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Time-Proven //
Cermet 4

Trimmers...

il the
est way to
rim a circuit.

Jver the last decade, Models 3006,
3299 and 3386 Trimpot® trimming
yotentiometers have set the standards
s or cermet trimmers. And, because these
’f " 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.
N 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:
3006 3299 3386
Std. Res. Range 10 Ohms to 10 Ohms to 10 Ohms to
2 Megohms 5 Megonms 2 Megohms
Res. Tolerance 10% 10% 10%
Power Rating TI5W@ 70°C SW@ 70°C S5W@85°C
Tempco 100 ppm/°C 100 ppm/°C 100 ppm/°C
CRV 3% 3% 1%
Adjustment 15 turns 25 turns Single-turn
(top or side (top or side
adj.) adj.)
Size 3/4" rect. 3/8" square 3/8" square
4 Pin Patterns 3 styles 5 styles 14 styles
@ J " 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-1 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, we’ll 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.

For Immediate Application—Circle 120 For Future Application—Circle 220



A touch of color can
make all your information
work harder.

Here are five ways
Ramtek can help you
put that touch of

color to work for you
within 30 days.

Choose from Ramtek's line of raster The 9000 Serles: High-performance The 9050: The most popular features of
scan color graphics systems—the microprocessor controlled graphics and the 8000 Series packaged in budget-
most complete in the world. And imaging systems with many modular priced configurations.
now, Ramtek can deliver the system options that allow you to tailor functions
that exactly meets your needs— exactly to your needs. Suited for indus-
within 30 days trial, commercnal, medical and aerospace

: applications.

The 6200A Colorgraphic Terminal: The FS 2500*: A dedicated display gen- Monitors: Choose from 37 models to
Our general purpsse graphics terminal erator designed specifically for process 1280 X 1024 resolution. In color or black
offers more features for the money than control applications. Many special and white. Standard or long persistence
anything else available on the market features for easy operator interaction. phosphor. 13,' 19" or 25" CRTsizes.

today. It's one of our best sellers.

Ramtek offers more choices in graphic displays and customer Want more information on how to add the color touch to your
support than anybody. Nationwide field service and technical information? Write: Ramtek, 2211 Lawson Lane, Santa Clara,
support staff. Intensive hardware and software training programs.  CA 95050. Or call your nearest Ramtek office.

Thorough documentation, maintenance programs, product war- *available domestic U.S. and Canada.

ranties and more.When you buy Ramtek, our experience shows.

Ramtek

Our experience shows.

REