-and-logic and controller circuits, as well as
devices laid out from RCA gate arrays of 300- and 452-gate complexities.
RCA's Solid State Technology center, Somerville, N. J., turned the designs
into chips. Though C-MOS on sapphire has proven too costly for widespread
use in commercial applications, officials in Tracor's aerospace group are
eyeing the technology for its speed and low power consumption, plus its
inherent radiation resistance.
Digital typesetting gets more affordable
Digital typesetting has descended a notch or two on the price scale with the
introduction of Autologic Inc.'s APS-Micro 5—a high-speed, cathode-raytube- based typesetting system. Priced at under $55,000, the unit is Multibus-compatible and uses an 8085 as a controller. Aimed at the mid-range
market of small to medium-sized newspapers and the like, it may be used
with word processor systems, says the company. The compact typesetter
from the Newbury Park, Calif., company has an on-line storage capacity of
over 200 fonts and can set up to 1,250 lines per minute with a resolution of
up to 3,600 lines per inch. It is available in 45-, 57-, and 70-pica line widths
and uses Winchester disks in combination with floppy disks; if the user opts
for just floppies, the price goes under $50,000. A patented vacuum transport
system is used to move the print medium—either film or paper —eliminating
tension and ensuring placement accuracy. The APS-Micro 5 will accept
inputs from paper and magnetic tapes, as well as floppy disks.
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NATIONAL ANTHEM

Showcasing National's
new family of 8-bit A/Ds.
Alot of people in the semiconductor
industry sell low-cost 8-bit ND converters.
But only National offers self-contained 8-bit
A/Ds with 100psec conversion. And only
National can build this kind of performance
into A/Ds with single-channel differential
or 8- and 16-channel single-ended analog
inputs. All of which are fully MP-compatible.
The ADC0801/2/3/4 are 20-pin DIP,
single-channel differential analog input A/Ds.
The ADC0808/9 8-bit converters also feature 8-channel analog input multiplexers,
each in a28-pin DIP The top-of-the-line
ADC0816/17 each contain a16-channel
analog input mux in 40-pin DIPS.
The new line of 100iisec ND converters

eliminates the need for external zero and
full-scale adjustments and features an absolute accuracy as good as ±-1/
4 LSB.
National's 8-bit A/Ds not only interface
to any µ13 bus, they also feature absolute
or ratiometric operation, and require just a
single 5V supply at almost no current at all.
National Semiconductor, the leader in
innovative, cost-effective data acquisition
products, now boasts the best price/
performance of any ND available. In 100piece lots, the ADC0804, for example,
costs only S2.95; the ADC0809 alow $3.60;
the ADC0817 costs just $7.95.
Practical Wizardry strikes again —all
the way down to the bottom line.
2
TRI-STATE •is oregistered trademark of Notional Semiconductor
Corp.

Single-chip CRT controllers
need less support.
DP8350 Series of programmable
controllers most widely used among
major CRT makers.
National's powerful CRT controllers
require considerably less support circuitry
than any other CRTC available. Due in part
to single-chip bipolar circuitry, the DP8350
Series CRTCs serve as fully dedicated CRT
display refresh circuits in 40-pin packages.
This, combined with the DP8350's
enhanced versatility provides an unprecedented ease of system design.
Single-chip versatility. The DP8350
Series, which includes the DP8350, DP83
52 and DP8353 CRTCs, offers awide range
of programmability using internal mask programmable ROMs. In the character field,
for example, both the total number of dots
,r
.
per field (up to a16 x16 dot matrix) and
i
i ni
sesi--_;>
the number of scan lines per character may
be specified.The number of characters per
row (from 5to 110) and character rows per
video frame (from 1to 64) may be programmed as well.
Acomplete set of video outputs is available including cursor enable, programmable
vertical blanking and programmable horizontal and vertical sync.

In addition, the DP8350 CRTCs feature
an internal dot rate crystal controlled oscillator. For those systems where adot rate
clock is already provided, the DP8350 Series
may use an external clock input. Either way,
the buffered dot rate clock output ensures
system synchronization.
The DP8350s also provide such system
sync and program inputs as 50/60 Hz control, system clear, external character/line rate
clock and acharacter generator program.
Also featured are three on-chip registers for
external loading of the row starting address,
cursor address, and top-of-page address.
Twelve bits (4K) of bidirectional TRI-STATE
character memory addresses allow interface to character memory.
DP8350 at the heart of the best
designs. The popular DP8350 Series has
already been designed into the terminals
made by nearly every major CRT terminal
manufacturer. Because the Wizards at
National not only offer superior controllers,
they also produce awide variety of complementary design components. Character
generators, es, memory products, just
to name afew.
And what's more, it's all ready for
immediate delivery.

New Military Temperature Range BIFET Op Amps
inducted into National service.
The inventors of BIFET Op Amps
are in the military with the LF151,
LF151A, and LF153.
In 1975, National Semiconductor
invented BIFET technology. Because of their
low bias current and high-speed performance, these op amps quickly became the
new industry standards. But while the competition continues to imitate what National
introduced, National has moved on.
Their latest offering is three new lowcost, high-performance military temperature
range op amps — the LF151, LF151A, and
LF153.
Asingle op amp. Alot of features.The
LF151and11151A were designed to fill a
long-vacant price/performance gap between
the LF156H workhorse and the top-of-theline LF156AH. And both models come with a
solid list of guarantees over the —55° to
+125°C temp range.
For example, the LF151A comes with
amaximum input offset voltage of 2mV and
amaximum input offset voltage drift of
less than 20 0//°C.You also get aminimum

slew rate of 10V/µ sec and abandwidth of
3MHz minimum.These parameters are 100%
tested, including temperature drift, and are
guaranteed with no exceptions, qualifications,
asterisks, or footnotes.
Wm into one equals adual. For those
who need adual op amp, there's the LF153,
simply two LF151's in the same package.
Although National doesn't guarantee amaximum input offset drift spec, they do guarantee that the input offset voltage won't
exceed 7mV over the full military temp range.
Couple that with low bias current and high
speed, and you have avery capable pair of
op amps in asingle 8-pin package.
The bottom line. Perhaps the most
appealing features of these three new op
amps, however, are their price and availability. All three models are available now—for
as low as $3.25 for the single and $6.00 for
the dual (100 unit price). For further information, call your local National distributor or
sales engineer
Theyll show you how the people who
invented BIFETs just made it easier to own
them.

6000V/msec
buffer amps drive
heavy loads.
The LH0002, LH0033, and LH0063 have
been the industry's most popular buffer
amps for some time now, simply because
their high-speed special function circuits drive
the kind of high-capacitive lines that can
choke typical buffers. And to make agreat
thing even better, National has just assembled two brand new documents full of innovative applications and other detailed
information about their buffers. (Check out
the Special Functions Databook and Applications Note 227 on the coupon below.)
The LH0002/33/63 current amps will
drive up to -± 500 mA into a5on line at
slew rates from 200 to 6000 V/msec.
National's laser-trimmed current amps
solve design problems with respect to highcapacitive coax line drivers, video amps,
high impedance input buffers for fast A/Ds
and comparators, and diddle yoke drivers.
The Practical Wizards of the Special Functions Group offer both mil- and commercialtemp versions of the LH0002/33/63s.The
LH0002 and LH0033 come in either metal
can or dual in- line packages. The LH0063
is available in the 8-lead TO-3 package.
2

Low-cost
commercial temp
BIFET
op amps guarantee
lowest drift.

National Semiconductor guarantees the
industry's lowest Vos drift with their new line
of commercial temp BIFET op amps. With
these new low-cost op amps, the need for
costly special testing has been eliminated.
The LF351A-1 and 11351B-1 single BIFET
and the LF3536-1 dual BIFET op amps
require 1.8mA current yet maintain a4MHz
gain bandwidth and a13Vmsec slew rate.
But perhaps of greater significance is their
offset voltage drift:
Max Initial Vos
Max Drift of
LF351A-1
2mV
20e/ °C
LF351B-1
5mV
3011V/ °C
LF353B-1
5mV
30mV/ °C
These new op amps are ideal for applications such as high-speed integrators, fast
D/A converters, and sample-and-hold circuits.
The Wizards, known for their premium
mil-temp BIFET op amps, are now setting the
pace for high-quality, yet low-cost commercial temp BIFET op amps. Each with aguarantee that can't be beat.

New LM385
12pW micropower
reference.
The lowest power
reference available.
LM385 Design Features
-operating current of 10pA to 20mA
-1% and 2% initial tolerance
-low voltage reference -1.235V
-stable under large capacitive loading
-low temperature coefficient
-low noise, good long-term stability
-1 dynamic impedance
-replaces older devices with
atighter tolerance
The new LM385 is yet another example
of National Semiconductor's commitment
to supply high-performance references.
Where power is aprimary concern (as in
battery-powered equipment, portable meters,
or general-purpose analog circuitry with battery life approaching shelf life), this device
provides performance unmatched by traditional discrete devices.
For applications requiring other reference voltages or performance specifications,
National Semiconductor has the device
you're looking for. For example:
-Vref 2.5V; 5.0V; 6.9V;10V
-Initial Tolerance as low as .01%
-TCmax as low as 0.5ppm/°C
Is it any wonder that more and more
design engineers are looking to National
Semiconductor's linear references to
solve problems?

What's new from the National archives?

1

006 D Special Functions Data
Book ($6.00)
007 El Interface Data Book (S6.00)
013 0 LE 151, 151A, 153 Data Sheet
014 D New Data Acquisition
Products Brochure

017 D LM185/385 Data Sheet
021 D LH0002/33/63 Application
Note 227
022 011351A-1/351B-1/353A-1
Data Sheet
023 D ADC0801, ADC0808,
ADC0816 Data Sheets

Enclose check or money order based upon appropriate currency. Make checks
payable to National Semiconductor. Allow 4-6 weeks for delivery.
NAME

024 D DP8350 Series Application
Notes 198,199

For desired information, mail coupon to:
National Semiconductor Corporation
2900 Semiconductor Drive
Mail Stop 16250
Santa Clara, California 95051
in Europe, mail coupon to:
National Semiconductor GmbH
Industriestrasse 10
8080 Fuerstenfeldbruck
West Germany
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between to help out, since it too sees
anew market," he says.
Laser communications seem best
suited for phone lines in urban and
industrial areas where rights of way,
permits, conduits, digging, and delays conspire to run costs up. Another example is the Atlanta, Ga., laser
link of computer and traffic lights
[Electronics, Nov. 9, 1978, p. 41].
Uses. In many developing countries, telephone cables are frequently
overtaxed or simply nonexistent. A
good example of a dedicated link
that a line-of-sight laser setup could
serve is between airline and travel
offices in acity and the local airport,
which usually is within the model
736's 15-mile range. Such a link
already is in the works for Cairo,
Campbell reports.
The American Laser unit has

built-in alignment mechanisms, with
sighting by atelescope aligned to the
optical axis. Power consumption for
the receiver is 360 milliwatts, for the
transmitter, 2.2 watts—typical figures for such units.
Peak output power for the transmitter is 10 W, with the average 1.5
mw. It has a pulse width of 100
nanoseconds and wavelength of
9,040 angstroms.
Although the Trinidad laser link is
handling only teletypewriter data,
the equipment can accommodate
voice information as well. The only
hampering condition is heavy fog,
whose suspended water-vapor particles absorb and dissipate the 904nanometer light. Rain, snow, sleet.
hail, and electrical storms have no
impact on the line-of-sight system,
claims Campbell.
-Larry Waller

LPL
Nylon FLEX-CLIP
Slip wires in or out for changes
or removal. Contour of clip plus
spring-back flexibility of nylon
provides easy assembly. yet
holds bundles securely.

Airborne YAG unit to chart ocean shallows
with sonar accuracy but 100 times the speed
The U. S. Navy is eyeing an
airborne laser measurement system
to replace shipboard sonar setups
that map shallows along ocean coastlines. The two techniques are roughly comparable in terms of charting
accuracy, but the laser has a great
advantage in speed.
Survey boats carrying the sonar
systems must proceed slowly and
cautiously in uncharted shallows, but
a helicopter-borne laser measurement system can scan 100 times
faster, covering 7 to 10 nautical
miles an hour. Sonar must be in
contact with the water to work, and
microwaves and millimeter waves
will not transmit through water.
Plans. The Hydrographie Airborne Laser Sounder (or HALS) is
coming from Avco Everett Research
Laboratory Inc., under contract
from the Naval Ocean Research and
Development Agency. Norda hopes
to turn the system over to the Naval
Oceanographic Office for worldwide
coastal surveys that are scheduled to
begin in 1981.
Avco, based in Everett, Mass., is
bringing out of the laboratory a
solid-state yttrium-aluminum-garnet
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laser with a frequency doubler
converting the YAG crystal's red
light into ablue green beam. Such a
beam, with a wavelength of 532
nanometers, will penetrate water.
The laser in a HAIS system will
emit abeam only 5nm wide, pulsing
it 400 times a second to a rotating
mirror that reflects each signal down
in a circular scanning pattern 700
feet wide. The laser's peak power
output during each pulse is 400
megawatts, and its average output is
0.8 watt.
Part of the beam reflects off the
water's surface, and the remainder
reflects off the ocean floor. A photomultiplier tube, equipped with a
specially designed logarithmic amplifier, can distinguish amplitude
variations in the returning signals for
a 10-million-to- 1range over a 100megahertz bandwidth, according to
Frank J. Cook, Avco's director of
engineering.
Accuracy. This wide dynamic
range allows quick differentiation of
signals and screening out of backscatter. The result is accuracy to
within 1foot to depths of down to 65
feet and to within about 3.5 ft for

Nylon PRESS CLIP
Peel off ... press and its on to
stay. Adhesive-back provides
fastest way yet to install clips.
Four sizes for bundles from 1
/
8"
to V2" dia.

PRESS CLIP
for flat cable
One size nylon clip for any
width flat or ribbon cable. Used
along edges, provides unlimited
flexibility in mounting arrangements. Adhesive-back or screw
mounting hole.
Write for catalogs.

COMPANY, Inc.
4444 W Irving Park Road
Chicago. Illinois 60641 (3121282-8626
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APOWERFUL
STATEMENT FROM

NJE

"NJE Power Supplies and Systems
are THE BEST INVESTMENT
in terms of watt hours per dollar
of any available anywhere!"
ASK US-WE CAN PROVE IT!
• FERRORESONANT •

• POWER SYSTEMS •

The same model can
handle both 50Hz and
60Hz inputs. MTBF's
in excess of 100,000
hrs. and efficiencies
from 70% to 85%.
Output power to 1000
watts. Densities up to
0.9 watts per cubic
inch.

Incorporate up to eight modular supplies
in one rack assembly. Systems may be
tailored to your custom requirements by
incorporating options from the extensive
list available including panel metering,
individual controls, test jacks, redundancy and load sharing. Combinations of
ferroresonant and series regulated supplies may be accommodated.

High reliability, excellent line and load
regulation, very low
output ripple and
noise, fast transient
response, and remote
control capability.
Outputs available to
500 volts.

NJ E

DAYTON, N.J. 08810

ALL SUPPLIES CARRY OUR

5-YEAR WARRANTY

NJE is a team dedicated to building Quality
Power Supplies and lasting relationships with
its customers.

(201) 329-4611 • TWX 710-480-5674

A DIVISION OF TECHNOLOGY DEVELOPMENT CORP
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100 ft below that distance.
After testing a demonstration
unit, Norda concluded that it would
come within 1foot of sonar's accuracy. The agency does note that the
laser system's accuracy depends on
the clarity of the water.
Counter. To measure water depth,
the HALS system has acounter that
notes the time lag between the first
and second parts of the signal,
producing adigitized record for storage on magnetic tape. Measurement
of the laser beam's angle as it hits
the water fine-tunes the depth
figures.
HALS also records the helicopter's
position on tape for later correlation
with depth measurements during
charting. Altitude measurements
also will allow surveyors to calculate
the water surface's plane for correction of waves up to 5ft.
Avco has already built a bulky
demonstration system using a gas
laser, but the HALS with solid-state
laser should weigh no more than 880
pounds and be under 2cubic meters
in size, Cook says. It will use amilitarized version of Data General's
Eclipse S/130 minicomputer for
storage and processing, with power
drawn from standard helicopter supplies.
-Linda Lowe

Industrial

• SERIES-REGULATED •

P.O. Box 50E
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Study farsees lag
in U. S. CAD, CAM
Despite the U. S. lead in computer
technology, the nation may fall
behind West Germany and Japan in
using it to develop computer-aided
design and manufacturing. That
grim forecast is contained in a new
560-page study by the National
Academy of Sciences.
The CAD/CAM situation in the
U. S. "contrasts sharply with that in
West Germany and Japan, which
have well-established national research programs with joint industrygovernment funding," the NAS report notes. Not only is U. S. research
falling behind, but the large capital
investment required for new technol-

ALL PRODUCTS COMPLETELY MFRD. IN U.S.A.
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Current sensing
resistors for
multi-range instruments.
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Non-inductive precision
resistors for power
switching circuits.

1110,
11

Off-the-shelf precision
decade voltage dividers.

-

Caddock's Type 1787
Current Shunt
Resistor Networks.

Caddock's Type MS
Power Film Resistors.

Absolute resistance tolerances of 0.25%,
0.1%, 0.05% and 0.02% make these 2-, 3and 4-decade current shunt resistor networks the ideal replacement for expensive, bulky discrete resistors.

Caddock's patented Non-Inductive
Design in power ratings from 2watts to
15 watts assures minimum voltage transients in all types of power switching
circuits.

16 standard models are now available.
The basic network design provides aseries
total resistance of 1000n ,100n ,lOn and
ln .Other standard models provide commonly used variations of this basic design

High stability Micronox resistance
films operate to +275°C and years-long
load-life tests demonstrate extended-life
stability better than 0.05% per 1000 hours.

Caddock's Type 1776
Precision Decade
Resistor Voltage Dividers.
When used as a 10 Megohm input voltage divider, the Type 1776 family can provide high accuracy voltage division in
ratios of 10:1, 100:1 and 10,000:1.
Type 1776 Precision Decade Resistor
Voltage Dividers are now available in 25
standard models with ratio TCs from
50 ppm/°C to 5ppm/°C. Caddock's laser
production techniques keep OEM quantity
prices low, too.
For Type 1776 data, circle Number 205.

For Type MS data, circle Number 203.

F'or Type 1787 data, circle Number 201.

CADDOCK Resistor Technology

solving problems across the board!412_

High stability resistors for
very-high voltage control
and measurement circuits.

100 Megohms in a
miniature package.

Resistor pairs and quads
with very low ratio TC.

Caddock's Type T912 and
T914 Precision Resistor
Networks.
Caddock's Type MG
High Voltage Resistors.
High voltage probes and control circuits
make wide use of Type MG resistors for
precision high voltage regulation and
high voltage measurements.
Long-term stability — plus proven
reliability — have also made these precision resistors first choice in communications satellite voltage control circuits.
For Type MG data, circle Number 202.

Caddock's Type MK
Precision Film Resistors.
Precision values to 100 Megohms in a
miniature CK 06 case make the Type MK
ideal for low current designs.
These non-inductive resistors find wide
application in high-impedance analog
circuitry.

Ratio tolerances to ±0.01%, ratio TCs
of 2, 5or 10 ppm/°C and ratio stability
within ±
-0.01% at full load for 2000 hours
provide exceptional stability in precision
analog circuits.
Both pairs and quads have isolated
resistors of equal value. Standard resistance values are 5kn to 1Megohm and
custom variations with unequal values
are available.
For Type T912 and T914 data, circle
Number 206.

For Type MK data, circle Number 204.

Caddock's latest General Catalog provides complete performance data and
specifications on over 100 models of these outstanding 'problem-solving' resistors.
For your copy, just write or call to Caddock Electronics, Inc.,
3127 Chicago Ave., Riverside, Calif. 92507 — Tel: (714) 683-5361

HIGH PERFORMANCE FILM RESISTORS
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Now you can clone
your thermal
instruments
1
1
3et,
I n`
because
we've cloned
e our thermistors
Unithemr The world's first, interchangeable, nitrated, smallsize thermistor. Now available from Thermometrics. The
Unitherm thermistor you buy 10 years hence will be identical in
size, shape and performance to the one you use today. So you
can "freeze" your circuit design and not be concerned about padding
or future circuit adjustments, recalibration or field replacement.
Their nitrates, response times (as quick as 12 milliseconds) and
minute size qualify them for use in the most critical of applications.
In heart catheters. In microcircuitry. And in just about every thermal
measurement application where thermistor interchangeability,
ultrafast response, small size and long-term stability are mandated.
For full details on our line of thermistors, and to keep abreast of
new thermistor developments and applications, contact:

gums
808 U.S. HIGHWAY #1
EDISON, NEW JERSEY 08817
(201) 287-2870
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ogy in materials processing inhibits
full-scale adoption in the U. S. to the
point where "60% of our machinetool base is more than 10 years old,
compared with only 30% in Japan
and West Germany," the study says.
U. S. industry needs an economic
climate that encourages development
and adoption of new technology to
improve productivity, the study argues. Such an argument parallels
that made by leaders of the electronics industries contemplating the parlous state of U. S. research and
development (see p. 81).
Education. Compounding the
CAD/CAM problem, says the report,
is the low academic status of materials processing technology. "Little
current research in the schools is
relevant to major developments" in
the field, it says.
Moreover, overall engineering and
science education trends provide discouraging numbers for American
electronics manufacturing hungry
for new talent. The study shows an
annual decline in the number of
engineering and science doctorates
awarded since the peak of 14,311 in
1971. Six years after that, the number of Ph. D.s awarded had dropped
nearly 18%, to 11,777.
Restructured national priorities in
the 1968-78 decade changed Federal
agency research budgets and, in
turn, those of engineering schools
teaching electronics that get much of
their support from mission-oriented
defense and space programs. During
that period Federal funds clearly
identified with technology dropped
from 54% of the total to 33%.
The report is drawing some criticism because it does concentrate on
computers, communications, and energy and materials processing, ignoring many areas outside electronics.
But the selection is as much amatter
of deadline pressure as of anything
else—the NAS study group took on
the task of writing the report in
midstream as the result of Government economizing. More serious are
the complaints of some specialists in
areas included in the survey that its
contents are uncoordinated history
and the product and market forecasts have little depth. -Ray Connolly
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It's awell known fact that the major
semiconductor manufacturers have
now copied the SEMIPACK®, the
original hybrid power module developed by SEMIKRON. The copy may
look-a-like but the similarity ends
when you look for performance and
price. Why?
SEMIKRON has: proven design •
larger power handling capacity •UL
approved electrical isolation •eliminated thermal problems •the capacity
to sustain surge currents up to 2100A
at max junction temperature. Actually
its all these features in addition to the
meticulous assembly and final testing
which insures the continuing excellent
performance.
Our prices are lower because of
SEMIKRON's progress along the
learning curve. For example our
SEMIPACK with 2SCR's, Model
SKKT-55/10 rated at 55A and 1000V,

formerly listed at $38.19 is now
priced at $29.65 — a reduction of 22
percent.
SEMIPACK, the modular building
block based on series connected
pairs of diodes, thyristors, or one
diode and one thyristor, is readily
assembled into single and three
phase bridges as in half-controlled,
fully controlled, diode bridges and ac
controllers. Typical applications in•
clude: phase and inverter motor controllers; welding, plating and lighting
controls; power supplies ...
For super-fast air freight delivery of
our extensive line of power semiconductors (diodes, SCR's, transistors,
bridges, SEMIPACKS) from our
modern centralized and computerized
inventory control system call collect
Tel. 1-800-258-1308.
For complete information and support
on your specific project write or call
above number.

The SEMIPACKS are available as components or
integrated in acompleted assembly. The unit shown
above is aquad drive circuit employing 6 SEMIPACK.
Our engineers will design acustom assembly to
meet your specific need.

SEMIKRDIIi
INTERNATIONAL

Everybody is
the
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...but not in
cutting Price
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Varian MBE Systems
For Today And Tomorrow
The Broadest Experience
For research or production of molecular
beam epitaxy-based devices, Varian is your
prime resource.
Choose between two systems. Model
MBE-360 is the world's leading research system.
Significant new devices are being developed
with it now. Model MBE-360/GEN Il is a pilot
production unit for epitaxial growth of III-V,
II-VI and IV-VI compound semiconductors with
high film-thickness uniformity over wafers as
large as two inches.

These flexible, quality systems are backed
by an in-house process development lab with
more than two years' experience in MBE-based
device production. There's also aworldwide
service staff. Interested? Call or write Varian
Palo Alto Vacuum Division, Palo Alto, CA 94303,
(415) 493-4000, Ext. 3601; Varian GmbH,
Stuttgart, W. Germany, 73 20 28.

The Broadest Capability

Optional chamber
for substrate
preparation or
analysis simultaneous with growth

8 GHz MESFET grown
in Varian process
development laboratory.

Systems for MBE growth over one and two inch wafers
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Direct measurement of molecular
beam flux from
each furnace at
deposition position

Washington newsletter
No laws cover

No Federal laws or rules appear to exist by which the U. S. could
compensate American electronics manufacturers and exporters of highpossible losses from
technology products for losses they may incur from revocation of avalid
Soviet trade bar ... license for exports to the Soviet Union. That is the unofficial judgment of
Government lawyers and congressional sources surveyed following a
Commerce Department disclosure that it is looking at the prospect of
compensation for losses if any exports are canceled as a result of
President Carter's moratorium on the U. S.-Soviet trade in high-technology as well as agricultural products. When Carter promised farmers to buy
and stockpile U. S. grain proposed for export in order to stabilize the
domestic market, Federal officials sought a comparable law permitting
U. S. manufacturers to be compensated if alicense is revoked.

..

rare-mineral users
in U. S. viewed
as biggest losers

NTIA urges competition
for digital service
proposed by Xerox

First tech standards
for telephone hardware
Issued by EIA
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Shutting the door to U. S. trade in electronics with the Soviet Union
"probably will hurt us more than it hurts them," says one Commerce
Department specialist, noting that Russia is the second largest supplier of
gold after the Union of South Africa. It also is amajor source of other rare
ores like chrome used by U. S. makers of semiconductors and other
high-technology products. "Our relations with South Africa are not particularly good, and gold prices are already out of sight," the analyst noted.
"U. S. electronics exports, on the other hand, account for about half the
$216 million in high-technology shipments in 1978, our best year in the
last five." Moreover, the official points out that the Soviet Union probably
will experience no difficulty acquiring whatever Western electronics
products it wants from Europe or Japan.

The National Telecommunications and Information Administration
(NTIA) believes "it is crucial that the Federal Communications Commission seize the opportunity for competition" and quickly allocate 60 MHz in
the 10-G Hz band to multiple licensees for provision of adigital termination
service (DTs) to business users. The service would be based on a 1978
proposal by Xerox Corp. to establish a national service called XTEN, for
Xerox Telecommunications Network, using 100 MHz. Under Docket
79-188, the FCC proposed last summer to permit competitive entry into
the DTS market with an initial allocation of 60 mHz while holding 30 MHz
in reserve [Electronics, Aug. 16, 1979, p. 59]. NTIA chief Henry Geller, in
supporting the plan this month, urges the FCC to require channel
applicants to provide regional and local DTS service in at least 50 of the
top 200 small and medium markets, as well as national service, and to
guarantee that the service be predominantly nonvoice.

First industrywide technical standards for the telephone equipment industry have been issued by the Electronic Industries Association to meet the
needs of manufacturers whose hardware is used with the public network.
The RS-464 standard, covering private branch exchange switching equipment for voiceband applications, will be followed soon by companion
standards for key telephone systems, telephones, and auxiliary devices.
The 140-page document is priced at $27.50. Copies are available from the
EIA's sales office at 2001 Eye St. N. W., Washington, D. C. 20006.
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Washington commentary

The dilemma of technology transfer
The U. S. Treasury and American multinational
corporations dealing in high technology face a
genuine dilemma when it comes to technology
transfer. How can the U. S. continue to earn the
necessary foreign exchange to maintain its
purchases of energy and other raw materials in
the world's markets if the transfer of technology
to foreign operations is curbed? The other side
of that coin: how can the U. S. successfully
maintain its leadership role if the diffusion of its
technology abroad continues to strengthen the
hand of foreign competitors?
"The one and only solution," says Robert
Gilpin, "is to maintain here in the United States
astrong commitment to scientific research and
technological development. We must maintain a
strong lead over both our economic competitors
and our military antagonists. The only real and
long-term solution to a world in which technological leadership is increasingly transitory is to
maintain a healthy climate for innovation at
home rather than to seek to close ourselves off
from the rest of the world."
Gilpin, who is professor of politics and international affairs at Princeton University, made a
strong and favorable impression when he laid
his views before the members of the House
Science and Technology Committee as it sought
to shape a national policy on technology last
year. The committee is still at it.
Foreign multinationals expand
American electronics multinationals, meanwhile, are becoming increasingly anxious as
their foreign counterparts make the most of the
depreciated dollar and the national shortage of
venture capital by establishing U. S. plants and
acquiring control of smaller innovative U. S.
companies. Japan's home entertainment electronics manufacturers have been copying the
multinational techniques of their American
counterparts and setting up U. S. plants for
their own products. The approach of most cashrich Europeans, on the other hand has been to
play technological catch-up: they prefer to buy
U. S. component companies whose reserves of
technology and talent exceed their economic
resources after adecade of inflation.
Moves of this sort appear to trouble the Treasury and organized labor much less than they do
the Department of Defense. "How can we
complain?" asks one Treasury official. "Foreign
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operations here pay U. S. taxes and provide jobs
for U. S. workers who also pay taxes. Remember that the multinational corporation may have
been an American concept but we don't have a
patent on it."
On the defensive
This shortsighted economic view worries
top technologists, who see foreign ownership narrowing the list of U. S. electronics
companies that can compete for Pentagon R&D
contracts. The law requires that contractors be
under U. S. control. Moreover, the DOD is troubled by the prospect that potentially useful technology may be transferred abroad and get into
hands of potential enemies. "You don't find out
about those transfers until it is too late, and
proving that something was deliberately leaked
is probably impossible," complains one monitor
of military electronics. "The rules arc unenforceable." (See also p. 26.)
The Defense Department therefore prefers to
invoke technology transfer controls at the
source—the U. S. manufacturer, l
ithe company is taken over by foreign interests, it cannot
contribute to the national defense and it gets no
military money—the largest share of Federal
R&D funding by far. If it is an American multinational, its positive contribution to the sagging
U. S. trade balance can be diminished by tighter
controls on exports of production and test equipment and techniques that will keep it competitive in foreign markets.
Professor Gilpin's call for astronger national
R&D effort as the "one and only solution" to this
dilemma is perfect, of course, but we live in an
imperfect world and cannot rely only on private
R&D initiatives that have neither national focus
nor coordination.
DOD'S

Toward apositive policy
Congress could begin to correct that if it will
provide appropriate incentives to industry in the
form of greater tax relief for corporate investment in domestic R&D as well as increased
university funds for research and for bringing
engineering education at least up to the level of
the industries that employ its graduates. These
should be the first steps toward developing a
national science and technology policy built on
positive Federal programs, rather than negative
and unenforceable controls.
Ray Connolly
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MINIATURE MOLDED CERAMIC CAPACITORS

The tiny ones
that are
making it big
in the
reel world.

You're looking at Sprague Type 292C MONOLYTHIC"
Ceramic Capacitors. They're the best-constructed in
their class available anywhere. That's because Sprague
started making molded, axial-lead ceramic capacitors
over 10 years ago, and other manufacturers have been
playing catch-up ever since.
Today, these low-cost, miniature capacitors benefit
through MFT*, a closely-monitored material modification of electrode metal and ceramic reacted with glass.
The results: less capacitance change with temperature
change, improved stability with life, and improved
impedance with frequency characteristic.

In addition, dimensionally-precise molded construction makes Type 292C Capacitors ideally suited for
automatic insertion. As you can see, they're readily
available taped and reeled for use with high-speed
assembly equipment. Other options include a choice
of body formulations to meet characteristics Z5U
(general application), X7R (semi-stable), and
COG (NPO).
For complete technical data, write for Engineering
Bulletin 6250B to: Technical Literature Service.
Sprague Electric Company, 35 Marshall Street, North
Adams, Mass. 01247.
4$Z 8103142

Modified Formulation Technology

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

SPRAGUE'
THE MARK

OF RELIABILITY

a subsidiary of OK Technologies
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microprocessor design
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Reliability.
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'Contact your MDL Sales Specialist for a quotation.
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You'll find
there's
no comparison.

Week Long Design
Workshops.
Tektronix also offers workshops that give your design
personnel intensive, practical,
results-oriented training.
Request the courses that best suit
your needs: The Microprocessor
Design Workshop, Microprocessor Design Lab Operations
Workshop, or the High-Level
Language Software Design
Workshop.
Your personnel can enroll
in regularly scheduled sessions
or Tektronix can schedule one or
all of these workshops at any
field location. Or even at your
company.

Full Software and
Hardware Support.

Tektronix Microprocessor
Development Labs offer the
broadest range of quality
multiple-microprocessor support available today. Tektronix
won't lock you into one microprocessor family or vendor. Plus,
every Tektronix MDL is backed
with over 30 years of design experience. We test our Development Labs thoroughly to ensure
maximum performance and
reliability Each one provides
complete development capability and the Tektronix commitment that guarantees you'll keep
abreast of the fast-paced microprocessor teclinolog.

72 Hour Burned-in
Reliability.
Every Microprocessor
Development Lab shipped from
Tektronix has been burned in at
elevated temperatures for 72
hours.

Tektronix
microprocessor
development labs.
Designed by
people on your side
of the bench.
For Technical
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Factory Configured
and Tested.
Your system is configured at
the factory, then checked and
doublechecked against your
requirements and our specifications.

On-Site Installation.
Tektronix can send a
trained technician to your company to install your Microprocessor Development Lab. You
don't have to worry about getting the system running, since it
will be set up and ready to work
when you are.
Tektronix' full on-site warranty covers any system maintenance or part replacement for
three months. Your new MDL is
guaranteed to perform at top
efficiency from the minute its
installed.

Service Like
Nobody's Business.
Tektronix offers localized
support in the largest network of
MDL service centers throughout
the United States and the world.
You'll get fast on-site service,
without waiting weeks for parts
or repairs.
What's more, Tektronix
will train your service personnel
in system maintenance and
troubleshooting. 'Avo-week
courses are offered at various
service centers.

Once your MDL has been
put in place, you have total development capabilities at your
fingertips. Everything essential
to software and hardware design is there when you need
it—from our Modular Development Language (MDL/µ.),
macro relocatable assemblers,
text editor and debugging
software to full in-circuit emulation and real-time prototype
analysis.
Send for our free Systems
Comparison Chart and compare
our Microprocessor Development Lab with anyone's. You'll
choose Tektronix because of our
unmatched breadth of support,
quality and reliability. So don't
lock yourself into one microprocessor vendor when in all
ways—performance, service
and training support—
Tektronix is your best choice.
Contact your local Tektronix
Sales Office, or write:
Tektronix, Inc.
P.O. Box 1700
Beaverton, OR 97075
In Europe:
Tektronix International, Inc.
1180 AV Amstelveen
Amsterdam
The Netherlands
For immediate action, dial tollfree 1-800-547-1512.
Or in Oregon call collect, (503)
644-9051.
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Your guide into the
fascinating world of...

PERSONAL
COMPUTING

pectronics

Hardware and Software Basics

Book Series

A reliable, easy-to-use resource that tells you...
What's available in hardware and software, including costs.
Who's using it, and what they've experienced.
How it all works.
Why it's caught on so fast, including practical applications to
use now.

edited by

Some of the most exciting advances in computing are taking
place, not in research labs and commercial facilities, but in homes
across the country. All sorts of people with abasic background in
mathematics and electronics are taking the computer revolution
into their own hands—experimenting with new equipment and
technology, and devising their own personal applications.

Table of Contents

Raymond P. Capece, Solid State Editor,
Electronics Magazine
266 pages, $11.95

If you've considered joining them, if you've thought about building
or buying your own computer—this is afast, up-to-date guide that
answers all your questions precisely and reliably.
At your fingertips, all the most needed information on...
•what's available in personal computers
•the most popular microprocessor chips
•programming at microprocessor level and in high-level languages
•design hitches and how to prevent them
•where to buy
•plus aglossary of the most current terms in home computing
Drawn from major publications throughout the industry...
To get all the up-to-the-minute information and guidelines
presented here, you'd have to read through numerous issues of...
•Electronics •Datamation •Mini-Micro Systems •BYTE
•Interface Age •IEEE Spectrum •Kilobaud •People's Computers

rbi•

Electronics Magazine Books
P.O. Box 669, Hightstown, NJ 08520
(609) 448-1700, ext. 5494
No. of Copies

Title

Price

Microprocessors

$ 8.95

Applying Microprocessors

$ 9.95

Part 2: Basic Computer Theory.
Microcomputer architecture with the
emphasis on memory.
Part 3: Advanced Microcomputer Theory.
Board-level computers using the most
popular microprocessor chips.
Part 4: Reviews of Personal Computers.
Features and capabilities of the most widely
used microcomputers.
Part 5: Software for Microcomputers
and Microprocessors.
Description and uses of both machine-level
and high-level programming languages.
Part 6: Specifications and Other
Useful Information.
Glossaries, microprocessor specs, electronics symbols, buying used equipment.

If after my 10-day free-trial examination Iam not fully satisfied Iunderstand
that my payment will be refunded.
O Payment enclosed
D Bill firm t3 Bill me
Charge to my credit card:
13 American Express
Visa
Acct. No.

D Diners Club
ID Master Charge'
Date Exp.

Large Scale Integration

$ 9.95

Basics of Data Communications

$12.95

Circuits for Electronics Engineers

$15.95

•On Master Charge only, first numbers above name

Design Techniques for
Electronics Engineers

$15.95

Name

Memory Design: Microcomputers
to Mainframes

$12.95

Company

Personal Computing:
Hardware and Software Basics

$11.95

New Product Trends in
Electronics

$14.95

Discounts of 40% on orders of 10 or more copies of each book.
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Part 1: Introduction to Personal Computing.
The term defined, equipment and components, costs, applications.

Title

Street
City

State

Zip

Signature
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Optimize microelectronic
interconnections
at all levels!
With this information-packed resource covering all the
techniques, materials, and procedures you need most.

Microelectronics Interconnection
and Packaging
edited by Jerry Lyman, Packaging and Production Editor of
Electronics Magazine
318 pages, $12.95
Stop searching through dozens of resources for the answers to
your most pressing microelectronic design questions. Start
discovering the most efficient and effective methods—directly
applicable to your own projects—when you turn to this
authoritative reference. Articles drawn from recent issues of
Electronics highlight everything you need to know about...
•all forms of IC lithography •plasma etching (dry processing)
• breadboards •anew and potentially important substrate,
porcelainized steel •polymer thick films •the cause and cure
of -hook - in pc substrates •pc substrate types •effects of
nuclear radiation on various IC logic families •chip and film
carriers • in-circuit testing (digital and analog) •automatic
testing of backplanes and pc boards •and more.
Take alook at just this sampling of
on-the-job problems you'll solve quickly.
• You have to choose alow-cost, high-density assembly
method for consumer circuits. Don't make adecision until
you've checked the sections on the modified thick-film
approach on porcelainized steel and polymer thick films on
standard plastic pc substrates.
• Should you buy an e-beam lithography system for 2µ,m
geometries on production IC chips? You won't when you've
read about asystem that works just as well at one-fourth the
price!
• You need to wire electronic equipment for along-life space
mission. Read the section on stitch-wired nickel conductors
before you act!

Contents
1. Lithography and Processing
for Integrated Circuits.
Techniques and equipment for putting down
micron-sized circuit details on silicon wafers.
2. Thick- and Thin-Film Hybrids.
Manufacturing techniques, materials and
substrates. Plus how to form hybrid passive
components.
3. Printed Circuit Board Technology.
Rigid and flexible printed circuits, including
materials, plating methods, and breadboards.
4. Automatic Wiring Technology.
n:¡X.
iiu:iuyel

5. IC Packages and Connectors.
All methods al packaging IC chips from the DIP to the
bare chip, including extensive attention to the new
beam tape and chip carriers.
6. Environmental Factors Affecting
Interconnections and Packages.
Coping with the effects of thermal, vibration, and
radiation conditions.
7. Computer Aided Design.
For pc boards and IC masks.
8. Automatic Testing of
Interconnections and Packages.
C,rnputor checks for
high-d, ,nsity boards.

Order today, and don't forget the other valuable books listed in the coupon below.
Electronics Magazine Books

If after my 10-day free-trial examination Iam not fully satisfied Iunderstand
that my payment will be refunded.
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The case for CMOS crosspoints:
Just these two RCA devices
do the job of 48 relay switches.
If you're still using relays or highcurrent discrete switches in yourtelecommunications equipment, here
are some good reasons to switch to
RCA CMOS crosspoints.
With asingle IC you can replace as
many as 32 discrete switches, as well
as the additional support circuitry
normally needed for decoding and
latching. This can improve reliability
Because the lower the parts count,
the higher your reliability.

It also makes it possible for you
to design much smaller products.
RCA crosspoint switches are available in three types. The CD22100, a
device that combines a4toi 6decoder
with a4x4array of crosspoints.
The CD22101 which combines a
4to 16 decoder with a4x4x2array
of crosspoints. And the CD22102
version which has adifferent input
logic configuration.
All three devices feature low on-

The CD 22100:
Equivalent to 16 relays.

resistance, built-in control latches,
10 MHz switch bandwidths.
Plus the low power consumption
and high noise immunity associated
with all RCA CMOS devices.
RCA crosspoint switches are available immediately for volume orders.
For further information, contact
your local RCA Solid State Distributor
Or RCA Solid State headquarters
in Somerville, N.J. Brussels, Belgium.
Tokyo, Japan.

The CD 22101:
Equivalent to 32 relays.
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Japanese make
ferrite inductors
on single chips

Only moderate growth
seen for Western

Electronic Co. has started making monolithic ferrite inductors.
However, production is limited and the company has no idea when it can
begin exports. The device is made of alternate layers of conductor and
dielectric in a manner similar to the one it uses to make multilayer
capacitors, except that the conductor on each layer is patterned to form
one turn of a coil. These single turns are then connected to form a
continuous multiturn coil. The result is aleadless chip identical in size with
the firm's monolithic capacitors. Chips 3.2 mm long by 1.6 mm wide by
0.6 mm high have an inductance of 10 nH to 2.4 µEl. Chips 4.8 mm long
by 2.4 mm wide by 1.1 mm thick will have an inductance initially of 2.4 to
50 µH, to be increased in the future to amaximum of 220 H. The devices
are limited to applications where their minimum Q of 10 can be tolerated.

TDK

Growth in West European electronics markets will drop by half this year,
Mackintosh Consultants Ltd. reckons. In the 1980 edition of its annual
market yearbook, the Luton, Beds., organization forecasts that the

European electronics

markets will total $63.8 billion, a gain of only 7% over last year, when
they bounded up 14%. Its projections are more sober than Electronics' own
growth estimate of 11.5% [Jan. 3, p. 126] and well below the 14% growth
predicted in August 1979 for Western Europe over the next three years by
the U. S. market research outfit Gnostic Concepts Inc., which maintains
an outpost in Darmstadt, West Germany.

Japan's 1979 exports

Worldwide exports of integrated circuits from Japan will exceed imports
for the first time in 1979, but such imports from the U. S. still exceeded
exports. During the first 11 months of the year, Japan exported $402.7

of ICs to exceed
Imports for first time

million worth of devices while importing $381.8 million worth, which
should ensure that exports will run in the black for the entire year. Exports
grew 82% over the $224 million in tcs exported for all of 1978, and
imports increased 45% over last year's $262.9 million figure.
Although worldwide lc exports ran $20.9 million in the black for the
first 11 months of 1979, exports to the U. S. were still $133.4 million in
the red. The latter ran to only $154 million, compared with imports of
$287.4 million. Comparable figures for 1978 were $74.6 million and
$175.5 million.

Electronic trigger for

Anticipating more stringent car passenger safety regulations in the U. S.
and Europe during the early 1980s, the West German automobile accessory maker Robert Bosch GmbH is readying an electronic triggering device

cars restraining systems
developed by Bosch
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for occupant-restraint systems such as air bags and seat-belt tighteners.
Built around two Bosch-developed integrated circuits, it produces a
number of current pulses that, in acrash, trigger and initiate the inflation
of the driver's and co-driver's air bags or the tightening of the seat belts.
Implemented in a unit about the size of two cigarette packs and now
undergoing field tests, the device is claimed to be both highly reliable
functionally and highly foolproof. It can distinguish an accidental impact
with another car or object from a bounce, such as may occur on a bad
road, or from hammer blows against the chassis, such as may be encountered during car repair, the Stuttgart firm says. A built-in check circuit
monitors the device's reliability and prevents erroneous triggering, and a
charged capacitor supplies power should the car's regular supply fail.
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International newsletter
Danish firm wins
telecomm award
from NATO

Britain must innovate
for its trade to
survive, report says

CIT-Alcatel preparing
electrochemical
low-cost digital fax

AEG-Telefunken
to make thermal-imaging
modules for military use

Christian Rovsing A/S, in Ballerup, outside Copenhagen, will build the
hardware to safeguard the North Atlantic Treaty Organization's telecommunications lines. NATO headquarters in Brussels has signed a letter of
intent to buy 12 message-processing centers for installation throughout
the NATO area starting about mid-1981. The order, worth about $27
million, will be followed up by others if NATO'S plans are carried out.
Christian Rovsing's CR80 computer, which won out among afield of 50
entries, including ones from IBM and other major computer makers, was
adjudged to be 99.999998% reliable. It can transmit 1million instructions
per second.

Britain must speed up the introduction of new technology — possibly by a
greater use of licensed foreign technology — if it is to survive as atrading
nation. So says areport from the Advisory Council for Applied Research
and Development, a government think tank. Threats to the country's
survival come both from faster-innovating developed countries and, in
traditional products, from low-wage developing countries. Among specific
proposals made in the report, which was sparked by the last government's
concern about the social and industrial effect of microprocessors, are anew
agency to promote the licensing of foreign technology; greater research in
the service sector, allied with an industry-by-industry strategy; government
measures to help small firms spend more on research; and fiscal incentives
to large firms to seek out or set up spinoff firms capable of exploiting
unwanted research. Further underlining Britain's woes, a report out last
week from agovernment committee headed by Sir Montague Finniston
makes wide-ranging proposals aimed at correcting the low status and
inadequate training and career structure of much of the engineering
profession in the United Kingdom.

Researchers at cIT-Alcatel's Electronic and Energy Applications division
are putting the finishing touches on an electrochemical reproduction
system for use in a low-cost digital facsimile machine it is developing.
Although the Paris-based company will not reveal details of the system,
the chemically treated paper is said to react to 0.5 mA at 15 V. Printing
time for asingle point is 10 ms. crr-Alcatel believes the new system will
prove substantially cheaper than thermal or electrostatic systems because
its low power consumption eliminates the need for complex multiplexing.
The company is discussing with Burroughs Corp.'s Graphic Science Inc.
subsidiary the introduction of the machine in the U. S. and is looking into
the possibility of ajoint venture with amajor Japanese manufacturer.

AEG-Telefunken is readying a $60 million production plant for thermalimaging modules using infrared technologies, which the firm says "are
nonexistent outside the United States." With the approval of the U. S.
government and under a technology transfer agreement with Texas
Instruments Inc., Dallas, the West German company will build detector
Dewars and coolers. The modules are intended for infrared sighting
equipment like those used on tanks or other armored vehicles. Located at
AEG-Telefunken's semiconductor facilities in Heilbronn, the 50,000-ft'
plant will meet the entire needs of the West German armed forces for such
equipment. Eventually, such modules will be made for civilian use, too.
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Win an RCA Video Cassette
Recorder.lbll Sean how
many relays are on the table.
Here are the rules.
1. Entries, submitted on the Official Entry
Blank, or areasonable facsimile thereof,
must be received at American Zettler
no later than April 30, 1980.

Sean Tierney, American Zettlers vp of
marketing, will do just about anything to
get out the word about the quality electromechanical relays available from
American Zettler.
Now he's decided to present an
RCA VCR to the two people whose
entry comes closest to the actual
number of relays stacked on the
table. That's right, he's giving away
two video recorders.
You don't have to be abuyer or
specifier of relays to enter the
contest. But if you happen to be, Sean
hopes you'll consider American Zettler
the next time you need ageneral
purpose, power, or low-profile relay.
Actually, he's counting on it.

2. Only one entry per person for each
contest. If you send in more than
one entry, you will be disqualified.
3. In case of ties, the entry received
first at American Zettler will win.
4. The two winning entries will be those
closest to the tally made by arepresentative of Security Pacific Bank.
5.A11 employees and relatives of
employees of American Zettler, its
representatives and distributors are
ineligible to enter. Also ineligible
are all persons employed in
the advertising and
publishing industries.

Official Entry Blank
All entries must be received by
April 30, 1980.

Send to:
Sean Tierney, American Zettler, Inc,
16881 Hale Avenue, Irvine, CA 92714.
Number of Relays

Name
Title _
The RCA VDT600 features 6hours
recording, 7-doy electronic programming and electronic touch-button tuning.

AMERICAN
ZETI-LER, INC.
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The rapid growth of the integrated circuit industry over the
past few years has been due, in
large measure, to the industry's
quality control program. It is
strict, exacting, unforgiving.

A relay lens allows convenient
changes in magnification from
200X to 800X without image

Now, Nikon instruments are
available to help you meet, and
surpass, these tough standards.

Masks up to 152.4 mm square
(6 x6') can be measured with
a guaranteed accuracy of
0.7 m over the full 6 of
travel.

Examine the Nikon Comparison
Microscope, Model 6. It's
specifically designed for comparative inspection and measurement of IC and LSI masks by
superimposing the images of
original and working masks.
The heart of the CM 6consists
of two fixed, high resolution
Ultra-Micro Nikkor lenses.

shift. Parcentricity and parfocality are maintained at all
magnifications.

Free working distance is greater
due to the inverted microscope
design, thereby providing added
safety for masks and lenses. A
digital display printer and builtin Nikon camera complete the
system and assure accurate
and reliable test reports.

An intormative orocnure us
available to introduce you to the
Comparison Microscope, Model 6
and all the other remarkable
Nikon IC instruments.
NIKON
INSTRUMENTS FOR
THE IC IPIDUSTRY

-

B-Itrre-••
im

To obtain your copy, please
contact:

Nikon

Nikon, IC Instrument Division,
623 Stewart Avenue,
Garden City, NY 11530,
(516) 222-0200
or 1051 Sneath Lane,
San Bruno, CA 94066,
(415) 952-8188.

MEETING THE TOUGHEST STANDARDS
OF AVERY TOUGH INDUSTRY.
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The Nikon Comparison Microscope, Model 6.

Electronics international
SgnIlIcant developments m technology and busness

Portable front-line radar
detects moving targets
fully automatically
by Kevin Smith, London bureau manager

age. As aresult, work was begun on
British army and subsequent design
such a device capable of delivering
iterations, the equipment is now
tens of watts in the 12-to-20-gigaready for preproduction contracts.
InP Gunn oscillator that
hertz region.
The program was triggered in the
delivers tens of watts
Efficiency. Says George Gibbons,
late 1960s by speculative RSRE regeneral manager for microwave and
search on solid-state microwave osin the 12-to-20 -GHz region
cillators. These devices opened the optical research at the center, "Efficiencies are better, perhaps by a
door to a new generation of lightfactor of two, than those of gallium
weight, compact radars by providing
Portable radar for front-line troops,
arsenide devices. We've achieved
an alternative to bulky, high-voltage,
on the scene since the mid-1960s,
peak efficiencies of 17% under
and power-hungry magnetrons and
has taken another step forward,
pulsed conditions."
thanks to solid-state technology. A klystrons.
The center is one of a handful of
Gallium arsenide Gunn oscillators
mechanically scanned manpack delaboratories around the world worksigned to detect moving targets developed at the Allen Clark Reing with the material. Gibbons hopes
search Centre under RSRE sponsorcompletely automatically on the
to see some spinoff from the
battlefield in the fogs and mists of a ship were first used, but indium
program, with devices available
phosphide devices looked more atNorth European winter or during
tractive theoretically because of commercially in 6 to 12 months,
long night watches has been developperhaps making them the first of
their excellent negative resistance
ed by the British government's
characteristic, whereby current ac- their type to reach the market.
defense research center, the Royal
Perfecting the device technology
tually decreases with increasing voltSignals and Radar Establishment,
Malvern, in collaboration with industry.
The system comprises a small
antenna and radar head with an
indium phosphide microwave power
source and aseparate control console
in which targets within a broad
azimuth sector are displayed on adc
electroluminescent plan-position indicator (see photo). The pulseddoppler techniques adopted, coupled
with advanced signal processing,
provide automatic target detection
and alarm. Targets can be identified
by listening to the characteristic
noise signature of the dopplershifted echo.
Getting ready. Marconi Avionics
Ltd. was the prime contractor for the
system, called Scampi, and Plessey
Co.'s Allen Clark Research Centre,
Caswell, Northants., developed the
needed high-efficiency indium phosphide Gunn-oscillator module. Hav- On display. British radar manpack, in development, features clear, continuous display of all
ing undergone field trials by the moving targets within abroad azimuth sector. Range and bearing can be displayed digitally.

Manpack uses highly efficient
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involved afine control of the doping
profile in the epitaxial material used
and optimizing contact metalization
using a germanium-gold-nickel sequence. The circuit techniques used
to couple the diodes into a cavitystabilized oscillator operating in the
J band were first described at the
Ninth European Microwave Conference in Brighton, England, Sept.
I
7-21.
Unlike an earlier system, explains
B. C. Taylor, who heads the program
at the RSRE, Scampi has storage to
preserve target information from

scan to scan. Thus it features a
continuous, clear visual display of all
moving targets within a broad
azimuth sector on a postcard-sized
display. What's more, a moving
cursor can be placed over any target
and the range and bearing are then
displayed digitally as well.
In addition, a display option also
shows clutter—reflections from
points of high reflectivity—as in a
conventional radar. A further enhancement could provide overlying
map information and extended range
information.

measures 1.2 millimeters thick, but
the international standard for embossed credit cards is 0.8 mm. "Using a single chip, we will have a
standard-sized card," Hervé says.
The microprocessor program prevents any access to the card's memory without the correct code. The
principle is the same as in automatic
cash cards. The difference is that the
payment cards are designed for offline as well as on-line use and so
require much greater security than is
offered by the simple magnetic strip
employed on cash cards.
Using logic. A simpler and cheapFrance
er approach comes from Schlumberger Ltd.'s Flonic subsidiary, in
Mountrouge, outside of Paris, which
combines several hundred logic gates
with a4-K PROM [Electronics, Jan. 3,
p. 63]. However, at present, it has
only breadboarded versions of its
Hand-written personal checks are
number, and most importantly, a proposed terminal and of the lc for
something of an expensive anachronpersonal identification number, or the card.
ism in this age of electronic banking.
code, designed to protect access to
"What interests us first and foreBut two Franco-American compathe card.
most is the point-of-sale terminals,"
nies, chi-Honeywell Bull and
In use. When the customer wanted says company marketing director
Schlumberger Ltd., are developing to make apurchase, he would insert
Pierre Bouvier, to explain why afirm
an electronic alternative for pointhis card into the retailer's point-ofwhose principal activity is in water,
of-sale use. Their proposed plastic sale terminal and key in his code.
gas, and parking meters is now
payment cards—the size of a credit
The retailer would then record the expanding into electronic payment
card and containing memory and
sale, as on aconventional cash regis- cards. "Measuring money is alogical
either a microprocessor or logic—
ter. The customer would receive a diversification for us."
would be faster and cheaper than
receipt, including, if desired, the balSchlumberger's approach rests
checks, would maintain a running ance remaining in his card's memoheavily on a patented card-access
account, and would also offer
ry. The transaction would be reprotection system developed by Rogreater protection against fraud.
corded on the retailer's memory land Moreno, a French inventor.
A payment card is actually only
card, with the data either physically
Moreno's idea is the use of logic
one of many possible applications.
transported to the retailer's bank or circuits to limit access to memory.
Cil--HB foresees using such cards for,
transmitted via telephone lines for
Protection. Each card's memory
say, medical records, billing for
processing.
contains a four-, five-, or six-digit
computer time-sharing, and elecCII-HB has opted for a microproidentification code. Before any
tronic security systems.
cessor-equipped card [Electronics, transaction can be made, the correct
Apart from the cards, the two
Dec. 2, p. 63]. "Past experience has code must be keyed in to the card. A
companies' basic systems are similar.
shown that whenever there was a simple comparator ensures that the
Each has three additional elements:
choice between hardwired circuits code is correct and, if it is, permits
a programming unit at the bank,
and programmable microprocessors, input and output access. "About 140
where aspecific sum is entered into
the microprocessors always won
logic gates suffice to create the
the card's programmable read-only
out," explains Robert Hervé, man- comparator, asimple arithmetic and
memory; a point-of-sale terminal to ager of applications for the Paris logic unit, and the wo controls,"
carry out transactions; and a retailfirm's payment card project.
Moreno says.
er's memory card to record sales.
For its working prototype, called
He conceives a card using rrt.
With the systems, a customer
the CP8, Chi-HB is using two inte- gates and 4 K of electrically
would go to his bank and transfer a grated circuits, but intends to put all
programmable ROM to ensure a
certain sum from his account to his
the circuitry on one mOs chip if it maximum of security. "Once a fuse
personal payment card, which would
gets an order large enough to cover in an E-PROM has been broken, there
also contain his name, the date of design costs. Economy is not the only is absolutely no way to reconstruct
issue, his account number, a serial
reason: its two-chip payment card it," he says.

Payment cards aim to replace

personal checks at point of sale
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When you need
electronic equipment without waiting,
Leasametric can have it
on its way to you in minutes.
Whether your requirement is for aweek, amonth
or ayear, there's one way to get the latest in electronic
test equipment or terminals without waiting. Rent it
from Leasametric.
Instantly, our nationwide on-line computerized
inventory system will check our dozens of regional
inventory centers to pinpoint the unit closest to
you. Within minutes, your order is being
processed and, in most cases, your equipment will be in your hands in less than
24 hours.
And, the Leasametric
name means the equipment you rent is in working
order when we ship it. Our
regional maintenance laboratories are traceable to
the National Bureau of
Standards and every
piece is thoroughly
calibrated before it goes
out the door. When you rent
it from Leasametric, it works!

In the West

Rent it and relax.
In the Central

Call 800-227-0280
In (:Jlitorni.i, c,11; 1415

But renting from Leasametric means more than
immediate possession. It's the one effective way to get
the new equipment you need without going back to
management for more money. There's no major capital
investment with aLeasametric rental.
Plus, renting gives you achance to
check out the very latest models without
committing to one manufacturer's hardware. Our continuously expanding
inventory includes amulti-million
dollar rental pool of over 33,000
items from the top 500 electronics manufacturers —
including most items from the
HP and Tektronix catalogs.
When you need it now,
depend on Leasametric.
To order, or for our latest
rental catalog, call one of the
relaxing toll free Leasametric
numbers shown below. We'll
get the equipment you need
on its way to you in minutes!

574-4441

.
.S.

Call 800-323-2513

In the East

Call 800-638-4009
in Maryland, call (.301) 948-q700

In Illinois, call (312) 5q5-270:

Leasametric
1164 Triton Drive, Foster City, CA 94404
ATrans Union Company
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Although mos circuits are vulnerable to electrostatic charges, both
Schlumberger and CII-HB say they
have licked the problem and are also
convinced that their mos memories
are fraud-proof. Schlumberger in-

tends to insert a metallic foil as one
layer of its laminated card to protect
its chip from electrostatic charges;
CII-HB uses a metallic ring around
the two chips on its card to achieve
the same end.
-Kenneth Dreyfack

Thomson readies radar family
for maritime surveillance

Actually, the real pulse length is
several tens of microseconds. The
transmitted pulses are coded and the
echoes processed using the code to
compress them in time by afactor of
several hundred.
Low power. Because the transmitted pulses are relatively long, the
peak power required is relatively
low —several kilowatts, instead of
the several hundred kilowatts needed
for a classic radar having a pulse
duration of a few nanoseconds.
Iguane's performance, say division
officials, matches that of the 500-kw
peak-power APS 116 radar found on
the U. S. Navy's S3A patrol plane.
The longer-lasting pulses do have
agreater chance of being picked up
by enemy countermeasure gear, but
that drawback is offset by frequency
agility, another mark of a modern
radar. To pick up the low-power
echoes, the Iguane uses a receiver
with a field-effect-transistor amplifier that is four times as sensitive as
the company's classic receivers.
Iguane also offers optional packages. The Varan, for example, can
be fitted with amodule that converts
its side-looking antenna into a synthetic antenna with a resolution of
about 40 by 40 m, good for spotting
oil slicks. As the plane flies along, its
antenna transmits a narrow beam
extending out to about 40 kilometers
at right angles to the plane's course.
Doppler frequencies of the returns
are digitized and processed to obtain
resolution over the wide swath of sea

Airborne sea-surveillance radars are
name, instrument de guet pour avion
first and foremost weapons for war, naval embarqué, or "surveillance
but they also have important peaceinstrument for embarked naval airtime roles like air-sea rescue. In
craft"—are put together from a set
addition, they have become essential
of five basic building blocks: atransfor spotting oil slicks and the tankers
mitter-receiver package, a radiothat cause them, particularly since
frequency power module, aservomemany maritime nations now consider chanism unit, acontrol module, and
that their coastal waters extend 200 a display. Obviously, the antenna
nautical miles out from shore.
structure has to fit the plane. For the
Two ways. The market for these
Alizé and the Atlantic, the new
radars consequently has two ways to
radar will drive the existing antenna,
grow, and Thomson-csF, France's
but for the Mystère 20H and for
largest producer of high-technology
helicopters, the company designed
electronics, is moving in both direcnew antennas.
tions with its Iguane family of
Doubly capable. These X-band
radars. By midyear, the company's
radars can spot large ships at ranges
Avionic Equipment division in Malaup to 150 nautical miles and
koff, on the outskirts of Paris, will be
submarine snorkels in heavy sea at
delivering production models to the
some 25 nautical miles. The double
French navy for the Alizé, an aging
capability stems from a choice of
carrier-based submarine hunter-killpulse widths. For long-range work,
er that is being modernized [Electhe effective pulse width is several
tronics, Dec. 20, p. 56].
tenths of amicrosecond, long enough
Upgraded with identification
to wholly illuminate atarget several
friend or foe (1FF) and discontinuous
tens of meters long. The duration is
target tracking, the basic Iguane has
slashed to afew nanoseconds to pick
also been tapped for the navy's new
up asmall target in arough sea.
generation of the Atlantic maritime
patrol plane, which is also used by
several other European nations. A
prototype is scheduled for its first
flight within the next six months.
Prototypes of two other members
of the family are also scheduled for
tryouts this year. One is the Varan,
intended originally for the DassaultBreguet Mystère 20H coastal patrol
plane; it can spot oil slicks and also
single out targets for over-the-horizon sea-to-sea missiles. The other,
the Agrion, can shift from a scanning to guiding air-to-surface missiles fired from helicopters.
All the variants of the Iguane —
which means "iguana" and also is
Airborne. The French navy's Atlantic patrol plane is equipped with Thomson-CSF's Iguane
the acronym for the full French
sea-surveillance radar. The radar is being improved for an updated version of the aircraft.
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4k CMOS RAIls.

New pages in our qualitg storg.

Send now for data
on OKI's RAM family.

High quality low power 6504, 6514 and 2114L
replacements in volume.
OKI now offers 4K CMOS RAMs for hard-to-fill
sockets in minicomputers requiring battery back-up
protection. OKI's MSM5104 replaces a 4K x16504.
Our 5115 does the job of a 1K x4 6514 with on-chip
registers. Finally, our 5114 plugs into N-channel 2114L
sockets and leaves power to spare.

Demonstrated leadership in CMOS technology.
OKI's CMOS quality story began 10 years and 20
million chips ago. Now the same dedication to quality
which built our broad line of low power and CMUX
multiplexed consumer watch/clock circuits is apparent
in circuit designs for the electronic OEM market. Our
future as a broad-line supplier of RAM, EPROM, and
microprocessors for minicomputer, computer mainframe and telecommunications systems designers is
beginning now.

You can be a part of OKI
Semiconductor's bright future by filling out the coupon
below. Just tell us which part of our quality story interests
you most.OKI Semiconductor, 1333 Lawrence Expressway,
Santa Clara, CA 95051. Phone (408) 984-4840.
To: OKI Semiconductor, 1333 Lawrence Expressway, Santa Clara, CA 95051
Please send me the following
E MSM5104 4096 (4Kx1) data sheet (6504 replacement)
D MSM5115 4096 (1Kx4) data sheet (6514 replacement)
MSM5114 4096 (1Kx4) data sheet (2114L replacement)
D watch Clock Product Line wall chart
Please add me to your mailing list

o
o

Name

Title

Company
Address
City
Phone

State

Zip
EL 1/17/80

111111KCNKIIIII
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swept as the plane advances that
with conventional processing would
require an antenna several hundred
meters long.
Another option converts the basic
Iguane into the search and missilecontrol version, Agrion. Built to
control the all-weather air-to-surface
missile AS 15 TT developed by
SNIAS (Société Nationale Industrielle Aérospatiale), Agrion scans a

full 360° when it searches. When the
operator switches to missile guidance, the radar locks on the target
and codes bearing and range commands for the missile into its transmission. To keep the target and
missile echoes distinct, the missile
retransmits the radar signal back to
the radar. The missile develops its
own altitude-control inputs through
an altimeter.
-Arthur Erikson

Speed commands for the system
originate in the microprocessor. It is
continuously updated on the motor
position by means of pulses from the
1290 tachometer chip, which in turn
gets its information from the optical
encoder. From this basic input, the
microprocessor computes 5-bit control words that instruct the system to
speed the motor up, brake it, or hold
it constant.
The L291 turns the 5-bit words
Italy
into the bidirectional signal that is
fed to the drive chip by converting
the digital command to an analog
voltage and comparing that with an
internal reference from the L290;
this process makes the system selfcompensating for variations in input
Usually, the designer of a precision
cations for the chips, and now that levels, temperature changes, and
positioning system for an office
Olivetti's exclusive rights have run aging. The comparator output level
machine or like-sized hardware
out, it has put them on the market. depends on the speed demanded, and
winds up with a fairly complex
The initial price is $6.50 for the set its polarity is indicated by asign bit
circuit and a heavily populated cirin quantities of 100,000 and up.
in the control word.
cuit board. Some simplification is
The kingpin chip in the trio is the
The 1291 also takes over as a
possible by using a stepping motor,
L292 motor-drive circuit. It con- position-signal amplifier when the
which takes on a precise angular
tains, on aslab of silicon 160 by 120 microprocessor instructs it to, using
position each time it is pulsed. But
mils, a complete switched-mode the zero-crossing point of a sine
stepping motors generally are too
power amplifier. The power-han- wave generated by the optical encodslow for applications like high-speed
dling capabilities, designed to drive er as the target point. In addition, it
impact printers, where print wheels
the motor windings in an H-bridge carries the overall loop-error amplimust be stopped at the right spot
configuration, are eye-opening-100 fier for the system and its main
every 30 milliseconds or so. Consewatts. That works out to an efficien- summing junction.
quently, the choice usually goes to a cy of 80%, the firm points out.
Startup. When the motor is
fast-accelerating dc motor paired
To drive its output stages, the stopped and the microprocessor orwith highly accurate servo control.
L292 generates apulse-width-modu- ders it to a new position, the system
This choice will be easier for
lated dc signal. To do that, it con- operates in an open-loop configuradesigners to make from now on,
verts a bipolar input signal into a tion at the outset because there is no
maintains SGS-ATES Componenti
unidirectional one (from 0 to +20 feedback from the tachometer generElettronici spA, the largest Italian
volts) and compares it with amotor- ator. Maximum current is fed to the
semiconductor house. The company,
current feedback signal in a local- motor, and as it reaches maximum
based in Agrate, outside of Milan,
error amplifier. This error signal, speed, the pulses from the tachomethas gone to market with a set of together with atriangular waveform er chip cause the microprocessor to
three monolithic chips that carry all
generated on chip, is fed to a cut the demand signal. The motor
the linear circuitry needed for a comparator. The resulting PWM sig- continues to run at top speed but
high-accuracy positioning system
nal drives the output stage.
under closed-loop control.
[Electronics, Jan. 3, p. 64]. One chip,
Because it has an H-bridge configAs the target position is apthe L290, generates a tachometer
uration—two legs across the power proached, the microprocessor lowers
voltage; the second, the L291, serves supply, each having apair of switch- the value of the speed-demand word;
as a digital-to-analog converter and
ing transistors, with the motor wind- this reduces the voltage at the main
a position amplifier; and the third,
ings connected between the center summing point, in effect braking the
the L292, powers the motor. Topoints of the legs—the chip has motor. The braking is applied progether with amicroprocessor and an
commutation delay circuits that gressively until the motor is running
optical encoder, they make a commake sure that transistors in the at minimum speed. At that time, the
plete positioning system.
same leg of the bridge are not con- microprocessor orders aswitch to the
Useful. Actually, the chip set was ducting simultaneously. This delay position mode, and within 3to 4ms,
developed for Olivetti for an eleccan be programmed externally, as the L291 drives the motor to a null
tronic typewriter. But SOS-ATES figcan the on-chip oscillator frequency position, where it is held by electronures there will be many other appliand the overall gain.
ic detenting.
-A. E.

Three-chip precision positioning system

offers high accuracy, 100-W motor drive
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Our people can put you
on speaking terms
with your plasma system.
With Uttek's pacesetting 4410 Production Sputtering Stem, you don't
have to hire a programmer to get the full benefit of computercontrolled process automation. Our people have designed a
computer control that displays instructions in a simple progressive
dialogue.
Computer control of all machine functions is possible, including
load lock operation, pumpdown, process parameters and venting.
Five sets of operating sequences can be stored and retrieved at the
press of a button.
Other features include status monitoring, interfacing capabilities and a convenient plug-in board design. If you'd like to know
more write: Perkin-Elmer, Ultek Division, P.O. Box 10920, Palo Mo,
CA 94303. Or call: (415) 967-2100.

PERKIN-ELMER
Putting quality and plasma systems together.
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Whose Mal does 8-bit jobs on
AMTs S2000 FAMILY, OF COURSE.
With power packed into every square mil
of its tiny frame, our mighty microcomputer
family is saving the day everywhere you look.
From industrial controls on one end of the
spectrum to handheld games on the other, our
4-bit wonder is proving to be as versatile as
it is cost-conscious.
No other low-end, single chip microcomputer
family can handle the jobs Mighty MOS can.
Controlling programmable thermostats for
industry pay-TV scrambler boxes, fuel gauges
and instrument panels. Running washers,
dryers, dishwashers, refrigerators and microwave ovens. And masterminding timers for the
home that will turn on lights, sprinkler
systems and security monitors.
In one application after another, Mighty
MOS is finding more holes in the competition
than Swiss cheese.

MIGHTY MOS IS GROWING FAST.
You can order S2000s now with built-in 1Kx8
ROM and 64 4-bit
RAM. And S2150s,
with 1.5K bytes of RUM and0
AM.

WHAT GIVES MIGHTY MOS THE EDGE?
It's not only powerful enough to take care
of many 8-bit jobs. It's also crafty enough to
handle many things other 4-bit microcomputers can't.
Our tiny champion of oppressed engineers
has aclear edge in I/O, with achoice of LED or
fluorescent dnvers; Touch Control; or direct
drive of SCR and Triac. It has a50/60 Hz timer
or counter, zero voltage crossing to cut down
damaging current surges, and athree-level
subroutine stack.
And Mighty MOS is the only 4-bit MCU
supported by the Tektronix 8002A development system. That gives it more programming
muscle, too.
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In afew months, three more Mighty MCUs will
expand the memory even more and include
features like analog I/O, interrupts and table
look-ups. One of them will be aCMOS
version that can do alot with very
little power. When they come flying in,
you'll find it easy to upgrade your
system, adding even more power and
punch without adding much cost.
Because all parts of our family
software are upward compatible.
So let Mighty MOS stretch your
4-bit budget. Just get in touch with
your nearest AMI sales office. California,
(213) 595-4768 and (408) 738-4151;
Florida, (305) 830-8889; Illinois,
(312) 437-6496; Indiana, (317) 7736330; Massachusetts,
(617) 762-0726;
Michigan,(313) 4789339;
---

'New York,
(914) 352-5333;
Pennsylvania, (215)
643-0217; Texas, (214)
231-5721; Washington, (206)
687-3101. Or contact Mill S2000
Marketing, 3800 Homestead Road, Santa Clara
CA 95051. Phone (408) 246-0330.
YOU'LL FIND IT ISN'T HARD TO BE A
HERO WITH MIGHTY MOS ON YOUR SIDE.

ANIL

1111110S
AMERICAN MICROSYSTEMS, INC.
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sensible source for your
Now, it makes economic sense to automate your receiving test stations...your
in-process or final test stations...your QA audit stations...even your design
engineer's workbench. Look into Systron-Donner's IEEE-488 family.
It starts with the new S-D Model 3520 BUSser. The 3520 is specifically designed
to control IEEE-488 compatible test instruments.
The idea was to make this controller easy to use, easy to understand, easy to
transport, easy to read, and easy to store programs. And that's what S-D has
done by using a standard teletypewriter keyboard layout, IEEE-488 special
function keys, BASIC as the programming language, and a large legible
single line fluorescent display.
Program storage is simple with the PROM option. One or more programs
can be stored in the PROM cartridge and erased later if desired.
Systron-Donner also made this compact controller easy
to buy: $795* without PROM option, $995* with it.
We put you on the bus without taking you for a ride!

Systron-Donner's
IEEE-488
family

rNIN\
IN

CONTROLLER

IEEE 488 BUS

DIG TAL
P ULT METER

POWER
SUPPLY

PULSE
GENERATOR

COUNTER

SIGNAL
GENERATOR

OTHER
INSTRUMENTS

SO MODEL 3570A
MATRIX SWITCH
SYSTEM

*U.S. prices

Pe

UNIT UNDER TEST

SYSTRON DONNER
PUT OUR PERFORMANCE TO THE TEST

Wide-ranging
systems capability

i,

Systron-Donner's extensive line
of standard, off-the-shelf IEEE-488
compatible instruments includes
frequency counters, signal generators,
multimeters, pulse generators, power
e
supplies, and a precision DC voltage source.
In addition, our Model 3570A Matrix Switch
automates the interconnect, saving timeconsuming operator interface.

Here is arepresentative but by no means complete
sampling of bus compatible Systron-Donner instruments. Let us know what your exact requirements
are. Contact Scientific Devices or Systron-Donner,
2727 Systron Drive, Concord, CA 94518, U.S.A.;
phone: (415) 676-5000.

Signal enerators. One of S-D's most popular signal generators is
the Model 1702 which provides arange of 100 Hz to 999.999 MHz
in asingle range with 100 Hz resolution. Its fully programmable on
the IEEE-488 bus. For microwave frequency applications. Models
1618 and 1626 extend coverage to 18 and 26 GHz respectively.

Pulse Generators. Model 154-4 is an
automatic pulse generator which is fully programmable
with its IEEE-488 interface and the Model 3520 Controller.
Model 154-4 provides a repetition rate of 10 Hz to 50 MHz,
pulse delay and width from 10 ns to 10 ms, and outputs of
0.5 to 10 V within a —10 to +10 volt window. An exceptionally
versatile instrument for the systems user.

Frequency Counters.
S-D's wide selection of IEEE-488
compatible counters ranges from 100 MHz all the way to
26 GHz. Model 6043A shown here is one of several thinline designs with bus interface standard. This 1,250 MHz
counter is ideal for communications work and other frequency measurement applications. Note front panel lights
that tell the operator the status of the instrument while
it's active in the system.

Digital Multimeters. Systron-Donner's 41
2 and 51
/
2 digit
/
multimeters for systems use include the Thin Line Model 7344A
pictured here. This 41
/ digit autoranging DVM includes the bus
2
interface, DC volts, resistance, true RMS as standard. In the 51
2
/
digit category, consider Model 7115 with microprocessor control,
auto-calibration, and automatic fault detection and isolation.

Systems Power Supplies.
Systron-Donner's P series of power
supplies receives its bus commands via the S-D
Programmer module shown here. Controls up to 6 supplies.
One DAC board controls V, I, and V limit. Modular flexibility
allows anywhere from 50 to 500 watts.

S-D: the IEEE-488 systems people.
And a lot more.
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MOTOROLA HELPS GET ENERGY FROM
In northern California, the natueffort by Union Oil Company of
ral heat of the earth is being
California to make geothermal
harnessed to serve the energy
energy apractical alternative to
needs of man. Natural steam,
expensive imported oil.
heated
The Geysers may be an
by the
unorthomolten
dox power
rock
source,
below
but it has
the earth's
one thing
crust, is
in common
being
with
tapped,
- every
extracted
other
and piped
branch
to power some
of the
AREAS OF GEONERMÁL POTENTIAL
of the electrical
• GEOTHERMAL DEVELOPMENTS
energy
generators that help
industries: the
light up San Francisco, 90 miles
need to maintain good, reliable
to the south.
communications, no matter
The place is called
how remote or primitive the site.
The Geysers, and it's part of a
At The Geysers, as in
pioneering
many places around the world,
the solution to that problem is

Motorola communications.
ELECTRONIC
PROBLEM-SOLVING.
One problem at The Geysers,
for instance, was the rolling terrain and steep, narrow canyons,
among which conventional
high-frequency radio signals
could get diffused and lost.
Motorola solved that one with
ingenious simplicity: alow-band
two-way radio system that, as
one engineer put it, "gets into
the nooks and crannies."
ELECTRONICS
EVERYWHERE.
But this is merely the tip of
the iceberg of Motorola's
experience in energy-industry
communications.
One of America's largest
oil refineries has 35 Motorola

rHE EARTHITHE SEA AND THE SUL
systems and subsystems,
among which are pagers that
tell aman he's wanted on the
phone; closed-circuit video
monitoring systems; and alarm
and control systems that not
only tell when something is
going wrong, but also when
everything is working right.
In the North Sea, a
Motorola microwave system will
provide adata and voice-communication link that will help
one person control six unmanned oil-production platforms. He'll be able to check
pressures and flow rates, regulate meters, pumps and motors,
all by touching afew buttons.
Some of the Motorola
equipment on the Alaska Pipeline is so sophisticated that a
hard-hat worker in the field can
talk directly to an executive in
an office athousand miles away.
In Canada, specially
designed

Motorola equipment is in use at
an oil mine, an extraordinary
strip-mining process for extracting petroleum from tar sands.
Motorola has made the
apparently impossible happen
by taking radio communication
underground into deep-shaft
coal mines.
And in solar energy,
Motorola has gone beyond communications to actual energy
development. Our engineers
are producing photovoltaic
systems that convert sunlight
into electricity.

ELECTRONICS
AND PEOPLE.
Motorola's preeminence in
energy-industry communications is as much amatter of
people as of technology. We
made an early and total
commitment to solving energy-industry communications problems, not merely

as suppliers but as participants.
Microelectronics is at
the heart of the
matter, as it is
in many of the
things we do
today. But if
there are simi- Amicrocomputer,
larger
larities among drawn
than lite.
communications devices, there are none at
all among the communications
systems that the energy industries need in all their activities.
In designing these systems, Motorola brings to bear a
combination of expertise and
enthusiasm that helps us keep
expanding the limits of what's
possible in electronics.

MOTOROLA

Making electronics history
since 1928.
Circle 79 on reader service card

For further information. write Fiu
Corporate Offices. MotorolT, Inc.. 1303 E.
--eireillri; Alpoiquin Road, Schaumburg, Illinois 60196e
Motorola and 8 are registered trademarks of
Motorola, Inc.

"With the kind ofperformance
expected from Univac computers,
testing ECL prop delays is just plain necessary"

Alot of ECL goes into every one of Univac's 1100
series computers. Mike Drwall knows that. As
Quality Test Engineer for Sperry Univac's Semiconductor Control Facility at Minneapolis, Minnesota,
he sees about amillion ECL parts every month.
Univac tests every one of them for dc and functional performance on aTeradyne J325. But that's
not enough.
"Our ECL parts are among the bet device we
buy" Drwall says, "but in abusiness where speed is the
name of the game, we have to test prop delays as well
as dc andfunctional poforman.ce."
To handle the ac testing, Univac uses aTeradyne
S357 Pulse Parametric Subsystem.
Why the S357?
"Right now, we're testing 10k series ECL, with prop
delays offrom 1to 4nanoseconds. Soon, we'll be getting 100k parts with subnanosecond delays. We chose
the S357 because it will handle subnanosecond ECL
just as well as it handles today's parts."
Circle 80 on reader service card

Performance is one reason why Sperry Univac
chose the S357. Reliability is another.
"We use alot of Teradyne gear here at SCF, and
production test requirements demand high availability
because we work our systems around the clock."
High performance and high reliability. If you're
testing ECL devices, you need both. You get both
in Teradyne's S357 Pulse Parametric Subsystem,
designed as acompanion to the J325 Digital
IC Test System.
For more information on the S357, write
Teradyne, Inc., 21255 Califa Street, Woodland Hills,
California 91367, or telephone your nearest
Teradyne Sales Office.
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R&D is ashrinking resource
Percentage of GNP and of sales and profits invested in R&D
is going down as inflation also cuts into figure

by James B. Brinton, Boston bureau manager

China was the most sophisticated society in the world until the Ming Dynasty
effectively outlawed innovation. History
can repeat itself—Charles A. Zraket,
executive vice president, Mitre
Corp., Bedford, Mass.
The electronics industries in the
United States, and industry in general, are spending less each year on
research and development. And it is
becoming increasingly clear that
basic changes in Federal tax policy
and patent law will be necessary to
reverse the trend.
What is ironic with respect to
electronics R&D is that in aperiod of
economic decline, the fastest-growing, most productive industries are
the ones that invest most heavily in
research and development. While
most industry executives would like
to see the U. S. spend more on R&D,
there is a question whether even
technology-intensive industries are
spending enough.
Looking only at dollars can lead to
misinterpretation. According to
Business Week magazine, 683 major
U. S. firms spent about $20.5 billion
on R&D in 1978. That's up about
16.4% from 1977, which itself saw a
similar percentage gain over 1976.
Complications. But it's not that
simple. For one thing, in generating
its figures, Business Week added 59
firms to the 624 reviewed in 1977.
For another, it noted that R&D
outlays as apercentage of sales stagnated at about 1.6% for all industries, while R&D funding as a
percentage of profit fell by about
0.6%.
During the same brief period, the
nation's Gross National Product rose
about 12% and inflation robbed the
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dollar of at least 7.4% of its purchasing power. Thus the percentage of
GNP invested in industrial R&D as a
percentage of either sales or profits
dropped between 1977 and 1978.
And though gross dollar amounts
rose, inflation and rising costs disemboweled these investments.
Richard T. Knock, assistant executive director for advanced development at the Stanford Research Institute, Palo Alto, Calif., is blunt: "We
are living in the past. This country is
underinvesting in R&D and losing its
edge."
Straight talk. Since 1968, not only have
more R&D dollars been spent for development than for research, but total spending in
constant dollars has been essentially flat.

William C. Hittinger, executive
vice president for research and engineering at RCA Corp., New York,
agrees that the U. S. is not putting
enough of its Gross National Product into research. And he warns that
the U. S. is being challenged by
other countries. "Ideas are mobile"
and "we're no longer alone" in world
markets, he says.
Even though the nation's R&D
investment is growing in current
dollars, GNP and inflation also are
growing fast. Many executives, like
Knock and Hittinger, would like to
see R&D investment at least keep
pace with GNP and grow in constant
dollars. Without such growth, most
see a continuing decline in the
nation's competitive position and
economic health.
Government lags. Data on U. S.
government—funded R&D is no more
cheerful. During the same 1977-78
period, the Federal government increased its outlays from $23.93
billion to $26.42 billion. That comes
to $2.49 billion in current dollars but
only $305 million in constant 1967
dollars, according to the National
Science Foundation. The NSF's estimates for 1979 look even worse
despite an increase in Federal outlays to $27.97 billion—a $1.55
billion paper increase that results in
a constant 1967 dollar decrease of
$544 million.
Federal R&D expenditures are
down for the decade in constant
1967 dollars. Although they increased from $15.64 billion in 1969
to $27.97 billion in 1979, in constant
dollars the actual investment was
$14.69 billion in 1969 and $12.08
billion in 1979, a decline of almost
one fifth—and the 1979 estimate is
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Does the U. S. have aproblem?
based

on

an

optimistic

deflator

derived in May 1979; the actual drop
is probably larger.
The decline in R&D funding—
whether in terms of percentage of
GNP or in constant dollars—worries
observers such as Guy Fougere, vice
president of Arthur D. Little Inc.,
Cambridge,

Mass.

He

sees

Japan

and other countries spending ever
larger percentages of GNP on R&D at
the same time that the share in this
country continues to dwindle. "Over
a span of years, this sort of trend
compounds itself," he says. Coupled
with Japan's accelerating productivity, it could make the U. S. a "second-rate technological power before
the end of the century." Fougere also
considers West Germany a strong
technological competitor and dislikes
the idea of facing such countries in a
contest for world and domestic
markets in the 1990s.
Automation key. SRI's Knock also
respects Japan and West Germany.
He cites industrial automation as
one index of their R&D efforts. "SRI
rates Japan most advanced in this
area, West Germany as second, and
the U. S. as third," he says. Japan,
he points out, "already has two fully
automated factories," whereas in the
U. S. there is none. West Germany
has assembled a robotics effort that
combines universities, trade groups,
and companies. "Mercedes, for example, already has a full assembly
line worked by intelligent robots," he
notes. Meanwhile, General Motors'
much touted robots perform spot
welding and are being groomed for
continuous welding jobs.
Robotics is of interest to any country planning to compete in the
world's

markets—according

to

Knock, it is a $250 billion market for
the remainder of the century—and
the U. S. is behind.
The gap in technical sophistication, if not already closed as in the
case of robotics, is closing, according
to George H. Heilmeier, vice president for corporate research at Texas
Instruments Inc., Dallas. He is not
sure the gaps will close completely,
because of what he sees as the country's tradition of innovation. But, he

Critics of research and development policy in this country point to a variety
of indicators they say are declining because funds are being routed away
from R&D. Among them are balance of trade, productivity, the number of
patents issued to Americans versus the number issued to foreign citizens, the
number of foreign patents acquired by the U.S., and the number of technical
papers published by Americans.
Balance of trade. According to National Science Board (NSB) figures, the
United States has good luck selling R&D-intensive products abroad. From
1960 through 1975, such goods sold well, and the nation sold more than it
bought, reaching a peak positive balance in 1975 of about $29.3 billion.
Since then there has been a slump, with 1977's balance only about $27.6
billion. Still, that is better than trade in all manufactured goods. In 1977, the
nation paid out $26.5 billion more than it took in. During the same 17-year
period, there has been a deceleration in sales of non-R&D-intensive goods.
The deficit grew from $179 million in 1960 to 1977's $24.4 billion.
The board blames the post-1975 trade-balance decline in R&D-intensive
goods on a major influx of Japanese consumer electronic goods, plus the
drop in value of the dollar versus the yen and West European currencies.
The trade-balance situation becomes even clearer when only R&Dintensive goods are examined. Sales of U. S. R&D-intensive goods begin to
droop in the mid-1970s almost regardless of the country traded with.
Throughout the decade, the United States has almost maintained parity with
West Germany. But the U. S. trade balance with Japan has gone from minus
$133 million in 1966 to minus $3.5 billion in 1977. And the balance of
technology-intensive exports even to developing nations has been approximately flat at about $16 billion since 1976. So with respect to Japan and
West Germany, the United States is already a net importer of R&D-intensive
goods, asituation that worries industry observers.
Productivity. Figures on productivity also are gloomy. The board reports
that whereas most other countries have generally increased the rate of
growth of their productivity over the past decade, the growth rate in the
United States has slowed by comparison. Both the National Research
Council and Comptroller General Elmer B. Staats suggest that the slowdown
may be due partly to "a waning U. S. ability to innovate." U. S. Department
of Labor figures Show that between 1967 and 1977, Japan's productivity
grew by 99.2%, France's by 72.6%, West Germany's by 69.6%, Canada's by
46.1% and the United Kingdom's by 26.3%. By comparison, that of the
United States grew only 26.1%. And far from just slowing its rate of advance,
by 1979 U. S. productivity had scored an absolute drop in the first half of the
year, declining at an annual rate of 5.7%, according to Congress's Joint
Economic Committee.
Admittedly, Japan's 1977 productivity was still only about two thirds that
of the United States, according to the Department of Labor. Still, the trend is
an uncomfortable one, and it is an argument many use to justify increased
R&D expenditures.
Patents. According to the NSB, researchers find a strong correlation
between a company's R&D activities and the number of patents it acquires
and between the number of patents on capital goods products and value
added in an industry. By this yardstick, patents mean corporate growth and
increased productivity. Patents also are said to be a good index of technological change. Annual patenting activities and sales growth appear strongly
related in high-technology industries and weakly related in low-technology
industries, according to the American Economic Review, making patents an
even greater growth indicator. Patents also seem to grow in number as an
industry grows and then to taper off as industry matures or declines.
Thus it is worrisome to many that while U. S. inventors are generating
fewer, overseas inventors are getting more U. S. patents. U. S. patenting
activity peaked in 1971 with 55,979 patents issued to Americans. Since then
the falloff has been rapid, with only 41,452 patents issued in 1977.
Meanwhile, patents issued to foreign inventors have climbed from 7,698 in
1960 to 23,766 in 1977, according to figures from the Office of Technology
Assessment and Forecast and the U. S. Patent Office. In 1960, 83.7% of
U. S. patents went to U. S. citizens or corporations and 16.3% to foreign

says, "foreign countries will become
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far more competitive in world markets than they are today in hightechnology products. Idon't like the
inventors; in 1977 the proportions were 63.6% and 36.4%, respectively.
Perhaps just as worrying, U. S. patent activity as a whole, without regard
to nationality of inventor, has been dropping since 1971 from its peak of
78,320 to 1977's 65,218 U. S. patents. Finally, with overseas markets of
acknowledged importance to U. S. exports, even the number of patents
applied for overseas by U. S. citizens or firms is falling steadily, while filings
from other countries are holding about level. From 49,098 foreign patents
secured by the U. S. in 1966, the curve rose slightly to peak at 50,852 in
1969, then slumped rapidly to its 1976 level of 34,796. Though other
countries were granted fewer foreign patents, their yearly numbers were
about constant over the decade, except for Canada's which declined somewhat.
Of the various indicators, patents may be the least reliable. There is some
tendency in industry to depend on "trade secret" protection rather than
patents these days—if only to keep proprietary information out of the hands
of the National Technology Information Service (NTIS) and thus away from
competitors here and abroad. Also, a patent granted may not be a patent
brought to market; in the case of government-financed R&D, for example,
the NSB estimates that only 7% to 13% of such patents make it into
commercial use. By contrast, the rate for patents growing out of industrial
R&D is about 50%.
Technical papers. According to the science board, the early . 1970s
constant-dollar declines in research spending have caused a two- to fouryear lag between the performance of research and its publication. In
addition, from 1973 to 1977, all fields of research except for clinical medicine
and biomedicine saw a falling number of publications ranging from 5% to
25%, with physics down 6%, engineering and technology down 16%, and
mathematics off 25%.
There are other indicators mentioned in this context as well, such as the
decreasing number of new companies formed in the past 10 years,
compared with the 1960s. But balance of trade, productivity, patents, and
technical publication seem more directly associated with R&D spending.
Though it may be fair to question the validity of any one of these indicators, it
would be unseemly to ignore the fact that all of them point downward and
that the decline approximately coincides with the point at which national
research and development funding changed from growth in constant dollars
to apattern of limited growth and sometime decline.
In constant dollars, the United States as a whole is spending only a little
more on R&D now than in 1968. National Science Foundation (NSF) figures
show the country budgeted about $19.581 billion for development in 1968;
this fell to about $17.887 billion by 1971, rose slightly to $18.961 in 1973,
fell off to $17.873 in 1975, and in 1979 rose to an estimated $20.418 billion.
That's only about 4.27%, or $837 million more than in 1968.
The constant-dollar story for basic research is similar, but written in smaller
figures. Again funding peaked in 1968 at $10.21 billion and then began an
almost linear decline to $9.811 billion in 1975, rising again to an estimated
$11.354 billion in 1979, a decade's increase of only 11.1%.
In contrast with these fairly level years of R&D spending after 1968, the
period from 1960 to 1968 was one of rapid growth—and the indicators now
in decline were rising during that period and continued to do so for several
years afterward. Funding for development rose from $13.552 billion in 1960
to $19.581 billion in 1968, an increase of about 44.5%. During the same
period, research funding rose from $6.141 billion to $10.217 billion, for a
constant-dollar increase of about 66.4% in the eight-year period.
Critics of R&D funding in general, and the space program in particular,
often blame the fall in R&D funding growth to the peaking of the space
program. However, space funding peaked in 1965 at 34% of Federal R&D
obligations, according to the NSF; that is three years before the malaise in
national R&D funding set in.
Even though these indicators are susceptible to varied interpretation, even
a cautious evaluation would be that the U. S. does in fact have an R&D
funding problem. And though the nation may not have to match foreign
competition dollar for dollar, it may well need to spend more than it is now.

way the vectors are pointing. We're
sure trying hard as a nation to shoot
ourselves in the foot."
For N. Bruce Hannay, vice president for research and patents at Bell
Laboratories in Murray Hill, N. J.,
the U. S. and Japan are now on a
competitive level, with "European
countries at this time a distant third
and not yet a force equal to the other
two."
Against a background like this,
few executives, especially in

high-

technology industries like electronics, need to be convinced that R&D is
a good investment.
Spending vital. R&D spending is
crucial to corporate survival, according to John F. Mitchell, assistant
chief operating officer of Motorola
Inc., Schaumburg, Ill. R&D spending
means higher growth and profitability, he says, noting that the reverse is
also true.
John P. Stenbit, manager of
requirements and group development at TRW Defense and Space
Systems, Redondo Beach, Calif.,
says baldly, "We would die in an
instant

if we did

not continue to

invest." He adds that TRW's management unquestioningly supports
the

company's

high

rate

of

R&D

investment—typically 10% to 15% of
yearly sales.
Still, R&D investments, even in the
high-technology sector, are large
only by comparison with the national
average and may be low compared
with

national

needs.

According to

data from Standard & Poor's, hightechnology R&D broke down this
way in 1978, with the middle column
showing

percent

of sales

and

the

right one percent of profits:
National average
High-technology
average
Aerospace
Electronics
(general)

1.9

43.4

4.0
3.7

65.4
93.0

2.6

56.1

Semiconductor

6.0
3.9
5.8

54.8
69.9
102.3

Telecommunications

1.9

16.1

Data processing
Instruments

Except for some data-processing
and semiconductor firms, the often-
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THE TELEPHONE
DESIGNERS' COLLECTION
3 OF THE MOST INNOVATIVE
TELEPHONE COMPONENTS
IN THE WORLD
Our designers at Mitel
Semiconductor know the telephone.
That's because they work side by side
with Mitel Telecom engineers. The
application of our semiconductor
technology to the telephone has
produced the most efficiently
integrated phone components in
the world.

The MT4320 Pulse Dialer
The MT4320 allows the rotary dial
to be directly replaced by apush button
pad. This pin for pin equivalent to the
industry standard DF320 has an
operating voltage range of 2to 7volts,
250i4W operating power dissipation, and
astand-by current consumption of less
than 1(.4A. The MT4320 stores up to
20 digits, has last number redial, pin
selectable line break/make ratio and
pin selectable impulsing rate of 10,
16 or 20 PPS.

The MT4325
Programmable Dialer
The MT4325 has all of the features
of the 4320. In addition it has an audible
key tone and access programming for
automatic dialing pause in redial mode.

The ML8204 Tone Ringer
This replacement for the telephone
bell, with aminimum of external components, provides apleasant warbling
sound, and interfaces to the telephone
line. The ML8204 has low power consumption, an on-chip regulator, positive
switch-on and is packaged in an 8pin
minidip.
MITEL SEMICONDUCTOR, we've got
the goods for you.

MITEL SEMICONDUCTOR
United States

1735 Jefferson Davis Highway, Suite 1009, Arlington, Virginia, U.S.A. 22202. Telephone 1703) 243-1600
1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 190e. Telephone (215) 449-5556.
2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone 1714) 276-3421.

Circle 84 on reader service card

Canada

P.O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K IX3. Telephone (613) 592-2122, QUIP: (613) 592-2600,
Telex: 053-4596, TWX: 610-562-8529.
18 Airport Blvd., Bromont, Quebec, Canada JOE 1LO. Telephone (514) 534-2321, Telex: 05-267474,

Europe

Hamilton Road, Slough, Berkshire, England SLI 40V. Telephone 0753-36137, 0753-36138, Telex: 847730
Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone (01) 119302, Home (02) 484083, Telex: 27246

Asia

TST P.O. Box 98577, Kowloon, Hong Kong. Telex: 64235-Mitel HX

Thomas A. Vanderslice, president incentive to work harder, it might try
of General Telephone & Electronics loosing it from the rack of the capiCorp., Stamford, Conn., agrees. tal gains tax."
Mitre's Zraket is characteristicalmentioned 10%-of-sales investments "The R&D portion of a product
in R&D appear to be the exception development may account for only ly direct: "U. S. industry is being
rather than the rule. Yet there is a 10% of the cost needed to bring that killed by disincentives. We need revilarge body of data showing that product to market. Therefore, any sions in tax law, patent law, and
investments in R&D boost both sales reasonable manager has to have other areas. Industry in other counand productivity ("R&D helps fuel some assurance that the other 90% tries has it much easier by comparigrowth," p. 86) and thus contribute needed for plant and capital equip- son; the usual examples are Japan
to national economic health, perhaps ment is going to be there at the and West Germany, but even in
tempering inflation and aiding the conclusion of development. Some Sweden you find capitalism in sofirms are being forced to drop worth- cialist clothing. A Swedish firm can
country's balance of payments.
In the opinion of Sen. Adlai E. while R&D plans not because they set aside a given percentage of its
Stevenson (D., Ill.), "Development can't afford them, but because they profit as an investment in R&D—tax
free."
of new products, services, and indus- can't afford to capitalize on them."
Vanderslice feels that the tax and
Other observers wish the Federal
trial processes based on advances in
knowledge [have] contributed more regulatory burdens government government could create a fiscal
than anything else to our nation's places on industry strangle techno- climate somewhat like that in Japan.
productivity, growth, its trade per- logical progress. Arthur D. Little Data General's Kalb notes that
formance, increases in wages, and vice president Derek Till agrees and Japanese firms have easier access to
stable prices." Stevenson made the estimates that an astonishing 25% to funds and thus more ready money to
50% of every R&D dollar may fall spend on R&D than similar Ameriremarks during a recent symposium
on innovation at Massachusetts In- prey to government regulation; eith- can firms. "A Japanese company is
er it is used to pay for the multiplici- given a200% tax credit for R&D," he
stitute of Technology.
Innovation index. Yet R&D in real ty of reports, audits, and reviews so says.
"They can write off R&D expenses
terms has been declining throughout common today, or it is invested in
the 1970s. Only recently, with the work whose only real payoff is regu- in only one year, versus, say, six to
eight years for United States firms.
nation verging on recession, have latory compliance.
Blame Washington. So, if there is This generates an enormous amount
large numbers of industry observers
begun wondering aloud about the a whipping boy in industry's execu- of capital in Japan, despite the fact
pace of innovation. Implicit in their tive suites, it is the Federal govern- that the average Japanese firm has
remarks are questions about R&D ment. One instrument manufacturer, only about half the profit margin of
funding, for though R&D and inno- after citing a laundry list of com- an American company. Japanese
vation are different, dollars spent on plaints, winds up with a Bryanesque bankers also tend to be easier to deal
flourish: "If government would like with in terms of lending against
R&D are an index of anation's intent
to give the research community some profit margins than their U. S. counto innovate.
With R&D a fashionable concern,
there is the usual difference of opinGOVERNMENT ANO OTHER
BUSINESS
PERCENT
ion. Historian of technology David
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F. Noble of MIT has been quoted as
I
j
1
arguing that today's concern with
FRANCE
lagging technical innovation is just
1967
industry's way of getting taxes
1975
reduced. But Harvard University
JAPAN
economist Dale W. Jorgenson, on
the other hand, feels that the key to
improved technology is enhanced
UK
capital formation, and his view is
widely shared in industry.
Jeffrey C. Kalb, engineering vice
president of Data General Inc.,
U.S.
Westboro, Mass., notes that with
interest rates high and with pressures working against capital formaWEST GERMANY
tion, his firm would probably be very
careful before investing in a new
semiconductor operation as it did in
Sunnyvale, Calif., in the 1970s. And
SOURCE SCIENCE INDICATORS -1978
like other managers, he points out
that capital formation has a direct Where other nations spend. When comparing expenditures by business for R&D with what
is spent elsewhere. Japan and West Germany are spending more than is the U. S.
effect on R&D decisions.
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The nonprofit CED notes in its new
report that, as a percentage of
GNP, Federal tax revenue has grown
terparts. There's alot of unnecessary from 18.5% in 1976 to about 20% in
pressure on U. S. firms to keep profit
1979 and should reach 21% in 1981.
margins high as a result of taxation This increase is said to have drained
and banking pressures."
off monies that would otherwise
If industry complains, it also have funded R&D and capital investsuggest remedies. The Committee ment. And according to the Departfor Economic Development, a New ment of Commerce, R&D and plant
York—based private organization of and equipment investments follow
200 business people and educators, cash flow closely.
warns in a report to be published
And because of inflation and
Jan. 18 that "some public policies unfavorable regulations governing
actually discourage capital invest- depreciation of existing plant and
ment ...and have caused business equipment, taxable profits are highto shift . .R&D efforts from long- er than constant-dollar profits. In
er-term to more defensive short-term inflationary times, according to the
goals." Further, "unless there is CED study, the effective corporate
speedy correction of these policies tax rate can therefore be much high. .the nation will find it increas- er than the reported average rate of
ingly difficult to solve its .. . taxation.
economic problems."
Inflation has the same effect on
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the cost of capital and on current
and actual rates of return on investment. The dollars that flow in, says
the study, are worth a lot less than
the cost to replace them so as to
make new investments.
Thus, the CED feels its No. 1taxreform priority is one that would
allow a more rapid capital recovery
allowance. It believes that such
reform would trigger increased investment in plant and equipment.
A second priority would change
the tax laws to allow for flexible
depreciation of R&D assets, taking
into account the uncertainty of their
usefulness. The CED would like to
see both one-year and optional
multiyear write-offs.
More credit. The CED also would
like an increase from the present
10% investment-tax credit for investment in R&D facilities to 20% (still

R&D helps fuel growth
Does increased research and development guarantee
corporate growth? Not necessarily, but it is almost always
a help, according to figures from both government and
industry.
Analog Devices Inc., Norwood, Mass., as part of a
corporate strategy workshop, gathered figures on a dozen
other high-technology firms in an attempt to correlate
sales growth with R&D expenditures over the same period
as a percent of sales. It found that higher R&D investments generally generated faster growth, but there were
significant departures from this rule, with some firms
getting far more—and less—bang for the R&D buck than
the uninitiated might expect.
According to a Brookings Institution study, about 34%
of measurable economic growth in the United States
between 1948 and 1969 resulted from advances in knowledge. A Department of Commerce study covering 1929 to
1969 reckoned that technological innovation accounted
for 45% of the country's economic growth.
Grouping industries by R&D intensity, as Data
Resources Inc., Cambridge, Mass., did in a 1977 study,
showed a marked difference between growth in productivity and output between firms with heavy investments in
R&D and those with low to moderate investments. R&Dintensive industries showed a 4% yearly average growth in
productivity between 1950 and 1974, and a 6.7% yearly
increase in real output. The "electrical equipment and
communications" industries led the pack with 4.4%
productivity growth and 7.2% output increases. The averages for moderately R&D intensive industries were only
1.4% and 3.6%, respectively. Industries with little R&D
averaged only 2% yearly productivity growth and 2.3%
yearly increase in real output.
Already strong, the economic case for R&D can be
further strengthened using the National Science Board's
"Science Indicators— 1978," which quotes National
Science Foundation studies showing that $30 to $50
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increases in annual output can result from a single $100
investment in R&D. That's a payback period of as little as
two years.
A number of other studies quoted in the NSB report
indicate that R&D return on investment can range from
25% to 35%. The NSB is quick to point out that this is a
higher return than that yielded by almost any other form of
investment. But as with all investments, there is an
element of risk; a substantial fraction of companies
sampled earned far less and some earned nothing on their
investments. Managers still have to back the right horses.
The benefits of R&D, says the study, are higher productivity and output for the developers—and perhaps the
same for their customers. Semiconductor and computer
technology are prime examples of this effect. One recent
study estimated that the average productivity returns on
R&D conducted in industry during the 1960s was about
30% per year; for the customers of R&D-intensive firms
the productivity increases averaged about 50%.
Admitting that it is possible to measure return on R&D
investment only quantitatively, the NSB report adds that if
qualitative measures were available, the return would be
even higher. All these statements apply to industrial R&D;
the NSB notes that estimates of the return on government
R&D are unreliable.
The conclusions, then, would seem to be that properly
managed R&D can be an extremely good investment for
industry, producing returns to a firm and its customers
exceeding typical corporate growth rates, or average
return on equity, and the rate of inflation.
Further, there is some correlation between R&D spending by a firm and its rate of sales growth. It is by no means
unambiguous, but the correlation exists.
So the answer to the question, "Does R&D pay?"
appears to be yes, and the smarter the management and
the greater the investment it is willing to make, the greater
should be the return.
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Reduce
Custom
Power
Supply
Time
an4 st

With ahandful of Powercube's Cirkitblock
modules and afew clip leads, you can quickly synthesize an infinite variety of custom power supplies.
Cirkitblock modules have demonstrated
capability to meet most design needs and are packaged
within a1" x1" x2" basic building block format so
you can assemble supplies of any complexity to any
form factor appropriate in building block fashion.
Design time to operating prototype can be
reduced by more than 50% because conventional
breadboarding is eliminated. Your quickly assembled
"breadboard" of modules becomes your operating
prototype.
Cirkitbl olkmodules utilize space
technology but are specified and priced for industrial
as well as military pplications. They can substantially reduce the "as installed" power supply costs
in airborne and ground based instruments such as
receivers, navigational systems, displays, stores
management systems, and communication gear.
Cirkitblock functional modules not only
save design time and money; they are also alot of fun
to work with.
Circle the reader service number to learn
more about Powercube's Cirkitblock functional
modules. Send for free catalogues describing the
entire Cirkitblock module family and packaging
styles for complete power supplies.

.•

P POWER CUBE
Air

A SUBSIDIARY OF UN ,TRODE CORPORATION
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POWERCUBE CORPORATION
EIGHT SUBURBAN PARK DRIVE
BILLEFUCA

MASSACHUSETTS 01821

6171667-9500
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Inside the news
well below Japan's 200%), faster
depreciation for patents (a rate more
in keeping with accelerating technical change), tax credits for support
of university R&D, substantial tax
incentives for the smallest innovative
companies, and reduced or deferred
income-tax provisions for firms so
heavily invested in R&D efforts that
they have little or no real income.
The CED, like most executives,
would like government regulations to
reflect reality. Statistically impossible "zero-risk" goals, regulations
that call for "best-available" technology when the definition of "best"
is continually changing, and frequent changes in production standards that can often gut prior investments have all raised the cost of
complying with regulations. And
higher compliance costs mean lower
R&D and capital investment budgets.
Delays and court fights also accompany regulation; these add uncertainty and further cut the rate of
possible innovation, the CED feels.
The group would like to see standards set realistically and industry
left to meet them cost-effectively. It
would also like increased congressional oversight, as well as sunset
laws (those containing a provision
for review or repeal after a specific
period) to reshape, curtail, or
remove unreasonable regulations.
The CED also would like an in-depth
study of the effect of regulation on
the innovative process.
The falloff in patents during the
last decade is chalked up by some to
industry cynicism about the effectiveness of such protection. The CED
is most concerned with patent
disputes and timing.
Patent mechanisms. The CED suggests that, first, compulsory arbitration be used to settle patent disputes;
second, that a single national court
of appeals be established to ensure
uniform application of patent law;
and third, that anew mechanism be
devised to strike "obviously invalid
patents" from the rolls.
As to timing, the CED would like
to sec the life of apatent be delayed
by regulatory questions. Second, it
favors a "first to file" procedure
with personal right of use granted to
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Warnings. Mitre Corp.'s Charles A. Zraket
(above) says revisions are needed in tax and
patent laws to enable American R&D to
keep pace with that of other nations. And
RCA Corp.'s William C. Hittinger (left) notes
that ideas are mobile, and other nations are
taking advantage of heftier outlays for R&D
to challenge the U. S. in world markets.

later filers who were prior inventors.
Additional suggestions on patent
policy include copyright protection
for computer software and giving
U. S. patent holders the right to
enforce patent rights against imported goods made royalty-free.
For patents generated by government contractors, the CED thinks the
contractor should receive title to
these patents; at present, the Federal
government assumes title in most
case where its money—occasionally

even minority funding—is involved.
Given some legal protection, the CED
feels that new technology is more
likely to appear in the market if the
patent is not in the public domain.
And statistics on the poor use rate of
government-owned patents tend to
support this contention. If the original contractor did not move fast or
far enough the government could
mandate licenses to other firms.
Finally, the CED would like to see
more Federal investment in basic
research.
There seems little unreasonable in
the CED's suggestions. It simply
appears to be saying with one voice,
minus some picturesque language,
what most of industry is saying.
Bell Labs' Hannay leaves no room
for doubt when he says that government R&D programs will not produce the technology of the future.
"There are people who would give
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How to cook
ten million chickens
without acook?
A Problem for the
System Manufacturer
Competition in the carry-out fried chicken business forces high
quality products and low labor costs. At today's wages experienced
cooks are out of the question. Cooking has to be automated so
unskilled personnel can be utilized. Automation is possible with
controlled cooking temperatures and time, provided the chicken
pieces are exact uniform weights. Sorting millions of chickens, by
weight, as they speed on conveyors in modern processing plants is
'a tough problem for system manufacturers.

The Solution
This system manufacturer found the
solution at INTERFACE. Sealed Super
Mini Load Cells. These strain gage
load cells were integrated in the
conveyor systems. They weighed each
chicken, within a.01 lb., as it sped by.
Chickens were instantly sorted to predetermined weight catagories, allowing successful automation of the cooking process.
Sealed Super Minis are excellent for food processing
systems because they are impervious to moisture and
can take the steam cleaning and detergent washdown
involved. For other checkweighing applications in less
hostile environments, Super Minis also have the ability to
weigh instantly and accurately, even when different loads
are measured at rapid speeds.
INTERFACE Mini and Low Profile strain gage load cells
are the modern answer to force measurement and weighing
applications. Manufacturers, researchers, system designers recognize INTERFACE as the world leader in force
measurement. A position that has been earned through
pioneering research, proprietary advanced material technology in strain gage flexure design, exacting standards,
competitive pricing and on-the-shelf product availability.
If you have atough problem that requires measuring force
or weighing to solve, contact INTERFACE for an easy
answer.

TOUGH PROBLEMS FIND EASY
SOLUTIONS AT

interface

ADVANCED FORCE MEASUREMENT
7401 E. Butherus, Scottsdale, Arizona 85260 USA (602) 948-5555
Telex 668-394
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Inside the news
all credit for technological progress
to government procurement programs, but it is private industry
spending its own money that is
producing the developments," he
says. "For instance, the invention of
the transistor was with Bell's own
money," he adds. "It is difficult to
find basic advances that have flowed
from government procurement programs. The role of the government is
important, but private industry can
provide all the stimulation that is
needed," he says.
Credits, not cash. Certainly Ti's
Heilmeier agrees: "The most important thing government should do is
give tax credits to industry for R&D.
Don't tell me they are going to dish
out more R&D funds from Washington—the same wonderful people who
brought you the jost office are going
to bring you innovation? Ridiculous—you need market incentives
to innovate."
Richard A. Nesbit, director of
research at Beckman Instruments
Inc., Fullerton, Calif., feels strongly
that just stepping up industrial R&D
investment "to counter challenges
from abroad won't be effective
unless investment tax laws ...pat-

ent laws, etc., also are changed."
He knocks "archaic" patent laws,
and their interpretation allowing
some firms to copy original devices
without licensing or royalties, calling
it a "basic challenge" to private
property. And like Data General's
Kalb, he is particularly concerned
about the poor protection now
offered software.
H. William Collins, vice president
for advanced products at International Rectifier Corp., El Segundo,
Calif., says it is more difficult to
protect R&D results stateside than
overseas because the U.S. court
system, as reflected in its interpretations and comments, "considers patents instruments of monopoly and
seldom rules against offenders."
Since this limits returns on patented
techniques, it is a disincentive to
R&D, he feels.
Judges unqualified. An anonymous
New England executive says that
one reason the present use of multiple Federal courts to resolve patent
disputes is so unsatisfactory is that
"most judges are technological
dolts." He definitely favors the
CED's national patent court proposal.
RCA's Hittinger zeros in on incentives and capital. "We have to
increase savings and capital accumulation because there is real risk in

[R&D and] innovation, and this risk
has to be hedged by incentives." He
also agrees with the CED that "we
need a national resolve [to spend
more] money for basic research."
At the Hewlett-Packard Co., Palo
Alto, Calif., Al Bagley, instruments
group engineering manager, feels
that a major U. S. problem is that
"we have too many regulations—too
many cost disclosures, for one, which
get in the way of research itself." "It
would be nice ...if the government didn't demand so many program reports," he adds.
Last, but certainly not least, is the
question of just how much basic
research should be funded by any
company. Bell Labs' Hannay is
emphatic about the importance of
such work by private industry.
"I have always felt that too few
companies do basic research," he
says, "and that agreat many who do
not would benefit from it." He
thinks that 5% to 10% of an R&D
budget is about the right sum to be
earmarked for basic research, assuming that acompany has reached
what he calls a critical size, though
he will not specify what size that is.
Legislative outlook. There's nothing like afriend on Capitol Hill. Sen.
Stevenson feels today's situation
"demands an `ungentle' review of tax

Trouble ahead. Guy Fougere (left) of Arthur D. Little Inc. says America's shrinking spending on R&D could result in the nation's becoming
second-rate technologically. Another ADL executive, Derek Till (right), notes that Federal regulation takes up to half of each R&D dollar.
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Priced from $29,950
Nicolet System 50r:
use System 50 on the kind of work they
first affordable are doing right now. With the many models
automatic
and options to choose from, you'll tailor

Nicolet System 50 stores designs in its p i_
memory and displays them on ascreen. 1 ne
Your designers can draft layouts quickly and
without effort. When the final layout
is finished, System 50's pen plotter inks a
clean original automatically.

drafti

Takes awaySystem 50 performs all the
7

tedious, repetitive work

the tedium. on command. It can

revise layouts, ipeat traces and pads
throughout adrawing and do lettering. It
can even take designs from one layout and
drop them into another, positioning and
rotating them as required. It works on PC.
layouts, schematic diagrams, hybrid circuits and
mechanical drawings.
System 50 helps make original
More results, designs and any revisions fast
ess effort. and easy. Because it makes your
design statt more efficient, more productive,
you'll get prototypes faster and get your product to the
marketplace sooner.
Your designers will be happier, too, because
System 50 is so easy to use. It makes their work less
tedious and more rewarding. They'll be free to spend
more time on the design aspects of their work. They can

l
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the system to fit your situation exactly.
System 50's prices
range from $29,950 to
$59,730, and it's as
easy to operate as it is to afford. It's a
computer-aided drafting tool that you
just plug in and use.
System 50 is not only easily affordable
by all drafting departments but it can
actually pay for itself in ayear through
increased production efficiency. System
50 is being successfully used in departments with only
afew designers as well as in departments with over
ahundred.
Find out how Nicolet System 50 can make your
department more efficient. Just write Mike Smith,
Nicolet CAD Corporation, 735 Addison Street,
Berkeley, CA 94710. Or phone
415/848-6600 to arrange a
demonstration soon

ng system. Investment
spending.

NICOLET
_ CAD
— CORPORATION
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Inside the news
codes and monetary instruments,
export promotion and adjustment
assistance, patent laws, and antitrust
rulings— [we must] reassess traditional attitudes about the relationship between government and business." All of which should strike
responsive chords in the hearts of
technology executives.
Despite Stevenson's pronouncements, there's no rush to legislate.
According to a senior House committee aide, "Right now there are
five or six dozen bills pending on
aspects of this issue that treat almost
as many different issues. [Some
legislators] have ad hoc efforts going
to coordinate these, though Ipersonally doubt that very much will get
through chambers in the five or six
months of real work time left" in this
election year.
Nevertheless, staff members on
both sides of the Hill are optimistic
about getting something through on
R&D policy this session. "The members are truly alert and concerned
now that the country is being challenged in industrial as well as military markets" dependent on technologies like electronics, says one.
Some members are said to be
suspicious, remembering the palmy
days of the 1960s when some feel

But even with senators and congressmen becoming believers and
executives in agreement with legislators, the nation is far from a full
solution to its R&D problem. There is
a legion of related issues waiting to
be addressed, among them the problem of the risk-reward climate existing within many companies, which
can turn creative minds into banker
mentalities and choke innovation.
List of woes. There are the organizational and legal problems of justifying R&D inside, or cooperative
research outside, a company, problems that make today's R&D managers a sorely tried group. There's
the question of what the United
States can learn from successful
efforts here and abroad and what
methods firms are using to make
themselves more innovative. There is
the nerve-wracking question of backing the right projects, when research
funding is limited and money is a
precious seed that must be planted in
the most fertile soil. There is the
question of technology exchange; it
Tight cash. Data General Corp.'s Jeffrey
is possible that the U. S. may have
Kalb says difficulty in capital formation has a hurt itself by selling its technology
direct effect on decisions concerning R&D.
rather than the products of that
technology. Finally, there is a comindustry took advantage of Federal ing decade of financial agony on
largesse, but "most appreciate that campus, bringing with it questions
the problem is different now—there about relations with industry and
is a real challenge from abroad," government and the amount of
says the staff member.
work—traditionally basic research—academe can perform, the
number of new scientists and engineers colleges and universities can
graduate, and the question of where
new faculty will come from as the
"Ph. D. pipelines" empty.
But, even if the answers are grim
ones, sm's Knock would have us
persevere; high-technology markets
are going to be too important to
ignore. "In the near future, sales of
high-technology products will grow
three times as fast as those of lowtechnology products," he predicts.
"The productivity growth of hightechnology firms will be twice that of
low-technology firms; the increase in
employment due to high technology
will be nine times that from low
technology. The health of the United
States economy is tied to R&D. It's a
long-term investment in tomorrow,
but we must make it."
CI

Falling. U. S. spending on R&D as a percentage of GNP has been falling steadily since the
mid-1960s. It peaked at just under 3%, but by 1978 had dipped to a little under 2.2%.
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This is the first of two parts. The second will deal with
company R&D strategies in the U. S. and abroad
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Facts from Fluke on low-cost DMM's

Three good reasons to buy your
handheld DMM from Fluke.
Ask yourself what you're really
looking for in ahandheld DMM, and
then take agood long look at ours.
CHOICES? The Fluke line of
handheld DMM's now offers three
clear performance choices. There's the
8022A Troubleshooter, asolid value for
basic voltage/current/resistance
measurements that offers 0.25% basic
dc accuracy. The 8020A Analyst is the
world's best-selling DMM and first to
offer conductance for high-resistance
measurements to 10,000 Megohms —
now with accuracy improved to 0.1%.
And the new 8024A Investigator, a
powerful instrument also with 0.1%
accuracy that boasts three unique
capabilities: logic level/continuity
detection with an audible "beeper" for

instant continuity testing, and
slow-speed logic checking, peak hold to
lock onto elusive transient signals, and
direct temperature readings to 1265°C
via K-type thermocouples.
CONVENIENCE? Pick one up
and you'll know what true one-hand
operation means — tough, lightweight,
palm-size packages designed with
in-line push buttons for quick range
and function changes.
RELIABILITY? Count on it. A
substantial number of components are
used exclusively to insure
reliability and
to guard
against
overloads.

Calibration is traceable directly to the
National Bureau of Standards.
LOW COST? Compare these U.S.
prices: $129 for the 8022A, $169 for the
8020A and $199 for the powerful 8024A.
Fluke standards of quality and
customer service, of course, are
uncompromising — for our line of
handheld DMM's and all our products.
For more facts call toll free
800-426-0361; use the coupon below;
or contact your Fluke stocking
distributor, sales office or
representative.

FLUKE

IN THE U.S. AN I) NONEUROPEAN COUNTRIES:

IN EUROPE

John Fluke Mfg. Co., Inc.
P.O. Box 43210 MS * 2B
Mountlake Terrace, WA 98043
(5e) 774-2481
Telex: 324)013

Fluke (Holland) By.
P.O. Box 5053,
5004 EB Tilburg,
The Netherlands
(013) 673 973 Tlx: 52'237

ri Please send all the facts on Fluke
low-cost DMM's.
12 Please have asalesman call.
Name
Mail Stop

Title
Company
Address
State

City

lblePhone

)

For technical data circle no.
E2 1/80

Zip
Ext.
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Probing the news
Analysis of technology and business developments

British decline has abright spot
Electronics industries expected to grow 12.5% this year
even as the overall economy continues to slide

by Kevin Smith, London bureau manager

Britain enters anew decade knowing
full well that it will be worse than
the last in economic terms. Even by
the government's traditionally optimistic forecasts, the UK's economy—almost alone among European
nations—will see a decline in real
gross domestic product of 2%.
Britain is managing to run atrade
deficit even with the help of North
Sea oil. In fact, say some observers,
that oil has added to the manufacturing industry's woes by inflating
the purchasing power of the pound,
thus sucking in imports and making
exporting that much harder. The
medicine administered by the new
Conservative government is a tight
control of the money supply, including a record hike in the minimum
lending rate to 17%. This policy, plus
a cut in state spending and a move
toward greater personal incentives, is

seen as acure-all for Britain's longterm industrial decline. But when—
or indeed if—this occurs, Britons
face a tough intervening period
made worse by a mounting world
recession based largely on the soaring cost of oil.
Against this gloomy industrial
landscape, electronics is one of the
few bright spots. During 1979, sales
of finished equipment grew at a
steady 14% to finish the year at
$6.54 billion (including inflation),
according to Electronics' estimates.
Solid growth in computers and telecommunications in particular should
help to keep the bandwagon rolling
into the 1980s—though at aslightly
reduced pace, with equipment sales
predicted to increase 12.5% to $7.35
billion.
In fact, nothing short of an apocalypse seems capable of stopping the

BRITISH ELECTRONICS MARKETS FORECAST
ON MILLIONS OF DOLLARS)

Total assembled equipment

1978

1979

1980

5,686

6,536

7,353

Consumer electronics

1,665

1,873

2,002

Communications equipment

1,501

1,809

2,173

Computers and related hardware

1,786

2,060

2,327

Industrial electronics

315

341

365

Medical electronics

205

210

211

Test and measurement equipment

184

210

239

30

33

36

Power supplies
Total components

1,814

1,998

2,125

Passive and electromechanical

954

1,032

1,080

Discrete semiconductors

237

259

278

Integrated circuits

287

340

381

Tubes

336

367

391

(Exchange rate: $1 •48 pence; lt

$2.05)

Note: Figures in this chart are consensus estimates of consumption of electronics equipment obtained
from asurvey made by Electronics magazine in September and October 1979. Domestic hardware
is valued at factory sales prices and imports at landed costs.
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headlong march of the computer
industry, which in 1979 managed a
15% growth rate to close the year
with sales to the home market of
$2.06 billion. According to Electronics' survey, the industry should start
the decade with growth running at
13%. "We have found the market to
be in very good shape, surprisingly
so in view of the economy," says
Terry Stones, marketing manager of
Honeywell Information Systems
Ltd., London, "and we are planning
to book even more business next
year."
Confirming this estimate, Britain's indigenous computer manufacturer, International Computers Ltd.,
London, finished the year with very
healthy results: a 22% growth in
sales while retaining profit margins.
Even more encouraging, UK sales
were up 30%. Far from hurting sales
of mainframes, IBM's announcement
of its 4300 has stimulated the
market, according to icL's managing
director, Christopher Wilson.
The minicomputer market has
been particularly buoyant, with a
growth of about 20%, compared with
12% for mainframes. But Mike
Borschell of the market support
group at Philips Data Systems Ltd.,
London, cautions that small businesses and companies that are using
magnetic ledger cards and other
systems for the first time are the
very ones most likely to be hit by the
17% interest rate and so are the most
likely to defer equipment purchases.
As aresult, growth of systems in the
$14,000-to-$20,000 bracket may
slide to a more restrained 15% level
in 1980.
In the telecommunications sector,
there is an air of confidence abroad
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The new 8520A DMM:
Math, memory and measurement
capabilities that work overtime.
Introducing the new Fluke 8520A
DMM -apowerful multimeter system
that sets new standards of accuracy,
intelligence, speed and hard-working
practicality. With the 8520A's built-in
math and memory capabilities you can
actually let your multimeter make
complex measurements overnight,
totally unattended. Store up to 400
readings (Option 010) in the 8520A's
"burst" memory at variable reading
rates as slow as one per hour. Then
come back in the morning and review
the results in minutes.
You can also store data at up to
240 readings per second with 60-Hz
line operation (200 readings at
50 Hz), right on the bench,
with afull 51
/-digits of
2

resolution. Make fast tests of filter
settling and transient response
of circuitry.
Once you've saved that data, take
advantage of the 8520A's full math
capabilities. The 8520A's seven
standard and seven optional programs
including percent deviation, limits,
statistics and the unique low-frequency
ac give the 8520A the highest IQ of
any precision DMM.
The 8520A also boasts 50 ppm,
90-day, basic dc accuracy. Voltage
(including True RMS ac), resistance
and conductance (for resistance

measurements to 10,000 Megohms)
functions are standard. And an
IEEE-488 interface is built-in.
The sum of all these features is a
very impressive performer -one that
totally redefines the concept of the
intelligent digital multimeter. For a
base price of only $2995 U.S.
You've got to see this new precision
multimeter for yourself to appreciate
its full capabilities. Contact your
Fluke Sales Engineer or
Representative for ademonstration.
For his name, call toll free
800-426-0361, or use the coupon below.

FLUKE

IN THE U.S. AND NONEUROPEAN COUNTRIES:

IN EUROPE:

John Fluke Mfg. Co., Inc.
P.O. Box 43210 MS #2B
Mountlake Terrace, WA 98043
(206) 774-2481
Telex: 32-0013

Fluke (Holland) B. V.
P.O. Box 5053, 5004 EB
Tilburg, The Netherlands
(013) 673 973
Telex: 52237

Please send me more information.
D Iwant to see the 8520A in action. Please have a
Sales Engineer call.
Y
.
IIC
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8520A O)GITAL MULTIMETER
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)
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that has not been seen for several
years. With the large publicexchange sector well on course in its
move to solid-state switching technology, the sector as a whole is
enjoying a steady growth of, some
20% to take total sales in 1980 to
$2.7 billion, according to Electronics'
estimates.
All three British Post Office
suppliers, Standard Telephones &
Cables Ltd., Plessey Telecommunications Ltd., and GEC Telecommunications Ltd., are now manufacturing
the post office's intermediate semielectronic TXE-4 exchange. At the
same time, the growth rate of the
System X all-digital exchange program, developed by all three suppliers and the BPO, has quickened.
Consumer. Last year was a sluggish one for the consumer sector.
The figures for color TV sales show
an increase from 1.74 million sets in
1978 to 1.85 million units in 1979.
These figures indicate a saturated
market with first color replacement
sales. But with a big squeeze on
consumer spending in 1980, the
industry will be lucky to match last
year's figures; the forecast points to
afall in the growth rate from 12% in
1979 to 7% in 1980.
Video cassette recorders provide

one growth point. Sales should reach
125,000 units in 1980, compared
with 100,000 in 1979, says Nigel
Schofield, a marketing executive
with Thorn Consumer Electronics
Ltd., London. The new year could
also see the first significant sales of
teletext- and viewdata-equipped TV
sets. As volume production of the
decoder chip sets builds and prices
fall, sales of sets with teletext could
climb from 40,000 to 100,000. By
1984, one source says, a third of all
sets manufactured in the UK will
have teletext. He is more bullish on
viewdata, which gets under way as a
public service in 1980, and sees
sales—including monochrome business sets—jumping from next to
nothing to 50,000 in 1980.
Test and measurement. Electronics
projects a growth rate of 14% from a
year-end figure of $210 million for
the instrumentation and automation
sector. But this figure masks the
varying fortunes of its constituent
areas. Test equipment sales, for
example, are still surging, while the
first signs of softness are appearing
in the instruments market. Says
Tony Davies, who until recently was
a division manager with Schlumberger Measurement and Control
(UK) Ltd., "We are still seeing a
healthy demand for automatic test
equipment, though there is a slight
softening compared with a year

„e!

ago." The 20% to 30% growth rate,
Davies says, is fueled by the post
office's switchover to semielectronic
exchanges.
In comparison with ATE, the
instruments market is "considerably
softer," and some companies "are
having difficulties meeting their quota" particularly in the more mature
products, he believes. But front-end
products like logic analyzers and
microprocessor development kits are
doing well.
Defense. In defense, an area where
UK companies have traditionally
excelled, growth has been solid, with
asecure home market and ahealthy
export market. But export sales in an
increasingly unsettled political climate look "somewhat volatile," according to Frank Chorley, managing
director of Plessey Electronic Systems Ltd., Ilford, Essex. Still,
defense spending under the Conservatives is getting ahigher priority and
spending is going up 3%.
Components. Mirroring the slowing growth of the equipment industry it serves, Britain's components
sector is slated for a6% growth rate
in 1980 from a 1979 total of about
$2 billion. Semiconductor business
should grow by 9%, a figure that
squares well with the 8% predicted
by Dedy Saban, director of European marketing for Motorola Inc.
Integrated-circuit sales should
grow 18%. Mike Young, a marketing analyst at Texas Instruments in
Bedford, however, believes the increase will be below 15%.
The microprocessor is changing
the industry structure by generating
new products and new companies in
data communications, computers,
and industrial products, according to
one components company, but the
resulting growth may not help the
balance of payments very much, as
the trend is to import fully equipped
microprocessor boards.
Topping the growth league is, of
course, memories. "The demand for
memory parts, and in particular
16-K random-access memories, is
explosive," says Ken Davies, marketing director of ITT Semiconductors
Ltd. Worldwide, he says, the demand for the I
6-K parts will double
to 120 million next year.
D

Good defense. Typical of British products intended for the military is this digital message
terminal, in use with a vhf radio manpack, called the Supertalk, from Plessey Co.

96

Third in aseries examining European markets.
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THE DSD 440.
TOTAL DEC RX02
COMPATIBILITY,

AND MORE.

The DSD 440 is the only alternative to the DEC RX02 that's
100°/0 software, hardware and media compatible with
LSI-11, PDP"'-11 and PDP-8 computers, including those
with extended memory. It can be configured as an
RX02 for DEC double density or IBM 3740 single
density recording, or as an RX01 for backward operating system compatibility.

MORE
A 512-byte hardware bootstrap is built into all
PDP-11 and LSI-11 interfaces. It loads system software
automatically from either single or double density
diskettes. Extensive self-testing is DIP-switch selectable with the "Hyperdiagnostics" that run without being
connected to acomputer. The low profile 51/
4-inch DSD 440
features write protection and diskette formatting.

FASTER
The optimized DSD 440 microcode increases system throughput
when using the RT-11 foreground/background monitor. In particular, the DSD 440 with an LSI-11 runs fill and empty buffer operations 20% faster than an RX02.

FOR LESS
The DSD 440 is the RX02 compatible flexible disk system that combines
high performance and advanced features with fast delivery.., at alower price.
For further information, call or write Data
Systems Design today. A data sheet and
price list will be forwarded to you
immediately.
ee

Trademark of Digital Equipment Corporation

Data Systems Design, Inc.
3130 Coronado Drive,
Santa Clara, CA 95051
(408) 249-9353
TWX 910-338-0249
Eastern Regional Sales:
(617) 329-5730
TWX 710-348-0563
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Computers

Assembly language plan raises dust
Mnemonics standard for microprocessors leaves semiconductor
makers cold, and others say effort comes too late

by Martin Marshall, West Coast Computers & Instruments Editor

After 21
/ years of effort, the IEEE
2
Computer Society's subcommittee
on standardization of microprocessor
assembly language has proposed its
standard and started a controversy.
Industry members are challenging
both the content and the concept of
the document.
"We don't see much use for a
single set of assembly-language mnemonics that tries to fit all microprocessors," says Terry Opdendyk,
manager of software development
for Intel Corp. of Santa Clara, Calif.
Others say that even if the standard
is useful, it comes too late, with
microprocessors already in widespread use. Not only that, but a
great deal of software already has
been written for them.
Assembly language consists of

alphanumeric mnemonics that generally correspond one to one with the
all-numeric machine instructions
and is thus considered a low-level
programming language that varies
from machine to machine. Hence, a
standard assembly language will
limit manufacturers' freedom in determining their microprocessors' instruction sets—a feature the manufacturers feel is proprietary and critical to differentiating among their
various products.
No rule. There is thus no standard assembly language in the computer or microprocessor industry,
although there are standards for
machine-independent high-level
computer programming languages
such as Cobol and Fortran.
One important and enthusiastic

STD OPERATOR ABBREVIATIONS
Arithmetic mnemonics

Program control mnemonics

AD

add

Logical word operators

JP

jump

AC

add with carry

AN

and

JS

jump to subroutine

SU

subtract

OR

or

JI

jump to interrupt

SC

subtract with carry

XR

exclusive-or

RT

return

SB

subtract with borrow

CP

compare

NO

no operation

MU

multiply

CM

complement

HL

halt

DV

divide

CL

clear

EX

execute

IC

increment

SR

shift right

DC

decrement

SL

shift left

RR

rotate right

Data transfer mnemonics
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Logical mnemonics

RL rotate left
AJ

adjust

LO

load

TA

translate

ST

store

Logical bit operators

MV move

TS

test

XC

exchange

SE

set

PS

push

RS

reset

PL

pull

EN

enable

IP

input

DS

disable

OP

output

BS

bank select

supporter of the standard is Robert
Stewart, chairman of the Institute of
Electrical and Electronics Engineers'
Computer Standards Committee,
which will rule upon the final
acceptance of the proposal. "This
effort at standardization has been
fueled by six years of user frustration with the divergence of existing
microprocessor instruction mnemonics," he asserts.
Software producers and users
want an assembly-level mnemonic
standard because they need to apply
programs written for one microprocessor to a system using a different
one. There is also an increasing
number of applications where two or
more different microprocessors are
used in the same system. But the
ultimate rationale for a standard is
that a single universal set of
mnemonics greatly reduces the burden of educating the designer.
A universal standard could also
eliminate situations in which the
same mnemonic means the opposite
in different microprocessors. A case
in point is the instruction "Move A,
B": it moves the contents of "A" into
"B" in the Intel 8080, but moves
data the other way in Zilog's Z80
and other processors.
Makers vs users. "The key issue
here is the difference in self-interest
between the microprocessor manufacturers and the microprocessor
users," asserts subcommittee member Andrew Allison. He points out
that it is clearly in the manufacturers' interest to have a unique set of
mnemonics, thus making it inconvenient for the user to change to a
machine from adifferent maker.
As Allison puts it, "For the ic
makers to come out in favor of the
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standard at this point would be analgous to IBM coming out in favor of
plug compatibility. - Says Intel's Opdendyk, "We arc strongly in favor of
the various IEEE efforts to reach a
high-level language standard, a bus
standard, and a Iloating-point standard, but we don't see much use for
asingle set of assembly mnemonics."
Wrong time. Ken McKenzie, marketing manager for microcomputer
components at Zilog Corp. in Sunnyvale. Calif., adds, "This standard has
arrived too late, when the inroads
have already been made into the 8bit and I6-bit microprocessor application areas. Just look at all the
things that would have to be
changed to accommodate it. All the
application programs and their documentation, the assemblers, the programmer's reference cards, the manuals, the data sheets, and even the
[high-level language] compilers will
have to be changed because they
output code at the assembly level.
Then our customers who write their
own documentation will also have to
change it."
At Motorola Inc.'s Semiconductor
Products Group in Phoenix, the
reaction is similar. "It is usually not
realistic to try to impose retroactive
standards," says Jim Gunderson,
manager of product planning for
microsystem development equipment. "Applying the standard to
future microprocessors is another
question, however," he notes.
In spite of the generally negative
comments from the lc executives, it
is intercsing to note that the official
positions at Motorola, Intel, Zilog,
and the Maynard, Mass.-based Digital Equipment Corp. are the same:
they arc studying the proposed standard and will not rule out its application in their products.
The proposed IEEE standard also
comes under some friendly fire from
the proponents of yet another proposed mnemonics standard. Pro-Log
Corp. of Monterey, Calif., after
years of conducting seminars to
teach assembly languages to hardware designers, created its own "universal" mnemonics set —the STD
mnemonics. ."Our mnemonics are
designed to make things simple from
the working engineer's point of view,
whereas the IEEE mnemonics were
designed from a higher-level, data-
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STOP

TRANSIENT

Eliminate errors in your computer
or instrument system with Deltec's
Super Isolation Transformer
Deltec DT series isolation
transformers drastically
reduce memory and
transmission errors
caused by transient noise
on commercial power
lines. Common Mode
Rejection is 140dB and
interwinding capacitance is less than
1femtofarad (0.001 pf).
Stock models are
available from 250 VA to
5KVA I0and 15 KVA 30: •
50/60 Hz. For detailed
specifications write or
call Deltec.

AC POWER HANDBOOK
This book should
interest any
executive,
manager,
engineer or
technician who
depends on
electronic
instrumentation
to assist in meeting his objectives.
This handbook of problems and
solutions relating to AC Power is
written in layman's language to
the greatest possible extent. Now
available at our cost of $3.00 Write
or call for a copy.

oE

CORPORATION

980 Buenos Ave., San Diego,
CA 92110. Telephone (714) 275-1331
Ci de 99 on reader service card
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Pick aCard...
Any Card

//f

You'll Win the

STD BUS
Game with

the BOSS
(gus

Oriented System

. i.ipport)

-1)
The chips will be stacked in
your corner with the BOSS
IBUS Oriented System Support) line of microprocessor
system support cards. The capabilities of your system can
be expanded as easily as inserting anew card .. .
and the
BOSS line makes many functions available so you won't be
caught with ashort deck.

For the selection of cards in
our deck, please call or write
today!

The BOSS family of cards measures 4. "x6' with standa. d
56 pin connectors designed especially for the STD BUS. The
material that comes with every

MICRO LINK CORPORATION
624 S. Range Line Road
Carmel. Indiana 46032
(_317) 846-1721
TWX 810-260-2634

BOSS card is easy to understand ...geared to technicians. engineers and manufacturers. So. let the BOSS line
take the gamble out of linking
the microprocessor and the
real world.
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Reliable CSZ Environmental
Chambers With Solid State Circuitry
You don't guess with CSZ's environmental test chambers Solid state output indicating controllers provide exact
set points and constant temperature. A separate solid state
system quickly responds to protect the workload and unit
This solid state circuitry combined with efficient
mechanical refrigeration systems represents your best
investment. Vapor tight stainless steel interiors, foamed in
place insulation, and heavy gauge steel exteriors provide
the dependable, sturdy test chambers you need. Sizes up
to 64 cu. ft.
Write or call for detailed technical information.

0
-

CINCINNATI

SUB•ZERO

PRODUCTS INC.

41 AI
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Probing the news
processing point of view." notes
Matt Biewer, Pro-Log's vice president of engineering.
Same length. More specifically, all
of Pro-Log's instruction operators
are exactly two characters long (see
table); the subcommittee's proposal,
on the other hand, suggests instructions of one to four characters. ProLog builds a single statement by
joining mnemonics for the operator,
locator, qualifier, and modifier functions. The fundamental difference in
orientation between the two sets of
mnemonics is exemplified by the use
of "jump," a hardware-oriented
term, in the Pro-Log mnemonics,
versus "call" and "branch," both
data-processing terms, in the IEEE
formulation.
Biewer notes that the two formulations emerged because "we [the
IEEE and Pro-Log] were both too far
downstream to back off." The STD
mnemonic, he points out, has at least
one head-start on the IEEE proposal.
That is that Pro-Log is negotiating
with Digital Research Corp. of
Pacific Grove, Calif., to create a
modified version of its CP/M operating system to accommodate STD.
Test coming. if the IEEE computer
standards committee adopts a version of proposal 694, which is
expected to happen after a reviewand-input period of about six
months, then there may be areal test
of the IEEE's power. Against the
studied indifference of the semiconductor makers, the IEEE must generate abandwagon behind its standard
that will have enough momentum to
force the integrated-circuit manufacturers to join it. However, the
first assemblers will probably be
made independently of the IC makers.
Although no one is putting down
bets at this point about the power of
the IEEE versus the likes of Intel,
Motorola, and Zilog, advocates of
the proposal can extract a glimmer
of hope from the sphinx-like statement of Intel's Opdendyk. "All Ican
say is that new microprocessors will
continue to change," he responds,
"and as with IBM's change from the
1401 to the 360 series, sometimes
that will involve new rules."

2612 Gilbert Ave.. Cincinnati, Ohio 45206 (513) 751-8810
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HOW TO BREEZE
PAST INTERNATIONAL
SAFETY REQUIREMENTS
FOR FANS.
Use our low-voltage fans.
If your office machines or medical
equipment are sold overseas, you know that
meeting international safety requirements
for cooling fans can be areal sweat.
In fact, to pass the hi-pot
test in many countries, you have
to double insulate your fans.
Which is expensive.
However, if you use our lowvoltage fans, you can breeze right
past the hi-pot test.
The severe hi-pot test applies only to
the primary of asafety insulating transformer. But the low voltage versions of our
popular Muffin? Whisper® and Sprite® fans
can be operated off the secondary.
At avoltage of 30 VAC or lower. So only
asimple 500-volt test is required.
Operating off the secondary also gives
you some protection against the severe
voltage swings of the supply mains found in foreign countries.
Probably the most remarkable thing about our low-voltage fans is not
the input, but the output. They give you
all the volume, pressure performance
and long life of our regular models.
If you want to save yourself alot of
time, trouble and money, design our lowvoltage fans into your products.
They'll make meeting safety requirements abreeze.
For more information about our lowvoltage fans, contact: Commercial
Products Div., Rotron Inc., Woodstock,
N.Y. 12498, (914) 679-2401.
ROTRON INC.
Rotron B.V.. Oosterhout, Netherlands. Tel: 1620-32920.

ROTRON

®

AN

AEGsG

COMPANY

1MCORPORATED

6799/579
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When TI talks, the message moves fast
What may be world's largest private on-line system
for data communications uses 4 of 10 available 50-kb/s channels

by Wesley R. Iversen, Dallas bureau manager

The decreasing cost of computing
power coupled with the need for
improved productivity is moving distributed computing from buzzword
to reality for an increasing number
of applications. Perhaps nowhere in
the industrial world is the trend
more evident than at Texas Instruments Inc., where commitment to
the concept has led to the establishment of an integrated system supported by what some believe to be
the world's largest private, on-line
data-communications network.
In terms of international wideband satellite circuits—those that
handle 50 kilobits/second or more—
TI uses 4 out of the total of 10 such
channels that are currently available
for nongovernment use, says John
W. White, TI assistant vice president
who heads the Dallas company's
information systems and services

group. Also in use are amultitude of
lower-speed circuits (see illustration), producing a network that ties
together TI operations worldwide
and also includes distributors, suppliers, and customers. A sampling of
the capabilities supported includes
word and data processing, electronic
message switching, engineering design transmittals and order entry,
and various personnel, manufacturing, inventory, and financial management and control functions.
Voice communication is also integrated into the system.
The TI network is "definitely one
of the most advanced in the world,"
says Larry Day, director of the
Diebold Automated Office Program,
aNew York—based research service.
"The number of applications they
have included and the level of organization they've penetrated there is

Major circuits. Besides those shown, TI also has links to Seoul, Hong Kong, Kuala Lumpur,
Bagyio, Taipei, Osaka, Hiji, and Hatagoya in the Far East and Campinas in Brazil.
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unique in my experience. The network and its whole approach are not
asideline activity. It's avery major
part of the way they run their business," Day observes. "Everybody
from the president on down uses a
terminal."
Indeed, TI president J. Fred Bucy
has adedicated terminal not only in
his office, but also in his home, as do
about 50 other TI executives. And
like other top officials, Bucy carries
adial-up terminal with him when he
travels that provides access to any of
the company's 45 plants worldwide,
as well as to TI geophysical exploration ships at sea.
While the TI system is under
constant evolutionary development,
its size and utilization have recently
grown rapidly. During the last 18
months, about 4,500 keyboard inquiry terminals have been added to
the network, bringing the total on
line to around 8,000. That's a
dramatic growth rate, TI sources
point out, since the first 3,500 terminals were installed over a period of
six years.
Mail call. Among other things, the
8,000 terminals are used for Tt's
internal electronic mail, with the
ability to interface with outside
Telex networks as well. The number
of messages sent per week has risen
from 90,000 last March to 130,000
now, White indicates, with each
message routed to an average of four
destinations. The inquiry terminals
work in conjunction with about
1,400 printers. In addition to the
8,000 inquiry terminals, the system
also ties in some 275 remote batch
job-entry terminals as well as 135
distributed processors that maintain
local data bases on hard disk. Also
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COMMERCIAL
SLIMPAÇ,
C ,..
Th eLow Cost High Voltage

SILicoN

Our "no frills" Cornn')ercial Slimpac

con Rectifier

is for the product design engineer working with high
volume,
high or
voltage
-high
frequency applications in
the
industrial
consumer
markets.
Av ailable in fast and genera/ purpose characteristics,
tech
niques that
these rectifiers ore mass produced under proprietary
silicon rectifie rs atenable
low

prices.
us to

offer

aseries of high quality

EAk

Our so/es
engineerssore
avallO
obie to discuss your high
voltage
application
CALL
TDAY!

The1979 EBG!
Nothing like it
until June,1980.
Completely new listings of catalogs, new
phone numbers, new addresses, new manufacturers, sales reps, and distributors!
The total market in abook—four directories
in one!

The only book of its
kind in the field.
If you haven't got it,
you're not in the market.
To insure prompt delivery
enclose your check with
the coupon now.

Yes, please send me
1979 EBG.

copies of

D

I've enclosed $30 per copy delivered in
USA or Canada. Address: EBG. 1221 Avenue
of the Americas, New York. N.Y. 10020.

I've enclosed 952 for air delivery
elsewhere. Address: EBG, Shoppenhangers
Road, Maidenhead, Berkshire S16,
201 England.
Name
Company
Street
City
State
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dedicated terminals that are tied into
the TI network. As shipments go out,
inventory and receivables status is
on the network are 30 to 40 word- maintained accordingly.
processing computers, says White, • Modeling systems that draw on
each of which works with one or two current data bases provide TI manletter-quality printers and has flop- agers with financial planning inforpy-disk storage.
mation. Data stored on more than
Of the 8,000 inquiry terminals, 4,000 individual cost centers within
about 6,000 are TI-built, says White,
the company can be consolidated in
and some IBM terminals are used at various ways to show the short- or
the Corporate Information Center.
long-term corporate impact of difHowever, the computers on the
fering strategies.
distributed network are all TI prod• A personnel management system
ucts, he says.
enables TI managers in remote locaThe cic is the heart of the TI
tions to take part in avoting system
system. Located in Dallas, it consists for ranking the value of particular
of six IBM 3033 central processors, employees to the company. Maneach with a minimum of 12 mega- agers use touch pads for voting on
bytes of memory. Additional storage paired comparisons—two employees
includes 348 disk drives with capaci- at a time. Salary and incentive pay
ties ranging from 200 to 317 mega- decisions based on the voting can be
bytes each, as well as 80 tape drives
fed directly to the payroll system.
that handle 86,000 reels of magnetic • Inquiry terminals may be used for
tape. cIC power is distributed
access to on-line textual material,
through interface with a system of including company newspapers, refTI 980 minicomputer-based boxes erence information, installaknown as Ticogs (for TI communication/training documentation, and
tion grid) that manage the network sales catalogs. Use of the system is
in apacket-switching mode.
currently running at 2.4 million
Other functions. In addition to
inquiries per month, says White.
functions already described, TI
• Teleconferencing with the realmaintains numerous other applicatime images of people has not been
tions systems that make use of the
found cost-effective, says White. But
network for productivity improvefinancial planning meetings that
ments, including the following:
make use of projection TV systems
• Engineers can pull up documenta- coupled to an inquiry terminal for
tion from an on-line terminal relatdisplay of real-time data-base graphing to parts that are going into a ic material are conducted regularly
design. cic power can be used for with participation by TI managers in
logic verification during semiconducremote locations.
tor circuit design. Completed designs
Annual cuts. TI goals call for a5%
can be shipped to another TI location
reduction annually in data-processfor mask generation, while the
ing costs to internal users of the
necessary test data goes to the
network, says White. Considering
appropriate test center computer for
current inflation rates, he notes, that
use when the product comes off the
means 5% plus double digits. Nevmanufacturing line.
ertheless, the cic learning curve
• Various manufacturing work-inshows that the goal has been met,
process systems provide mechanized
with a 64% cumulative cost reduccontrol and tracking from slice
tion for the system since 1967.
generation to assembly. Yields, scrap
Under terms of an agreement
rates, and other data taken at varisigned in 1973, TI uses International
ous points are fed into a cost
Telephone & Telegraph Corp. as its
accounting system for detailed
sole vendor for international satellite
tracking of manufacturing costs on a communication service. TI does not
product-by-product basis. Shipping
think that launching its own satellite
documents are automatically generwould ever be cost-effective, says
ated for assemblies and products in
White. But the company does have
transit between TI locations.
plans to install its own private earth
• TI customers may place orders and
station for direct reception capabilimake inquiries through their own
ties in Dallas, he says.
Probing the news
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This board, using an XR-L555 micropower timer
with only half as many batteries, will last 16 times longer.

T

Dial atime. It's programmable.
Days delays for the long-range
planner.
The ultimate in long-range timers. Our
Here's a long term timer, the XR-2242,
XR-2240 not only generates delays from
that creates time delays from micromicroseconds to days, it's programmable.
seconds to days. And for really long deYour basic time period T is set by an exlays, you can cascade two of them for
ternal RC network, and you can select
intervals up to a year. You control the
delays from T through 255T merely by
delay with an external RC network; the
choosing the appropriate output pin.
XR-2242 produces an output pulse of
Your supply voltage can range from
128 RC.
15 to 4Volts. Control inputs and outputs
And here's real news. We'll be inA Watt-miser for the battery bunch.
are compatible with TTL and DTL logic.
troducing very soon the
Yes indeed, Exar's XR-L555 is apin-torFor really long delays, cascade two XRXR-2243 I
2L ultrapin replacement for the NE555 in virtu2240s for delays up to three years.
low-power long delay
ally all applications, but it consumes only
timer. It draws less than
about 1/16th the power. It goes for 1500
80 µA standby current
hours on two 300 mA-hour NiCd batand is pin compatible
teries, typically dissipating only 900
with the XR-2242. Look
microwatts at 5-Volt operation.
dffiN
for it.
But it operates with V,.,. down to
2.5 Volts with no loss of timing
accuracy or stability. It virtuThe family portrait. Exar's complete family of monolithic IC timers is the
ally eliminates switching
broadest in the semiconductor industry. In addition to those listed above,
transients and it's accurate to
it includes other basic timing circuits, plus dual and quad versions. The
complete family is listed in this chart.
0.5% with temperature drift
only 50 ppm/°C. XR-L555: your perfect
selection for a micropower clock oscillator or VCO for a low-power CMOS
system. Yet it's built with proven bipolar
XR-L555
MICE
war Timer
Sec's to
technology. And it'll soon be secondDual
XR-556
Dual Timer
Two XR-555
sourced by the company that developed
Timers
XR-255E.
Dual Timer
High-current 556
the NE555.
HE XR-L555 IS BUT ONE OF THE VERY
BROAD SELECTION OF MONOLITHIC
TIMERS OFFERED BY EXAR, INCLUDING
SINGLE, DUAL AND QUAD TIMERS AND
TIMER COUNTERS. THE LINE OFFERS
ALL THE STANDARD TIMERS YOU EXPECT,
PLUS MICROPOWER TIMERS, LONG DELAY
TIMERS AND PROGRAMMABLE TIMER/
COUNTERS.

XR-L556

Micropower Timer

Two XR-L555

Quad
Timers

XR-558
XR-559

Quad Timer
Quad Timer

Open collector
Emitter follower

Timer
Counters

XR-2240
XR-2242
XR-2243*

Timer/Counter
Long Delay Timer
Micropower Long
Delay Timer

Programmable
µSec's to days
µSec's to days

•
Soon in be introduced.

Exar's products are backed by a library of
technical literature. Exar's Timer Data
Book is a 64-page compendium of
specs and application information on
solid-state timers. And the Exar
Product Guide covers the entire
line of Exar products. For the Product Guide, contact your nearest Exar
rep or distributor. For the Data Book, write
on your company letterhead to Exar, 750
Palomar Ave., Sunnyvale, California 94086.
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FOR THE EXAR DISTRIBUTOR OR REP NEAREST YOU, CALL EXAR AT (408) 732-7970.
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This monolithic
8-bit, 33 nsec
A/D converter
has everything
(And atest board to prove it.)
We've been told that the spectacular
specs of our newsmaking TDC-1007J
A/D converter are almost unbeliev-

nite time span. Wide temperature
range performance.
Using the TDC-1007J is simplicity

able. So we're making a"show me"

itself. A convert signal strobes 255

offer that will make abeliever out of

comparators, encodes all their binary
outputs into an 8-bit word, and stores

every digital-thinking designer.
Order our monolithic 8-bit 33 nsec

the word in an output latch. Unlike

A/D converter on its own standard

other types, our converter needs no

31
/
2"x4 1
2 "evaluation board
/

sample-and-hold circuit. It works as a

(TDC-1007PCB). Fully assembled and

flash converter — doesn't depend on

tested, equipped with a44-pin edge

tedious successive-approximation

connector. Using +5V and ±15V

techniques.

power supplies, the board accepts

Either on the board or by itself,

and digitizes a1-volt peak-to-peak

these products are now in stock at

signal from a75-ohm source—at up

Hamilton /Avnet.

to 30 megasamples per second.

For immediate information,
call 213/535-1831 or send in
coupon.

Use it for performance evaluation
of the converter. For system prototyping. As atest fixture. Price for 8-bit
converter and board: $845. (Only
$585 in 100s.)
Or if you prefer, deduct ahundred
bucks and order our beauty by itself.
Order just the converter (TDC-1007J),
in an industry standard 64-pin DIP.

TRW LSI Products
An Electronic Components Division of TRW
P.O. Box 1125
Redondo Beach, CA 90278
Please send data sheets on the TDC-1007PCB
and TDC-1007J 8-bit A/D converter

(Only $485 in 100s.) We'll send along
our data sheet/application notes
to help you do your own thing.
Either way you go, you've got the
TRW advantages: Up to 10-1 power
reduction over other video-speed
A/D converters and more than twothirds size reduction. Conversion with
unmatched accuracy at up to 30

Name

Company

Div/ Dept

Mail Code

Address

City

megasamples per second. Highest
reliability and stability over an indefi-

State

Zip

E- 1
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TRW keeps you ahead in
digital signal processing

TRWLSI PRODUCTS
ANOTHER PRODUCT OF ACOMPANY CALLED TRW
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Tektronix
•

Tektronix offers 15 storage
scopes and the widest selection
of storage modes. Here is how
just afew of those scopes are
being used today.

17834 being used to capture

n The TM 500 with an SC 503
• bistable storage plug-in being
used for audio maintenance.

ri The extremely bright display
provided by the 466 in variable persistence mode makes it
easy to view low rep rate switching performance.

4at work in system trouble-

The FAST storage mode of the

high speed laser pulses.

The highly portable 214

shooting.

The long view time provided
by bistable storage in the 5111
is useful for the study of pain
threshold data.

e

e

Storage
Sco èes.
Choose
the one
to
match
the job.

The industry's widest selection.
You'll find them throughout the world, in
research and development labs, in
service centers, and in the field. Each
oscilloscope offers aunique combination of features ideally suited for aparticular application. Choosing from the
widest selection of storage speeds and
modes to match the job is easy with the
Tektronix Storage Scope Selection
Guide.
Performance. The 7000 Series finds
wide use in laser fusion labs in single
shot analysis, glitch detection, and ECL
logic design by offering the fastest
storage available. Writing rates up to
2500 cm/ms, allow signals to be stored
to speeds in excess of 250 MHz and
with real-time bandwidths to 400 MHz.
Flexibility. Tektronix realizes that tools
must be flexible. That's why both the
7000 and 5000 Series offer you awide
selection of storage mainframes...
some that offer three different storage
modes ...and abroad selection of

plug-ins that lets you custom tailor a
package to meet your specific measurement need.
Mobility. If you need to perform tests in
several locations with ascope that can
capture and store slow, randomly timed
events or very fast signals, our 400
Series meets the challenge.
Portability. For climbing ladders or
traveling to remote locations where
power is not available, we offer storage
portables weighing from 1.6 kg (3.5
lbs), with awide range of bandwidths
and writing speeds.
Configurability. Our TM 500 Series
offers astorage plug-in scope that you
can combine with generators, multimeters, counters, or other plug-ins to
create acost-effective, multitest capability in one package.
Service and Support. There are hundreds of Tektronix Service Engineers
located throughout the world to calibrate and maintain your Tektronix
Scope
Send for your FREE Selection Guide.
Whatever your storage application,
we've got the scope to match the job.
So send for your free Selection Guide
today. Descriptions of each storage
mode and technical data on every
model will help you select the one
that's right for your application.

lëJctronix
- ®
COMMITTED TO VOZELJ-FJNICE

Send me the Tektronix Storage Scopes
Selection Guide.
Name
Company
Address
City

State

Mall to: Tektronix Storage Scopes
Tektronix, Inc.
P.O. Box 1700
Beaverton, Oregon 97075

Zip

hie one-chip computer:
offspring of the transistor

The MAC-4 one-chip computer, developed for avariety
of telecommunications applications, is compared to a
standard-sized paper clip. The chip's numerous functional
areas are labeled.
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One of the transistor's latest
descendants is the Bell System's
30,000-element MAC-4 "computer-on-a-chip." It's another in
along line of microelectronic
developments that have come
from Bell Laboratories.
The MAC-4 is so efficient that
aprogram written on it takes
25 percent less storage space than
that required by most other
microcomputers. Its assembler
language, C, also developed at
Bell Labs, has features that make
MAC-4 easier to program, debug
and maintain. And the MAC-4
can handle anything from nibbles
to bytes to words with its 4-, 8-, 12-,
and 16-bit operations capacity.
Like other one-chip computers,
the MAC-4 has sufficient memory
to support its varied tasks3000 nibbles of read-only memory
and 200 nibbles of random access
memory coupled to 34 input/output ports.
Fabricated with the latest
CMOS technology, the MAC-4
needs little power. Thus it is well
matched to avariety of telecommunications applications.
It started with the transistor
MAC-4 is just one current
example of the many microelectronic devices to come from
Bell Labs since we started the

solid-state revolution with the
invention of the transistor in 1947.
Over the past three decades, our
advances in materials, processing,
and devices have been vital to
solid-state technology. These
include:
•The Junction Transistor
•Crystal Pulling
•Zone Refining
•Field-Effect Transistor
•Diffusion
•Solar Cell
•Oxide Masking
•Thermocompression Bonding
•Photolithography
•Epitaxial Film Process
•Magnetic Bubble Memory
•Charge-Coupled Device
•Semiconductor Heterostructure
Laser Used in Lightwave
Communications
•Electron-Beam Exposure
System
Today and tomorrow
Today, we continue to make
important contributions to solidstate technology. For example,
we've developed arugged
65,536-bit RAM that can tolerate
processing faults. Corrections can
be made on the chip itself, so we
can get more usable chips out of
each manufacturing batch—and
thus lower unit costs.
In materials processing, we've

developed atechnique for
precisely controlling the growth
of successive atomic layers of
single crystal materials. This
"molecular beam epitaxy" process
is finding increasing use within
Bell Labs and elsewhere in the
electronics industry. We've used
it to fabricate adevice that
permits us to double the speed
of electrons by channeling them
into crystal layers where they
meet less resistance.
Other advances, in X-ray
lithography and new resist
materials, for example, promise
to help place more elements on
microelectronic devices and thus
enhance their ability to perform
important tasks.
As the solid-state revolution
continues, these and other
developments from Bell Labs will
play an important part in it.
What's important to us is the
promise these advances offer for
new telecommunications products
and services. Like the transistor,
MAC-4 and its solid-state
relatives will find more and more
applications in the nationwide
telecommunications network.
For further information, or to inquire
about employment opportunities, write:
Bell Laboratories, Room 3C-303,
600 Mountain Avenue, Murray Hill,
NJ. 07974.

Bell Laboratories
From Science: Service
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Before you buy any 31/2 digit portable DMM compare our 936
featuring audible continuity beep & overvoltage alarm.
Dollar for dollar ...
feature for feature ...
there's no comparison. Because in the highly
competitive field of 31/2 digit DMM's, Data
Precision's 936 is truly ...
the practical one ...
the best, most efficient portable 31
/ DMM
2
available.

Features You Need for aPrice
You Want to Pay.
El Audible Continuity Beep.
The 936 emits an audible beep for continuity
testing, logic testing, live circuit detection,
and low voltage measurement. Now, you can
keep your eyes on the job. And save time.
El Audible Overvottage Alarm.
In the event of avoltage overload or accidental application of AC or DC voltage to
ohms input, the 936 will generate an audible
alarm: aunique protective feature you'll
really appreciate.

Li All the Features and Ranges You Need.
29 in all: volts and milliamps, AC & DC, Switchable Hi/Lo Ohms. You can test logic levels ...
logic transitions, relay or switch opening and
closing, diode and transistor junctions . .
event occurrences. Easy to read .5" high contrast LCD display and up to 200 hours operation on astandard 9V battery.
El Easy to Handle ... Tough to Beat.
The 936 is alightweight, push button, one hand
operated unit that weighs just 11 ounces. But it's
tough. Drop it off the bench. Subject it to the
everyday demands of field applications. Blast
it with electrical overloads, it's protected for
6kV spikes. The 936 is designed to take it
and maintain its calibration.
0.1% Accuracy.
The 936 delivers 0.1% Basic DC accuracy.
That's better than most bench lab DMM's, and
better than most of the competition. Anything
less isn't high accuracy.

LI Two Year Full Warranty.
This feature speaks for itself.
I: Immediate Delivery.
From over 100 distributors worldwide.
Compare the 936. You'll be convinced of what
we already know ...
the 936 is the hand-held
portable 31/2 DMM with all the features you
really want ...
for aprice you can really afford.
$159.00* (quantity discounts available)
For all the features of the 936, except beep
or alarm, compare Data Precision's Model
935. S139.00
Contact your local Data Precision distributor or phone:
(800) 343-8150
(800) 892-0528 in Massachusetts

DATA PRECISION
A DIVISION OF ANALOGIC CORPORATION

Pree USA

DATA PRECISION CORPORATION, Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923
Circle #112 for demonstration

(617)246-1600

TELEX (0650)921819.

Circle #113 for additional information

Technical articles

Four-chip hybrid carrier
holds down system costs
An analysis of packaging options settles on four-chip hybrids
for small-scale—integrated portion of central processor
by Dan I. Amey, Sperry Univac. adivision of Sperry Corp., Blue Bell, Pa..
and Jack W. Balde, Western Electric Co., asubsidiary of American Telephone & Telegraph Co.,
E During the next few years, packaging engineers will
be designing with a mix of large- and small-scale integrated circuits housed in anumber of different packages.
There is no simple formula that determines the most
cost-effective combination of package types—dual inline packages and the newer square chip-carriers with
leads on four sides, made with varying lead spacings in
either ceramic or plastic.
A joint study made by Sperry Univac and Western
Electric examined the costs that would be incurred in
building similar central processing units using several
possible package mixes and current printed-circuit board
technology. The chip-carrier is clearly taking the place
of the DIP. This is most obvious in the case of LSI chips
with 68 or 84 leads: DIPS with this many leads waste far
too much board real estate; electrical performance
requirements also help eliminate DIPS of this size.
It is much less clear how the ssi circuits should be
housed. DIPS are aviable alternative, small chip-carriers
with a single ssi chip in each are another, and larger
carriers with anywhere from 3 to 14 Ss! chips on a
hybrid substrate mounted on a single carrier represent
yet another set of choices. The study concludes that large
chip-carriers with leads on 50-mil centers housing three

Princeton, N. J.

or four ssi chips are the most cost-effective choice.
These hybrid packages also can be converted relatively
easily to custom LSI in the future.
The Joint Electron Device Engineering Council's
recent standardization program [Electronics, March 17,
1977, p. 89] considered the family of ceramic chipcarriers with leads on 40-mil centers and the family of
ceramic and plastic chip-carriers with leads on 50-mil
centers (Fig. 1). Plastic carriers are significantly less
expensive than their ceramic counterparts, but the choice
of package size and type has a much larger economic
impact on the finished system. The package size and the
spacing of the leads determines the cost of the printedcircuit boards and system interconnections, which are far
more important factors than the carriers themselves.
Boards must keep pace
Ever since the Computer Packaging Committee of the
Institute of Electrical and Electronics Engineers'
Computer Society first began to promote chip-carrier
standardization, it has been clear that the choice of
contact spacing—and therefore the packing density of
the circuit—should be dictated by the economics of the
interconnecting substrate. Using contacts spaced too

1. Cost cutters. The family of standardized (by Jedec) chip-carriers with 50-mil pad or lead spacing includes leadless ceramic members
(front) and plastic carriers with leads (rear). The 0.540-inch-square cavity of carrier at right is intended to house multichip hybrids.
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2. Standards in harmony. Chip-carriers with 50-mil lead spacing

3. Large is small. The large-scale integrated circuit in the foreground

can be mounted on multilayer printed-circuit boards with the stan-

is equivalent to the 220 small-scale integrated circuits in dual in-line

dard 100-mil grid of vias using a simple wiring pattern. Carriers with

packages behind it. A practical system average of 150 SSI chips

40-mil spacing complicate wirinerequiring more board layers.

replaced by one LSI chip can be achieved without much difficulty.

closely asks an interconnection density of the board so sizes as can printed-circuit boards. The larger pc boards
great that its costs overwhelm any savings that might
provide better options for partitioning a system. And
accrue from asmaller package size.
printed circuitry is a more suitable medium for highHypothetical devices with 10-mil pads on 20-mil
speed designs, both for delay and conductivity reasons.
centers or 15-mil pads on 30-mil centers call for multi- The predominant application of LSI circuits will be on pc
layer ceramic substrates or pc boards as the interconboards.
necting medium—boards with 6to 10 signal layers, fine
A chip-carrier should therefore be compatible with the
lines, and tight tolerances. These boards are expensive.
100-mil grid of pads and holes currently in international
Striving for the highest possible lc packing density offers
use as the printed-wiring standard. Even metrification is
little or no economic advantage.
not expected to change this 100-mil grid. This standard
This point of view was supported by Walter Vilkelis, a spacing makes it possible to put two or three wiring
senior engineer at IBM Corp., East Fishkill, N. Y., in a paths between the vias—the holes that connect layers of
presentation before the IEEE Computer Society Packagmultilayer pc boards. The width and thickness of the
ing Committee in October 1978, analyzing the effects on
paths are constrained by physical properties that affect
performance of increased packing density of ics. "The
the circuit's characteristic impedance, line inductance,
trend to higher circuit packing density must be
series resistance, and circuit coupling. The standard also
supported by reductions in the cost of building the
allows relatively inexpensive manufacturing.
assemblies," he said. "There is little or no return on
With vias on 100-mil centers, 50-mil lead spacing on
performance as density increases in packaging when the
chip-carriers permits surface interconnection to the pcsame cooling technology and wiring medium are used."
board grid with asimple pattern (Fig. 2). Chip-carriers
with leads on 40-mil centers complicate the interconnec50-mil vs 40-mil centers
tion considerably.
The differences between chip-carriers with leads on ' Sockets for LSI devices represent another reason for
40-mil centers and those with leads on 50-mil centers
50-mil lead spacing. Some engineers want sockets for
might seem insignificant at first. But there are inherent
these high-lead-count ICs because the board is too costly
advantages in 50-mil spacing when pc boards are to be
to risk frequent unsoldering and removal of faulty chips.
used. John Bauer, manager of design and development
Easy chip removal may also be required to open up loops
engineering for RCA in Moorestown, N. J., has demonand networks for troubleshooting and testing purposes.
strated that hybrid assemblies using chip-carriers with
Socket tolerances
leads on 40-mil centers on ceramic substrates are
economically viable when there is amilitary requirement
Sockets become a severe problem with terminals on
for hermetically sealed devices. Ceramic boards with
centers 40 mils or less apart. Tolerances due to ceramic
10-mil-wide paths and 10-mil vias can cost more than
shrinkage and manufacturing tolerances of carriers and
the equivalent pc board with two signal layers. The
sockets bear a linear relationship to the length of the
ceramic carriers also cost more than plastic carriers.
longest side. A 156-lead chip-carrier with 50-mil lead
Ceramic substrates also cannot be made in as large
spacing (39 leads on aside) and its socket can be made
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economically. For 40-mil spacing, tolerance considerations suggest a maximum of 100 leads; a 70-lead maximum is indicated for 30-mil spacing; and 40 leads is the
upper bound for 20-mil centers.
The five designs for amedium-sized CPU listed in the
table were based on costs typical in the industry. Actual
cost experience will certainly differ, but data for a
particular application may be substituted and more
pertinent comparisons obtained.
The first design assumes 3,600 ssi circuits mounted
exclusively in DIPs. At just over 800 for chips so packaged, the lc cost alone is about $3,000. The printedcircuit board cost to mount 3,600 DIPs on 300 small
(6-by-6-inch) double-sided boards with bus-bar power
distribution would be $2,000, assuming just under $7.00
for 4'board and its connector. (Costs for the 60 7by-10-in. boards required to package 3,600 DIPS would
be comparable.) Costs of cabinet, assembly, cable, wire,
and testing are proportional to board size; they come to
about 150% of board interconnection costs. Exactly
150% was used here for simplicity, to give afeel for the
relative system economics; a specific cost analysis will
determine whether this factor is appropriate.
There are additional system costs for power supplies
and cooling. If different designs are relatively alike in

energy efficiency, a reduction in power supply cost
resulting from the smaller number of cabinets may be
offset in part by the increased cost of cooling the highdensity package. Again, to simplify the analysis, the
power supply and cooling cost was assumed to be
constant. The cost of the CPU using all DIPs comes to
$8,000.
Mixing DIPs with chip-carriers
Some designs reported in the literature have asingle
chip replacing up to 220 individual DIPS (Fig. 3). It is
not difficult to achieve apractical system average of 140
or 150 DIPs replaced by one LSI circuit. If 90% of the
CPU's circuitry can be handled by LSI circuits, the hypothetical system with 3,600 DIPS can be replaced by 25
LSI chips and 360 DIPS, as in the second option in the
table. (It is difficult to imagine an all-isi design; the
chips would require too much design effort and would
result in insufficient quantities of infrequently used
devices to justify the cost.)
If the LSI circuits cost about $30 apiece, the costs are
$750 for the LSI and $300 for the remaining 360 DIPs, a
total of $1,050. Printed-circuit board cost is based on
seven multilayer boards, required since the remaining
360 DIPS dominate the physical design. Each one of six
LSI

COST ANALYSIS OF CENTRAL PROCESSING UNIT BUILT WITH SEVERAL PACKAGE MIXES

Integrated
circuits

Boards

Cabinet,
cable,
assembly,
testing

Total,
without
power or
cooling

All small-scale ICs in dual in-line packages (DIPs), 300 boards

S3,000

S2.000

S3,000

S8,000

SSI chips in DIPs and large-scale ICs in chip-carriers, 7boards

S1,050

S1,050

S1,500

S3,600

S500

S750

S3,170

S525

S1,000

S2,575

$750

S2,450

$750

S2,150

Package types

14-chip SSI hybrids and LSI chips on carriers, 1board

S1,920
(S1,050)'

Single SSI chips in 24-lead carriers and LSI chips, 3%, boards

S1,050

4-chip SSI hybrids and LSI chips, 1board

Partial conversion of 4-chip hybrids to LSI
•Figures

(S1,370)

S1,300

S400

(S1,050)

(S6001

$1,000

S400

in parentheses are restated costs with hybrid substrates counted as boards.

4. DIP-like chip-carriers. An adapter that makes a chip carrier with leads on 50 mil centers look to the printed-circuit board like a DIP with
leads on 100 mil centers can simplify the problem of designing boards for mixed arrays of SSI chips in DIPs and LSI chips in carriers.
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5. Hybrid in carrier. This multilayer, multichip hybrid is mounted in a

6. Eye to the future. A four-chip hybrid on a simple one-layer

48-lead chip-carrier; it takes the place of 16 SSI chips in DIPs. The

substrate not only is an immediately cost-effective package for SSI

hybrid can be reworked quickly in response to system redesign, and

chips that lets all leads be directly wired to the board, but can also be

leads to adramatic drop in the number of boards in asystem.

replaced by one gate-array chip later without board redesign.

boards could have 60 DIPS and four LSI chips, each on its
own chip-carrier. The six boards would be interconnected by a seventh backplane board, which is more
expensive. (Alternatively, a mixture of boards that have
DiPs only and others with a higher percentage of LSI
chips could be used.) In any event, a board cost of at
least $150 or $1,050 total would be likely. Cabinet and
associated wiring costs are reduced to $1,500, giving a
total cost for this configuration of about $3,600.
It should be noted that boards so heavily dominated by
DiPs will probably not be able to use the few chipcarriers efficiently. Some sort of an adapter will most
likely have to be designed in order to make the chipcarriers look like DIPS as far as the pc board is
concerned. Such adapters make the contacts on the
board compatible with DIPS (Fig. 4).

each is unique and used only in small annual volumes.
Note that the IC cost is very much inflated in this case
because of the high cost of the multilayer ceramic
hybrids. These could be figured in as interconnection
boards, providing the data in parentheses in the table.
This is appropriate because it is the interconnection cost,
not the lc cost, that is high.
The effect of package size

The design using LSI in 68- to 84-lead chip-carriers
and ssi in DIPS can be updated by converting the ssi chip
packages to chip-carriers—the fourth option in the table.
If package costs for 24-lead chip-carriers were comparable to package costs for the 360 DiPs, the ic costs would
remain at $1,050. (This assumed equivalence of cost is
expected soon, but is not here yet.) The advantage of this
scheme is found in the board and assembly costs.
14-chip hybrids
The CPU using a combination of larger chip-carriers
Another alternative, the third listed in the table, is to and 24-lead carriers can be mounted on three pc boards
repackage the 10% of the circuit that is on ssi chips into of asize comparable to those used for the LSI and DIP
multichip hybrids. The multichip hybrid of Fig. 5, for option above. Backplane size would be halved, suggestinstance, can be altered or reworked for aquick response
ing $525 for board costs and perhaps $1,000 for the
to design changes. If these multichip hybrids are then
reduced assembly and cabinet costs. A CPU cost of just
packaged like chip-carriers, a board design that is all
under $2,600 is the result.
chip-carriers results, although it is not all LSI.
The possibility of converting circuits first made of
The LSI cost again would be $750, and 26 hybrids with
multichip hybrids to LSI chips suggests a fifth option,
14 chips each at slightly over $45 each would cost
which turns out to be the most cost-effective: four Ss!
$1,170, for a total of $1,920. These would mount on a chips per hybrid package. The cost of the hybrids
single 18-by-18-in. multilayer board costing $500 and
becomes much lower because a four-chip hybrid in a
would have arelated cabinet, assembly, wire, and testing
68-terminal chip-carrier can use a less expensive packcost of $750 for atotal of $3,170. This is somewhat less
age. More importantly, asimple one-surface metallized
expensive than the previous design; it represents asmallceramic substrate and simple wire bonding can be used.
er unit with some possible speed benefits.
There is no need for the multilayer hybrid substrate that
The 14-chip hybrids are not likely candidates for
is required for the higher-level hybridization.
conversion to LSI at a later stage of production since
A four-chip hybrid should not cost more than $6.00,
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giving a $550 cost figure for 90 hybrids. With $750 for
the 24 LS1 chips, the total K cost is $1,300. The 114
68-terminal devices could be mounted on 1.5-in, centers
on a multilayer board only 16 in. square, which would
cost about $400. If the cost of the cabinet, assembly, and
wiring stays the same at $750, the total is only $2,450. If
the hybrid costs for these four-chip assemblies are allocated to board costs, as in the figures in parentheses in
the table, the result again is the usual ratio of lc costs to
board costs indicative of an efficient design.
Note that the single metallization pattern on aceramic hybrid substrate can bring all signal leads of 16terminal chips to the outer pad contacts of the 68terminal chip-carrier (Fig. 6). Chips originally packaged
in DiPs can have all leads available for external connection. Alternatively, the ceramic substrate can provide
interconnections between chips, including deposited
resistors and capacitors as required.

l
e-0.100 IN.

o

o

E

0.200 IN

o

oE

Saving board layers
Charles T. Goddard, head of the hybrid circuit department at Bell Telephone Laboratories, Allentown, Pa., in
a paper delivered at the May 1979 Electronic Components Conference, indicated that four signal layers in the
pc board may not be enough when 68-lead chip-carriers
are used (Fig. 7). But this analysis was based on 40-mil
lead spacing. Carriers with 50-mil pad spacing located
on 1.5-in. centers do not make eight signal planes necessary. Also, some wiring capability can be provided on the
component and reverse-side pad layers of the pc board.
A routing layout developed by Steven Pardee, head of
computer-aided design at Bell Telephone Laboratories,
Whippany, N. J., is one way of providing through-thepattern routing on a pad layer (Fig. 8). Boards with
68-terminal carriers have been fabricated with just four
internal signal layers.
One of the advantages anticipated for a four-chip
hybrid is the possibility of substituting gate arrays or

8SIGNAL LAYERS
4SIGNAL LAYERS
2SIGNAL LAYERS

200 PIN
HYBRID

68 PIN
CHIP
CARRIER

1-1

111111

I

111111

10 2

o'

10 3

PINS PER PACKAGE

111111

10

I

1

11111111

I

11111111

10 2

111111111

10 3

10 4

I 1 1111111
10 5

GATES PER PACKAGE

7. Circuit density. Four signal layers on the board are sutticient
when 68-pin chip-carriers with leads on 50-mil centers are used; a
simpler two-layer board requires the use of costly 200-pin hybrids.
The chart is based on a board with an array of 25.000 gates.
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8. Room at the pad layer. Staggering the chip-carrier with respect
to the via grid allows printed wiring to be put on the same layer with
the 50-mil-spaced carrier pads, saving an internal layer. Four-layer
boards with 68-lead carriers have been fabricated with this scheme.

custom chips for some of the hybrids. Once the design
becomes stable enough to make the conversion to gate
arrays worthwhile, substituting single $2.00 chips for the
$6.00 hybrids would yield an additional savings of about
$300, or almost 15% of the total cost. The important
thing here is that no system redesign is needed when it
seems advantageous to replace the hybrids with singlechip devices. For example, gate arrays could be substituted three years after the original design work is done,
when volume manufacturing is taking place. The fourchip hybrid design is not only slightly cheaper initially
than the design that uses single-chip packages, but it
offers acost reduction impossible with the other scheme.
If eight chips are mounted on a single square
substrate, more leads must be handled on the substrate,
amuch larger package will be necessary, and there will
be less likelihood of converting the hybrid to asingle LSI
chip. Some five- or six-chip hybrids may occasionally be
useful, but the costs seem to favor three- or four-chip
units as adesign strategy.
These cost figures are merely illustrative; probably
each one can be challenged in some respect. It is important to look at the method and to judge whether the data
mirrors the economic tradeoffs involved.
This analysis is based on the supposition that the
lowest interconnection cost is of principal importance,
not the highest packing density. Jedec chip-carriers with
50-mil lead spacing on apc board with four signal layers
offer the lowest cost, particularly if sockets are required
for testability and maintenance and if ceramic packages
are not required for hermeticity. The future acceptance
of AMP Inc.'s very low-cost nonhermetic chip-carrier
filled with silicone gel [Electronics, March 17, 1977,
p. 89] could bias economic analysis in the direction of
plastic packages instead of ceramic ones.
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Structured assembly language suits
programmers and microprocessors
SMAL/80 combines high-level control mechanisms and easy-to-read mnemonics;
preprocessor executes even user-defined macros
by Morris Krieger,

Chromod Associates,' New York, N Y.

E Programmers, being human, prefer high-level languages that isolate them from the confusing detail of
machine specifics. But microprocessors do best with
assembly language, which stays close to the system level
and requires much less memory.
SMAL/80 is a compiled, structured macro-instruction
assembly language that satisfies both man and machine.
Intended for the 8080, 8085, and Z80 microprocessors, it
at present runs under the CP/M and Isis operating
systems. It allows microprocessor programmers to use
the same structured, top-down, modular-design concepts
they would enjoy when using such structured high-level
languages as PL/I, Algol, Pascal, or C.
Three assets
SMAL/80 incorporates three innovations in assemblylanguage design. First, it has asymbolic notation similar
to that used in structured high-level languages. Secondly, it incorporates the three primitive structuredprogramming control structures: the begin-end, if-thenelse, and loop-repeat structures. Finally, SMAL/80 is
compiled and not assembled.
The combination of these features makes SMAL/80
different from conventional microprocessor languages.
In addition, smAL/80 incorporates amacro preprocessor
that allows a programmer to add a great many highlevel-like programming conveniences to a source
program; these will be described in detail later.
Appearances
The most obvious characteristics of smAL/80 are its
symbolic notation and indented, structured appearance.
Table 1 compares typical SMAL/80 instructions with
their Intel equivalents.
In fact, it is somewhat surprising that a symbolic
notation such as smAL/80's has not been more widely
used for assembly-language programming, especially
since microprocessor manufacturers have long used a
similar notation in their publications to explain what
their mnemonics mean.
Zilog, for example, in its Z80 manuals, prints a
column of symbolic notation alongside adescriptive listing of its mnemonics to explain the action of each
instruction:
•The distribution of SMAL/80 is now being handled exclusively by the software products
group of Yourdon Inc., 1133 Avenue of the Americas, New York, N. Y. 10036.
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LD HL,

(nn)

H
L

(nn + 1)
(nn)

Both notations say the same thing: "Transfer the 16-bit
number contained at memory addresses nn+ 1 and nn
into the HL register pair." It is unnecessary to be a
programmer or even especially familiar with computers
to appreciate that the symbolic notation on the right
shows more clearly what the function of the instruction
is. The SMAL/80 instruction for this particular operation
is:
HL =

m(address)

Of equal importance are smAL/80's three primitive
control structures (Fig. 1shows two of them). These can
be combined with or nested within each other up to the
limit of available memory. The structures give a
programmer logical functional blocks to design with,
following exactly the same principles used to develop
programs in structured high-level languages.
Structured programming
It is perfectly feasible to write aSMAL/80 program in
which the control structures are ignored and the only
change is the substitution of SMAL/80 notation for the
conventional Intel or Zilog mnemonics. But to use
SMAL/80 in this way is to miss the point entirely. To
repeat, the rationale of SMAL/80 and its predecessors
(see "A short history of SMAL," p. 120) is that they
enable microprocessor programmers to use the same
structured programming and modular design concepts
that have proved so valuable in the writing of high-level
language programs. SMAL/80 and these concepts should
therefore be considered inseparable.
It is a basic tenet of these concepts that programs
should be designed in a top-down manner; that is, a
programmer ought to begin with ageneral specification
and then expand upon it in greater detail until the actual
program statements are written. The writing of these
statements should come as the very last step in the
design process—not the first step as it often is with a
great many programmers. If the programmer has
thought out carefully what the program is to do, then the
writing of the code will be an almost trivial last step in
the overall procedure.
These ideas should not be new to engineers at all. An
engineer follows precisely the same procedure when
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1. Structures. Two of the most beneficial of SMAL/80's structured control constructs are the if-then-else (a) and the loop-repeat-while (b).
In the latter, statement-list refers to one statement or a group, and it may include next or break statements for exit control.

TYPICAL SMAL/80 INSTRUCTIONS
SMAL/80

Standard format
Data movement

regl = reg2

MOV

regl, reg2

A = MIxreg)

LDAX

xreg

M(xreg) = A

STAX

xreg

HL -- M(address)

LH LD

address

M(address) = HL

SH LD

address

SP = HL

SPHL

HL <=> M(SP)

XTH L

PUSH HL

PUSH

H

HL = POP

POP

H

DE <=> HL

XCHG
Date manipulation

+-freg

INC

reg

++xreg

INX

xreg
H

HL= HL+ HL

DAD

CY = NOT CY

CMC

A :data

CPI

data

A = A AND reg

ANA

reg

A = A OR reg

ORA

reg

A = A XOR reg

XRA

reg

A = A +data + CV

AGI

data

ROTATE A RIGHT data

ARC

data times

GOTO address

JMP

address

GOTO M(HI-)

PCHL

Control

Peripherals and pseudo-operations
ENABLE

El

DISABLE

DI

A = INIdatal

IN

OUTIdatal = A

OUT

data

ORIGIN

ORG

address
address

data

RESERVE address

DS

WORD address-list

DW

address-list

BYTE data-list

DB

data-list

TITLE =char-string
MODULE =char-string
r
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designing any electronic circuit; he proceeds from a
general specification to the selection of specific integrated circuits. If the design has been well thought out,
the decision which chips to use will be obvious.
A CRC example
To illustrate structured programming concepts, a
cyclical redundancy check routine will be used (Fig. 2).
This is an error-checking program used to determine
whether any faults have occurred during the transmission of data between acomputer and one of its peripherals or between two computer installations. It has two
virtues. It reveals whether a message has been garbled
during transmission (though it cannot determine which
bits are in error).
Also, if the data is being transmitted through parallel
lines such as those between acomputer and adisk drive,
the CRC will reveal whether any of the lines are not
functioning. Other commonly used error-detection techniques such as parity checking or check-summing may
not reveal adead transmission line.
The cyclical redundancy check derives a CRC value
that is unique for the particular block of data being
transmitted. The routine in Fig. 2uses afunction that is
applied recursively to the data and a series of intermediate CRC values.
The routine
One of the registers in the central processing unit (the
C register) is set aside to hold the CRC value. This
so-called CRC register is set initially to 0while the value
of the second, fourth, and seventh bits of the CRC value
are summed in another register (the D or toggle register). The toggle register is then set either to 1 or 0
depending upon whether these 3 bits sum to 1 or O.
Initially, this makes the toggle register a0, of course.
The toggle register is then exclusive-oRed with the
first byte of the message. This message byte and the
CRC value are then jointly shifted 1 bit to the right.
Consequently, the lowest-order bit in the result of this
exclusive-OR operation is now transferred into the high119

A short history of SMAL
SMAL/ 80 originated as SMAL, an 8080 language developed at Bell Laboratories in 1974 by Charles Popper and
described in the IEEE Computer Society Compcon 74 Fall
conference proceedings. Popper was originally dissatisfied
with the assembly-language mnemonics that had been
selected by Intel for writing 8008 programs. He wondered
why the changes should be limited to the mnemonics.
Why not adopt an entirely different notation, he thought, a
symbolic notation similar to that used for such high-level
languages as Algol and C? (At this time C was rapidly
consolidating its position at Bell Laboratories as the
preferred programming language.) Why not, in fact,
design an entirely new language, one that would also
include control structures similar to those used in Algol
and C?
These ideas resulted in the original SMAL, which was
eventually designed for the 8080, not the 8008. In about
three weeks' time, Popper had implemented his ideas in
the form of a Snobol4 program that ran on an IBM
370/168. The Snobol4 program translated Popper's
SMAL notation and structured-programming constructs
into standard Intel 8080 assembly code that could then be
assembled into 8080 object code.
Before he left Bell Laboratories in 1975, Popper began
work on SMAL2, which was SMAL modified to include

est -order position of the CRC register.
This procedure is repeated recursively for all 8 bits of
the first message byte. As each bit is transferred into the
CRC register, it bumps the previously transferred bits to
the right. The result is a new CRC value that depends on
the first byte of the message. The entire process is then
repeated for the remaining bytes of the message.
What finally ends up in the CRC register is a unique
8-bit value that depends on the value of each byte in the
message and the peculiar way these characters have been
combined with the intermediate CRC values.
The final CRC value is appended to the end of the
transmitted message. At the other end of the transmission line, aCRC value is derived in exactly the same way
from the message and compared with the transmitted
CRC value. If the message has been transmitted without
error, they should be identical. If they are different, the
message may be retransmitted and the same cyclical
redundancy check performed.
Suppose a programmer now wants to transform this
algorithm into aSMAL/80 program. In order to do so, a
series of pseudocoded programs of increasing complexity
might have to be written.
Each would have the form of a structured SMAL/80
program, but be written in plain English. A first pass at
writing the program might look like this:
CRC calculation routine:
initialize registers;
LOOP;

add values of 2nd, 4th, and 7th bits in CRC
register;
set toggle register according to parity of
result;
exclusive-OR value of toggle register with
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many C-like features. SMAL2 has since become the standard 8080 language at the labs. SMAL2 and SMAL /80,
while obviously close cousins, are quite distinct from one
another. SMAL2 was designed to be as compatible with C
as possible and to run under Bell Laboratories' UNIX
operating system. SMAL /80, on the other hand, was
designed to be a free-standing language for the world of
8080/8085 users outside of Bell Laboratories.
Studies made on the original SMAL language at Bell
Laboratories showed that SMAL programs required less
memory and ran about 5% faster than comparable assembly-language programs because of their superior organization. Add the fact that SMAL programmers spend less
time testing their program à and hunting down and eliminating bugs, and the differences in efficiency between
conventional assembly-language programming and .SMAL
programming become even more significant. And these
same advantages apply to SMAL2 and SMAL /80
programs, of course. The experience of those who have
switched from writing conventional assembly-language
programs to writing SMAL, SMAL2, or SMAL /80
programs has been that the symbolic notation and the
constructs allow them to express their ideas more naturally and more quickly and to convert these ideas into code
more easily.

message byte;
shift message byte and CRC 1bit to right;
REPEAT WHILE additional chars remain to be
transmitted;
return to main routine with CRC value;
As mentioned, the programmer may expand upon
these statements in the form of increasingly detailed
pseudo-coded programs until the program looks like this:
main CRC routine:
set address of first character in message;
set length of message;
CALL subroutine to calculate CRC value;
save CRC value;
return to main program;

CRC calculation routine:

assign CPU registers to hold intermediate values;
initialize CRC register to zero;
LOOP;

set number of loop repetitions;
transfer message char to CPU register;
set pointer to fetch next char in message;
LOOP;

initialize toggle register to zero;
check bit 2of CRC value;
IF it is a ITHEN
increment value in toggle register;
check bit 4of CRC value;
IF it is a ITHEN
increment value in toggle register;
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ORIGIN X'100'

r set origin, but use monitor stack •/:

CRCtest:
HL = MESSAGE
DE = 14
CALL CRCcalc
M(HL) =C
RETURN:

r
r
/•
I
r

set beginning addr •i;
set length */:
calculate CRC(C) •i;
store result */:
return to monitor •/

MESSAGE: BYTE 'SAMPLE MESSAGE';
CRChere: RESERVE 1

r computed value should be X'9C' •/:

CRCcalc:

r compute 8-bit CRC over given message—
upon entry
HL =beginning addr of message
DE = length of message
upon exit
C =CRC
HL =end of message + 1
DE =O'V;
i• save work registers •/;
I initialize CRC */:
r over message bytes V;
r save aux work registers •i;
r set bits/byte control */:
r get message byte */;
r advance pointer •/:
r over bits in byte •/:
i• initialize toggle register to 'no' "i;

PUSH AF
C =0
LOOP
PUSH DE
E =8
B = M(HL)
++HL
LOOP
D=

A =A OR A
IF NEG /• if 'yes' */ THEN
++0
A = D;
A = A AND 1
A = A XOR B
ROTATE A RIGHT 1
B =A;
A =C;
ROTATE ACY RIGHT 1
C = A;
REPEAT WHILE -- E NOT ZERO;
DE = POP
-- DE;
A = D;
A =A OR E;
REPEAT WHILE NOT ZERO
AF = POP
RETURN;
END PROGRAM X'100';

r bit 7of CRC set? */:
r advance toggle register "/;
r isolate bit 0of toggle register •i;
I apply to bit 0of message byte *i;
/• rotate byte into CY... •/;

r ... and CY into CRC

•i;

r retrieve aux work register •/;
2. CRC program. This SMAL/80 routine
i• done? */
i• repeat while 'no' •/:
i• retrieve work registers •i;

performs a cyclic redundancy check. It can
be derived by writing the program in a series
of

pseudo-coded

complexity.

It

programs

looks

like

of

increasing

a high-level-

language program but executes much faster.

check bit 7of CRC value;
is a ITHEN
increment value in toggle register;
mask off all but bit 0of toggle register;
exclusive-OR bit 0 in toggle register with
message byte;
shift message byte and CRC 1 bit to right;
has inner loop been repeated eight times?;
IF it

REPEAT WHILE no;

are there more characters to be transmitted?
REPEAT WHILE yes;
return to calling routine;
The final smAL/80 program is shown in Fig. 2. With
this introduction, the reader should not find it too difficult to follow the actual program statements.
The value of SMAL/80 is greatly enhanced by its
macro preprocessor. The preprocessor can: nest macroinstructions without limit (up to the capacity of available
memory); expand macros conditionally, even when they
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are embedded within other macros; incorporate variables
into macros; and write recursive macros.
Like any preprocessor, all that the SMAL/80 preprocessor does is translate one set of symbols into another
set of symbols. In smAL/80's case, the symbols are the
complete set of ASCII characters and control codes. At
the most elementary level, the preprocessor allows a
programmer to replace standard SMAL/80 notation with
a notation of his or her own devising. For instance, a
simple and obvious move might be to replace the
smAt../80 assignment operator (=) with any other
assignment symbol such as
or
French, too
More exotic changes can also be made, such as changing all the keywords of SMAL/80 from English into their
French equivalents. When that is done, statements in
English like:
REPEAT WHILE [A = D; A = A OR Al NOT ZERO;

121

become statements in French like:
REPETER PENDANT [A ... D; A = A OU Al PAS ZERO;

Incidentally this statement combines three separate
statements into one, which certainly makes the intent of
the program clearer. The two statements within the
brackets set up acondition—a flag—that the third statement can test for azero or nonzero status.
On an even higher level, a programmer may invent
entirely new instructions that enable him, through
appropriate macro calls in a source program, to write
instructions that are otherwise impossible to write in the
standard smAL/80 language.
User-defined
For example, 8080 and 8085 microprocessors lack the
Z80's block move instruction. However, by writing the
following macro definition:

AS
PUSH AF;
LOOP;
A = M(HL);
M(DE) = A;
+ +DE;
+ +HL;
REPEAT WHILE[ — — BC; A= B; A =A OR C[NOT ZERO;
AF = POP;
ENDMACRO;

block move instructions in 8080 or 8085 source programs
will execute just as if a Z80 were used—albeit without
the Z80's execution efficiency. Features of other microprocessors may also be simulated in smAL/80 source
programs. Macros can be written that will allow
smAL/80 to simulate the memory-to-memory transfers
of the 6800 and 6502, for example.
In fact, a package of Z80 macros are provided with
the 8080/8085 version of smAL/80 that converts it into
a full Z80 language. When these macros have been
expanded into Z80 operation codes and compiled, the
Z80 sees an ordinary Z80 source program, the instructions of which it proceeds to execute as it would any
other Z80 program.
For more sophisticated applications, it is possible to
write smAL/80 macros that allow the language to
emulate the control structures of such high-level
languages as PLil, Pascal, and C. A programmer writing
machine-level routines for incorporation into a Pascal
program can, by writing the appropriate macros, convert
the smAL/80 structures into Pascal-like structures. The
machine-level program can then be written in exactly the
same way as the Pascal program. For example, Pascal
has a WHILE construct that allows a programmer to
write loops like:
(condition)
statement(s);

DO

The programmer can incorporate this Pascal construct
into SmAL/80 source programs by writing the following
macro definition:
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{condition} DO
{statements);

AS
LOOP;
IF NOT {condition}
{statements};

BREAK;

REPEAT;
ENDMACRO;

The words "condition" and "statements" in this macro
definition are simply placeholders; they can be replaced
by any legal smAL/80 instruction, statement, symbolic
name, constant, variable, or macro call whatever. As
another example, the programmer can write the following smAL/80 source code statements:
m(addr))
statement(s);

WHILE (A = =

DO

with the symbol = = functioning as an equals sign, as it
does in the C language. The use of this equality relation
requires another macro definition (the one for = =), so
this particular example shows how one macro can be
embedded within another.
However, not every embedded macro may nest properly. There may be undesirable side effects, but it is
beyond the scope of this article to describe the precise
rules for writing SMAL/80 macros.

.DEFINE
BLOCK MOVE;

WHILE

.DEFINE
WHILE

Adding variables
The ability to incorporate variables into macros also
allows aprogrammer to do such things as write subroutine calls having arguments, just as he does in a highlevel program. A call to asubroutine may be written as
follows:
CALL

subr(arguments);

After writing the following macro definition, "arguments" may be any list of statements and "subr" the
name of a subroutine. The following definition would
suffice:
.DEFINE
CALL

{subr}({arguments));

AS

{arguments);
{subr};

CALL

ENDMACRO;

Best of both worlds
At the highest level of all, aprogrammer may invent a
special-purpose high-level-like language—a processcontrol language, for example—tailor-made for particular requirements. It is entirely conceivable that complete
routines (assuming they are short enough to be used
efficiently as in-line code) can be written in the form of
macros, which can then be called in aprogram merely by
writing their names. The programmer could as a result
have the best of two worlds. He or she would be able to
combine in one language all the programming conveniences of a high-level language and all the speed and
efficiency that is inherent in a conventional assembly
language.
0
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Some folks work in a digital
world, with pulse generators.
Others are functioning on the
analog side.
So Wavetek has created the
Model 166. A function generator
with a pulse. A pulse generator
with functions. Both go from 0.0001
Hz to 50 MHz.
The function generator has
sweepable sine, square, triangle,
ramp, and haverwave outputs.
Plus a variety of trigger and

sweep modes.
The pulse generator includes
sophisticated width and transition
controls. Either generator can be
amplitude and frequency
modulated with an AC signal, or
amplitude and frequency

controlled with a remote DC signal.
But what if you're a third kind
of person, and need both a pulse
and a function generator? Then
our $1695*price will look twice as
good to you.
Wavetek, 9045 Balboa Avenue,
P.O. Box 651, San Diego, CA 92112.
Telephone: (714) 279-2200 TWX
910-335-2007.

AveureK

*U S Price

Circle 422 for literature

There are
two kinds of people
in the wore

Circle

They both nee
Model 166.

l23 for demonstration

Twice as large as life

Known in all the best circuits
The dedication to reliability makes Tansitor the first or
only choice for those applications where tough
environmental or electrical conditions exist.

The ranges include dipped, chip, subminiature, solid,
all tantalum, wet tantalum and foil types and extends
from 0.001 to 3500 mfd ;2to 450 volt. Write or phone
for further data.

Tansitor tantalum capacitors
Circle

Tansitor Electronics, Inc.

West Road, P0. Box 230, Bennington,
Vermont 05201 Phone: (802) 442-5473
TVVX :(710) 360-1782
Tansitor — reliable in so many ways
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OIPTOELECTRONICS

1021 Duryea Avenue
Irvine, CA 92714
Tel: (714) 540-7874
Telex: 65-5463

CV-480
UPC":
ONLY
THE WORLD'S
SINGLE CHIP
LSI UNIVERSAL PRINTER
CONTROLLER!

$10.00 ea.
$ 9.50 ea.
$20.00 ea.
$16.50 ea.

1-49
100-499
1-49
100-499

TP 201
P2LFD, P2CF (slightly higher)

The CV-480 replaces bulky, expensive, dedicated controllers.

We provide special applications assistance in passive infrared
intrusion alarm systems and other IR system, as well as
custom made pyroelectronics and thermopile detection
LET US QUOTE ON YOUR OEM REQUIREMENTS!

New Address,
VISA and MASTER CHARGE accepted
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$ 9.80 ea. 50-99
with KBr window
$18.80 ea. 50-99
with 7micron cut
on filter

Other window materials available:
KRS-5, Quartz, BaF2, CaF2, Saphire, KCL. Silicon, Irtran2,
call for prices.

Stock delivery ....only $33.00 a single unit ... send for YOURS today!

Circle

500V/VV Incl. FET
500V/W
FET
400V/W incl. FET

TP101,
301, P2LF

This small single LSI package offers a 5 •7dot matrix character generator, full
upper and lower case ASCII 96-character font, and a 48-character (expandable by
daisy-chaining) internal line buffer storage Standard features include a 10. 12 or 16
characters inch variable character density command, and horizontal and vertical
independently expanded print command The CV-480 provides graphics capability
and includes a flip-print operating mode for 180 viewing, and ready lines provide
full asynchronous communications with handshaking
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PYROELECTRIC DETECTORS
P2LF
0.8x2mm Active Area
P2LFD
0.8x2mm Dual Element
P2CF
2mm dia Active Area

Industrial and OEM applications are NOW feasible because
of our competitive pricing and excellent specification
applications.

And that means for off-the-shelf low prices. the CV-480 provides great flexibility and
easy interfacing Cybernetic Micro Systems amazing CV-480 will control and
interlace standard 5" •7" dot matrix printers (including those from Victor, LAC.
Practical Automation and Amperex) with speeds up to 200 CPS ,Operating from a
single •5V power supply. the flexible CV-480 will interface easily with any
microcomputer or minicomputer system through standard 8-bit ports The CV-480
accepts either serial (RS232C) or parallel ASCII input from the host system's data
channel

I
.

24V/W type
20V/W type
14V/W type

Applications: Intrusion Alarms, IR Thermometers, IR Remote
Control, Gas Analyzers, Heatsinks.

The CV-480 UPC'" ... providing the kind of service and special features
others don't!

CYBERNETIC MICRO SYSTEMS
445- 203 South San Antonio Road
Los Altos, CA 94022
(415) 949-0666

THERMOPILE DETECTORS
TP 101
1mm dia. Active Area
TP 201
2x2mm Active Area
TP 301
0.6x2mm Dual Element

.1

Circle
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Designer's casebook
Thus, operational amplifier A2 goes high for positivegoing input pulses having aduty cycle of less than 50%.
Alb and Ale, along with NAND gates A3atoA3c, therefore
propagate the input signal through to the output without
an inversion.
If the duty cycle is greater than 50%, or if the incomby Shlomo Talmor
ing pulses are negative-going, the voltage developed on
Hartman Systems, Huntington Station, N. Y.
the integrating capacitor will be below 5volts, which is
the potential applied to the inverting input, and A2 goes
This circuit provides positive-going output pulses for low. Ail), Aid, and A3,to Ak then act to invert any
corresponding input signals of either polarity without the negative-going wave at the input to apositive one at the
need for any manual intervention (that is, polarity output and vice versa. In the case where the duty cycle is
50%, inverter Alc provides the necessary hysteresis to A2
switches). Utilizing a simple RC integrator, the unit
automatically propagates positive-going signals having a for proper switching.
duty cycle of less than 50% through to the output and
Light-emitting diodes DIand D2, with A11 and A1 8,
provide visual indication of pulse polarity. Both the red
inverts signals that have a duty cycle of greater than
50%, or are negative-going. The circuit is particularly and green diodes will light softly when the input signal
useful in instrumentation and test-facility applications, has aduty cycle approximating 50%.
The range of the pulse width handled can be extended,
where the polarity of the signal emanating from aport is
at the expense of a lower rate, by increasing RI.The
often both positive- and negative-going at different
response time of the circuit will of course be lowered.
stages of acomplicated test sequence.
As shown in the figure, input pulses having a width The supply voltage can vary from 5to 15 volts, but if it is
less than 7.5 y, a 15-kilohm resistor should be placed in
and rate in the range of 1microsecond to 1millisecond
are applied through inverter AI3 to integrator RIC', series with pin 6of A2 in order to properly drive the rest
thereby developing a dc voltage across the capacitor. of the circuit.

Autocorrecting driver
rights pulse polarity

A3a
10

10

OUTPUT

9

INPUT

6

•

D.

12
13

D.

OUTPUT

10 V

10 V

A,

10 V

10 0.2

2

3

RI

100 1(2

14

1pF
560 S≥

A, C04049
A. CA3160
A3 :C04011

R6 §

560 S2

IEE233R

IEE233G
3

10 kS2
GREEN 1+1

REO I1

Switch. Three-chip driver accommodates both positive- and negative-going input signals. converting them both into positive-going output.
Circuit propagates positive-going signals having a duly cycle less than 50% through to the output while inverting all other signals.
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Litronlx Intelligent Displays' are now in plentiful
supply at your local distributor and ready for harvesting.
Our labor-saving, space-saving Intelligent Displays are just what
you've been waiting for to start your microcomputer "talking -in awhole
new way in words, numbers and even sentences. Everything you
need is included in a single package, including a4 character LED
display and abuilt-in CMOS IC with on-board ACSII decoder.
multiplexer, memory and driver.
Wait no longer. Intelligent Displays are here—ready to be
scooped up at your local distributor. Just check the chart:
Part
Number

Feslures

Character
Height

Horizontal
Row
Spacing

Vertical
Row
Spacing

Viewing
Angle

Character Character
Positions Seamen.,

Price
1000
ON

DL-1416

General
PUrP000
Display

.110"

.250"

1.200"

±25 .

4

16

816.75

DL•1414

Compact
DM:day
Foe Hand
Held
Equipment

.112"

.175"

.800..

±4o.

4

17

$13.00

OL-2416

Premium
Display
New

.160"

.25e

.500"

i50.

s

17

1126.00

Ru99•11
naMaue

iiiplrellaXilt

Dig in. Grab ahandful of whichever new Litronix
Intelligent Displays turn you on. When you need large characters
and low cost, choose the DL-1416. For smaller. hand-held and
battery applications, there's the DL-1414. With it. you can cram 20
characters side by side into a3.-inch space.
DL-1414

I PJ

is

L

DL-2416

H HL
Or scoop up some of our DL-2416 premium displays
offering larger alphanumeric characters and aviewing angle
of ±
--509 And all three models interface like aRAM. operate
from asingle 5volt supply and are TTL compatible.
You've probably got amicrocomputer raring
to do some fast talking. So, hurry to your nearest
distributor for your fair share of these Litronix
Intelligent Displays. And don't forget your
bushel basket.

I
itronix

AN AFFILIATE OF SIEMENS

19000 HOMESTEAD ROAD
CUPERTINO, CA 95014
408-257-7910

U.S. DISTRIBUTORS: Advent. Almac Struum. Arruw. Component Specialties. Get bt:r. HarnIton-Avnet. Harvey, Kirkman. Lionex. Marshall. Moltronics, Pioneer-Standard, Summit, Zeus
CANADIAN DISTRIBUTORS: Electro Sonic. Future. Hamilton-Avnet. C. M. Peterson. L A Varah
intelligent DM:48y in a Trade
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Magnetic levitator
suspends small objects
by Bob Leser
Desert Technology, Las Cruces,

N. M.

This circuit is a modern solution to the problem of
securing frictionless bearings for small rotors and levitating small magnetic objects a few millimeters in space.
Operational amplifiers replace the tubes used in earlier
approaches, and an optical arrangement replaces the
radio-frequency induction circuit originally used to position the object.
Potentiometer RI(a) sets the current through the PR9
lamp and thus its brightness and the gain of the positionsensing circuit. Rithus provides afine adjustment of the

position of the magnetic object that is suspended beneath
the levitation coil LI. The optical position-sensing
circuitry (b), which should be mounted horizontally
under LI if possible, includes two lenses to focus the
beam via the levitated load to solar cell (photodetector)
DI.The light shield, with an aperture of approximately 3
millimeters, effectively eliminates background light. The
suggested focal lengths and lens diameters are shown; as
acheck on the optics system, the beam should be aligned
to yield a short-circuit current of 4 to 25 microamperes
in DI.
As for the basic circuitry, DI's output is amplified by
about 5 by operational amplifier A I and is then introduced to A2, which is the all-important servo-loop stage.
CI,Rg, and R9 provide positive feedback of the highfrequency components of the positioning signal. The
stage thus generates the voltage derivative of the amp's
output, preventing oscillations in the closed loop that
would otherwise occur because of the lack of damping in

Rising rotors. Levitator circuit (a) suspends 1-in, steel spheres up to 2'/2 millimeters off reference surface. Optical arrangement (b) sets
object distance. Details of levitation coil construction are outlined. Permanent magnets set ultimate levitation range.
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Your one
shopping
for the best buys m
IC Voltage References.

Teledyne Semiconductor has the finest selection of IC
voltage references on the market. No matter where you shop you
won't find a better combination of performance and price, regardless
of your application.
You can select 1.22V, 5V, and 10V types with excellent initial
accuracies from 0.3% to 2%. With temperature coefficients from 8.5
to 100 ppm/°C, they are extremely stable over wide variations of
temperature, input voltage and load current. Each operates from only
a single voltage supply and draws very little current. And you have
achoice of two temperature ranges: from 0°C to 70°C or from
— 55°C to 125°C.
What's more, these voltage references compliment our excellent buys in ND, D/A, V/F and F/V converters.
So when you're shopping for the best, shop at Teledyne
Semiconductor-your market specialist for data conversion products.
Contact us today for more information. Teledyne Semiconductor, Dept. VR1, 1300 Terra Bella Avenue, Mountain View, CA 94043;
phone (415) 968-9241, ext. 241.

irTELEDYNE SEMICONDUCTOR
The Data Conversion Specialist
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the position servo portion of the circuit. Any closed-loop
oscillation will be manifest as vibration of the levitated
object.
Output stage Q1 to Q2 is adiscrete darlington pair that
drives LI.The coil itself has 1,300 turns around asteel
rod 2.75 inches long and 7A6in. in diameter. A stack of
10 small permanent magnets atop the coil provides abias
field extending the range of levitation beyond that which
would be normally attained. The coil is surrounded by a
grounded shield to reduce the amount of stray coupling

C-MOS counter sets
divider's modulus
by Arie Shavit
Kiriat Tivon. Israel

The cost and power consumption of Albing's c-mos
variable-modulo divider' can be reduced even further
with this circuit, which uses logic gates and four low-cost
binary switches to replace one counter and the multiplepole selector, respectively. Although the counter's
modulus is set with the binary elements, thereby sacrificing the convenience of ordering up values in the familiar
decimal form, the ease of interfacing the counter to

to the op amp inputs.
The most stable closed-loop condition is set by adjusting Q2's collector voltage to about 7.5 volts by altering
the levitation distance between the sensing optics and L.
Levitation distances in this circuit range from about 20
millimeters for asmall Alnico bar magnet to 21
/ mm for
2
asteel ball with adiameter of 1in.
El
Designer's casebook is a regular feature in Becrronics We invite readers to submit original
and unpublished circuit ideas and solutions to design problems Explain briefly but thoroughly
the circuit's operating principle and purpose. Welt pay $50 for each item published.

microprocessor-based control systems is immensely
enhanced. Divider ratios of from 1to 16 can be selected.
The 40161 synchronous binary counter, A,, which has
parallel-load capability, is stepped by input frequency I'm,
as shown in (a). Switches SI—S, set the binary representation of 16 —nat the parallel-load inputs Po—P 3,where
nis the desired divider ratio, as shown in (b).
Output pin TC of AI moves high after ncycles of G.
Thus the output signal from gate GI is a pulse of short
duration having a frequency of f = fin. TC is then
inverted by gate G2 and used to reset the counter.
Gate G3 comes into play if a modulus of 1 is set.
Under these conditions, TC remains high and f
in serves
to gate itself to the output.
D
References
I. Bradley Albing, "C-MOS counter-decoder pair sets divider's modulus." Aug. 30. 1979.
p. 140.

Binary code

11N

G1-G 3 =%4011

(a)

SI

Divider
ration

Sa

S3

S2

1

1

1

1

1

1

1

1

o

2

1

1

0

1

3

1

1

0

0

4

1

0

1

1

5

1

0

1

o

6

1

0

0

1

7

1

0

0

0

8

0

1

1

1

0

1

1

0

1

0

1

11

0

1

0

0

12

0

0

1

1

13

0

0

1

o

14

0

0

0

1

15

0

0

0

0

16

o

9

10

(b)

Binary breakup. Single counter and three gates simplify design of variable-modulo divider (a). Binary switches S, -S4 set counter to 16 -n,
where nis desired divider ratio (b). Output of gate G, is apulse with afrequency equal tOL = f,/n, for 1≤n≤ 16.
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Announcing the Intel
2920 Design Seminars
It

Coast to Coast Seminars for Analog System Designers

Intel distributors will be
sponsoring one day seminars on
designing with the Intel® 2920
Signal Processor. The 2920 is
asingle-chip signal processor
designed specifically to process
real-time analog signals. A single
2920 is acomplete sampled data
system with on-chip EPROM
Program Storage, Scratch Pad
RAM, Analog-Digital conversion circuits, and aDigital
Processor. This new concept
in analog design will allow
users to implement analog
functions with flexible
software routines. Complex
systems such as DTMF
receivers, spectrum analyzers,
guidance and control modules,
seismic processors, and medical
systems are just afew of the applications that can be implemented
with the 2920 Signal Processor.

Agenda
analog systems. The seminar is
structured for both first time and
8:00 A.M.
Registration
experienced designers of sampled
data systems. Comprehensive
8:30 A.M.
design examples will be used to
Introduction of the 2920
Discussion of sampled data
show design techniques and to
systems
show the capabilities of the 2920.
2920
architecture/instruction set
Course materials will include
2920 functions/applications
seminar notebook, data sheets and
2920 development tools
application notes.
12:00 Noon
LUNCH
1:00 P.M.
2920 programming techniques
Designing with the 2920
Application examples
3:30 PM.
Wrap-up
4:00 PM.
Adjourn
Cost:
There is a$10.00 registration
fee which will cover seminar
materials and lunch.
More Information

Who Should Attend

For registration information
contact your local Intel distributor. Person to contact in your
area is listed below, so call today.

The seminar is designed
especially for the engineers, managers and technicians who design

intel delivers.
Seminar
Date
Location

Distributor

Contact

Phone

2/4
2/5
2/6
2/7
2/8
2/11
2/12
2/13
2/14
2/15
2/20
2/21
2/22
2/25
2/26
2/27
2/28

Santa Clara. CA
Houston, TX
Atlanta, GA
Huntsville, AL
Orlando. FL
Chicago. IL
Detroit, MI
Boston. MA
Rochester. NY
Toronto. ON
Minneapolis. IN
Milwaukee. WI
Kansas City, KS
Montreal, PO
Baltimore, MD
Norwalk. CT
Pittsburgh. PA

Wyle
HamiltorirAvnet
Arrow
Pioneer Electronics
Pioneer Electronics
Arrow
Arrow
Arrow
Hamilton Avnet
L.A. Varah
Arrow
Hamilton Avnet
Hamilton Avnet
Zentronics
Hamilton/Avnet
Arrow
Pioneer Electronics

(408) 727-2500
(713) 780-1771
(404) 449-8252
(205) 837-9300
(305) 859-3600
(312) 893-9420
(313) 971-8220
(617) 933 B130
(716) 442-7820
(416) 561-9311
(612) 830-1800
(414) 784-4510
(913) 888-8900
(514) 735-5361
(301) 796-5684
(203) 265-7741
(412) 782-2300

2/29

Dayton. OH

Pioneer Electronics

Gary Postalka
John Manley
Chuck Grambling
Harold Jeffers
Jack Frost
Don Peterson
Mike Hart
Ted Bransfield
Jim Malinowski
Don McAdam
Ken Opasinski
John Tews
Mike Grimes
Mario Mastromattei
Bob Nail
Linda Adams
Bill King
Frank Toplak
Dave Ward
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(513) 236-9900

Seminar
Date
Location
33
34
35
36
37
3 10
311
3 12
3 13
3 14
3 17

San Diego. CA
Santa Ana. CA
Albuquerque. NM
Dallas. TX
Denver. CO
Indianapolis. IN
Cleveland. OH
Philadelphia. PA
Syracuse, NY
Ottawa. ON
Tulsa. OK

3 18
3 19
3 21
3/24
3/26
3/27
3/27
3/28
3/28

Phoenix. AZ
Los Angeles. CA
Edmonton. ON
Ft Lauderdale. FL
Vancouver, BC
Edison. NJ
Seattle. WA
Long Island, NY
Portland, OR

Distributor

Contact

Phone

Hamilton/Avnet
Hamilton/Avnet
Alliance
Hamilton/Avnet
Hamilton/Avnet
Pioneer Electronics
Pioneer Electronics
Hamilton/Avnet
Harvey
Hamilton/Avnet
Component
Specialties Inc.
Hamilton Avnet
Avnet Electronics
Zentronics
Arrow
L.A. Varah
Harvey
Almac/Stroum
Hamilton/Avnet
Almac/Stroum

Jim Wittry
Tony Hamilton. Jr.
Ken Kadotani
John Luse
Jim Rowe
Mike Petty
Gerry Budenbaum
John Redmond
Pete Dobransky
Wayne Turner
Jerry Robinson

(714) 571-7500
(714) 641-1850
(505) 292-3360
(214) 661-8661
(303) 534-1212
(317) 849-7300
(216) 587-3600
(609) 424-0100
(607) 748-8211
(613) 226-1700
(918) 664-2820

Rob Murphy
Rick Unger
Bob Wilson
Linda Urbanowski
Jack Dickinson
Pete Vandervalk
Jeff Scherer
Rich Harding
Carol Sealzitti

(602) 275-7851
(714) 754-8111
(403) 463-3014
(305) 776-7790
(604) 873-3211
(201) 227-1262
(206) 763-2300
(516) 454-6000
(503) 641-9070
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Partial RAMs can fill
today's memory boards
Bit-mapping hardware rescues mostly good random-access memory chips
for use in designs that will later switch to fully functional devices
by Jerry Donaldson,

•

Teradyne Inc., Western Technical Center, Sunnyvale, Calif.

E When any new generation of random-access memories starts to roll off the production line, the yield of good
devices is usually low until the bugs in the process can be
found and squashed. Even on established lines there are
usually some dice from awafer that have afew defective
columns or rows.
To improve the yield of their production lines, semiconductor manufacturers have taken to packaging
devices with less than the total designed storage—
devices usually referred to as partials. Partial 16-K
dynamic RAMS are already available from some manufacturers, and the first volume appearance of the 64-K
devices will probably be in the form of partials. Indeed,
one manufacturer has already given the specifications
for its 32-K partial.
Far from being inferior parts whose operation is questionable, these parts are tested to the same functional

standards as whole devices. Such RAMS enable memory
board builders to bring dependable products to market in
the earlier stages of a memory family's development or
when full-storage parts are scarce.
In evidence
There are many reliable memory board designs in
which partials can be used, but one should suffice as an
example of their efficiency. Figure 1shows the general
layout of a memory board that employs partial 16-K
RA ms—chips that have 15 K of usable storage. Added to
the on-board logic and the partial parts are awhole 16-K
RAM and a 16-K erasable programmable read-only
memory.
The E-PROM and whole RAM are added to store the
addresses and data, respectively, of the nonfunctioning
locations in the partial devices. After the board is loaded

1. Partial devices, full capacity. A memory with 32 kilobytes of storage can be built with 16 15-K partial dynamic RAMs by adding a 16-K
E-PROM and afull 16-K RAM. The E-PROM stores failed locations in the partials; the extra RAM provides substitutes for those locations.
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As indicated earlier, partial devices for use in such
designs are not operationally inferior. Semiconductor
manufacturers subject them to full functional testing by
means of special hardware and software; a RAM that
fails as a full-storage device does not as a matter of
course become apartial.
When to look
Usable partial memories are identified at the wafersorting stage using real-time bit-mapping hardware (provided as an option to Teradyne's J387 memory test
system) and asoftware program that permits recording
and counting of the number and location of bit failures.
The hardware-software combination results in an automatic testing scheme that does not require special training for the tester operator. Further, the additional time
required to perform the test for partials is low, so that
the devices can be offered at reasonable, competitive
prices.
The hardware needed for real-time bit mapping
(RTBM) consists of two printed-circuit boards that are
inserted into the M385-04 pattern generator of the J387
2. RTBM. Adding real-time bit-mapping hardware—the catch RAM
test system. One of the boards contains the control logic
and control logic board—to the J387 test system enables thorough
for RTBM and acounter used in determining the number
testing of partials. At the control logic's command, the RAM stores
of rows or columns that have failed bits. The other is a
is in locations corresponding to failed bits in memory under test.
RAM board called the catch RAM because its function is
to store the location of failing bits in the memory under
with partials, it is tested; the nonfunctioning addresses test. Figure 2shows how these boards interface with the
found by testing are burned into the E-PROM, forming a pattern processor.
lookup table. The E-PROM is then plugged into the
The operation of the RTBM hardware is controlled by a
memory board.
series of partials testing routines written in the test
In operation, when an address is given to the memory language of the Teradyne tester. These routines are
board, the board logic compares the address to those in
linked to the device test routine so that they are called
the lookup table. If it finds the address there, the extra automatically, without operator action.
16-K RAM is enabled. Data is then written into or read
When a bit failure occurs during the normal device
from arow or column in the extra RAM corresponding to test, the operating program of the J387 jumps to the
the address of a failing row or column in the partial partials testing routines. They enable the RTBM hardmemory.
ware and clear the catch RAM. The catch RAM is then set
With this method, the partial memory bank can have to the latch mode so that if a bit failure occurs it is
acombination of 128 rows and columns containing fail- latched into the RAM in alocation corresponding to that
ing cells, or 8per device. Since the extra RAM is on the in the device under test.
data bus, the board can handle afull 256 K. Later—for
With the RTBM hardware disabled, a bit error from
example, if the cost and supply of whole RAms becomes the memory under test would signal the J387's master
more favorable—the partials can be replaced with them operating program (Mop) to shut down the pattern
and the lookup logic inactivated.
processor and no further testing would be done. But
when the RTBM hardware is enabled, the error signal and
asignal from the RTBM control logic are fed to aNAND
gate. The output of this gate is such that the MOP does
not see the error and the pattern processor continues to
function, so partial testing can be performed.
With the catch RAM in the latch mode, functional
tests are performed on the memory under test. Any
failures are automatically logged in real time and the
entire memory is tested. After the functional tests are
performed, the catch RAM has acomplete record of all
bit failures, so it is no longer necessary to address the
device under test to find the number of rows or columns
that have failed.
3. Error-processing logic. NAND gate at right hides error signal
To find that number, the catch RAM is set to the mask
when RTBM is enabled so that pattern processor keeps running. To
mode. In this mode, it can be addressed by row or
count bit errors, is from masked catch RAM are inverted and
column and only the failed bits read. These bits are fed
combined with Os in place of error signal from memory under test.
to the counter and, after each row or column is read, the
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DEVICE TEST FAILURE
CAUSES JUMP TO
PARTIALS ROUTINE

CATCH RAM IS
ADDRESSED
BY PATTERN
GENERATOR

CATCH RAM IS
ADDRESSED
BY PATTERN
GENERATOR

CATCH RAM is
(FAILURES) ARE
GATED TO ERROR
COUNTER ONE ROW
(COLUMN) AT A TIME

CATCH RAM is
(FAILURES) ARE
GATED TO ERROR
COUNTER ONE COLUMN
(ROW) AT A TIME

ROW (COLUMN)
FAILURES ARE
COUNTED

COLUMN (ROW)
FAILURES ARE
COUNTED

CATCH
RANDOM-ACCESS
MEMORY
IS CLEARED

CATCH RAM
IS ENABLED

FUNCTIONAL
TEST PATTERNS
ARE RUN

ERRORS ARE
LATCHED INTO
CATCH RAM

NO

YES

CATCH RAM
IS SET TO
MASK MODE

DEVICE QUALIFIES
AS PARTIAL

4. Complete partial test. Partial testing program is linked to device test routine so that when afailure occurs during normal testing the partial
test is called automatically. Clearing the catch RAM and checking its contents by row and/or column adds very little to total wafer test time.

counter is examined by a software routine that keeps
track of row and column failures. Figure 3 presents a
simplified logic diagram of the error signal flow in the
processor.
A 16-K test case
Applying this procedure to 16-K dynamic RAM testing
serves as a practical example of how test parameters
related only to partials are determined. Since the catch
RAM forms a clone of the memory under test, it must
equal it in size. Therefore, for 16-K devices, the catch
RAM is organized as 2,048 8-bit words. Teradyne also
supplies a64-K catch RAM so that larger devices can be
tested as partials too.
Assuming that the 16-K devices being tested are
organized into internal rows of 128 bits with columns of
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equal length, and that production yield increases significantly if partials with 15-K or more of usable storage are
packaged, the maximum number of failed rows or
columns that can be accepted must be set at 8. For a
different, nonsymmetrical internal organization, the
acceptable number of rows and columns would have to
be adjusted independently.
The program flow chart for testing these devices is
pictured in Fig. 4. To determine whether or not the
device under test is acceptable, one axis—the rows, for
example—is checked first. If it passes, it is marked for
packaging as a partial. If not, the columns have to be
checked.
Obviously, an investment must be made to reap the
partials dividend, and that investment is test time. For
partials testing, certain unique routines must be
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RTBM —a memory user's tool, too
Real-time bit mapping is often used as a production technique; in addition to the application outlined in this article,
it is also used to find mask defects and to overcome
process problems. But memory users as well as manufacturers can profitably employ it.
For example, part purchasers may use it to look at the
possible pattern sensitivities of incoming devices so that
they can gear their test procedures to hunt for them. They
can also use it to determine a device's sensitivity to
parameter variations—changes in supply level, for
instance—so that they can set practical design rules for
their products. Having once done so, they need have less
worry about board design changes adversely affecting
product performance and lead time.
The "real time" in the technique's name refers to the
gathering of data. When this is done, the catch RAM is
addressed in parallel with the device under test using
unscrambled addresses—addresses that are based on
the topological location of cells inside a device rather than
the scheme adopted by the manufacturer for his pinouts.
Thus the stored data can provide a picture of the physical
area in the device in which problems occur.
One of the catch RAM modes is the latch mode. When
operated thus, the catch RAM holds a bit failure until it is
cleared. If a functional test is repeated a number of times,
the catch RAM contains the total number of bits that failed
during these tests, whether they occur repeatedly at each
test or whether they occur intermittently.
The catch RAM can also be operated in the nonlatch
mode. In this mode, a catch RAM bit indicating a failure is

performed, such as clearing and interrogating the catch
RAM.

Either of two methods can be used to clear the catch
RAM. Using a simple RSEND (transmission of consecu-

tive memory locations) command, the catch RAM is
cleared in 8-bit bytes. The clear execution time using
RSEND, TCH ,is given by the formula:
Tai = (D cr /8 x 10 iis) +320 eis
where Dc,is the density of the catch RAM in bits. The
10-µs multiplier represents the time it takes the hardware to execute each RSEND command, and 320 eis is the
time it takes the system to set up the clear procedure, a
one-time event for each partial tested. For a 16-K device,
this method takes 28.8 ms to clear the catch RAM.
A faster, alternative means of clearing the catch
RAM—but one that requires more complex programming—is the single-bit method. Here, the catch RAM is
cleared 1bit at a time at the pattern processor's maximum speed. The clear execution time using the single-bit
method, Tcri, is given by the formula:
Tcr2 = (D. X 100 ns) + 1,804
The 100-ns multiplier is the cycle time of the pattern
processor. The complexity of the program needed to set
up this procedure is reflected in the fact that it takes the
system 1,805 is to set up as opposed to 320 ts in the
previous case. For 16-K devices, the time it takes to clear
the catch RAM using this technique is 3.4 ms.
Since the catch RAM is loaded in real time—that is,
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not held but reset if the bit passes a subsequent test. By
using both modes, users can distinguish between hard
and soft failures and determine the parameters that affect
the soft error rate of adevice.
Another mode mentioned is the mask mode. It is particularly useful for incoming inspection of partial devices as
well as production testing. The mask mode can be used to
ignore specific bits in a memory. So after a functional test
has been performed with the catch RAM in the latch
mode, the error bits in the RAM can be used as a mask
and the functional test run again to be certain that the
partial works as it should.
Where RTBM is probably of greatest value to the user is
in determining the sensitivity of a device to parametric
variation. It not only allows him to set design limits for a
particular device but it also permits him to evaluate various devices of the same type so that he can choose the
one that best suits his needs.
The contents of the catch RAM can be recorded on
magnetic tape after each test and the collected data
analyzed and displayed on a color cathode-ray tube.
Different colors can be used to indicate different frequencies of failure.
Along with the failure pattern, the parameters to be
varied can be displayed on the screen. Using a joy stick,
an engineer can vary the parameters and observe the
result of those changes on the device under test, either
sequentially or as a composite. In this way he not only
finds the sensitivity of the device, but he gains a better
understanding of its operation.

the time the functional tests take to perform —the
burden put on tester overhead for functional testing of a
partial is no different than for a good device. The only
remaining test time that must be considered is that for
interrogating the catch RAM to find row and column
failures.
The worst-case test time can be determined by assuming that the entire catch RAM must be scanned by row
and column to detect errors. The total interrogation
time, T„ is then the sum of the interrogation time for
rows and that for columns. The interrogation time for a
row or column is given by:
T„ = [(Nb„ x 100 ns) +655 µs]Nn + 1,485 ets
where Nb, represents the number of bits in a row or
column and N„ represents the number of rows or
columns. As before, 100 ns is the cycle time of the
processor. The system program time for each row or
column operation is 655 i.ts and the device-independent
program time is 1,485 its.
For asymmetrical 16-K device of the kind discussed,
the interrogation time for rows is equal to that for
columns-86.00 ms. Therefore the worst-case interrogation time is 173.98 ms, and the worst-case overhead for
partials testing is between 177.39 and 194.78 ms greater
than for whole devices, depending on the type of procedure used to clear the catch RAM. The manufacturer's
cost for this additional test time is made up for by the
sale of devices that would otherwise wind up in the test
floor sweepings.
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Communications
Communications Equipment and Systems
National Exhibition Centre
Birmingham England
15 April -18 April 1980

AN INVITATION TO
th

Communications 80, the fifth in a
series of international expositions
dealing with the applications of
communications equipment and
systems, particularly in the major
growth areas of data and business
communications which are being
created by the converging technologies of computing and telecommunications. The other important themes of the
exposition are PTT telecommunications, civil fixed and mobile
radio and emergency communications.

IN
THE
SERIES

Al TO10 CHANNEL
MODEM THAT
TAKES ITS OWN
PULSE AND RUNS
AT UP TO 5,000,000
BITS PER SECOND.
Use this unique unit as aself-standing modem
on wideband telephone and signal circuits.
It provides encode/decode capability between
analog and digital information in M2,Miller or
Biphase-L codes, at rates as high as 5megabits/second.
The Ampex M2 Digital Encode/Decode Unit
is available in channel capacities from 1to 10,
and offers abuilt-in test option that functions as
an error counter with adigital readout. It displays number of errors in either 10 6 or 108 bits,
and can be used by itself as afrequency counter.
Much more than amodem, this unit can
also be used as afront end with an analog
instrumentation recorder, providing instant digital data recording capability.
The compact package measures only 51/4
inches high by 19 inches wide, and the power
supply is 115/220V, 47 to 400 Hz. Price ranges
from about $6000 to $12,000, depending upon
channel count and installed options.
Rene Chikhani can provide complete technical and performance specifications, and he'll
work with you on custom system applications.
Call Rene at 415-367-2758, or write to him at
Ampex Data Systems, 401 Broadway, Redwood
City, California 94063.

AMPEX
Circle 134 on reader service card

Communications 80 will attract visitors from all over the world
(from 69 countries at the last event in 1978) who will be coming to
see the latest developments in communications technology
displayed by leading international manufacturers. Many of the
visitors will also attend the integral conference, organised by the
Institution of Electrical Engineers in association with leading
international learned societies, to learn about the latest technical
advances in communications equipment and systems.
Communications 80, the world's leading international exposition in the field, is actively supported by the International
Telecommunication Union - the world telecommunications
authority representing 153 governments; the British government,
through the Home Office; the British Post Office; Cable and
Wireless Ltd; and the two main UK trade associations -the
Electronic Engineering Association and the Telecommunications
Engineering and Manufacturing Association.
Please make anote of the dates and venue of
Communications 80 -Tuesday 15 April to Friday 18 Apri1,1980,
at the National Exhibition Centre, Birmingham, England.
You cannot afford not to come if you make, use or specify
communications equipment and systems.
Iam interested in attending

Communications MO
Please send me details of exhibition

D

conference

D

Name
Position
Company
Address

Complete, detach and mail to
Tony Davies Communications
c/o Industrial and Trade Fairs Ltd,Radcliffe House,
Blenheim Court,Solihull,West Midlands B91 2BG,England.
Telephone: 021 705 6707
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Telex: 337073

Circle 135 on reader service card
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/ Two-chip data-encryption unit
supports multi-key systems

•‘,

-

One version of the set operates
at adata rate of 11,500 bits/second
by Thomas Humphrey and Frank L. Toth,
CI With more data-encryption and -decryption chips
coming onto the marketplace, the choice confronting
potential users is widening. However, applications
requiring a high degree of security call for the use of
multiple keys, and most of these dedicated integrated
circuits are geared toward systems using asingle encrypThis is the third in a series of articles on data-encryption
devices that implement the National Bureau of Standards'
data encryption standard. The first two articles appeared in
the July 19 issue, page 140, and the Aug. 2issue, page 126.
A special report on the DES appeared in the June 21 issue,
page 107.

American Microsystems Inc.. Santa Clara, Calif.

tion key. The S6894 data-encryption chips set, though, is
adaptable to multiple-encryption-key systems with a
minimum of software and hardware fuss.
As a bonus, the set can operate at data rates of up to
11,500 bits per second—in contrast to many dataencryption units, which can handle only several thousand
bits per second. The S6894 is thus suitable for most data
terminals, credit-card validation and verification systems, point-of-sale terminals, and banking equipment
that incorporate microprocessors and their peripherals.
A full understanding of how to use this data-encryption unit requires adequate knowledge of the design and
operation of the chip set itself.
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1. Encryption brothers. American Microsystems' S6894, a two-chip data-encryption and -decryption unit, contains an S6802 microprocessor and an S6846 read-only memory that also has I/O and atimer. Models handling data rates of up to 11,500 bits per second are available.
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64-817 INPUT
(PLAIN TEXT)

56-BIT i 8-B1T
KEY IPARITY
64-BIT KEY

8-BIT
COMMAND
BYTE

VALIDATE
COMMAND AND
PREPROCESS

4

INITIAL
PERMUTATION

L
14.1 TEMPORARY
SU8KEY
PRODUCT
TRANSFORMATION
STORAGE,
(16 ITERATIONS)
SUBKEYS 1-16
(96 BYTES)

8-BIT STATUS
BYTE

SUBKEY
GENERATIet
SUBKEYS 1- 16

INVERSE OF
INITIAL
PERMUTATION

64-BIT OUTPUT
(ENCRYPTED TEXT)

2. Best choice. The 16 subkeys required for the NBS data encryption standard are computed each time a new 56-bit data-encryption

ri

OTHER
COMMANDS

64-BIT
DATA BLOCK

ACCEPT
64-BIT
RESULT
DATA
BLOCK

key is entered in the system. This approach minimizes the encryption

Two-chip subsystem
Together, these circuits perform as acomplete microcomputer encryption subsystem (Fig. 1). Depending on
the model chosen, they are capable of encrypting an
entire standard 64-bit data block input in 5.5 milliseconds. This speed corresponds to adata rate of 11,500 bits
per second in sustained operation. Even allowing for
communication protocol control and checksum bits, this
rate is more than adequate to support a fully utilized
9,600-baud synchronous data link. This speed in turn is
fast enough for most of the applications mentioned
earlier.
Designing the set
There were two principal design objectives for the
S6894 chips. Users generally want both a very high
data-encryption rate and easy interfacing with microprocessor systems. Achieving these goals would simplify
their applying the set.
But because the microprocessor hardware configuration—a standard circuit that is widely used—placed
several constraints on the software design, there were
certain difficulties to overcome in realizing the objectives. For one, all variable data—including a stack area
to service subroutine calls and processor interrupts—
must fit within the 128-byte RAM of the S6802. For
another, the program for encrypting data, with its
constants and lookup tables, must fit within the 2kilobyte ROM of the S6846. Finally, all the command
words from the host processor, status indications from
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PROCESS
COMMAND
ENTER
NEW KEY
ENCRYPT
AND DECRYPT
COMMANDS
64-BIT
ENCRYPTED
OR DECRYPTED
DATA BLOCK
RESULT

time but uses most of the random-access memory.

The S6894 implements the complete N BS DES algorithm [Electronics, June 21, 1979, P. 107] using aproprietary program written for the S6800 family of microprocessors. It consists of two chips. The S6802 is the microprocessor itself, with an on-chip clock generator and a
128-byte random-access memory. The second chip is a
programmed S6846 read-only memory with input/output and atimer.

ACCEPT 64-BIT
DATA BLOCK

ENCRYPT OR
DECRYPT
COMMAND IS
COMPLETED
AT THIS
POINT

ENTER-NEW KEY COMMAND

8-BIT STATUS
BYTE

HANDSHAKE/ACKNOWLEDGE

3. Data flow. All

input/output signal transfers are individually

acknowledged by handshake signals in the S6894 data-encryption
system. The set will not proceed to the next step in an operation
unless each step is acknowledged by the host processsor.

the data-encryption unit (DEu), and data input and
output must be transferred through the single bidirectional 8-bit parallel I/O port of the S6846.
Yet the 6800 series devices were up to the job. What
was required were the usual tradeoffs between software
and hardware that are inherent in any microprocessorbased system. The necessity for the tradeoffs was based
on the simple fact that the amount of RAM and ROM
available in the S6802 and S6846 dictated the design
approach to the set. The method used to generate and
store subkeys illustrates the tradeoffs.
Providing for subkeys
In the DES algorithm, the 56-bit encryption key is not
used directly during encryption and decryption. Instead,
each of the algorithm's 16 product-transformation steps
uses adifferent permuted selection, or subkey, of 48 bits
from the basic 56-bit key.
One method of implementing the subkey is to store
only the 56-bit encryption key in RAM. Then the 48-bit
subkeys may be computed as required during encryption.
The benefit of this approach is that the encryption key
occupies only 7bytes of RAM (8 bytes if the key is stored
as two 28-bit half blocks). The DEU can thereby be made
to support multiple encryption keys, with most of the

137

HOST
PROCESSOR

ADDRESS

INTERFACE
CHIP

ROM, I/O,
AND TIMER

MICROPROCESSOR

S6821

S6846

S6802

DATA

CONTROL

CA,
CA 2

CONTROL

CP,
CP 2

S-6894 SYSTEM
•

4. Complete system. The S6894 two-chip data-encryption and -decryption subsystem can be connected to a host processor through an
S6821 interface chip or its equivalent. Encryption time can be as low as 5.5 milliseconds.

I28-byte RAM still available for work space, stack area,
and other data storage. The disadvantage is that computation of the subkeys adds significantly to the dataencryption time.
An alternative approach is to precompute the 16
subkeys each time anew 56-bit encryption key is entered
(Fig. 2). This method minimizes the encryption time.
With this method, 96 bytes of RAM are required to store
the 16 48-bit subkeys. In the S6802, that leaves 32 bytes
of RAM for other uses—adequate for the applications at
hand.
Because one of the design objectives was to maximize
the encryption speed, precomputation was chosen. This
decision was amajor tradeoff, since, as noted, little RAM
was available for variable data storage, work space, and
the stack area.
Subroutine nesting, for example; was now limited to
two levels. That means that adata-encryption key, once
entered into the DEU, must be used for several encryption or decryption operations. In applications in which a
different key is used for each encryption or decryption of
64-bit data blocks, the other design approach would be
preferable and result in faster encryption.
Making the chips perform
How the data-encryption unit operates can be best
understood by remembering that the DES algorithm and
the S6894, as well as all other encryption devices, rely on
one basic principle: the most critical factor in protecting
the data transmitted through the chips is guaranteeing
the secrecy of the encryption key.
In the S6894, the encryption key, once entered, cannot
be accessed by external means in either its original or its
processed form. Each key is entered only once—when
the unit is turned on, following a DEU reset, or when the
key is changed.
All these operations begin with an 8-bit command
byte that comes from the host processor in the terminal
after it is turned on. This command is validated by the
DEU, and astatus byte is returned to the host processor.
The S6894 uses a set of five separate commands to
interact with the host: enter new key, encrypt data,
decrypt data, reset, and return status. They are all part
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of the data-flow sequence used to control the unit's
encryption and decryption functions (Fig. 3).
In this sequence, the enter-new-key command instructs the data-encryption unit to enter a new encryption key. This key is asequence of eight 8-bit bytes. The
7 leftmost bits of each byte are data and the rightmost
(least significant) is an odd-parity bit. A parity error on
any data byte causes the key to be rejected and
command processing to abort; astatus indication is then
returned to the host processor. If there are no parity
errors, the 56-bit key data block is readied for use in
encryption or decryption, and a ready-status signal is
sent to the host processor.
The encrypt- and decrypt-data commands instruct the
DEU to convert the 64 bits of data into encrypted code or
plain text, respectively. The encrypt-data command is
rejected if no valid encryption key has been entered since
the most recent reset of the S6894. Otherwise, the 64-bit
result will be returned to the host processor as a
sequence of eight 8-bit bytes.
The reset command returns all DEU controls to an
initial state. A full reset (the encryption key is cleared)
or a partial reset (the current encryption key is
preserved) is controlled by the setting of the key bits in
the command byte. Finally, the return-status command
returns the current value of the DEU status byte to the
host processor.
A good example
In a typical encryption system, the host processor
communicates with the S6894 through aS6821 or equivalent interface chip (Fig. 4). All handshaking functions
are performed through lines CA Iand CA 2.
A negative-going transition on the S6894's CP I input
line signals the presence of valid input data on lines
Po—P, (see Fig. 1again). This transition latches the data
into the DEU input port buffer, and its receipt is signaled
by a negative-going transition on the CP 2 output line.
The port is then ready to accept the next input, if any.
Valid output data on lines 1
30-132 is signaled by a
negative-going transition on output line CP 2.Receipt of
this data must be acknowledged by a negative-going
transition on input line CP I before the unit will proceed
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5. Pick a key. The S6894-2 can be used in the master-key (a) or the
session key (b) mode Two new commands are required for two-key

operation. These are included in software.

immediately on to the next operation.
The speed of American Microsystems' encryption
system can be enhanced by using selected devices. For
example, whereas the S68A94 —one of the models available—can handle 4,600 bits per second, the S68H94
runs at 11,500 bits per second and an encryption time of
5.5 ms, the top figures mentioned earlier.
This figure is an "average minimum" time. It occurs
when the host processor conforms fully to S6894 datavo and control-signal timing requirements without
introducing any additional delays. Although the operating time of the S6894 may vary with data patterns because of random differences in encryption and decryption and key-processing times, variations—even in the
worst case—from any specified times are less than 2%.
Multiple-key systems
Added security can be gained in a data-encryption
system by using multiple-key, or master-key, systems. In
this approach, asingle key is used to generate (encipher)
other keys, known as session keys. The master key is the
only key that is stored in plain-text form. Therefore the
problem of guaranteeing the security of the keys is
reduced because only the master key must be kept in
total security, and even if it were obtained, outsiders
would also have to know how to generate the subsidiary
keys. Usually, the master key is protected in avault or
other type of sealed unit.
The encrypted session key is transmitted over adata
link or other communications medium to be decrypted.
Once the decrypted session key is available at both ends
of the link, encrypted data transmission can begin.
At no time is an unencrypted key transmitted outside
the data-encryption device itself. A person trying to read
the key or data (by a wiretap or other means) would
intercept only the enciphered key and data. Without the
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MAGNETIC TAPE

DISK SYSTEMS

O. Computer safety. Three DEUs are needed for this system, which
consists of remote terminals, a CPU, and magnetic memories. A
separate key may be specified for each reel of tape or disk.

master key, he could not easily decipher the data.
The session key could be generated by a random
number generator. Every attempt should be made to
keep the key truly random. For example, it should not be
tied to personal variables such as birthdays or unique
names that may make decoding easier.
The S6894 chip set can be expanded to a two-key
version—the S6894-2—by adding external RAM for key
and command storage. In this approach, the unit's
encrypt and decrypt commands designate which key is to
be used.
The S6894-2 can serve two data paths—for example,
to two data terminals—having different encryption keys
and can be used in the master-key or session-key modes
(Fig. 5). Here the device utilizes two special commands,
decrypt key and process decrypted key, in order to
prevent external access to the intermediate key value.
These commands allow an encrypted key transmitted
from aremote location to be decrypted using either one
of the two existing keys. With this approach, either
existing key can be replaced with anew key as desired.
A three-key version, the S6894-3, is also available,
although at extra cost.
A data-encryption unit may be placed in two locations
within acomputer system— most obviously, at both ends
of the data link—and between the computer and peripherals (Fig. 6). A multiple-key storage unit stores master
keys for each terminal and many session keys. The other
multiple-key unit contains keys for each peripheral
device and aseparate key for each reel of tape or disk.
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Engineer's notebook
Programmed regulators check
system's operating margins
by Robert Pease
National Semiconductor Corp. Santa Clara, Calif.

Some computer systems that are functional with anominal 5-volt supply may run only marginally at 5.1 V and
not at all at 5.3 y, or vice versa, even though all voltages
are within the system's specifications. By making
programmable voltage regulators part of the computer's
power supply, however, and placing the regulators under
computer control, the true limits of the system can be
easily determined. In addition to detecting any impending device malfunctions or solid failures at any given

supply voltage, the test will be useful for diagnosing
skew, race, and timing problems and will help to pinpoint
noise and threshold difficulties.
The test setup is shown in Fig. I During operation at
a nominal voltage of 5.0 Y, the 7475 latch is
programmed so that Q1and Q2 are high, and Q3 and Q4
are low. Thus resistors R4 and R5 are effectively connected in parallel with R6. Potentiometer PI is used initially
to set V. of the LM338 to exactly 5.00 Y.
If Q4 is commanded high, the net conductance from
the adjust bus to ground will decrease, and V. will rise
3% to 5.151 Y. Conversely, if Q1 is commanded low, the
output voltage will fall 3.3% to 4.835 Y. The list of
intermediate output voltages that may be secured is
shown in the chart. The range covered will be ±9.5%.
The same basic function can be provided for systems
that are powered by negative voltages (Fig. 2). Here, the
LM337 regulator is used. Resistors R3—R 6 are switched

9V dc
ADDRESS BUS

IN
OUT

LM338
DECODER

5.00 v dc
NOMINAL

ADJ

33 E11

124 62
±1%

R2

Dl
02
D,

10

2.2 kS2

kS2

R3

04

4.7 k12

1.2 ES?

11 4

DM7475
QUAD O.
LATCH

MA.
6.2 0.2
1.8 0.2

R5
12 kS2

116

349 12
•1'
P,
100 S2

0,

Q2

a,
o
o

VouT

o
o

1. Variation. Auto-programmed regulator checks computer system

o

for failures and malfunctions at any given supply voltage, thereby
testing its operating margins. Table provides list of output voltages

o

o
o

o
o
o

o
o
o

(V)

1Vour (%)

5.000

(trimmed)

5.151

+3.0

5.299

+6.0

5.469

+9.4

4.835

-3.3

4.669

—6.6

4.526

-9.5

that may be ordered. The range covered is ± 9.5%.
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by pnp transistors much as they are in Fig. I. Note
that the resistors are in abinary-weighted proportion. To
decrease V.. by 27(, Q4 is brought low from its normally
high state. To increase V.., by 2%. Q 1 is set high and
Q2 —Q4 is kept low. The range of voltages that may be
ordered up is displayed in the chart.
Note that this circuit provides for asystem shutdown.

If output Qs moves low, the rightmost transistor will
saturate and pull the adjust bus to within 100 millivolts
of ground. V., will then collapse to —1.35 v, and the
computer will draw substantially zero power.
El
Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
naving engineering time or cost.

we II pay $50 for each item published.

5x 6.8 kS2

TTL
LATCHES
03

03

ENABLE
pi
10012

5x39 kfl
-11 V
±30%

R2
Vow-(V)

.àv ouT 1%)

-5.000

(trimmed)
-1.7

-4.914
-4.832

492 S2
1%

81
11812
±1%

ADJUST BUS

-3.4

-4.754

-4.9

-4.666

-6.7

-4.595

-8.1

-4.526

-9.5

-4.460

-10.8

-5.106

+2.1

-5.201

+4.0

-5.301

+6.0

-5.406

+8.1

-5.536

+10.7

-5.654

+13.1

-5.779

+15.6

-5.911

+18.2

LM337

OUT

-5.20 V dc
NOMINAL

2. Driving ECL. Same margin-checking function may be provided
for computer systems powered by negative voltages. Circuit's trim
resolution is 3%, enabling V,,,,, to be set within 2% of any desired
value. Programming information is secured from table.

Calculator notes

HP-41C tweaks
vertical antenna arrays
by Walter J. Schulz
Philadelphia, Pa.

Electronics/January 17, 1980

Aiding on-site adjustments of multi-element vertical
antennas, this program tweaks arrays comparatively
quickly. Using the relatively new HP-41C, a scientific
pocket calculator with nonvolatile memory and an automatic turn-off feature for conserving battery energy, it is
ideal for in-the-field plotting of the radiation pattern of
the directional array.
The program sums the field contribution of each guar-
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HP-41C FIELD PLOTTING PROGRAM

Line

Key

I Ile

Key

01

LBL ARRAY

30

4

02

-10

31

ENTER

03

STO 00

32

RCL 08

04

LBL 05

33

P-R

05

10

34

06

ST +00

35

RCL 00
RCL 09

07

RCL 00

36

08

PSE

37

09

CLX

38

COS

10

CL.1:

39

RCL 10

11

RCL 00

40

x

12

RCL 01

41

13

-

14
15

Registers
Ro

0

R1

01

R2

SI

R3

01

RCL 17

RO

E1

42

4

R5

02

COS

43

ENTER

R6

S2

RCL 02

44

RCL 18

R7

16

X

45

P-R

02

17

RCL 03

46

V

R8

E2

18

4

47

RCL 13

R9

03

19

ENTER

48

ENTER

R10

S3

R17

03

R18

E3

j

20

RCL 04

49

RCL 11

21

P-R

50

R-P

22

s•

51

PSE

23

RCL 00

52

CLX

24

RCL 05

1

25

53

RCL 00

54

360

26

COS

55

x-- y ?

27

RCL 06

56

STOP

28

X

57

GTO 05

29

RCL 07

58

END

Instructions
•Specify the number (abc) of memory registers required for the calculation,
and the number of significant digits (n) to which each field-ratio value is
to be found:
EXC, o, SIZE, a, (abc), FIX, (n)
• Enter array parameters - azimuth, element position, spacing and phase with
respect to reference for all antenna members:
(0), STO 0, (0 1 ), STO 1, (S 1), STO 2,
;1 ), STO 3, (E l), STO 4, etc.
• Execute program:
Calculator finds field ratio for 10° steps in azimuth to 360°,
first displaying each azimuth angle, followed by its corresponding resultant.
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2.5

NORTH
0°
1/ -180° COS

-0° -270'

1/ -180° COS qt.- 45°- 270°

tb 3 =45°

REFERENCE

BEARING

Et

BEARING

Et

0°

BEARING

Et

240°

1.0

10°

2.4

0.6

250°

0.5

20°

2.4

0.2

260°

0.1

30°

2.4

0.3

270°

40°

2.4

0.8

280°

0.8

50°

2.4

170°

1.2

290°

1.2

60°

2.3

180°

1.6

300°

1.4

70°

2.2

190°

1.9

310°

1.7

80°

2.1

200°

2.0

320°

2.0

90°

1.8

210°

2.0

330°

2.1

340°

2.3

350'

2.4

220°

100°
110°

ter-wave element at all points in the horizontal plane
from the equation given by Smith':
E, =

E, (S, cos (1) -cp,

n= I

where:
E, = field ratio
E, = magnitude of field intensity radiated by ith
element, normalized to 1
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N = number of elements, amaximum of 3
S, = spacing of ith element, in degrees, with respect to
the user-defined reference element
= azimuth, which is stepped in 10° increments over
the range 0° to 360°
= position of ith element, in degrees, with respect
to true north
= electrical phase of ith element, in degrees, with
respect to the reference
The program converts the given space factor vector
(magnitude and angle) for each element from polar into
rectangular form. The three individual vectors are then
added for each 10 degrees in azimuth and the result
converted back into polar form and displayed.
This routine accommodates three-tower arrays, which
are probably the most popular found in amateur work
and broadcasting. The program can be extended to
handle a maximum of N=5 elements if necessary,
however. Care should be taken in implementing the
vector (tip-to-tail) additions.
As acheck on the program, consider the three-element
array configured as shown within the resulting polar plot
of the system. Entering the required information as
instructed in the program table yields the tabulated data
from which the plot is constructed.
References
1. Carl E. Smith. "Theory and Design of Directional Antennas," Smith Electronics Inc.,
Cleveland, 1969.
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Seminar probes
telephone's
digital future

Microcomputer
design through
self-instruction

Symposium Investigates
l
asma etching
p
In semiconductors

Connector Symposium
proceedings
now available
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Probe Research, perhaps the first company to conduct an independent
study of the future of AT&T and the telephone system, will host an
intensive seminar on the "Digital Future of the Telephone Network" on
Jan. 22 in New York. Aimed at designers, manufacturers, distributors,
and users of digital networks, the seminar will explore a number of
alternatives open to professionals with astake in both voice and nonvoice
communications.
The seminar will be led by Lee Goeller, assisted by Walter Gorkiewicz
and Victor Schnee. The fee is $195, which includes all seminar materials
and lunch. The program will be held at the Biltmore Hotel, 43rd St. and
Madison Ave. For further information, contact Ms. Rita Tannenbaum at
(212) 732-5415.

Bringing users one step closer to understanding and developing their own
microcomputer systems, Advanced Micro Devices Inc. offers a sevenbooklet course entitled "Build a Microcomputer" free of charge. The
booklets discuss computer architecture, microprogrammed design, the data
path (two booklets), programmed control units, interrupts, and direct
memory access. The course will thoroughly familiarize students with AMD
components in particular. Write or call Bob Grossman at AMD, 901
Thompson Place, Sunnyvale, Calif. 94086. Phone (408) 732-2400 for
more information.

Dry plasma processing has become an essential method in the production
of advanced semiconductors, so much so that LFE Corp., a leader in the
field, will hold atwo-day symposium on state-of-the-art plasma technology. Called "Plasma U. S. A. '80," it will be held June 19-20 at the Hyatt
Regency Hotel in San Francisco.
Structured for personnel involved in research and development and
production of microcircuits, the session will consist of detailed technical
presentations by recognized plasma authorities in industry and will
include discussions of reactive ion etching, planar etching, barrel etching
and stripping, silicon nitride deposition, silicon dioxide deposition, and
automation of plasma processes.
Attendance will be limited, with reservations on a first-come, firstserved basis. The registration fee of $325 includes two luncheons and
morning and afternoon coffee breaks. To register, write or call Ms. Julie
Dawson, Plasma U. S. A. '80 Symposium, LFE Corp., 1601 Trapelo Road,
Waltham, Mass. 02154. (617) 890-2000.

The proceedings of the Twelfth Annual Connector Symposium of the
Electronic Connector Study Group (held on October 17-18) are now
available. Included in the 400-page manual are 44 illustrated technical
papers in the areas of materials, finishes, and plating; fiber optics; coaxial
connectors; interconnection; test methods, materials evaluation, and
printed-circuit board packaging. The cost is $25 ($30 outside the U. S.).
Write the Electronic Connector Study Group, P. 0. Box 167, Ft. Washington, Pa. 19034.
-Vincent Biancomano
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Three new TM 500 Digital
Multimeters give you more
performance choice...
from Tektronix.

Sí

Introducing:
• DM 501A
4/
2 digits, true rms, dB, .05% accuracy,
1
seven functions.

See

• DM 502A
31
2 digits, true rms, autoranging including dB,
/
seven functions.
• DM 505
3/
2 digits, five functions.
1
We've put the best combination of accuracy and convenience into compact, affordable DMM's. Simply put
them to the test. These versatile DMM's are at home
everywhere, making your electronics tests faster and
easier.
Choose seven function capability, including dB and
temperature, from the new DM 501A and DM 502A.
Increase your accuracy with the 41/2 digit DM 501A,
featuring true rms capability and 10 µV resolution. The
31
/
2 digit DM 502A features autoranging in voltage, resistance, and dB, plus true rms capability. Add the
all-around testing capabilities of our low-cost DM 505,
and you've got adigital multimeter for practically every
purpose.
They're all part of the TM 500 family. Just plug them
into any TM 500 Mainframe to make on-site, rack, or
bench measurements. Combine them with any other
TM 500 instruments to build acompact test set just
right for your application.
And, there's even more to these new DMM's. They give
you Tektronix reliability, too. Add TM 500 configurability
and modularity, and you get more testing clout for your
dollar.

+
1
M,

moil)

To learn more about these new TM
500 Digital Multimeters, contact the
Tektronix Field Office nearest you.
For acopy of our TM 500 Digital
Multimeter Data Sheet, call our tollfree, automatic answering service:
1-800-547-1512. In Oregon, call
collect: 644-9051. Or, send your
request on your letterhead to
Tektronix, P.O. Box 500, 76/260,
TM 500 A6, Beaverton, OR 97005.
In Europe: Tektronix International
Inc., European Marketing Centre,
Postbox 827, 1180 AV Amstelveen,
The Netherlands.

TM 500
Designed for
Configurability
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For inknediate action, dial
our toll free automatic answering
service 1-800-547-1512
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Pairchilers L511 know-how
adds a new dimension
to in-circuit testing.
LSI test know-how.

Fairchild knows about testing LSI.
Virtually every LSI device devised
by man has been tested on
Fairchild's Xincom, Sentry* or
Sentinel systems. That knowhow has been applied to in-circuit
testing with the development of
the FF303's LSI Testing Module
(LTM). to bring a new dimension
to LSI testing.

LTM finds
post-assembly faults.

LTM is part of a new software
package designed to quickly isolate and identify faults introduced during PCB assembly.
LSI test procedures first
inspect an IC for orientation, adjacent shorts,
opens and pins folded
under. Strategic functional tests follow to verify
the IC's operational integrity. An 8085 microprocessor, for example, is
exercised for Address and
Data Bus, HOLD, INTR, INTA,
10/M, TRAP, RESET, SIS, SOD,
RD, and WR functions*— all in
about 20 milliseconds. No other
in-circuit test system tests as fast
and as thoroughly as the FF303.

Software support.

You need tests that are ready to
run, or easily altered, so you can
use your time for testing, not programming. The special tests you
may need can be quickly and
easily generated by using CHIPS
our unique LSI test language
compiler. That's the kind of software support you get with the
FF303— along with our commitment to maintain the industry's
largest LSI testing library for incircuit testing.

The complete
in-circuit tester.
Your PCBs do not live by LSI
alone. So the FF303 is designed
to test SSI, MSI, and the whole
gamut of analog components.
Faultfinder systems pioneered
the analog in-circuit test method
and the FF303 brings you the advanced component and circuit
path inspection
techniques you
need for precise
fault identification
and diagnosis.

PCB assembly failures by shift,
day or week. And you can do
more.
Add memory, for example, to
handle more complex testing applications. Add a magnetic tape
terminal for off-line program
preparation and editing, or aline
printer for hard copy output. Or
add foreground/background programming options for optimum
CPU capacity with concurrent
program execution.

Versatile fixturing.
Fairchild's Thinline vacuum fixture system lets you choose from
awide variety of fixtures, fixture kits and universal personalizers. Build your own fixtures with Thinline kits or
get turnkey testing with
•ready-to-test fixtures and programs. No other in-circuit test
system manufacturer offers
single-source fixturing and contract programming support.

And you can
choose from two different system
analog and digital test point
capacities with modular expansion as you need it.
With this powerful in-circuit digital/
analog testing system, you can
count on yields of 95% or better at
final test.

The multi-task tester.
Your FF303 will do more than
test. Its computer control lets you
selectively run tests, file failure
data, use the FAULTS automatic
program generator and call, sort
and file data quickly and easily.
With real-time data logging, you
can generate histograms to track

Find out what the FF303 can do
for you. Call or write Fairchild
Test Systems Group, 299 Old
Niskayuna Road, Latham, NY
12110. (518) 783-3600.

EAU RCH II—CI
Test Systems Group

The
First Family
of ATE

*Mnemonics copyright Intel Corp., 1979.
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8Ks, 16Ks, 32Ks, and now...

The first 64K EPROM.
From Texas Instruments.
Naturally.
Introducing the TMS2564. The industry's first 64K EPROM. The densest
yet. With all the high-performance features of TI's 5-V EPROM family. Features like 8-bit word configuration, fully
static operation, automatic chip-select/
power down, and low-power.

with asupply trace to pin 26, both 24
and 28-pin devices can be used, with no
jumpering.

Fully static
Like all TI EPROMS, the TMS2564
maintains the fully static tradition that
makes designing easier.

Pin compatibility

No timing signals. No clocks. No
strobes. No refresh. No problems. Simply, cycle time equals access time.

TMS2564 is offered in a600-mil, 28-pin
dual-in-line package. But, it's compatible with industry standard 24-pin 64K
ROMs, as well as less dense EPROMS.

Lowest power ever

This is because pins 3through 26 of
the TMS2564 are compatible with pins 1
through 24 of the 24-pin devices. Compatibility is enhanced by reserving both
pins 26 and 28 for the 5-V supply. So,

Operating at an access time of 450 ns
with apower dissipation of only 840 mW
maximum or less than 13 p.W per bit, it's
the lowest power per bit ever achieved
in EPROMS.

TI'S GROWING EPROM FAMILY
Power
Device

Description

Max Power (0° C)

Supply

Access

Operating

Standby

lime

131 mW

450 ns

TMS 2564

64 K

5V

840 mW

TMS25 L32

32 K

5V

500 mW

131 mW

450 ns

TMS2532

32 K

5V

840 mW

131 mW

450 ns

TMS2516-35

16 K

5V

525 mW

131 mW

350 ns

TMS 2516

16 K

5V

525 mW

131 mW

450 ns

8K

5V

446 mW

131 mW

250 ns

131 mW

300 ns

TMS 2508-25
TMS 2508-30

8K

5V

446 mW

TMS 2716

16 K

+12, ±5 V

720 mW

450 ns

TMS 27 L08

8K

+12, ±5 V

580 mW

450 ns

TMS 2708

8K

+12, ±5 V

800 mW •

450 ns

TMS 2708-35

8K

+12, ±5V

800 mW '

350 ns

Easy programming
The TMS2564 is designed to facilitate
rapid program changes in high density,
fixed memory applications.
All that's needed for simple, insystem programming, is asingle TTL
level pulse.
You can program in any order. Individually. In blocks. At random. So, programming time is reduced to a minimum. And, you can use existing 5-V
PROM programmers.
Erasing? Simple ultraviolet. Just like
any other EPROM.

Widest choice
By adding the new TMS2564 to our fastgrowing EPROM family, we offer the
designer aproduct breadth unmatched
by any other supplier.
All TI EPROMS are available in 600mil packages with JEDEC compatible
pin-outs.
And they all share the reliable Nchannel process technology.
TI's growing EPROM family. For all
your present and future memory
requirements.
For more information about the first
64K EPROM, or any other family member, call your nearest field sales office or
authorized distributor. Or,
•
write to Texas Instruments, P.O. Box 1443,
M/S 6955, Houston, lbxas
77001.

•TA -70 C

TEXAS I
NSTRUMENTS
©1979 Texas Instruments Incorporated

INCORPORATED
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Common
interface.
,
..
,sommon-English programmtng.
Uncommonly good graphics.
iow Hewlett-Packard brings easy-to-use color graphics to your RS-232-C system.
11th the new Model 7220A plotter even an automatic paper advance
model (7220S) that plots, cuts and
aft) it's simple to add HP's mu!stacks your graphics for unattended
color graphic capability to your
operation.
stem, any time. Our HP-GL proIn addition to the A3 (11" x17")
ramming language is based on
ammon-English abbreviations with
large inventory of plotter cornlands. And our graphics, in four
rogrammable colors, are uncomlonly good. Good enough, in fact,
obe publication quality.
The plotter is so versatile that it
an be easily used in both OEM and
.nd-user applications. HP includes
mportant features to let you im)lement graphics on your system
!asily and quickly. Features like au.omatic pen selection, internal scalng, digitizing, internal character set
;election and dashed lines. There's

7220 Plotter, HP also offers the low
cost Model 7225A, an A4 (8 1/
2"
x11")
high quality plotter with RS-232-C
hardwire connection. And it uses
the same plain-talking HP-GL language. A plug-in module customizes
the plotter to your computer, desktop computer or intelligent instrument system.
OEM discounts are available on
all HP plotters. For complete information, contact your local
Hewlett-Packard sales office or
write to Hewlett-Packard, Attn: Bill
Fuhrer, 16399 West Bernardo Drive,
San Diego, CA 92127; (714) 487-4100.
11903

HEWLETT
PACKARD
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Four very small ways
Cutler-Hammer switches
improve your PC design.
With four types of switches—rockers, pushbuttons, toggles and DIPs—we
offer one of the industry's broadest and most unique selections of PC subminiatures.
Each of the hundreds of available styles provides the reliability you've
come to expect from Cutler-Hammer switches. With ratings to 6 amps,
each conforms to standard circuit board mounting requirements.
PC switches, along with accessories and decorative hardware, are
distributor stocked for local availability. And since most are manufactured
in the United States, we offer fast reaction time on solder lug and wire wrap
terminal variations, as well.
To improve your next design in any number of small ways, contact your
Cutler-Hammer Sales Office or Switch Distributor. Or write Eaton
Corporation, Commercial Controls Division, 4201 N. 27th St.,
Milwaukee, WI 53216.

E T•N

Electrical/Electronic
Control
Circle 152 on reader service car

New

Sputtering system has high yield
Plant uses up to six high-rate cathodes, two vacuum chambers and a
vertical transport system to keep both throughput and reliability high
by John Gosch, Frankfurt bureau manager
As fabrication technologies for electronic equipment—particularly microcircuits—become more and more
exacting, there is an increased
demand for equipment that offers
high process reliability and yield
coupled with high productivity. To
help meet that demand, at least as

far as sputtering systems go, West
Germany's Leybold-Heraeus GmbH
is readying the first model of a new
generation of sputtering plants
claimed to have capacities and
throughputs up to four times higher
than those of competing•equipment.
At the same time, they greatly

improve the yield, according to the
company.
The first model, the A 400 Z3 PS,
is a two-chamber, high-rate-cathode
sputtering plant. According to
Gonde Dittmer, a project manager
at the Hanau -based Vacuum Process
Technology group of L-H, it can coat

What's inside. Cutaway view shows magazine with carriers holding unsputtered substrates (1); vacuum pumps (2); magazine loaded in lock
chamber (3); front door with set of vertically oriented cathodes (4); type PK 500L high-rate sputtering cathode (5); supply cabinet (6); coating
chamber (7); rear door on which cathodes cannot be seen (8); substrate carrier (9); conveyor belt (10); unloading of magazine with carriers
containing sputtered substrates (11); load-transfer door (12); lock chamber (13); and infrared heat source (14).

Electronics/January 17. 1980
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3Families of
control knobs at
affordable prices.

New products

ALUMINUM SERIES ours are better because they are

totally machined without compromise, even the knurls. Other
features include: durable anodized finish, two stainless steel
set screws, all edges chamfered and the recessed bottom clears
mounting nuts.

LEXINGTON SERIES This series is molded from high
quality phenolic resin in black or red. All have aluminum spin
plates, brass bushings for added strength and allen set screws.

COLLET SERIES A unique mounting technique is used
which allows a firm attachment to any shaft without the use
of exposed set screws.
Our no. 1 criteria for ALCOKNOBS is high quality. Offering
three broad families, all standard knobs are generally available
"off-the-shelf" in production quantities. However, we would be
glad to quote on custom knobs. Write or call Customer Service
for latest catalog and free sample.

41111*

I

FILE

er

NE113

ALCO ELECTRONIC PRODUCTS, INC. a subsidiary of AUGAT, Inc.

1551 Osgood St., N. Andover, MA. 01845 (617) 685-4371 TWX:

710 342-0552

Circle 154 on reader service card

FREE

Bectrcires,,,

Brochure describes Electronics
editorial reprints, services, books...
•More than 70 article reprints in 15 subject
categories
•Handy wall charts
•Cusrom-made reprint services
•Books especially for Electronics' readers
•Convenient postage-paid order cards
154

-For your free copy,
circle #275 on the
reader service card.

one or both sides of about 13 square
meters' worth of substrates in one
cycle for atotal capacity of about 26
m2.
The time required to process a
substrate is between 20 and 90
minutes, depending on the pretreatment and coating processes involved
and on a number of other factors.
That translates into an average
throughput of up to 250 substrates
per hour, depending on their size.
The plant can handle rectangular
substrates or circular ones with
diameters up to 6in.
The A 400 Z3 PS has two highvacuum sections—a lock chamber
and a coating chamber—separated
by alock. Equipped with an infrared
heater and ahigh-vacuum pump, the
lock chamber is loaded with amagazine that holds a number of
substrate carriers, each with up to 28
substrates. The coating chamber
contains the substrate transport system, which consists of a two-chain
endless conveyor belt. The lock
between the plant's two chambers is
closed during magazine loading so
the coating chamber is kept under a
continuous vacuum.
Plant operation is relatively simple: after a magazine with uncoated
substrates is loaded into the lock
chamber, the latter is evacuated and
the substrates are degassed and
preheated to temperatures as high as
300°C. This ensures that the substrate surfaces are clean and free of
residual gases before sputtering. The
magazine then moves to the coating
chamber for the substrates to be
sputtered.
The key to the plant's high capacity and throughput is the design of
its transport system, as shown in the
illustration. Vertically installed, the
endless belt picks up the substrate
carriers, one after another, with the
carriers hanging loosely between the
belt's two chains. The belt then
moves the carriers past two sets of
vertically mounted cathodes, or targets, one on each side of the transport system. Thus, the substrates are
coated on one side on the way up and
on the other side on the way down.
The coating chamber may have as
many as six cathodes, depending on

Electronics/January 17, 1980

"We're making
the Factory of the
Future areality
with Intel
Single Board
Computers:'

West: "Productivity is on everyone's mind
these days. In manufacturing, it's accelerating the
trend towards automation of machine control. At
Numeridex, we're taking advantage of the demand
for improved efficiency by harnessing microcomputer
intelligence for computer-aided manufacturing
applications.
"Intel Single Board Computers are the technological breakthrough that's made the difference for
us. Our special expertise is understanding customers'
needs—not designing microcomputers. From the
earliest stages of product planning, relying on
Intel's fully assembled and tested board
computers enabled us to speed up
development, conserve capital, and
focus our resources on designing
the right product for our market.
"Our LC-5000 system for numerical control tape preparation
is an example. Its intelligence
Circle No. 155 for information

is based on the Intel iSBC 80/20-4T" Single
Board Computer, providing features and
capabilities never before available to the
numerical control market. Smart machines
like the LC-5000 are the tools our customers need to achieve high productivity.
"Starting with fully debugged microcomputer hardware meant we could
concentrate on application software.
That's where our real proprietary value is,
anyway. With our limited experience, though,
we might not have succeeded without the software
development tools Intel provides. The Intellec®
Microcomputer Development System and RMX/80T"
Real-time Multitasking Executive software framework
made it easy to write specific application-oriented
modules. That's another way Intel helps companies
like Numeridex gain the market advantage with
microcomputers."
Intel Single Board Computers, microcomputer
components, memory products and development
systems have helped hundreds of companies, with
applications ranging from industrial automation to
data and word processing, get the competitive edge.
For more information on
how Intel microcomputer
intelligence can revolutionize your product line
contact your local sales
office or distributor, or
write Intel Corporation,
Literature Dept., 3065
Bowers Avenue, Santa
Clara, CA 95051. Telephone (408) 987-6475.

inter
delivers.

3H ELECTRONICS
Looking for Linear IC Testers

New products

MODEL 3H203
For limited budget

• High volume of specific devices
• Using PROM programming
MODEL 3H201
For reasonable budget
• Using card programming with
ordinary pencil
MODEL 3H401
Budget you can still afford

• Using PDP11 Computer
• More sophisticated data handling
• Larger possibilities of testing
complex mixed devices

3H201

TEST CAPABILITIES FOR
ALL MODELS INCLUDE:

OP-AMP/Comparators/ Regulators
Timers/Line Drivers & Receivers
Analog Switches/Voltage Follower
Differential Amplifiers/Transistors
Opto-Couplers/Special Devices.

Our best reference: Satisfied customers throughout the world using 3H Testers.
Call for ademonstration ... Ask about our leasing program
For more information call:

3H ELECTRONICS

Leader in simplifying Linear IC Testing
HEADQUARTERS
1289 Hammer wood Avenue
Sunnyvale. CA 94086

lei 14081 734-5970
Telex 352022

EUROPEAN HEADQUARTERS
27C Chemin Boissier

1223 Cologny
Geneva. Switzerland

SOUTHERN CALIFORNIA

32129 Lindero Canyon Road
Westlake Village, CA 91361
Tel 12131 889-1365
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WOULD YOU GIVE
CREDIT TO YOUR
COLLECTION
AGENCY?
You would, to STA. We're acommercial collection
agency with a strong financial standing of our
own. And our accounts are insured to $500,000.
We stand for integrity. Prompt results. And
nationwide service. Call today.

STANLEY TULCHIN ASSOCIATES
New York • Chicago
Los Angeles • Atlanta • Dallas
(800) 645-3567
In New York, call (212) 343-3535 or (516) 222-2750
156
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the quantity of material needed for
layer construction, on whether the
substrates are to be coated on one or
both sides, and on whether they are
to be sputtered once or several times
with the same material. (The need to
sputter a substrate more than once
with a given material may arise if
certain process parameters require
that the substrate temperature be
kept below a certain value and the
required coating thickness cannot be
achieved in one shot at that temperature. In such cases, the sputtering
cycle may be repeated once or
several times.)
Up to three cathodes, made of
different materials, if necessary,
may be installed on each side of the
transport system. This makes it easy
to fabricate multilayer constructions.
Yield is improved over competing
technologies' by a combination of
factors, Dittmer says. One is the
system's vertical orientation, which
prevents contaminating particles
from settling on the substrate or
cathode surfaces. Another is the use
of turbo-molecular vacuum pumps,
which provide an oil-free vacuum.
The plant's high-rate PK 500L
cathodes, which may be operated
with dc or radio-frequency voltages,
are mounted on hinged doors that
enclose the coating chamber during
plant operation. When the doors are
shut, the cathodes are adjacent to
the two sides of the transport system:
the average cathode-to-substrate
spacing is about 60 mm. For coating
substrates on one side only, one set
of cathodes may be removed or shut
down.
The A 400 Z3 PS will be available
by mid-1980. The basic equipment,
with one cathode, will sell for about
$280,000. More elaborate multicathode systems will, of course, cost
more. "But even the basic version
has all the features plus the flexibility to expand it step by step into a
high-capacity, high-throughput
plant that can construct complex
layers," Danner says.
Leybold-Heraeus Vacuum Systems Inc., 120
Post Rd.,

P. O.

Box 483,

Enfield, Conn.

06082
Leybold-Heraeus GmbH,

6450

Hanau

1,

P. 0. Box 1555, West Germany 13381
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Now Gould offers a range of digital
storage oscilloscopes that offer aworld of
advantages over conventional tube storage
technology, beginning with being able to
capture transient of "one-time" events and
store them indefinitely
for display or hardcopy
printout. This makes
them ideal for electronic,
electromechanical, educational, and biophysical
applications.
Both the 0S4000
and the new 0S4100
combine the capabilities
of semi-conductor memory with abright, stable,
flicker-free display. This technique allows
analysis of signal build-up and decay
characteristics through pre- and posttrigger viewing. Expansion of the display
after storage permits detailed study of
specific areas of the trace.
The new model —0S4100 —also offers

you stored X-Y displays, channel sum or
difference and amaximum of 100 V per cm
sensitivity with noise suppression. A unique
trigger window circuit assures capture of
transients of unknown polarity.
Other outstanding
features include automatic operation, display
of stored and real time
traces simultaneously
and hard copy memory
output in digital or analog form.And 1EEE488 is
available for compatible
interfacing.
And,
remember
that Gould scopes are
backed by atwo-year warranty of parts and
labor, exclusive of fuses, minor maintenance
and calibration. For further information, contact Gould Inc., Instruments Division, 3631
Perkins Ave., Cleveland, Ohio 44114. Or Call
(216) 361-3315, Ext. 395, m ew
for ademonstration.
— 4—
GOULD

Extend your
storage
capabilities
beyond the
conventional.

An ElectricallElectronics Company

NO OTHER TAPE SYSTEM

IMIIES50 LITTLE 11111111ANCE.
The Honeywell Model 101—it's like no other tape system you've
ever used. Because no other system makes it so easy for you to
get all your data—and get it right—on the first try.

HERE'S WHY:

or

AUTO
TEST

Auto Test. Initiate this automatic routine and the Model
101 tells you if its correctly
calibrated. If not. the control
panel display identifies the
required adjustments.

Preamble. This unique
feature simultaneously
records calibration signals
on all channels. Your playback instrument can then be
adjusted to match the setup
of the recording system for
optimum reproduction.

Multipurpose Meter. During
checkout or calibration this
built-in meter can measure
frequency.Vdc. Vac peak.
or Vac rms. During actual
operation it becomes amonitor meter that gives you a
real-time look at the normalized inputs or outputs.

Selective Track Recording.
This lets you program the
tracks you wish to record.
You can automatically record
forward on odd-numbered
tracks, for example, then in
reverse on even-ni imbered
tracks The result is maximum use of the tape and
fewer tape changes.

-

Transport Sequencing. Two
or more Model 101's can be
programmed to record
sequentially for continuous
recording with no gaps in
the recorded data.

0 GI 9
AC

KHZ

DC

PK

RMS

INPUT

il

Built-in Calibration Equipment. A small screwdriver is
all you need to calibrate the
Model 101 Since there is no
external test equipment to
hook up. and no test points
or calibration signals to
remember, calibration takes
just half the usual time.

The Model 101 also offers
such advanced features as
an adjustment-free triplanar
tape path for exceptionally
gentle tape handling, microprocessor control of operation and checkout functions.
wideband and intermediate-

band 3000-hour heads of
solid ferrite, large reels for
up to 32 hours of recording
time, and up to 32 data
channels in asingle unit

For more information on the Model 101, just call Darrell Petersen at
(303) 771-4700 Or write for afree illustrated brochure that describes
all our magnetic tape systems and other instrumentation products.
Honeywell Test Instruments Division. Box 5227, Denver, CO 80217.

WE'LL SHOW YOU AMIER WAY.

Honeywell
Circle 159 on reader service card

WE CANT GIVEYOU
ONE GOOD REASON TO
BUY THIS IC HANDLER,

t

BUT
WE CAN GIVE YOU
FIFTY GOOD REASONS.
It's not any single feature that makes MCT the
best-selling IC handler. It's acombination of many
features.
In fact, MCT handling systems combine more
reliability, versatility and efficiency than any other
handler. That's what makes MCT the most
cost-effective handler you can buy.
Take our "dead bug" handling approach for
example. It significantly reduces jamming and
downtime while allowing MCT handlers to handle the
widest range of package types in the industry.
Or consider our superior contacts. They're made
from gold-platinum for greater durability and better
contact integrity.
And consider our efficient, human engineered
design or our range of speeds up to 10,000 DPH.
Above all there's our professional service network
— offering the most comprehensive installation, parts,
service and training
capabilities in the industry.
We could list at least
fifty more reasons why
MCT handling systems are
THERE'S MORE
the best you can buy. But
TO AN
we don't have room for
Ma
HANDLER
them in this ad.
So, instead, we've put
together abrochure that
explains our reasons in
depth. To get acopy just
call (612) 482-5170, or
write MCT today.

Micro Component Technology, Inc.
PO. Box 43013, St. Paul, Minn. 55164
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BUY ALINEAR
LSI TESTER WITH
YOUR EYES WIDE
OPEN AND
YOU WON'T LOSE
SLEEP LATER.
In linear LSI test systems, like
anything else, you only get
what you pay for. And if you
don't look before you leap,
that "entirely new approach"
to linear LSI testing could turn
out to be the very same old
computerized tester hiding
behind some new metal,
complete with all of yesterdays bottlenecks.
With todaVs LSI devices,
you need asophisticated, accessible and powerful computer to execute the complex
test algorithms.
What you need is the LTX
Spacesaver LLSI Test System.
It's aunique modular integration of hardware and software
that's easy to use and easy to
program. Our Spacesaver puts
computer power where you
need it All with an eye towards
speeding up payback by increasing throughput and yield.
Your test engineers can
be just that test engineers, and
quickly program, debug and
update job plans in ahigh level language that doesn't require aComputer Science degree to
use or understand. They can mix forced or measured variables and obtain rational results
without scaling. They can debug and edit online anytime without interruption of production
testing. All at aquarter of the cost of competitive systems that may be nothing more than the
same old tester hooked to ahost computer that does nothing for your testing capability.
162
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Best of all, the new LTX Spacesaver can handle all your testing requirements on everything from op amps to CODECs, as well as thick and monolithic thin film trimming, too.
So open your eyes and get agood nights sleep. Find out about the LTX
Spacesaver LLSI Test System today. Call Bob Bazner at (617) 244-7800.
LTX Corporation, 160 Charlemont Street Newton Highlands, MA 02161.
Electronics/January 17, 1980
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New products
alignment techniques for better resomarkedly different applications areas, according to Kirk MacKenzie,
lution and, therefore, speed.
According to Waser, several po- strategic marketing manager of rantential and existing users of the dom-access memory components at
67401 were operating in a byte (8Intel's Aloha, Ore., operation. The
2147 is being used in cache and main
bit) mode that would require them to
link two of the devices to provide a memories and has so far seen very
64-word-by-8-bit FIFO. However,
little microprocessor application.
when they wanted a parity bit, he The 2148H and 2149H, on the other
adds, "they would be required to use
hand, can be arranged for memory
athird device for parity, even though
arrays with depths of 1,024 bits and
that FIFO is only partially functionthis, coupled with their 4-bit width
al." That real estate can be reduced
and compatibility with TTL, makes
by one third, Waser notes, now that them very attractive for bit-slice
mmi has developed two new FIFOS
microcomputer markets, at present
organized as 64 words by 5 bits.
dominated by bipolar components.
Available in both 10-MHz (model
Both the 2148H and 2149H are
67402) and IS-MHz (67402A) veravailable in two versions with worstsions, the 64-by-5-bit FiFos come in
case address access times of 45 or 55
18-pin packages. Like the 67401A,
ns, and both draw 180 mA (900 mw)
they will be offered in both standard
during active operation. The
commercial (5 V ± 5%, 0° to 70°C)
2148H's power-down feature, actiand military (5 V ± 10%, —55° to vated by the chip-select line, auto+ 125°C) versions.
matically slashes power consumption
Available off the shelf, the
by about 85%, down to 150 mw (30
67401A, 67402, and 67402A are
mA) in standby.
priced at $38, $32, and $48 apiece,
Lacking the power-down, the
respectively, for quantities of 100
2149H sports a 20-ns chip-select
access time—superior to the 45-ns
and up.
Monolithic Memories Inc., 1165 East Argues
premium chip-select access time of
the 2148H—for nearly double the
Ave., Sunnyvale, Calif. 94086. Phone (408)
throughput in many applications.
739-3535 [411]
"The 2149H is for speed-sensitive
applications where every nanosecond
counts," says MacKenzie.
Fast 1-K-by-4-bit RAM aims
Both memories come in 18-pin
packages and have common input
at bit-slice applications
and output pins for three-state operFleshing out its line of fast static ation. They are truly static memoRAMS, Intel Corp. is now offering a ries, requiring no external clocks or
timing strobes, and access times and
pair of 4-bit-wide memories aimed at
cycle times are identical to increase
bit-slice and other fast microprocesdata rates when system cycle times
sor niches. The 21481-1 and 2149H
are longer than access times.
are built from high-performance
The devices are available in
HMOS-II technology [Electronics,
Sept. 13, 1979, p. 124], and both are
volume now, but pricing has not yet
organized as 1,024 by 4bits.
been determined.
Intel Corp., 3065 Bowers Ave., Santa Clara,
The 2148H is afaster follow-on to
Calif. 95051. Phone (408) 987-8080 [412]
the 2148 [Electronics, June 21, 1979,
p. 401—reaching down to an address
access time of 45 ns. The 2149H,
offered in 45- and 55-ns versions, is a Power-switching transistors
similar part but without the autorange from 300 to 400 V
matic power-down feature that has
become Intel's trademark.
A family of six high-voltage powerAlthough the new devices have the
switching transistors packaged in
same storage capacity as the 4-Kby- 1
-bit 2147 family of memories, TO-3 metal cases is available for use
their organization will sort them into in output stages of switching power
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supplies, automotive devices, and
audio and stereo systems. The voltages for the npn units are either 300
or 400 V; the continuous current is 5,
8, or 15 A; power ratings are 100,
125, or 175 W. Deliveries of models
2N6542 through 2N6547 are from
stock to eight weeks. In lots of 1,000,
prices range between $1.70 and
$4.95 per unit.
Panasonic Co., Electronic Components Division, One Panasonic Way, Secaucus, N. J.
07094. Phone Bill Bottarl at (201) 348-7276
[415]

Infrared detector
responds in 50 ns
A high-speed infrared detection photodiode has a highly selective spectral response and abuilt-in transmissive filter for remote-control applications. The Ferranti BPW41 silicon
p-i-n photodiode's filter has a peak
response at 925 nm and abandwidth
of 730 to 1,040 nm at the 50% level.
This, says the manufacturer, helps to
make the BPW41 virtually immune
to extraneous visible radiation. A
junction capacitance with a maximum of 40 pF at the 3-v assigned
value ensures the fast response time
required in pulse-code-modulation
systems. Turn-on and turn-off times
are each 50 ns. The diode has an
active chip area of 7.5 mm 2.
Among the remote-control applications for the BPW41 are TV channel selectors, toys, and remote
keyboards for videotext systems, as
well as fiber-optic termination and
optical isolation. Modulated-signal
TV remote controls that use the
device would allow channel selection
without having to go past each channel sequentially. For optical isolators, the use of a gallium arsenide
emitter and this infrared photodiode
makes a separate lens unnecessary
because the diode includes the
photodetector. The BPW41 sells for
$2.02 apiece in lots of 100 or more,
and delivery takes from four to six
weeks.
Ferranti Electric Inc., Semiconductor Products,

87 Modular Ave.,

Commack,

N. Y.

11725. Phone (516) 543-0200 [414]
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Why the
film capacitor
(30-80% higner SPS efficiency.)
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For switching power su lies the
evidence is conclusive. Mere a
filter capacitance of 50 mf
will do, metallized polyprop
e
(film) capacitors far surpass electrolytics in impedance characteristics.

10

100

1,000

10,000

ESR (mallohms)

TRW-35 VS. ELECTROLYTIC Mt LIMITS

Here's why:
At resonance, ESA for afilm
capacitor is less than one-tenth that
of an electrolytic. The film's

capacitance won't dwindle at higher
switching rate frequencies, so you
can design with alower value cap.
With aconstant 2amp ripple
current, afilm cap will cut I
2R
losses —by orders of magnitude.
Its current-carrying capacity is
greater, so paralleling is usually not
required. And ripple voltages are
significantly less.
Film caps can be round or flat—
you gain design versatility. And weight
reduction: 16 grams/cu. in. vs. 26
for electrolytics. The bottom line:
maximum current, minimum size and
minimum loss.
At TRW, we're past pioneering
asuperior concept. We're delivering
abuttoned-down product: the
TRW-35 film capacitor is available
now for input/output filtering in your
state-of-the-art SPS design.

And, in addition, we offer a
complete custom film package for
your specific needs in the 40KHz
and above SPS range.
Get the evidence in hand—send
for the TRW-35 data sheet. And we'll
provide you areprint of the technical
article that triggered the switch to
anew SPS technology.
Send in coupon or call us at
(308) 284-3611.
—

1

TRW Capacitors
An Electronic Components Division of TRW Inc
301 W."0" Street, Ogallala, Nebraska 69153

Please send data on your SPS Capacitors.

Name

Company

04Dept

Mall Code

Address

Ciy
State

Zi p

L.—

TRWCAPACITORS
E-1
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ANOTHER PRODUCT OF ACOMPANY CALLED

TRW

The last thing you want to do is fall for asweet-talking ATE company, and find
yourself left without any visible means of support.
That won't happen if your ATE company is GenRad. That's because no other
company offers you as many different levels of support.
First, you'll meet our Product Specialist. He'll take aclose look at your operation
and analyze your needs.
Then you'll meet our Applications and
Software Engineers. Their job is to finetune both hardware and software to your specific application.
And as your needs change, our Software
Support Group is always there to help.
Generating software device models and
application notes, and working with you on
GenRad Applications Engineers work
debugging
and enhancements. Just give
closely with your test system engineers
to develop the most effective solutions
them acall whenever you need them.
to your testing problems.
GenRad also has alot of other people you
can call on. For instance, our Training Specialists will make sure every
one of your programmers understands their new
system inside and out.
And our Programming Services Group, made up
of full-time applications specialists, can off-load
your programmers whenever you need help.
If aproblem does occur, we can have aField Service
Specialist right there and solving any problem within
hours of your call.
GenRad's Programming
Services Group is always
We even help you solve problems before they develop
ready to off-load your
programmers whenever you
by putting you in touch with one of our User Groups.
need help.
People like you who own and use GenRad
equipment. In many cases, you'll be able to benefit from the
experience of someone who's had atesting problem similar
to yours.
Altogether, GenRad offers you eight different levels
of support. No other ATE company even comes close.
That's something to think about before you let an ATE
GenRad User Groups meet
often to discuss common
company
get close to you.
concerns and share ideas.
One user may already have
For details on our complete ATE line—from product develan answer to atesting
problem you're working on.
opment to field testing—write GenRad, Concord, MA 01742.

GenRad

Put our leadership to the test.
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Everybody has his own idea of security. Like some
people just can't feel safe about aDMM unless it's
over-specified and over-priced. That's OK for
them. But what about people like you, who know
that buying more than what you need is awaste?
At Keithley, we think you should have a
choice. We think you deserve the best possible
DMM for your application at the lowest possible
price. So that's how we design our DMMs—to
match specific user need levels.
You pay for only what you need.
Of course, we'll be glad to sell you all the capabilities you want whether you need them or not.
The important thing is that with Keithley the
choice is all yours. We think aDMM on this page
will show you exactly what we mean.
Our new, rough-and-ready 169.
The tough, battery-powered 169 is a31
2 digit
/
DMM which delivers .25% DC accuracy. MTBF
is 20,000 hours. Electrical parts are kept to a
minimum for long life and fast, easy maintenance.
It's the only low-powered DMM which displays
both function and range along with the reading.
You'll never settle for analog meters again.
Price: $149.

makes possible a12-month recalibration cycle—
twice that of its nearest competitor. Price: $549.
The 179 is afull function DMM and a4* value.
The 41
2 -digit 179 expands 178 capabilities with
/
true RMS, 10µV sensitivity, 1kV protection on f2,,
DC & AC current to 2A. It is also available in a
20A version.
Battery operation and BCD output are optional. 179 Price: $319. 179-20A Price: $359.
The 177 is total measurement capability.
The most sensitive DMM in its price range, the
177 offers outstanding specifications on all functions
with le, lnA, and lmfl sensitivity.
True RMS, 5-functions, 0.03% basic accuracy,
analog output, optional BCD output or battery
pack—the 177 is afirst rate bench DMM. Price: $429,.
The 172A and 173A offer added features and
performance.
Keithley's top-of-the line 41
2 's offer 30,000 count
/
display and auto or manual ranging on all functions
including AC & DC current. Basic DC accuracy
is 0.009%. Resistance capability spans seven
ranges to 300Mfl. Both 2or 4terminal and Hi-Lo
ohms are switch selectable. The 173A adds increased current capability to the 172A. Battery
pack, BCD interface, and

Buying too much DM
makes some people
feel secure.

IEEE output are available
on both models.
172A Price: $545. 173A Price: $675.

We sell satisfaction.
At Keithley we feel the best judge of what's
best for your DMM application, is you. That's

The 191 outclasses its class.
Our newly introduced 191 is aµcomputerbased, 51
/ -digit DMM. It offers le sen2
sitivity, -±200,000 count resolution, 0.004%
basic DC accuracy, 4readings per second,
non-linear digital filtering, pushbutton
offset compensation and 2or 4-terminal
ohms measurement
from 1rnSI to 20Mil
across 6ranges.
It is amanual
ranging bench DMM with DCV and ohms
standard. ACV is optional. The
design

KEITH LEY

All prices U.S.A. only.

why we continue to expand our broad product
line with astream of first-quality, user-oriented
DMMs.
When you look at all the price/performance
options in the Keithley line of DMMs, we think
you'll feel plenty secure.
To order the DMM of your choice or for
information on any Keithley electronic measurement instrument, contact your Keithley representative or call us at (216) 248-0400. Telex: 98-5469.
Keithley Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44139
(216) 248-0400
Telex: 98-5469

Keithley Instruments Ltd.
1, Boulton Road
GB-Reading, Berkshire RG2 ONL
UNITED KINGDOM
(0734) 86-12-87
Telex: (851) 847047

Keithley Instruments, GmbH
Heiglhofstrasse 5
D-8000 Munchen 70
WEST GERMANY
(089) 714-40-65
Telex: (841) 5212160

Keithley Instruments SARL
44, Rue Anatole France
F-91121 Palaiseau Cedex
FRANCE
(01) 014-22-06
Telex: (842)204188
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You looked at the 11/34 and loved the price.
You looked at the 11/70 and loved the features.
Now look at the
PDP 11/44.

Digital introduces amid-range mini
with amegabyte of main memory,
decimal arithmetic,and an expanded
11/70 instruction set.
Now for little more than the cost of
an 11/34, our new PDP-11/44 gives you
features previously found only on superminis. Like PAX, aphysical address extension that gives you afull megabyte of
main memory for more users, larger programs, greater throughput. A new MOS
ECC memory with interleaving for faster
access time. 8KB cache memory for faster
program execution and greater DMA
bandwidth. Sophisticated memory management. And an expanded 11/70 instruction set.
The 11/44 also offers significant performance advancements in two important
languages. Our optimized FORTRAN IVPLUS compiler and run time system,
coupled with our floating point processor
option, gives impressive performance
advantages over conventional FORTRAN.
And our enhanced COBOL compiler with
our new optional Commercial Instruction
Set processor, delivers powerful COBOL
performance and data processing
capabilities.
To keep the 11/44 on the job, you get
plenty of reliability features, including a
microprocessor-controlled ASCII console
with extensive system diagnostic capabilities. A new built-in TU58 cartridge
tape for easier servicing. Plus facilities for
optional remote diagnosis for 24-hour-aday, 7-clay-a-week service with an average response time of less than 15 minutes.
Of course the 11/44 shares the design
advantages of our entire PDP-11 family.
Most importantly, it guarantees software
compatibility the way only the world's
broadest range of 16-bit compatible computers can. So your software investment
remains intact no matter which system
you choose. RSX-11M, the most versatile
real time system in the industry. The new
RSX-11M-PLUS. Or the new enhanced
version of our proven general purpose

and timesharing system, RSTS/E. You can
also tailor the 11/44 to your exact application by choosing from abroad line of
interfaces and peripherals, like our new
20 megabyte RLO2 disk subsystem.
No matter how you look at it, the
PDP-11/44 provides an incredibly powerful base for your interactive and distributed processing applications.
And that's saying alot for asystem
that costs so little.
rip Please send me more information about the
PDP-11/44.
D Please have asalesperson call.
Name
Company
Address
City

State

Zip

Phone
My application is: D Education D Medical
Laboratory D Engineering D Government
Resale DI Manufacturing El] Other
Send to: Digital Equipment Corporation, 146 Main
Street, Maynard, MA 01754, Attn: Communication
Services, NR-2/2, Tel. 617-481-9511, ext. 6885. Digital
Equipment Corporation International, 12 ay. des
Morgines, 1213 Petit-Lancy, Switzerland. In Canada:
L Digital Equipment of Canada, Ltd
N-1-17-0

d
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New products
Packaging & production

Units stabilize
wafer exposure
Constant-intensity controllers
for mercury arc lamps
provide 2% regulation
Of the many steps that can be taken
to improve yields in the manufacture
of integrated circuits, one of the
cheapest and simplest is the installation of instrumentation to control the
intensity of the mercury arc lamps
used to expose ultraviolet-sensitive
resists in photolithography. Two
such instruments, the model 762 and
764 from Optical Associates Inc.,
employ an optical feedback technique that detects changes in lamp
intensity at the wafer plane and
adjusts the lamp current to restore
that intensity to its proper value. The
constant-intensity controllers have
response times of less than 20 ms
and provide regulation within 2%.
The use of a constant-intensity
controller facilitates the establishment of repeatable wafer exposure
because it allows the total radiant

energy applied to a wafer to be
calculated as asimple time-intensity
product. Without such a controller,
the intensity must be integrated over
time to get the total energy.
The 762 and 764 differ from each
other principally in that the 762 is an
analog instrument that displays
lamp power consumption in watts or
intensity in milliwatts per square
centimeter on a mirror-scale meter
whereas the 764 presents its data on
a digital liquid-crystal display. The
762 has four push buttons for range
selection-1, 5, 10, and 50 W or
mw/cm 2— but the 764 is autoranging. The 764 also features an alarm
that sounds to alert the operator
whenever the lamp goes out.
Both units provide dual intensity
settings so the operator may shift
from one preset level to another at
the touch of a button. Both also
provide an idling capability. In the
idle mode, the lamp is kept operating
at a power level optimized for long
lamp life and stable emissivity.
Both controllers protect the lamp
and the process against some of the
effects of variations in line voltage.
For example, the 117-v version of
each controller will maintain lamp
output within the specified limits
even when the line voltage drops to
90 V. Besides this brownout protec-

tion, both units also protect the lamp
against overvoltage by automatically
shutting down when the line voltage
gets too high.
The controllers, which weigh approximately 15 lb, have delivery
times of four weeks. The model 762
sells for $2,650, and the 764 goes for
$2,950.
Optical Associates Inc., 3300 Edwards Ave.,
Santa Clara, Calif. 95050. Phone George Lee
at (408) 988-6900 [391]

Insulation displacement
speeds breadboarding
The fairly recent commercial emergence of insulation-displacementcontact (IDC) methods of circuitboard wiring is challenging traditional wrapped-wire systems with a
number of design advantages [Electronics, Sept. 13, 1979, p. 98]. Faster
wiring and altering of circuits, elimination of wire stripping and broken
wires, point-to-point wiring with
only one connection per contact, and
board reusability—these IDC capabilities all promise simpler, more
cost-effective designs.
The latest iDc-based circuit-fabrication product comes from Information Machinery Corp. The Quick
Stuff GP/120 general-purpose
breadboarding tool consists of a 10by-12-in. fiberglass-reinforced epoxy
printed-circuit board and an assortment of 16-, 18-, 20-, 24-, and 40-pin
sockets, which may be combined on
the board to accommodate all popular discrete components and integrated circuits in dual in-line pack-

amiatilam
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PROCESSOR ¡SENSORS

PROTOCOL

SERIES TO PARALLEL
CONVERTER
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GOO (USA)
8553
5/N 246
7943 4

TRANSCEIVER AnioTRANSFORMER

1553 DATA BUS

DDC introduces the world's smallest
1553 data bus transceiver.
The DDC-8553 data bus transceiver is
small in size and big in benefits. Packaged in a single 24-pin DDIP hybrid,
the 8553 consumes about one-half the
power of other units. The hybrid is supplied with an external transformer for
easy interfacing with the 1553 data bus.
DDC's capability extends to the
complete MIL-STD-1553 A and B. The

co

transceiver/transformer is also available as part of adiscrete RTU module,
complete with encoder/decoder and
serial-to-parallel converter.
Consider the DDC-8553 transceiver
for your 1553 data bus requirements
and see how it can benefit your design.
To find out more, write or call Department A-1 today.
TM

ILC DATA DEVICE CORPORATION
AWholly Owned Subsidiary of ILC Industries. Inc
Dept. A-1, 105 Wilbur Place, Bohemia, New York 11716
516 -567. 5600, TWX: 510.228.7324
LOS ANGELES: ILC Data Device Corporation, Dept. A-1, 7337 Greenbush Avenue, No. Hollywood, CA 91605 (213)
982-6454, TWX 910-499-2674; LONDON: DDC United Kingdom Ltd., Dept. A-1, 128 High Street, Hungerford,
Berkshire RG17 ODL, England (44) 4886-2141/2142, TLX 851-848826; PARIS: DDC Electronique, Dept. A-1.
4 Rue De Abreuvoir, 92400 Courbevoie, France TLX 842-630609
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Fast delivery of
High Sensitivity
Relays...

200 MicroMaglatch Relay
•in 2-tege
Now available for fast delivery in only 2-4
weeks after receipt of order, the Electrodyne
15 Series Magnetic Latch Relay is designed
for direct drive interfacing between low-level
digital logic circuitry and high-power peripheral loads such as solenoids, stepping motors
and incandescent displays. The relay incorporates two coils, one for latch and one for
reset, thus eliminating costly polarizing circuitry. The T2L5-volt and CMOS 12-volt versions incorporate 570 and 1850 ohm coils
respectively.
FEATURES:
•Miniature sealed "DIP" package.
•Contact rating: dry circuit to 2amps.
•VVide range of operating voltages.
•Balanced armature construction/high
shock and vibration immunity.
•Sensitivity as low as 50 milliwatts.
•Isolation: 1000 vrms.
•Internal suppression diodes.
Four basic types of relays come with avariety
of coil ratings and features:
•Type 10 Series, DPDT, Sensitive
•Type 11 Series, SPDT, Sensitive
• ype 15 Series, DPDT Magnetic Latch,
Dual Coil
•Type 18 Series, 2-SPDT Relays
Applications include interfaces with TTL
and CMOS logic and power circuits,
telecommunication-loop sensors, transreceivers, attenuators and test equipment.

1000

COIL POWER CONSUMPTION
AT NOMINAL VOLTAGE

3

EDJ

TO-5

GENERAL
PURPOSE

For complete information, contact
Electrodyne, the people who
pioneered the first balanced armature electromechanical "DIP" relay.

ELECTRODYNE, INC.

New products
ages with up to 64 pins. The GP/120
also comes with bypass capacitors,
power connectors, and a pencil-like,
hand-held wiring tool.
Each socket in the GP/120 contains an insulation-displacement
contact made of beryllium-copper
for durability. The contacts accept
one or two AWG 30 solid copper
wires, piercing their insulation as
they are pushed into the socket by
the wiring tool. Wrong connections
are corrected by simply lifting the
wire out of its contact; omissions are
corrected by adding new leads, since
the ipcs allow the equivalent of four
wrapped-wire levels on one surface.
At the end of a project, a designer
can strip the board by pulling out all
the leads, making it ready for reuse
in amatter of minutes.
The GP/120 operates from 0° to
50 °C at 90% noncondensing humidity. The system has large power and
ground planes and heavy decoupling
capacitance to reduce noise and
crosstalk.
Pricing on the GP/120 starts at
$215, with delivery of the device in
three weeks.
Information Machinery Corp., 110 Middlesex
St., Chelmsford, Mass. 01863. Phone (617)
251-3270 [392]

Test system accepts up to
64-lead sockets and carriers
A socket-and-carrier test system
series accepts awide range of leaded
chip-carriers and four-sided flat
packs with leads on 0.040- and
0.050-in. centers (up to 64 and 48
leads respectively). The series is
designed for leaded chip-carriers and
other four-sided packages that measure up to 0.600 and 0.750 in. on a
side, but will accept other package
sizes after minor tooling adjustments. The contacts give firm wiping
action but do not damage device
leads. The carrier protects the device
leads completely, allowing testing or
aging setups to be made quickly and
efficiently. The sockets' lid design
eliminates shorting against contacts;
the lid will not separate from the
socket body under normal usage.

Other features include integral chassis mounting holes and minimum lid
overhang at the back of the socket to
maximize the density with which
printed-circuit boards may be
mounted.
The socket-and-carrier systems
are available from stock. Prices vary
according to material, number of
contacts, and quantity required. For
example, at the 100-unit quantity, a
typical Polysulfone 40 contact socket
is priced at $11.62 and its carrier
sells for $1.15.
3M

Electronic

Products Division,

Products Department,

Textool

1410 West Pioneer

Dr., Irving, Texas 75061. Phone (214) 2592676 [393]

System solder-coats, levels
more than 100 boards an hour
A system for automatically soldercoating and leveling up to 140
printed-circuit boards per hour is
fully enclosed and features photoelectric cells to protect the operator.
The Levelair model 07 also has an
automatic fail-safe mechanism for
holding boards. This mechanism
may be equipped with a pneumatic
board clamp for higher production
rates. The board clamp has a quickrelease safety fixture and handles
boards or panels up to 0.25-in, thick
and 18 by 24 in. in size. The system
automatically fluxes, solder-coats,
and levels aboard in one operational
sequence. It measures approximately

11200 S.E. 21st Street, Milwaukie, Oregon 97222
Phone (503) 654-0711
176
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POLYSULFONE PCB SUBSTRATE GIVES
é ATTENUÀTOR BC
TYPE 485

AM.

PERFORMANCE CLOSE TO PTFE/GLASS,

ATA PRICE CLOSER TO EPDXY/GLASS
When you're looking for high performance in PCB's—
particularly in high frequency applications—a polysulfone substrate can give it to you at far less cost than
PTFE/glass. Polysulfone has excellent electricals: low
dielectric constant and low dissipation factor for low
loss (see graph). It withstands hand and wave soldering (500°F. bath for 5seconds).
Polysulfone can be easily extruded for PCB substrate, and easily drilled. Copper-clad laminate of
polysulfone has good peel strength and low zaxis
expansion. It can be processed by subtractive, semiadditive and fully additive processes. (Copper-clad
sheet is available from Norplex.)
You can also mold polysulfone for PCB's with
standoffs, holes of all sizes, and in almost any shape—
to save finishing and machining time.
And cost is modest. Tektronix saved $120,000
annually by switching from polyphenylene oxide to
extruded UDR, Polysulfone.

For full data on UDEL Polysulfone for PCB and
other electric/electronic applications, use the coupon
below or the reader service card.
UNION CARBIDE CORPORATION
Engineering Polymers, Dept. PE 2-180
270 Park Avenue, New York, NY 10017
I'd like to get high performance in PCB's at lower cost.
Please send me bulletin on UDElf Polysulfone.
Name

Title

Company
Street
City
State

Zip

Phone

UDEL' Is a registerd trademark of Union Carbide Corporation

PEOPLE PLANNING THE FUTURE.
UNION
CARBIDE
Engineering Polymers
Circle 177 on reader service card

New products
5by 4 by 8ft. Production rates will
generally range between 100 and
120 panels/hr, but some test facilities have reported 140 panels/hr.
The standard 07 model starts at
$46,000. Delivery is between 20 and
22 weeks.
Electrovert Inc., 86 Hartford Ave., Mount
Vernon, N. Y. 10553. Phone (914) 664-6090
(398J

the heart of the system is apositiveresist—coated
circuit board that is
S-100 boards are coated
double-sided and copper-clad—the
with positive resist
model 8800R2. The FR4, G 10
epoxy-glass board measures 5.3 by
Custom circuit boards can be pre10 by 0.062 in. and is form- and
pared for S-100 bus systems without bus-compatible with the S-100 conphotonegative processing by using a vention. At the lower edge there are
five-component system that requires
100 contacts (50 on each side) on
less than an hour to do the job. At 0.125-in. edges.
The card-edge contacts, which are
gold-flashed and nickel-plated, continue into the 2-oz copper fields so
that no jumpers are required after
etching. Both sides of the board are
precoated with positive photoresist.
The board comes with layout paper,
clear Mylar film for artwork, a
heavy plastic bag for etching, and
complete instructions. To fabricate a
custom board with this system,
artwork is rubbed down on the
Mylar film, then placed over the
sensitized board and exposed to an
ultraviolet lamp or direct sunlight.
Etching is accomplished with either
ferric chloride or ammonium persulfate in the heavy plastic bag that is
supplied. The positive photoresist
boards are priced at $19.95 each and
are available from stock.

GOODBYE
ALIAS,
HELLO
GAIN

The new Precision 416 combines filter and amplifier in
16 programmable channels.
You save 35% by buying one
instrument instead of two for
conditioning analog data
for digital conversion.
Time delay filters superior to
Bessel. Elliptics with 80 dB/
octave attenuation. DC differentia input stage with

0 dB

80 dB/
Octave

•80 dB

100 db CMRR. Both pre-filter
and post-filter gain are programmable for optimum
signal quality. Both include
overload indicators. Interfaces with mini, micro or GPIB.
Phase match is less than 2°.
Call Don Chandler,
607-277-3550, or write for
demonstration and
complete specs

PRECISION FILTERS, INC.
,303 W Lincoln, Ithaca, N Y 14850

o
•

Vector Electronic Co.,

12460 Gladstone

Ave., Sylmar, Calif. 91342.

Phone (213)

365-9661 (394)

1,600-point test heads lock
in place with one motion
Each of the five test heads in an
OB8000 interface test fixture has a
1,600-point capacity. The heads lock
easily into place with a single hand
motion that establishes electrical
and vacuum connections. The
OB8000 has avacuum seal, impactresistant construction, and a tough
vinyl coating. Recessed construction
protects electrical contacts from
damage, and the test fixture's design
ensures easy access to the probes.
The unit is readily interfaced with
virtually any automated test equipment. Prices for the heads start at
$525; deliveries start this month.
Ostby and Barton Co., 487 Jefferson Blvd.,
Warwick, R. I. 02886. Phone (401) 739-7310
[3961
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A pushbutton panel should
be designed for parts of the body
besides fingers.
Apanel should appeal to the minds' sense of
proportion.

Audible
feedback
should
correspond
to tactile
feedback
when finger pushes
button.

Ultimately,
apanel should
please both the
people who design it, and who
use it.

Both bezels and buttons should have nonreflective mattefinish to
prernti
a r
ee
e
so nd
Colors should be
well matched and
button corners
rounded so they
are appealing
to the eye.

Color and illumination should be evenly
distributed to avoid
distracting hot

Of course, the
fact that fingers
.
are always thefirst
to come in contact
%vith pushbuttons
should not be
ignored. Apushbutton should
operate
smoothly
with tactile
feedback

LEDpushbuttons and 'indicators should be easy
to see from all angles to
eliminate acommon annoyance:
craning the neck.

When we designed the Advanced Manual Line (AML), we included everything adesigner could want.
Like abroad selection of pushbuttons, indicators, paddles and rockers. In a
variety of shapes, sizes and colors. With LED, incandescent or neon illumination.
But what really makes AML unique is asmall detail that others seem to have
overlooked.
The people who use them. Which is why they're not only appealing to
fingers, but other parts of the body as well.
That isn't to say we've neglected the person who
puts the panel together. Because AML has single level
termination for easy wiring and low installation cost. And
electrical flexibility that ranges from solid state to electronic and power duty control.
With AML, you clearly desepanels around people who use them, and not just their fingers.
For details, and the location of our sales offices
and distributors around the world, write MICRO SWITCH. MICRO SWITCH
Freeport, Illinois 61032. Or call 815-235-6600.
aHoneywell Division
Circle 179 FOR DATA

New products
Instruments

Smart digitizer
resolves 8bits
Computer-controlled fast
instrument has 32 kilowords
of memory, sells for $27,000
$27,000 sounds like alot of money to
pay for two channels of analog-todigital conversion, and for most
converters it is. But the model
WBD-210 wideband 8-bit digitizer
from Bancomm Corp. puts enough
analysis capability behind those two
channels to justify the price for users
who want to perform very complex
signal capture and analysis routines
totally under the control of a PDP11 computer.
The instrument contains 32,768
16-bit words of read/write randomaccess memory, which alone can cost
about $12,000, according to David
C. Robinson, Bancomm's vice president of marketing. "When the memory isn't being used for signal
processing," he notes, "it can be used
as additional RAM by the PDP-11."
Robinson characterizes the intended
applications of the WBD-210 as
those in which minute transient
analysis is very important. Examples
are the analysis of radar returns by
the military and the study of powerline deviations by electric utilities.
The digitizer can sample signals at
each of its two ports at rates up to 10
MHz or at asingle port at rates to 20
MHz. It can also convert digital data
back into analog samples at the same
rates. For simultaneous reading and
writing, however, the rates are
reduced by half.
The WBD-210's memory structure allows digitized data to pass
through it continuously while the
data is being analyzed for certain
features. Once a feature is recognized, the data segment of interest
may be captured for further analysis, modification, or transmission to
external analog or digital analysis
equipment. The transmission rate is

180

under software control, as are all the
digitizer's control settings. This not
only means that the digitizer's
control functions can be altered on
the fly, but also that it can put out
data at rates that are not related to
the input rate—in synchronism with
an external clock, for example.
The digitizer's 32-kiloword memory is partitioned into 32 K high- and
low-byte sections. It may be further
partitioned into 256 subpartitions
whose size, address range, and allocation are under software control.
Management of the bidirectional
flow of data between the digitizer
and the PDP-1 1's Unibus is handled
by the instument's priority arbitration and control section. This section
sets the software-controlled sample
rates, address locations, and PDP- 1I
interrupts and also establishes priorities among its read, write, and simultaneous read/write functions.
Delivery time for the digitizer
ranges from stock to 120 days.
Bancomm Corp.,

1121

San Antonio Rd.,

Palo Alto, Calif. 94303. Phone (415) 9697555 [351]

Digital rf power meter
performs nine functions
A nine-function digital directional
radio-frequency wattmeter operates
at power levels from 100 mw to 10
kw and from 500 kHz to 2.3 GHz.
The model 4381 RF Power Analyst
calculates parameter products, such
as the voltage standing-wave ratio,
that used to require consulting a
graph or achart. The VSWR is calculated continuously and is displayed
at the touch of abutton, as is decibel
return loss. By pushing another
button, continuous-wave or frequency-modulation power in both forward or reflected directions is
displayed in watts or dBm. The
device also indicates whether undesirable amplitude modulation is
present and, if so, how much. Two
other buttons call up peak envelope
power in watts, and a third is for
percent modulation. Another set of
three buttons includes a delta function that identifies either rise or fall

in displayed values, and a minimum
or maximum memory that recalls
optimum conditions during adjustments.
The model 4381 is the first of a
4380 series of devices; other models
in the series measure up to 250 kw,
are panel-mounted, or both. The
accuracy of model 4381 is within
±5% of nominal full scale, and the
VSWR is a 1.05 maximum to 1GHz
in 5042 systems. The unit includes a
light-emitting-diode display with decimal point. Overranging of up to
120% in watts and 400% in dBm
retains up-scale accuracy and often
makes it unnecessary to change to a
higher-power plug-in element (which
determines full-scale power and frequency range).
The model 4381 sells for $590,
with 90-day delivery.
Bird Electronic Corp., 30303 Aurora Rd.,
Cleveland (Solon), Ohio 44139. Phone (216)
248-1200 [355]

Dual-channel 35-MHz scope
is priced at $1,595
A 35-MHz dual-channel portable
oscilloscope with a chopping frequency of 500 kHz will sell for
$1,595. The model 5630 has sweep
rates of 0.1 gs/cm to 0.5 s/cm in 21
steps for both the main (A) and
delayed (B) sweep channels. A 10 x
magnifier can increase the maximum sweep rate to 10 ns/cm.
The vertical axes have 3-dB passbands that extend from dc to 35
MHz. Normal sensitivity is 5mv/cm
to 5v/cm in 10 steps. A 5X magni-
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WE'VE ALWAYS OFFERED

With the addition of electrostatics, CalComp has the broadest
line of plotters available from any
vendor. Whatever your application demands — flatbed, beltbed,
continuous roll, computer output
to microfilm or electrostatic —
CalComp has asolution. And our
sales representatives, graphics consultants
with years of experience, will make sure
it's the correct solution.
For plot previewing at an affordable
price, our sales representative will introduce
you to the new electrostatic printer/plotters. They're
ideal for mapping, plot previewing, business charts and
graphs and ahost of other applications. And they function as afast line printer as well.
Our representatives can help you select from a
printer/plotter family that offers seven models, paper
widths of 11" and 22" and plotting resolutions of 100
and 200 dots per inch. Plus, there's awide range of
operational and application software available.
When your plotter application requires ahigh
degree of resolution or larger plots, our graphics
professionals will still have the answer. Take our compact 1012 desk-top plotters for starters. You get crisp,
clean 81
/"x 11" or 11" x 17" size plots and the con2
venience of Z-fold paper.

or bigger jobs, there are
six ther precision drum plotters
to choose from. Including the
industry's largest, our new 1065,
with an extra-wide 72" drum that
plots at 30 ips.
For the best of high-end performance, there's our 960 beltbed plotter. It delivers big 33" x
60" vertical plots. And nobody
handles computer graphics on a
grander scale. Our top-of-the-line
flatbed plotters — the 7000 System — literally draw away
from the competition with a43" x59" plotting surface.
You also get areliability guaranty you'd only expect
from the graphics leader. All CalComp plotters are
covered by our unique one year warranty on parts and
labor. And our graphics consultants are backed by 22
systems analysts and over 100 service representatives
in 35 cities — the most extensive service and support
network in the plotter industry.
So, if you're looking for asolution to your graphic
needs, call us today. We've got all the right answers.

000'9000
California Computer Products, Inc

2411 West La Palma, Anaheim, California 92801,
Tel: (714) 821-2011 TWX: 910-591-1154.

Sales and Service Offices: Tempe. AZ (602) 894-9468 Orange. CA (714) 639-3690, (213) 430-2104 Santa Clara. CA (408) 249-093 Englewood, CO (303) 770-1950 Norcross, GA
(404) 448-4522 Rosemont, IL (312) 696-1770 Shawnee Mission, KS (913) 362-0707 Waltham, MA (617) 890-0834 Rockville. MD/ Federal Accounts Manager (301) 770-1464.
Southfield, MI (313) 569-3123 Bloomington, MN (612) 854-3448 St Louis, MO (314) 968-4637 Union, Ni (201) 686-7100 Fairport. NY (716) 223-3820 Cleveland, OH (216) 362-7280
Dayton, OH (5(3) 276-5247 Tulsa. OK (918) 663-7392 Portland, OR (503) 241-0974 Wayne, PA (2)5) 688-3405 Pittsburgh. PA (412) 922-3430 Dallas, TX (214) 661-2326
Houston, TX (713) 776-3276 Bellevue. WA (206)747-9321 For international sales contact CalComp International. tel (714) 821-2011 or write 2411 West La Palma, Anaheim, CA 92801
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You are Invited!!!

to Examine the Prestigious,
Portable Volksmeter Collection.

New products

• Greatest selection • Smallest size. • Low
prices. • Greatest portability. • Excellent
performance. • Dependability. • Reliable.

•vDC, VAC, Ohms, Low
Ohms, DCmA & ACmA.
•Three & one-half digits.
•Automatic zero.
•Automatic polarity.
•Battery operation.-

t.

Es,

LM 03'd
.

030

LM-353
With LCD Readout

Circle 215 on reader service card

& 100 Hr. Battery Life

VDC, VAC,
Ohms, DCmA &ACmA.
•Full four digits.
•Automatic zero.
•Automatic polarity.
•Battery powered with
charger unit included.
•Measures

LM-4A
With LED Readout

Circle 216 on reader service card

•vDC, DCmA, Ohms and
RMS VAC &ACmA.
•Three & one-half digits.
•Automatic zero.
•Automatic polarity.
*Battery or AC line
operation

With LCD Readout

Circle 182 on reader service card

Size: 1.9"H x2.7"W x4.0"D ,Weight: 9.2 oz
SPECIFICATIONS

LM-3A
LM-300
LM-3.5A•
LM-350.

DC ACCURACY

RANGES

VDC. VAC. DCmA & ACmA
I, 10, 100 & 1000.

•100%

over-rouge - 1000 VDC or
peak AC & lA maximum.
R MS-350 Mehl,. true R MS

.1s

RESOLUTION

DIGITS

PRICES

Rdg

1 mV

3

8134.00

.14 Rdg

1 mV

3

$125.40

*0.5% Rdg

1 mV

3-1/2

$105.85

.0.5% Rdg

1 mV

3-1/2

$154.10

LM-353•

la VAC inad ACmA modea.

.0.5% Rdg

1 mv

3-1/2

1155.05

RMS-350•

OHMS

.0.5% Rdg

1 mV

3-1/1

1218.80

LM-40A

I kd. 10 HI, 100 kg. I 112 & 10 Mil

.0.1% Rdg

100 aV

4

$100.00

.0.03% lidi

100 0V

4

2250.00

LM-4A

LM-353 .1.0 haa 0.1 WI range.

LM "A" Series dies), - LED's; LIN -300. LM-350. LM-353 & ROSS 350 - LCD'..

*LED-cfsplay models—NiCad batteries and charger unit included.
LCD-display models—batteries and charger unit not included.
NLS products are available from Nationwide Electronic
Distributors. Send for our brochure today!

Non-Linear Systems, Inc.
Originator of the digital voltmeter.
Box N, Del Mar, California 92014
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Kikusui

International Corp.,

Central

Ave.,

Unit

#2M,

17121

South

Carson,

Calif.

90746. Phone (213) 638-6107 [354]

RMS-350

MODEL

fier increases this sensitivity to 1
mv/cm. A signal-out port on one
channel permits the scope to be used
as a preamplifier for other instruments. It also allows cascading of the
two vertical amplifiers for increased
sensitivity.
In its XY mode, the scope has a
3-dB passband that extends from dc
to 2MHz with deflection factors that
range from 5 mv/cm to 5 v/cm in
10 steps. The Z-axis bandwidth is dc
to 5 MHz.
Maintenance of the 5630 is made
easy by its modular construction and
by the manufacturer's board-swapping program. Except for the cathode-ray tube, which has a one-year
warranty, the scope is guaranteed
for two years. Delivery time is about
four weeks.

100-MHz dual-trace scope

has digital multimeter option
The 0S3600 is aportable dual-trace
oscilloscope with a 3-dB passband
that extends from dc to 100 MHz.
Vertical sensitivity is 5 mv/cm over
the full bandwidth and 2 mv/cm up
to more than 85 MHz. The 8-by10-cm cathode-ray tube in this instrument has a parallax-free illuminated internal graticule and uses a
16-kv accelerating potential so that
it can display narrow pulses that
occur at low repetition rates. The
two channels can be displayed individually, alternately, chopped, or
added algebraically. In addition, an
XY mode can be displayed.
A trigger-view facility displays up

Telephone (714) 755-1134
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CAPACITORS

RESISTORS

AND FURTHER

polyester, polycarbonate and polypropylene capacitors in film/foil
versions and metalized,
aluminum-electrolyte capacitors,
tantalum capacitors with liquid
electrolyte,
solid tantalum capacitors,
ceramic capacitors.

carbon-film resistors,
metal-film resistors,
metal-oxide film resistors,
precision wirewound resistors,
potentiometers.

interference suppression devices,
voltage multipliers (cascades),
thick-film devices (thick-film hybrid
circuits, resistor networks,
high-ohmic resistors),
semiconductors and microcomputer learning systems.

The range of application for ROEDERSTEIN components encompasses the whole entertainment electronics
spectrum, household appliance and industrial electronics, communications, measuring and control, office
equipment and computers, medical electronics, and the aerospace electronics field. We can supply components that meet MIL, CECC and GfVV specifications.
We will send you a short form catalogue upon request. If you need specific information adetailed catalogue is
available.

FIRMENGRUPPE

ROEDERSTEIN

D-8300 LANDSHUT-FEDERAL REPUBLIC OF GERMANY-TELEX 058 335(erola)
Circle 183 on reader service card

t I
RECORDER
• Take anywhere rugged design
• Rechargeable battery or line operate
• Position feed-back galvos ..
99.5% accuracy
• DC — 125 Hz.
• Crisp, clear traces ...low cost thermal paper
• Simple to operate ...years of trouble free operation
This new Dash II may very well be the
final word in portable/lab high speed
recorders. With rechargeable batteries
and built in charger, you can take it
anywhere — land, sea or air, and use it
for 4to 5hours. Then, you can continue
to operate while recharging the batteries. Accuracy? The patented (U.S.
#4,134,062) Pathfinder" galvo is
position feedback with better
ret
than 99.5% accuracy. High stylus
pressure delivers crisp, clear
traces on low cost thermal
paper.

Get all the facts. Call or write

Circle 184 on reader service card

ASTRO-MED DIVISION
MULL\VI-Vœ., EllADUMMIIEZ, uric.
Atlan-tol Industrial Park/West Warwick, R.I. 02893
401-828-4000

7

Major Routes to
Reliability, Provided
by the RAC

New products

•System Reliability and Maintainability Consulting Services

_Jr

to three traces; up to four traces may
be displayed in the alternate-sweep
mode—the two channels, the intensified main time base, and the
delayed time base. Horizontal sweep
speeds of both the main and delayed
time base are continously variable
over 22 steps from 50 ns/cm to 0.5
s/cm in a 1-2-5 sequence, with a
maximum effective sweep speed of 5
ns/cm at 10x magnification. The
oscilloscope weighs 22 lb. An
optional 31
/ digit multimeter op2
tion—the DM3010 — is available to
be fitted or retrofitted at the factory.
When used with the scope, it measures signal amplitude (±2% ±2
digits uncertainty), time (± 1% ±2
digits), and frequency (reciprocal of
an equivalent period ±1 digit). It
can also be operated independently
to measure dc voltage, current, and
resistance. The oscilloscope with
probes sells for $2,699; with the
DM3010 option, it is $3,299. Both
units carry atwo-year warranty and
can be delivered in 60 days.

•Customized Data Searches
•Semiconductor Device Reliability Databooks
—Digital Data
—Linear/Interface Data
—Memory/LS' Data
—Hybrid Circuit Data
—Transistor/Diode Data
•Reliable Equipment Design Guidelines
—Design Reliability Handbook
—Microcircuit Reliability Bibliography
•Tutorial Reliability Courses
•Annual Reliability Workshop
•Periodic Reliability Seminars

RAG

Reliability Analysis Center
RADORBRAC, Griffiss AFB, NY 13441
Phone 315-330-4151, Autovon 587-4151

RAC as a 11,1)

nalasis Center Operated ha IIT Reward h I/1311111W
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Gould Inc., Instruments division, 3631 Perkins Ave., Cleveland, Ohio 44114. Phone
(216) 361-3315 [3561

Ramp-function generator
controls voltage or current
A digital ramp- and step-function
generator—the model 338—has
both voltage and current source
outputs. The voltage source output
provides 0to ± 12 V dc into aminimum load of 250 12. The current
source output provides 4to 20 mA dc
into a maximum load of 2,000 12 or
10 to 50 MA dc into amaximum load
of 800 12. An overall current source
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• Level Meters
• Tuning Meters
•Balance Meters
• SMeters

• DC Current Meters
•DC Voltage Meters
• Battery Checkers
•AMeter for Your Application

And all our meters feature powerful and stable magnetic cores, carbon
steel pivots, jeweled bearings for maximum accuracy, phosphor bronze
springs, and anti-static cases. The highest quality and lowest prices*—it's
a combination you cannot beat. Send for your free catalog TODAY!
'Minimum order-500 pieces.
IMTRONICS INDUSTRIES, LTD.
200 13th Ave. Ronkonkoma. New York 11779 (516) 981-3434 Telex 144638
Circle 212 on reader service card
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Fantastic!
IR Emitters

70

IN PLASTIC AND
HERMETIC METAL-CANS
Xciton's High Output IR Emitters and Materials,
constructed from gallium arsenide. emitt at
940nm and provide the following
ADVANTAGES to
Your CUSTOMER:
IBA rugged. reliable product with along, useful operating life span
•Integrated quality assurance and engineering support program
@Used to advantage in many IR applications
Your PURCHASING AGENT:
IMITimely delivery of product by amanufacturer with many years of experience
in liquid phase epitaxial technology
@Prompt quotations, competitive pricing, and unmatched product service
IIIAccessible technical, marketing, and management people who respond to your
needs and inquiries
@Catalogs. spec sheets, and samples for your evaluation
Your DESIGN ENGINEER:
BWide selection of package outlines-plastic T-1 3
4 and T-1, plus TO-46 hermetic metal-can
/
(wide and narrow beam angle)
▪ Devices supplied sorted by total power output and by on-axis peak radiant intensity
leost eftective plastic devices for commercial usage and hermetic metalcans for harsh environments
@An excellent spectral match to Si photocells
Birigh power output—up to 8mW at 100mA. low forward voltage droo—
171,volts max al 100mA

Call us, we're ready to help you, or write: Sales Department. Attn: E8003

I

Xciton Corporation
Shaker Park, 5Hemlock Street
Latham, New York 12110
(518) 783-7726, TWX: 710-444-4962

A

The Indicators
With AMemory
Ferranti-Packard's memorizing
indicators offer visibility, reliability
and save energy too!

APPIF

POPULAR FEATURES:
• Long life (100 million
operations minimum)

PACKARD

Circle 186 on reader

range of 0 to 120 MA dc is possible
under proper load considerations
with derated accuracies. Thumbwheel switches set the upper and
lower limits of the voltage or current
span with an uncertainty of ±0.05%
of the full-scale range.
The output level may be held and
then stepped immediately to either
limit or from limit to limit. The
output may ramp at rates ranging
from 10 v/min to 0.25 v/min
toward either limit. An external hold
input stops the ramp and holds the
output at a constant level until the
input goes high. The normal mode
may be switched off, and the output
may be controlled by a 10-turn
manual potentiometer.
The unit may be used as a
dynamic calibrator for signal-conditioning devices which normally receive 4-to-20-mA, 10-to-50-mA, or 0to-12-v input signals from sensors or
transducers. The unit's ramp is made
up of 119,990 steps for the 0-to11.999-v span. This provides a
ramp-step resolution of 100 microvolts per step.
The generator occupies 51
/ in. in a
4
standard 19-in, rack by means of
rack mounting adapters supplied
with the unit. The model 338 is
priced at $2,495.
Exact Electronics Inc., P. 0. Box 347 Tillamook, Ore. 97141. Phone Joe Foster at
(503) 842-8441 [358]

30-MHz scope has delayed
sweeps from 1gs to 100 ms

• Zero power consumption
• Rugged construction
• Excellent visibility (lightreflecting disc)
• Choice of 5fluorescent disc
colors
• P.C.B. or Panel Mount
Ferranti-Packard indicators are ideal
for Transient Recorders, Industrial
Process Displays, Contact Status
Indicators and Field Equipment.
Remember the indicators
Ferranti-Packard Limited
FERRANT)'
Electronics Division
with amemory. Specify:

186

New products

service card

6030 Ambler Drive. Mississauga,
Ontario L4W 2P1
Canada
Telephone (416) 624-3020
Telex 06-961437

A 30-MHz oscilloscope offers delayed sweeps in five ranges— from 1
/As to 100 ms. Vertical input sensitivity is 2 mv/9.5 mm. Waveforms
with repetition rates to 25 kHz can
be expanded up to 1,000 times; minimum expansion at 30 mHz is five
times. The time-base calibration is
no more complex than on ordinary
triggered scopes. The model 1530
also features variable hold-off. It
sells for $1,340 and is available from
distributors.
B&K-Precision, Dynascan Corp., 6460 West
Cortland St.,

Chicago,

It.

60635.

Phone

(312) 889-9087 [359]
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15 years of progress In pyrolytic-graphite grids
Today, THOMSON-CSF is not alone
in vaunting the merits of pyrolyticgraphite grids. There is one highly important fact to remember, though -no
one has more experience with pyrolytic-graphite grids than THOMSONCSF. Why? Simply because we developed these revolutionary Pyrobloc
grids way back in 1964! And we've
been improving them ever since. By
now, pyrolytic-graphite grids have
become world-famous, because of
their vastly improved mechanical and
electrical characteristics. Nearly all
high-performance
THOMSON-CSF
tubes now have Pyrobloc grids. For
example, the five tubes in our radio-

broadcasting-tetrode line - which
provide from 50 to 500 kW of carrier
power from a single-tube final RF
stage. With Pyrobloc grids and Hypervapotron "anode cooling - another
THOMSON-CSF discovery - they
offer an unbeatable combination of
high power, compactness, overload
safety, low weight and reliability, for
any short-wave transmitter. To sum
up, for the latest and best in powergrid tube technology, there's only one
place to come: the Electron Tube
Division of THOMSON-CSF. Where
we're now celebrating 15 years of
progress in pyrolytic-graphite grids!

.,
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United States Patent Office
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THOMSON-CSF
THOMSON-CSF ELECTRON TUBES
750 BLOOMFIELD AVENUE /CLIFTON NJ 07015 /TEL. :(1.201) 779 10 04 /TWX :710 989.7149
BRAZIL -THOMSON-CSF COMPONENTE SDO BRA SIL LTDA.
CP 4854 /BR OOKLIN /SAO-PAULO /TEL :
(55.11) 61 64 83
FRANCE -THOMSON-CSF DIVI SION TUBE SÉLE CTR ONIQUE S
38. RUE VAUTHIER /92100 BOULOGNE-BILLAN COURT /FRAN CE
TEL. :
(33 1) 604 81 75
GERMANY -THOMSON-CSF ELEKTRONENR OHREN
LEERBACH STR 58 /6000 FRANKFURT AM MAIN. 1
TEL :(49.611) 71 72 81
ITALY -THOM SON-CSFTUBI ELETTRONICI SRL
VIALE DEGLI AMMIRAGLI 71 /I-00136 ROMA/TEL (39.6) 638 14 58
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Electronics Magazine
Books Offers You:

New products/materials

1. Microprocessors

A dispersed-nickel coating can be
sprayed onto plastic enclosures to
shield against electromagnetic interference. Xecote has a surface resistivity of I 9/sq. The conductive
material can be applied to such plastics and metals as acrylics, polycarbonates, polyphenylene oxide, fiberglass, and sandblasted steel. A
2-to-3-mil coating of Xecote can
provide 45 dB of attenuation at 10.3
GHz, 39 dB at 1.0 GHz, 53 dB at 0.45
GHz and 64 dB at 0.09 GHz. The
materials were subjected to five thermal shock cycles according to MIL
STD 202E, method 107D, condition
A, and to a 48-hr salt spray test per
MIL STD 202E, method 101D,
condition B. One gallon of the material can cover 270 ft.'

2. Applying Microprocessors

Group, 970 New Durham Rd., Edison, N. J.
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What you must know about available microprocessor
technology, devices, information, 4th printing. $8.95

Metex Corp.,

2nd and 3rd generation technology. 26 detailed
applications from data networks to video games. $9.95

Metex

Electronic

Shielding

08817 [476]

3. Large Scale Integration

Covers the basic technology, new LSI devices, LSI
testing procedures, plus system design and applications. $9.95

A glass paste fired at 560 to 600 °C
can be used to seal alumina and
other substrate materials with similar coefficients of expansion. When
fired, ESL 4026 sealing glass produces aclear transparent seal with a
controllable 8-to-25-µm thickness.
The material may be used in contact
with various thick- or thin-film
conductors.

4. Basics of Data Communications

Includes 47 articles from Data
Communications magazine covering more than 11 key areas. $12.95

5. Circuits for Electronics Engineers

Contains 306 circuits arranged by 51
functions from Amplifiers to Voltage Regulating Circuits. Saves design
drudgery. $15.95

6. Design Techniques for Electronics Engineers

Nearly 300 articles drawn
from "Engineer's Notebook." A storehouse of design problem solutions. $15.95

7. Memory Design: Microcomputers to Mainframes

The technology,
devices, and applications that link memory components and system design. $12.95

8. Personal Computing: Hardware and Software Basics

Electro -Science

More than 50
articles from leading publications, including specifications, helpful hints, subject
index. $11.95
1

Electronics Magazine Books
P.O. Box 669, Hightstown, NJ 08520
Imust be fully satisfied or you will refund full payment if the book is
returned after ten-day trial examination. Send me:
-

copies of 1. Microprocessors @ $8.95

-

copies of 2. Applying Microprocessors @ $9.95

-

copies of 4. Basics of Data Communications @ $12.95

copies of 3. Large Scale Integration @ $9.95
-

copies of 5. Circuits for Electronics Engineers @ $15.95
copies of 6. Design Techniques for Electronics Engineers @ $15.95
copies of 7. Memory Design: Microcomputers to Mainframes @ $12.95
copies of 8. Personal Computing: Hardware and Software Basics @ $11.95

Discounts of 40% on orders of 10 or more of each book.

D

Payment enclosed

D

Bill firm

Ave.,

Laboratories
Pennsauken,

Inc.,
N. J.

2211
08110

[477]

This epoxy-resin system, Stycast
1426, has a high impact strength.
The one-component material has a
shore D hardness of 72 and a flexural strength of 15,500 psi. Viscosity
is 70,000 cps at 25 °C, and the
volume resistivity is more than 10' 4
9-cm at 25 °C. The material can be
cured at 175 °F.
Emerson

E Bill me

& Cuming

Dielectric

Materials,

Dewey and Almy Chemical Division/W. R.

Charge to my credit card:
American Express
Visa

Sherman

E Diners Club
D Master Charge

Acct. No.

Grace & Co., Canton, Mass. 02021 [480]
Date Exp

On Master Charge only,
first numbers above name
Name

Title

Company

Street
City

State

Zip

Signature
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New products
Microcomputers & systems

Unit emulates
slave processors
ICE-41A makes possible the
simultaneous emulation of an
8085 and an 8741A/8041A
When Intel Corp. introduced its
Multi-ICE software package for multiprocessor system development last
year [Electronics, June 21, 1979,
p. 191], it promised to come up with
in-circuit emulation for combinations of chips other than the 8085
and 8049 families at a later date.
And Intel has delivered. The new
offering, ICE-41A, allows the emulation of slave chips such as the
8741A and 8041A universal peripheral interface microcomputers. Last
year's Multi-ICE software enabled
concurrent operation of two ICE-85s
or an ICE-85 and an ICE-49; now
ICE-85 can be teamed with ICE41A.
The ICE-41A in-circuit emulator
not only supports the specialized
mnemonics of the 8741A/8041A,
but it also provides the Intellec
development systems with a way to
examine previously inaccessible
nodes that connect on-chip memory
and logic in these processors. Accessing these nodes is especially important with the 8741A and 8041A
because, unlike the 8085 and 8049
families of processors, these slave
chips do not access the system bus.
The appearance of the ICE-41A
package should thus bring great
relief to users of the SBC-80/30
single-board computer and other
designs that contain 8085-type master processors and 8741A/8041A
slaves.
Like its ICE-85 and ICE-49
predecessors, ICE-41A allows system designers to perform symbolic
debugging of programs. Symbolic
debugging frees the designer from
having to keep track of addresses.
Instead, names or symbols are
assigned to subroutines and other
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data, letting the ICE-41A and Intellec keep track. In all, 18 symbolic
commands, along with abroad range
of modifiers, allow the designer to do
such things as insert subroutine
names into breakpoint commands to
start and stop real-time emulation at
specific points in the program. And
with the Multi-ICE software, breakpoints in the ICE-41A emulation
program can also be used to start
and stop the activity of the 8085
processors; similarly, breakpoints in
the 8085 can start and stop the ICE41A. This allows the designer to
coordinate the simultaneous activities of the master and slave processors.
The complete ICE-41A emulation
package, with emulation and control
boards that plug into the Intellec
chassis, buffered cabling to interface
the development system with the
user's prototype, and an operating
manual, costs $4,200. An enhanced
Multi-ICE software package, able to
recognize the ICE-41A emulator,
costs $1,750. However, those who
purchased the original Multi-ICE
software package can have the
enhanced version of the software
free of charge.
All these configurations are available from stock.
Intel Corp., 3065 Bowers Ave., Santa Clara,
Calif. 95051. Phone (415) 987-8080 [371]

Package adapts Exorcisors
for 6805 development

figurations while debugging one processor at a time. It can do this
because of the two-processor architecture used in the USE-6805. The
6805 on the module communicates
with a 6800 in the development
system through special status/control registers and shared memory.
This arrangement is isolated enough,
however, to permit full use of existing 6800 hardware and software.
The package allows the use of all
on-board memories— random-access, erasable programmable readonly, and external. It also permits
the use of the single-step and setbreakpoint functions—halt on address—for programs in these memories. Up to eight breakpoints can be
set in programs in an on-board RAM.
Memory block A—F in the user's
Wire-Wrap area is fully decoded,
for whatever circuit implementation
is required by a custom user. The
user may operate the system in the
standalone mode by forfeiting interrupt-driven debug capabilities. A
program in E-PROM, internal ROM,
or external memory can be run in
real time.
The minimum system requirements for the use of the MC6805
are: an Exorcisor 1, 2A, or 2, with
Exorterm 100 or 150—or an Exorterm 200 or 220; an Exordisk II or
and a24-kilobyte memory.
The USE-6805 support package,
which can be ordered from the
company as part number MEX6805,
sells for $2,000. A user's guide is
included.
Motorola Semiconductor Products Inc., P. 0.

The USE-6805 support package
adapts existing Exorcisor development systems and Exorterm data
terminals so they can function as
development stations for the 6805
microprocessor. Included in the
package are a printed-circuit module, extender cables for the system
under test, and adiskette containing
a macro assembler and a program
for debugging and monitoring called
Fivebug.
In addition to comprehensive debugging features, the package allows
true, real-time emulation of the 6805
microprocessor. Moreover, the system can develop multiprocessor con-

Box 20912, Phoenix, Ariz. 85036. Phone
(602) 962-2209 [375]

Database manager meets
Codasyl recommendations
A data-base management system for
microcomputers meets the recommendations of the Conference on
Data Systems Languages, better
known as Codasyl. The system is
called Micro-SEED because it is a
compatible subset of the SEED DBMS
that was originated by International
Database Management Systems Inc.
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Instant Access to All
American and
International

Data
Communications
Standards
Presents all 89 relevant
data communications
standards promulgated by:
•ANSI

•CCITT
•EIA

•ISO
•FTSC

Phis... descriptions of each
of die standards groups
relational charts of
similar interfacing standards
produced by each group

1133 pages
Edited by
Harold C. Fobs
and
Harry R. Karp

Order today using this coupon!
Return coupon to:
Data Communications Standards
PO. Box 669
Hightstown, New Jersey 08520
Send me
copy (copies) of DATA
COMMUNICATIONS STANDARDS
(099782-9) on a 10-day money-back
guarantee. Iunderstand that if Iam not
absolutely satisfied. Imay return the
book(s) within ten days at no further
obligation. Otherwise. McGraw-Hill will
bill me S165. for each copy, plus applicable sales tax, shipping and handling
charges.
Check enclosed
_ Bill me

New products
in Philadelphia, Pa. Micro-SEED
runs under Digital Research Inc.'s
CP/M operating system with the
manufacturer's own Fortran-80 as
the host language and is especially
useful for microcomputers whose
data base is too large for conventional file-handling methods. In addition
to meeting the Codasyl recommendations, Micro-SEED self-optimizes
find commands. The system is written primarily in Fortran with isolated assembly-language routines for
input/output and buffering. It is
easily transported to various 8080 or
Z80 hardware configurations. Because it is implemented under CP/M
like a Fortran application, it does not
place much of an extra burden on
operating system tasks. A 64-kilobyte microcomputer system is required to support the data-base
management system.
Micro SEED uses the Codasylrecommended schema, sub-schema,
and area methods to divide and
define the data base, thus providing
easy access from user programs. The
routines for managing the data base
are then called from the user's application programs, written in Fortran,
or in another host language. Additional host languages will be supplied later this year along with a
relational query language and report
generator and with an interactive
system utility program that will both
be available as add-ons to versions of
MicroSEED that are upward-compatible and utilize 16-bit microprocessors.
The single-copy price for MicroSEED is $900. License agreements
are available for original-equipment
manufacturers.

_. Bill my company

Microsoft,

_Company
purchase order

819, Bellevue, Wash. 98004,

10800 Northeast

Eighth,

Suite

Phone Bob

O'Rear at (206) 455-8080 [373]

SAVE MONEY! Enclose payment in full, plus
local sales tax. and McGraw-Hill pays all
regular shipping and handling charges
Ten-day money-back guarantee still applies

Macro assembler and loader
developed for 8086/8088

Name

A relocatable macro assembler, linking loader, and simulator for the
8086/8088 microprocessor has programs written in the ANSI standard
Fortran IV and will run on any

Title
Company
Address
City

State

Zip

This otter subject to acceptance by McGraw-Hill
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general-purpose computer, including
16-bit minicomputers. The assembler includes conditional and macro
assembly and a symbol or crossreference table. The object module
output of the assemblers may be in a
relocatable format or may be produced directly in Intel's hex format.
The assembler provides for program,
data, stack, and common segments.
The linking loader combines several
independently assembled relocatable
object modules into asingle absolute
program. Thus, large programs are
subdivided into smaller units, reducing assembly time and allowing
errors to be corrected efficiently.
The simulator simulates all aspects
of the microprocessor, including the
full 1megabyte of memory. It
provides input/output simulation for
debugging a program easily. The
user may specify any memory location to have a breakpoint or to be
read only.
The assembler and linking loader
together sell for $1,250. The simulator is $1,000. Accompanying each
software order are: amanual, source
program and listing, and test program and output listing.
Microtec, P. 0. Box 60337, Sunnyvale, Calif.
94088. Phone (408) 733-2919 [374]

Trainer emphasizes
analog interfacing
A trainer for demonstrating the
principles of analog interfacing with
a microcomputer can be adapted for
use with 8080-based microcomputers. The EID-1 Experimental Interface Designer can be connected
directly to the manufacturer's own
8080-based training and design microcomputers—the M MD-1 or the
M MD-2. Built-in components such
as a photocell, temperature sensor,
de meter, slide potentiometer, and dc
motor provide input/output signals
that represent such variables as light
intensity, speed, temperature, and
position. A light-emitting-diode
readout displays analog signals that
have been converted to digital form.
Digital signals can be generated
using an on-board eight-position

ELT
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MOTOR-ANALYSIS
SYSTEM
with

NEW 3-WAY READOUT
FRICTIONLESS DYNAMOMETER
Power-absorption dynamometers utilize
friction-free hysteresis brakes for longest life,
precise repeatability, smooth torque application independent of speed. Models from
2.50 oz.in. to 200 lb.in., with English, metric, or SI calibration.

dual in-line package switch. Computer output can be converted to
analog signals for meter display or
motor speed control. The on-board
analog-to-digital and digital-to-analog converters can also be used to
bring in or send out control voltages
directly on breadboarding terminals.
An assembled EID-1 sells for
$225. In kit form it sells for $160.
Both are available from stock or up
to 30-day delivery.

ALL-NEW INTERCHANGEABLE READOUT
Simultaneously and continuously displays speed, torque, and horsepower, with display hold for operator convenience. Simple plug-in operation, virtually error-proof.
ow out ceolog en

All dynamometers and readouts offer many
exclusive features and capabilities. Request
information today.

70 GARDENVILLE PARKWAY WEST

STD BUS IC cards

11011 0
711
,.„.,/
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716-668-5555

Circle 191 on reader service card

"Why pay from $75 to
S150 per hour to a patent
attorney," asks patent
attorney David Pressman,
when you can
PATENT IT YOURSELF!"
His secret-revealing book shows

you how to take your inventions or
ideas, develop them, protect them,
patent them, and market them
yourself. It can be your lifelong
breakthrough to those royalty checks —
and how to keep them coming! Once you
know what you MUST DO from the minute you
conceive rut idea — how to cut costs and protect your
rights in gettine a model made... how to save time conducting a
search, evaluating, and testing... when and how to let the right lawyer assist you if need be... what to do about infringements... what
forms you need (they're all provided in the book!)... how to deal
with the U.S. patent office... and more —you're on your way to
turning your ideas into profit-making realities! Don't delay! or
READ IT FREE FOR 15 DAM..

ti.

McGraw-Hill Book Company
P•
0•Box 400, Hight:down, NJ 08520
1
'Send nie PATENT IT YOURSELF! (050750-5 )or 15 days' free examination. At the end tu
that time .Iwill either send 514.95. plus local tax, regular postage,and handling ,or return
the book postpaid without obligation.
IGood only in U.S. Order subject to acceptance by McGraw -11111.

Pro-Log Corp., 2411 Garden Rd., Monterey,

IN•im

Calif. 93940. Phone (408) 372-4593 [378]

IAddress
ICity
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BUFFALO, NEW YORK 14224

TURN YOUR BRIGHT
IDEA INTO A
MONEY MACHINE!

Racks hold 4.25-by-6.5-in.

Four-, eight-, and sixteen-slot card
racks, each containing an STD BUS
motherboard and card edge connectors, hold all standard 4.25-by-6.5in STD BUS integrated-circuit
cards. The STD BUS, conceived by
Pro-Log Corp. and developed with
Mostek Corp., permits design engineers to interchange cards on 8-bit
microprocessors for maximum flexibility. The racks have open-end
panels and are convection cooled.
They are made of injection-molded
thermoplastic polyester.
The four-slot card rack (model
CR4A-1) is priced at $120; the
eight-slot rack (CR8A-1) sells for
$150; and the 16-slot version
(CR16A-1) goes for $195. Purchasers of large quantities of racks can
receive substantial discounts. An
optional nine-pin locking powersupply cable assembly and mating
connector are also available with
each model for an additional cost.

800.828-7844
I...me New Yoe Steel

MAGTROL, INC.

E&L Instruments Inc., 61 First St., Derby,
Conn. 06418. Phone (203) 735-8774 [377]

iliaMrer
or Call tu toll tree e

SI it •

57-J-342-4018-3

Circle 217 on reader service card
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BUY ONE

of these great professional books
when you join the

1
5
,;4:11
in" too ill
thief
microcomputer
hondbe e

MINICOMPUTER SYSTEMS, Organization, Programming, and Applications.
By Richard H. Eckhouse, Jr. and L. Robert
Morris. 2nd Ed.. 491 pp., illus. Updated. revised. and expanded, this is a book for every
systems programmer, systems designer,
computer scientist, and application specialist
who wants to know more about microcomputer
hardware, software, and design.
787 /026
Pub Pr., $21.95
Club Pr., $17.75
MICROELECTRONICS: Digital and
Analog Circuits and Systems. By Jacob
Millman. 801 pp. 700 illus. Exciting news for
the thousands of engineers who want a thorough refresher and updating on today's ICs.
Will be welcomed by both digital and analog
electronics engineers at every level of proficiency.
423 /27X
Pub Pr., $24.50
Club Pr., $19.50

BE SURE TO CONSIDER THESE IMPORTANT TITLES AS WELLAPPLYING MICROPROCESSORS, P4ew Hard.
ware, Software, and Applications. Edited by L
Attman 8 S E Scrupslu
191 /603
Pub. Pr., $19.50
Club Pr., $15.50
57 PRACTICAL PROGRAMS 8. GAMES IN
BASIC. By K Tracton
784/957
Pub. Pr.. $10.95
Club Pr.. $9.30
MICROPROCESSOR ARCHITECTURE AND
PROGRAMMING. By W F Leahy
784 /612
Pub. Pr., $19.95
Club Pr., $14.95

MICROPROCESSOR PROGRAMMING FOR
COMPUTER HOBBYISTS. by N Graham
783 /56X
Pub. Pr., $12.95
Club Pr., $10.95
ILLUSTRATED DICTIONARY OF MICRO.
COMPUTER TERMINOLOGY. By M Hordesku
786 /631
Pub. Pr., $12.95
Club Pr., $10.95
HOME COMPUTER PROGRAMS. By J W Trudell,
Jr 8 M Landberg
787 /042
Pub. Pr., $8.95
Club Pr., $7.60

MICROPROCESSOR AND MICROCOMPUTER
SYSTEMS. By G V Rao
783/659
Pub. Pr., $24.50
Club Pr.. $19.50

FUNDAMENTALS
OF
COMPUTER
AL.
GORITHMS. by E Horowitz 8, S Sahru
786 /380
Pub. Pr., $19.95
Club Pr., $15.95

THE BASIC COOKBOOK. By K Tracton
786 /615
Pub. Pr., $7.95
Club Pr., $6.75

ELECTRONICS DICTIONARY. By J Markus
404 /313
Pub. Pr., $24.50
Club Pr.,

$19.50

AUTOMATIC DATA PROCESSING
HANDBOOK. Edited by The Diebold Group.
976 pp., 269 illus. Written by astaff of internationally recognized authorities on ADP, this
comprehensive handbook explains systems.
programming and the languages, communications processes, and the design and installation of today's computers.
168 /075
Pub Pr., $38.95
Club Pr., $25.75
THE Z-80 MICROCOMPUTER HANDBOOK. By William Barden. Jr. 304 pp., illus.,
paperbound. This book gives you the entire
"state of the art - in microcomputer technology
today. Arranged in three convenient and Icgicatty developed sections, the book discusses
architecture and interface signals, then powerful interrupt sequences of Z-80 and interfacing
examples of I/O memory devices.
784 /914
Pub Pr., $8.95
Club Pr., $7.60

HANDBOOK
OF
OPERATIONAL
AMPLIFIER CIRCUIT DESIGN. By D. F
Stout; edited by M. Kaufman. 434 pp., 223
illus. Compact, concise, and highly concentrated. this unique "one-stop - designer's
handbook contains an enormous amount of
information.
617 /97X
Pub Pr., $29.65
Club Pr., $17.50
PRINTED CIRCUITS HANDBOOK.
Edited by C. F Coombs, Jr. 2nd Ed., 634 pp.,
595 i/lus. Covering the subject of printed circuits from the design's idea to final acceptance, this enormously well-received work includes double-sided plated boards through
printed boards and also the major variations
such as multilayer and flexible circuits.
126 /089
Pub Pr., $32.50
Club Pr., $24.50
PRINCIPLES OF INTERACTIVE COMPUTER GRAPHICS. By William M. Newman and Robert Sproull. 2nd Ed., 544 pp.,
illus. Now in a revised, updated Second Edition. this is a volume that has long been THE
standard source of information for designers!
463/387
Pub. Pr., $24.95
Club Pr., $19.95
PROGRAMMABLE CALCULATORS. By
Charles J. Sippl and Roger J. Sippl. 526 pp.,
il/us, 61
2 x 10 format, paperbound. Profusely
/
illustrated, this book analyzes pocket "programmable - calculators. The authors concentrate on the trade-up models that users will
soon be purchasing.
784 /493
Pub Pr., $13.95
Club Pr., $11.50
THE 8080A BUGBOOK: Microcomputer Interfacing and Programming. By
Peter R. Rony, David G. Larsen, and Jonathan
A. Titus. 416 pp., with figures, charts, and
tables, paperbound. Gives you the basic concepts of microcomputer interfacing and the
associated microcomputer I/O programming
to develop your own interfaces. For the 8080
user, this book will be invaluable.
783 /845
Pub Pr., $9.95
Club Pr., $8.45
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and

GET ONE FREE (values up to $60.00)

COMPUTER PROFESSIONALS' BOOK CLUB.
PROGRAMMING LANGUAGES. By Allen
B. Tucker, Jr. 439 pp., illus. Gives you not only
the principles of design but the applications of
six major programming languages. Shows you
their strengths and weaknesses in solving various representative "benchmark" problems.
654 /158
Pub Pr., $22.00
Club Pr., $16.50

ELECTRONICS ENGINEERS HANDBOOK. Editor in Chief, D. G. Fink. 2,104 pp.,
2026 illus. Brings together in one instantreference volume the essential principles,
data, and design information known today on
the components, circuits, equipment, and systems of all the various specialties that make up
modern electronics.
209 /804
Pub Pr., $52.50
Club Pr., $37.50
ELECTRONIC GAMES, Design, Programming and 71roubleshooting. By W.
H. Buchsbaum and R. Mauro. 335 pp., 338
illus. Information you need to design, program,
and troubleshoot electronic games is right
here in this widely popular hands-on guide.
087 /210
Pub Pr., $17.50
Club Pr., $14.00
MEMORY DESIGN: Microcomputers to
Mainframes Edited by LAURENCE
ALTMAN. 192 pp., illus., 81/
2 x 11 format Keep
"up" with memory chips, through this collection of key articles from Electronics magazine.
Data, diagrams, and discussions put all the
technology to work for you in one authoritative
book—a volume so up to date, it's a pleasure
to use.
190549
Pub. Pr., $18.50
Club Pr., $15.50

MICROCOMPUTERS/
MICROPROCESSORS
Hardware, Software, and
Applications. By John L. Hilburn and Paul
N. Julich. 372 pp., illus. Expressly created for
people involved in the design, use, or maintenance of digital systems using microcomputers. The authors describe the theory
and workings behind microprocessor architecture, read-only memory (ROM), randomaccess memory (RAM), and input/output interfacing methods.
771 /449
Pub Pr., $22.50
Club Pr., $16.50

PERSONAL COMPUTING: Hardware
and Software Basics ELECTRONIC
BOOK SERIES. 224 pp., 175 illus., outsized
81/
2 x 11 format Gives you comprehensive
guidance to the present state of the art in personal computers—an overall survey of the
technology, and methods available to perform
various tasks, facts about the work others are
doing— and just how they are doing it.
190514
Pub. Pr., $14.95
Club Pr., $11.95

LOGIC DESIGNER'S MANUAL. By John
D. Lenk. 504 pp., illus. Written for logic IC
users rather than for designers of logic ICs,
this book uses time-tested existing commercial logic ICs to solve all design and application
problems.
784 /671
Pub Pr., $18.95
Club Pr., $15.75
HOW TO DESIGN AND BUILD YOUR
OWN CUSTOM TV GAMES. By David L.
Heiserman. 544 pp., illus. Shows you how to
create and build TV games from scratch and
modify the ones you already have.
786 /585
Pub Pr., $14.95
Club Pr., $11.95
MICROPROCESSOR
APPLICATIONS MANUAL. By Motorola
Semiconductor Products, Inc. 720 pp., illus.,
81
/ x 11 format. With nuts-and-bolts practical2
ity, this manual by the Motorola people (who
should know) gives you detailed applications
information on microprocessors and assumes
no prior knowledge on your part about MPUs.
435/278
Pub Pr., $38.00
Club Pr., $26.50

ENCYCLOPEDIA OF COMPUTER SCIENCE. Edited by Anthony Ralston and C. L.
Meek. 1,500 pp., 60 illus., 100 charts, 7x 10
format. This first and only in-depth coverage of
the entire field of computer science in asingle
volume is comprehensive and completely up
to date.
769 /01X
Pub Pr., $60.00
Club Pr., $39.95
ANALOG SYSTEMS FOR MICRO.
PROCESSORS AND MINICOMPUTERS.
By Patrick H. Garrett. 248 pp., illus. Explores
all possibilities for analog systems in one applications oriented volume—with many specific examples.
786 /496
Pub Pr., $18.95
Club Pr., $14.95

Choose any one of these books at the special club discount, and
select any other as your gift Free of Chame when you enroll.

Why YOU should join now!

Computer Professionals' Book Club
P.O. Box 582, Hightstown, New Jersey 08520

• BEST BOOKS IN YOUR FIELD—Books are selected from awide
range of publishers by expert editors and consultants to give you
continuing access to the latest books in your field.
• BIG SAVINGS—Build your library and save money too! We guarantee savings of at least 15% off publishers' list prices on every book.
Usually 20%, 25% or even higher!

Please enroll me os omember and send me the two books indicated billing me tor my first
selection only at the discounted member sprice plus local tax postage and noodling It
not satisfied. I
may return the books within 10 days and my membership will be canceled I
agree to purchase a minimum of 3additional books during Me next 2years os outlined
under the club plan described in this ad Membership in the club is continuous but
cancellable by me any time after the tour book purchase requirement has been fulfilled
Write Code # of
FREE selection here

• BONUS BOOKS—You will immediately begin to participate
in our Bonus Book Plan that allows you sayings between
70 80% off the publisher's price of many books.
• CONVENIENCE-14 times a year you receive the Club Bulletin
FREE, fully describing the Main Selection and alternate selections,
together with adated reply card. If you want the Main Selection, you
simply do nothing—it will be shipped automatically. If you want an
alternate selection—or no book at all —you simply indicate it on the
regular reply card and return it by the date specified. You will have at
least 10 days to decide. If, because of late mail delivery of the Bulletin
you should receive abook you do not want, just return it at the Club's
expense.
As aClub member, you agree only to the purchase of four books
(including your first selection) over atwo-year period.
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Write Code rti of
FIRST selection here

Orders from outside the U S must be prepaid with international money orders in U S
dollars
Charge my ':: VISA 1 MASTER CHARGE* Exp Date
Credit Card

*MC Bonk x

Signature
Name
Address
City. Stale Zip
Corporate Affiliation

L

This Order Subject to OCceplanCe by McGraw -Nul All prices Subject to change eolboul
notice Offer good only to new members A postage and handling charge is added to all
shipments
P39441
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The most important
data communications
purchase you'll ever make
isn't adevice or component!
It's atimely, easy-to-follow guide that spells out exactly what you need to know to
get the best possible deals on all data communications equipment. To turn data
communications procurement into asmoothly running, cost-effective operation.
And to save you thousands in data communications costs while delivering
top-performance service!

cw‘e.li
t
A
eives

Just published, this immensely important resource comes packed with
the most authoritative and current information you need to make all your data
communications purchasing decisions.
Plus step-by-step guidelines on the procurement process that speeds
communications with vendors and assures that you get exactly the equipment
you're looking for.
A first-of-its-kind working reference
that puts right into your hands...

Data Communications
Procurement Manual

• an alphabetical checklist of procurement document items to help you
determine what's relevant to you and
develop clauses or descriptions for the
solicitation document
• sample solicitation format plus a
compilation of solicitation clauses
and forms most frequently used in
procurement documents
• specifications for 38 devices, with a
complete listing of both general
and specific device specifications
to consider when developing communications component requirements
• tabulation of Bell System data-set
operating characteristics to help
you develop afunctional modem
procurement
vital facts to determine if special pin
cross-connections are required to
interface components with existing
equipment
tables of present value interest factors
for yearly and monthly periods varying
from 6to 15%. Vital for evaluating
proposals for future costs
yearly energy costs of acontinuously
operating device in cents per Kilowatt
hour
checklist to develop aschedule of
procurement activities
plus invaluable guidance on the basic
construction of asample solicitation
Before you choose any data communications equipment, choose the DATA
COMMUNICATIONS PROCUREMENT
MANUAL. The before-you-buy buy for every
data communications purchase!
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by Gilbert Held

150 pages

Content,
PROCUREMENT DOCUMENT ITEMS. SAMPLE SOLICITATION CLAUSES AND FORMS. Cover
Sheet, Contact Form and Representations. Certifications, and Other Vendor Statements. Instructions, Conditions. and Notices to Vendors. Evaluation and Award Factors. Supplies/Services and
Prices. Mandatory Specifications. Preservation/Packaging/Packing. Deliveries or Performance. Inspection and Acceptance. Special Provisions, Contract Administration Data. General Provisions. List
of Documents and Attachments. SPECIFICATIONS. General Specifications. Specific Specifications (Acoustic Coupler, Analog Extension Unit. Analog Test Set, Automatic Calling Unit, Cable.
Channel Service Unit, code Converter, concentrator, controller. Data Access Arrangement. Data
Compactor, Data Line Analyzer. Data Security Unit, Data Service Unit. Echo Suppressor. Facsimile
Equipment, Frequency-Division Multiplexer, Front-End Processor. Interface Converter, Inverse
Multiplexer. Limited-Distance Modem, Line Driver, MIL-STD-188C Adapter, Modem. Modem/
Line-Sharing Unit, Multipoint Modem, Multiport Modem. Parallel Interface Extender, Port Selector.
Port-Sharing Unit. Remote Batch Terminal, Speech/Data Unit. Speed Converter. Statistical Multiplexer. Switch, Time-Division Multiplexer. Transmission Test Set, Voice Adapter). APPENDIXES. Bell
System Data Set Compatibility Guide, Modem Options. ElA Terminal/Modem Interface, Modem
Interface Description. Present Value Interest Factors. Energy Consumption cost. Communications
Procurement Plan, Sample Modem Procurement.

Order today using this coupon!

FL I

Return coupon to:
Data Communications Procurement Manual
P.O. Box 669
Hightstown. New Jersey 08520
Send me
copy (copies) of the
DATA COMMUNICATIONS PROCUREMENT
MANUAL (606534-0) on a 10-day money-back
guarantee. Iunderstand that if 1am not absolutely satisfied. Imay return the book(s) within
10 days at no further obligation. Otherwise.
McGraw-Hill will bill me $24.50 for each copy.
plus applicable sales tax, shipping and handling
charges.

Name_._
Title_
Company__
Address__
City__
State

Zip

SAVE MONEY! Enclose payment in full, plus local sales tax, and McGraw-Hill pays all
regular postage and handling charges. Ten-day money-back guarantee still applies.
Check enclosed

Bill me

Bill my company

Thls offer subject to acceptance by McGraw-Hill and good only in U.S.
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Products newsletter

Du Pont to test
screenless pc-board
printing system

National sets new
AS/7031 pricing

Symmetry improves
multiprocessor
throughput by 50%

Tally pares
printer prices
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The Du Pont Co., Wilmington, Del., plans to field-test a screenless
image-transfer printing system for printed-circuit boards this year. Called
Cirtrak, the system uses thermomagnetographic technology, which is
especially suitable for producing boards with line widths and gaps as
narrow as 15 mils. The heart of the system is a premagnetized printing
plate with achromium dioxide coating. When covered with conventional
artwork and exposed to aspecial light source, the plate loses its magnetism
in the transparent areas of the artwork. The image thus formed, developed
by amagnetic toner, is then transferred to acopper panel, where it is fixed
by heating. At least 500 copies can be run from each master plate. The
hardware for the Cirtrak system will probably range between $80,000 and
$100,000, with leasing apossibility. The concept will be introduced in the
U. S. at Nepcon next month.

The purchase price of the AS/7031 processor from National Advanced
Systems Corp., Palo Alto, Calif., has been established at $600,000 and
leasing arrangements have been realigned to offer three short-term
options-18, 24, and 36 months. (National Advanced Systems is the
company formed by the transfer of het Corp.'s IBM-compatible computer
operations to National Semiconductor Corp. [Electronics, Jan. 3, p. 50].)
The AS/7031, which is comparable to IBM's 3031, uses 16-kilobit
memory technology and supports all IBM 370 and 303X operating
systems and their extensions. New list prices for the company's 370/158,
168, and 3033 memory are set at $40,000 amegabyte.

Throughput improvements of up to 50% over traditional master-slave
dual-processor DEcsystem-10 configurations are claimed for the full
Symmetric Multiprocessing (sm P) capability recently announced by Digital Equipment Corp. for its DEcsystem-1090. According to the Maynard,
Mass., firm, SMP can accommodate up to 175 active jobs or 512
transaction-processing or dedicated terminals. A minimum configuration
DEcsystem-1090 SMP, with two processors, 1million words of memory,
one disk drive, 16 terminal lines, and an SMP operating system, is priced at
$1,250,000. Master-slave configuration DEcsystem-1090s can be adapted
in the field to SMP at prices starting at $10,000.
In dual-processor SMP operation, such as in the DEcsystem-10, both
processors are operationally equivalent, with each performing both computation and input/output functions. The operating system is re-entrant, and
monitor calls can be executed by either processor.

Tally Corp., Kent, Wash., is cutting prices up to 20% on M series printers
in the Tally/Mannesmann line. The price of the M80 MC, a fast
80-column serial printer with optical character recognition and bar-code
printing, has been reduced to $2,445. An M78 Trimform printer that
automatically cuts forms to any length has had its price rolled back to
$4,345. Finally, the price of the M184 dual-document printer has been
lowered to $4,545. Substantial quantity discounts are available.
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FOR

ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

CLASSIFIED SALES REPRESENTATIVES
Chicago
Atlanta Maggie McClelland 404/892-2868 Cleveland
Boston Jim McClure
617/262-1160 Dallas
Chicago Bill Higgens
312/751-3733 Denver

Sales Nana9er—Mery Ellen Keerne-212/997-3308
Linda Nocella
Mac Huestis.
Mike Taylor
Shirley Klotz

312/751-3770
216/781-7000
214/742-1747
303/837-1010

Detroit
Houston
Los Angeles
New York ..

Mac Huestis 313/873-7410
Mike Taylor 713/659-8381
Ana Galaz .213/487-1160
Larry Kelly. 212/997-3594

Philadelphia
Dan Ferro .. 215/568-6161
Pittsburgh...
Jack Gardner 412/227-3658
San Francisco .Peter McGraw 415/362-4600
Stamford
William Eydt .203/359-2860

SOFTWARE
DEVELOPMENT
ENGINEER

Electronic
Engineers
Every facet of state-of-the-art design centered in one facility (not

Manufacturer of "state-of -the-art
flow measurement devices has opening for engineer with 3-5 years exp.
with Intel 8080/8085 assembly language programming. BS/MS in Computer Science or BSEE with computer
emphasis. Analog/Digital hardware
design experience desirable.
Send resume and salary history to:

COX INSTRUMENT
15300 Fullerton
Detroit, MI 48227

An Equal Opportunity Employer M/F

spread out among divisions) awaits you at Burroughs Small
Systems Group.

[111•Tillà

We provide the stability of an international leader in the computer
industry. Combined with a"small company" environment that
stimulates and rewards individual achievement. No engineering
"bullpens"—just comfortable two-person offices.
And we have openings right now for Electronic Engineers at our
Coral Springs, Florida facility.
These positions require 2-3 years' experience in digital and

FACULTY POSITIONS VACANT

logic design.

The Burroughs salary and benefits package is excellent. And the
Florida lifestyle is ideal.
For prompt consideration, please forward your resume and salary
history to:
Manager, Professional Employment
Burroughs Corporation—Small Systems Group
4000 Coral Ridge Drive
Coral Springs, Florida 33065
An Equal Opportunity Employer

Burroughs
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Assistant/Associate Professor of
Engineering Technology. Full time
tenure track position in Electronic
Engineering Technology and Chairperson. Department of Engineering
Technology, subject to the terms of
the Agreement between State
University Board and the Inter.
Faculty Organization/ktnnesota
§iate EduCation Association. Assignment will involve teaching Electronic
Engineering Technology courses,
including digital systems and computers. The Department Chairperson
shall be to exercise academic and
administrative leadership for the Department and will have the responsibility for internship program,
maintaining astrong alliance with industry. advisement of majors, and
recruitment of faculty and students.
Masters degree in Electrical
Engineering, current background in
digital electronics and computer
design, teaching and/or administrative experience in Bachelor Degree
Engineering Technology Program required. Doctorate, professional registration. and industrial experience
preferred. Appointment date February or August, 1980. Applications
due by January 15, 1980. Reply to
Mr. Robert J. O'Brien, Chairperson,
Engineering Technology Department,
Southwest
State
University,
Marshall, MN 56258. Southwest
State University is an affirmative action/equal opportunity institution.
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ENGINEERS: Hardware/Firmware •Software Application •
Product Managers

Join ALLEN-BRADLEY'S Leaders at the
LEADING EDGE of NC/PC Technology
Allen-Bradley Systems Group constantly applies advanced concepts We progress at the leading edge of technology, not waiting for years to utilize more
efficient processors, advanced architecture or more efficient languages. Our
Numerical Control and Programmable Controller Systems help increase productivity in all types of industry.
As an important part of an international corporation, employing over 15,000
people, we emphasize a sophisticated professional environment, which promotes your growth and ours
HARDWARE/FIRMWARE DESIGN ENGINEERS -You're prepared to design
and develop numerical control systems and programmable controllers employing advanced digital techniques. B. S. E. E., Scientific or advanced degree with
2, years experience important.
SOFTWARE ENGINEERS -Advanced concepts provide a variety of exciting
opportunities. Capitalize on your Comp. Sci. or related degree and apply your
software background at the leading edge.
APPLICATION ENGINEERS -Use your engineering skills to define customer
control system requirements, design strategy and prepare proposals, help
conduct customer/sales training programs, participate in new product planning and development. Microprocessor and/or programming knowledge aplus.
PRODUCT/MARKETING ENGINEERS-- You're B. S. E. E. degreed and have
2 • years background in microprocessor technology. You're capable of participating in research, exploration, identification for product opportunities
based on anticipated industry-wide requirements.
These are key technical positions offering outstanding career growth possibilities, excellent compensation and generous benefits.
Grow with us in Northeast Ohio's "Land of the Western Reserve"
Start by sending your resume and current salary history requirements to

o

Thomas M O'Brien

Professional Employment

ALLEN-BRADLEY CO.
SYSTEMS GROUP
747 Alpha (Drive, Highland Heights, Ohio 44143
Quality in the best tradition.
An Equal Opportunity Employer M/F
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Engineer
(CAD)

Purchasing/Liaison with
European Headquarters of
Top Photo Equipment Firm

The Nation's Number One Avionics Team is looking for avery
special engineer to help advance the state of the art.
Were looking for abroad range of experience in all aspects of
computer-aided circuit analysis (CAD) including specific
familiarity with such major circuit-analysis programs as
SEPTRE. SPICE. or TRAC.

If you have a Bachelor's degree in electronics or
another science—and enjoy mobility, here's an exceptional opportunity! You'll handle technical communications between U.S. vendors and our European Headquarters—facilitate purchases of
scientific parts for our European branches, according to R&D specifications. One of your major
responsibilities will be exploring sources of relevant
information and purchasing opportunities. Ideally,
you'll have above-average communications skills in
both English and German. Experience with industrial and OEM parts adefinite asset.

You should also be able to develop semi-conductor device
computer models for transient CAD.
Honeywell Avionics is a leading subsystem supplier of diversified avionics products with some 80 current subcontracts
and millions more in R&D business. Recent key program
assignments and continuing aggressive marketing have increased opportunities for challenging career assignments
with Honeywell-in-Florida
For immediate attention, please send
us your resumé (in strictest confidence).
Mail to: Walt T. McMillen
Avionics Division.
Honeywell-in-Florida
13350 U.S. Highway 19
St. Petersburg. Florida 33733

We offer excellent compensation and benefits!
Please send your resume with salary history in confidence to: C.F. Sand.

H

AGFA-GEVAERT, INC.

Avionics Division

275 North St., Teterboro, N.J. 07608
Equal Opportumty Employer M/F

•in Fibrida

ell

"A Place In The Sun For You."

Honeywell ;s an equal opportunity employer

•
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CIRC IT
ESIGN ENGINEER
The nation's Number One Avionics Team is looking for avery
special engineer to help advance the state of the art.
This position calls for demonstrated capability to use high
speed BIPOLAR and MOS in digital circuit design and
analysis programs such as SEPTRE and SPICE. You'll be
developing detailed circuit design. including modeling and
analysis of a wide variety of circuits for LSIC's. You'll be
expected to assume a leadership role in directing support
personnel in innovative layout of cells and chips.
Honeywell Avionics is a leading subsystem supplier of diversified avionics products with some 80 current subcontracts
and millions more in R&D business. Recent key program
assignments and continuing aggressive marketing have increased opportunities for challerlging career assignments
with Honeywell-in-Florida
For immediate attention, please send
us your resumé (in strictest confidence).
Mail to: Walt T. McMillen
Avionics Division.
Honeywell-in-Florida
13350 U.S. Highway 19
St. Petersburo, Florida 33733

;rag'

iet

H one
11111111111•111111

Avionics Division

in Fiterida
Honeywell is an
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-A Place

Electronic Engineers...
We Invite You To
Discuss Your Careers...
... with consultants who understand your
particular qualifications and goals. Since
F-O-R-T-U-N-E is staffed with specialists in
every aspect of the electronics industry, this is
an opportunity to take advantage of.
R.S.V.P. by calling or by sending your
resume, in confidence, to:
Manager, Electronics Division
Petsonnel Agency Inc

0-R-T-U-N-E
A Nationwide Service

(212) 557-1000— 505 Fifth Ave., NYC 10017
- CORPORATE INQUIRIES WELCOME -

ell
In 'The Sun For You."

equal opportunity employer
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to afuture at Boeing in Wichita.
The increasing opportunities at the Boeing Military Airplane Company in Wichita makes this an
ideal time to move to important work on significant, long-range projects for both commercial and
military programs. Wichita offers the advantages of alarge city without some big city problems. It
is an excellent place for raising and educating a family and for a wide variety of cultural and
recreational activities. The many current assignments at Boeing offer achoice of security and job
satisfaction. Reply in confidence and find out how much we have to offer you.
IMMEDIATE REQUIREMENTS include the following which require U.S. Citizenship and BS or higher degree in
Engineering, Physics, Computer Science or Math

• STRUCTURAL DESIGN

• FLIGHT SYSTEM TESTING

• STRESS ANALYSIS

• INSTRUMENTATION TEST

• SOFTWARE DEVELOPMENT DESIGN ANALYSIS

• TEST PLANNING -ELECTRONICS

• PRODUCT SYSTEMS ENGINEER

• CONTROL SYSTEM ANALYSIS

• ELECTRICAL/ELECTRONIC
INSTALLATION DESIGN

• ELECTRONIC SYSTEM ANALYSIS

• GROUND SUPPORT REQUIREMENTS
ELECTRICAL-ELECTRONICS

• SYSTEM SAFETY
• POWER DISTRIBUTION ANALYSIS

• INSTRUMENTATION DESIGN

• LIAISON ENGINEER

• TECH WRITER -ELECTRONICS

• MANUFACTURING RESEARCH &
DEVELOPMENT ENGINEERS

• ELECTRONICS/ELECTRICAL TESTING

Send resume to

Jim Snelling
Boeing Military Airplane Company
4300 E MacArthur Road, Dept El
Wichita, Kansas 67210
or Call Collect (316) 687-3057

Arl7E7Arée"
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An Equal Opportunity Employer M/F
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Puffing
It All
Together!
IC Technology
National has put it all togther for achievement-oriented professionals who desire to develop advanced
technologies We offer stimulating technology driven
positions in a highly visible atmosphere, NATIONAL—
for those who believe acareer means more than ajob.

Senior Engineer
xmos Development
You will maintain reconciliation of 3.5 micron XMOS
processes for microprocessor products. Interface with
design, product and process engineers in Santa Clara .Salt Lake, and Israel. Requires 2-5 years engineering experience in device or process development, or
in product engineering of advanced products. Familiarity with computer and or test system programs desired. along with a BS MS PhD in EE or Physics

Senior Development Engineer
ECL RAhls
Will be responsible for advanced LSI Bipolar process
development, including Hi Speed ECL RAMs and next
generation CPU 'chips. Requires a BS MS in EE. Physics
or Chemistry and 3, years of experience in Diffusion,
Ion Implantation. Metallization and a solid background in device physics

Project Engineer
Advanced MOS
You will be responsible for designing new technology
and scaling MOS to sub 2micron and ultimately submicron geometrics. Requires 4-6 years in semiconductor integrated circuit fabrication and engineering.
Candidate should also be familiar with device models. process models, state-of-the-art fabrication technolgy and preferably circuit characterization. An MS
PhD in EE. Physics or Materials Science is required

Device Development Section Head
EPROMs
This key position will be responsible for supervising a
technical staff and have project responsibility for process, device development of high performance, high
density EPROM's. Requires an MS or PhD and at least 4
years of process development experience in N-Channel si -gate technology

Section Head
Interlace Design
You'll be involved with all aspects of new circuit development, including product definition, design, development and applications Utilizing such diverse technologies as Schottky, II_ CMOS and High Voltage Linear. responsibilities will focus on Linear. Analog and
Digital circuit products. Requires a BS' MSEE and 3years of IC design experience

Stott Development Engineer
VLSI Arrays
Will be responsible for process: device development
of VLSI GATE ARRAYS utilized in next generation CPU
devices. Requires a BS/MS in EE, Physics or Chemistry
and 3, years of experience in the development of
advanced Bipolar devices
National offers exceptional salaries and benefits Put it
all together and call Mark Lewis COLLECT at (408)
737-6547 or send your resume to his attention at
National Semiconducior, 2900 Semicondudor Drive,
MS 16255, Santa Clara, California 95051. An equal
,pL)urt,nty umployer T1
r,

0
t
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National
Semiconductor

NGINEER

(Secured Operating Systems)
The Nation's Number One Avionics Team is looking for avery
special engineer to help advance the state of the art.
Your experience in developing timeshare operating systems
for secure computers is of particular interest to us. Capability
with UNIX operating-systems and software development in
operating systems or language precision-computers is desirable but not an absolute necessity. Your basic assignment
will involve developing operating system software modules
for Secure Communications Processor (SCOMP).
Honeywell Avionics is a leading subsystem supplier of diversified avionics products with some 80 current subcontracts
and millions more in R&D business. Recent key program
assignments and continuing aggressive marketing have increased opportunities for challenging career assignments
with Honeywell-in-Florida
For immediate attention. please send
us your resumé (in strictest confidence).
Mail to: Walt T. McMillen
Avionics Division.
Honeywell-in-Florida
13350 U.S. Highway 19
St. Petersbura. Florida 33733
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in Fitirida -A Place In The Sun For You."
Honeywell sari equal opportunity

employer

ANALOG CIRC IT
DÈSIGN ENGelEER
The Nation's Number One Avionics Team is looking for avery
special engineer, to help advance the state of the art.
Your background should include conceptual design and
analysis of avariety of analog circuits. Specific experience in
the design of power supplies would be a definite additional
asset in this position. Also important: creativity in developing
innovative circuit concepts and the capability to provide inspired leadership for support personnel.
Honeywell Avionics is a leading subsystem supplier of diversified avionics products with some 80 current subcontracts
and millions more in R&D business. Recent key program
assignments and continuing aggressive marketing have increased opportunities for challenging career assignments
with Honeywell-in-Florida
For immediate attention, please send
us your resumé (in strictest confidence).
Mail to: Walt T. McMillen
Avionics Division.
Honeywell-in-Florida
13350 U.S. Highway 19
St. Petersburg. Florida 33733
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"A Piece In The Sun For You."
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THE IC. GAME.
IT'S ZERO PERCENT LUCK.
It's hard work leading an industry.
It's challenging.
It's state-of-the-art.
It's what we do at Harris Semiconductor.
No luck about it.
Harris Semiconductor supplies both
industrial and governmental markets with
awide range of standard and custom IC's.
We design, develop, and manufacture
linear, data acquisition, digital logic,
microprocessor and memory integrated
circuits.
We have the industry's most advanced
CMOS production facility.
And the obvious advantage of
combining design, development,
production, and management under one
roof.
Our enviable record of growth has
created the need for innovative, talented
semiconductor professionals to join our
group of exceptionally talented people.

U./

Digital Circuit Designers D Analog
Circuit Designers D Process Engineers
D Product Marketing Engineers III Software
Engineers III Applications Engineers
D Advanced Products Logic Planning
Engineers III Mask Designers D Test
Engineers (Fairchild/Sentry Equipment)
D Production Supervisors D Production
Control Supervisors.
Add it all up.
A professional environment that
encourages and rewards contribution.
A lifestyle on Florida's Atlantic Coast.
A commitment to technology that's 100%
state-of-the-art.
When you think of your future, think of
Harris Semiconductor.
Send resume with salary history to: Ken
Judson, Professional Staffing Supervisor,
Harris Semiconductor, P.O. Box 883, Dept.
160, Melbourne, Florida 32901. Or call
collect (305) 724-7782.

Heuzuzus
SEMICONDUCTOR GROUP

The leading edge in technology—The last word in IC's.
An Equal Opportunity Employer MiF
Electronics/January 17, 1980
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engineers

EMPLOYMENT SERVICES

HARDWARE/
SOFTWARE
ENGINEERS
GTE Automatic Electric Laboratories is a leader in the design and
development of advanced electronic switching systems. Ours is atechnical
environment where today's concepts become tomorrow's realities in
telecommunications. Our staff of top notch engineers is involved with digital
integrated circuits, highest complexity MOS memory, bubble memory,
codecs, and other LSI devices. We also work with electronic techniques
applicable to PCM systems, advanced microelectronics, and optical fiber
applications.
In software, we are developing on-line, real-time control programs using the
latest design techniques in structured programming and off-line support and
diagnostic software. Our hardware support includes an IBM 370/168 and an
IBM 3033. Design automation, Computer Aided Design, on-line interactive
graphics, Data Base Management Systems, and other programming areas
offer awide range of challenge to your continued professional advancement.
We have openings for professionals in the following areas:
• Distributed Processing
Architecture
• Computer Aided Design &
Development
• AD/DA Systems Interface
• Top-down Systems Design
• Data Base Systems
• Real Time Systems
• Systems Diagnostics
• Signal Processing

• Stored Program Digital Systems
• Telecommunications switching and
control systems (microprocessor or
large CPU controlled)
• Large scale on-line systems
management and executives
• Simulation
• Application Software
• Teletraffic analysis and modeling
• Long Range Planning

If you have adegree and experience in Computer Science, Electrical
Engineering or Mathematics, we invite you to find out more about R&D
careers in our unique technical environment. We can offer you an excellent
salary; complete corporate benefits and arare potential for personal and
professional development. For prompt consideration, send resume to:
Manager of Technical Employment, Dept. 471 A6.

GTE AUTOMATIC ELECTRIC LABORATORIES
400 N. Wolf Road
Northlake, IL 60164
Equal Opportunity Employer M/F

CID

Research and
Development

Electronic engineering growth positions with clients located nationally.
Our service is enhanced by the fact
that Iam an EE with 20 years in industry and over 10 years in placing
professionals on an employer fee
paid basis. Send your resume to Joe
Torcassi, Director. J. Anthony &
Associates,
PO
Drawer
AD.
Letchburg. OH 45142. 513/364.
2305.

POSITIONS VACANT
Murkett
Associates
Qualified
Reputable Management placement
with national affiliates—fee paid
Box 527 Montgomery, Al 36101.

Would
el.
you hire
an engineer
who
couldn't
understand
this
magazine?
Of course not. ELECTRONICS is
the

technical

technical

publication

people.

for

If they can't

understand it, they can't receive
it. That's why, when you're looking for qualified engineers, you
should consider our Classified
Section.
For only $65.00 per inch your
recruitment
reach

advertising

90,000

electronics

will

pre-screened
engineers —as

they're reading to combat job
obsolescence,

while

they're

thinking about their future and
bettering themselves.
There's no charge for typesetting and free layout service is
provided.
For more information call or

ELECTRONICS
Post Office Box 900
New York, N.Y. 10020
Phone: 212 997-2556
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ENI truly is the Power Elite. In
fact, when you want the ultimate
in power flexibility, there's simply
nothing finer in all the world.
And our instrumentation can meet
all your application needs. for RF
signal generator amplification.
RFI /EMI testing. signal distribution. RF or data transmission,
NMR/ENDOR, ultrasonics and
more.
ENI's selection of Class A
power amplifiers is unsurpassed.
combining afrequency spectrum

e:V

of 10 kHz to 1GHz with power
outputs that range from 300
milliwatts to over 4,000 watts.
Rugged. compact and versatile,
these power amplifiers can
be driven by virtually any signal
source. They're completely
broadband and untuned. amplifying inputs of AM. FM. TV, SSB
and pulse modulations with
minimum distortion. The unconditional stability and failsafe
design make them impervious to
severe load conditions (open or

The World's Leader in Power Amplifiers
Circle 901 on reader service card
III

short circuit), delivering their
rated power to any load, regardless of match.
Clearly. when it comes to
meeting your power amplification
needs. ENI is in aclass by itself.
For detailed technical specifications, ademonstration or our
latest full-line catalog, write:
ENI. 3000 Winton Road South,
Rochester. New York 14623.
Call (716) 473-6900, or Telex
97-8283 ENI ROC.

1
3-SERIES
PHOTOCELLS
from Clair«
Low in cost ....high in performance

We produce 24 standard
types of P-series photocells,
but if you can't use a
standard type, well design
acustom cell to meet your
specific requirements. This
is only one reason we have
been known as the "light

touch in automation and
control - for 25 years.
Give us your "light"
problems. Well develop
the solution. Call (914)
664-6602 or ‘'rite Clairex®,
560 South Third Avenue,
Nloinit Vernon, N.Y. 10550.

CLAIREX ELECTRONICS
ADivision of Clairex Corporation
Circle 902 on reader $erice card
•,74.

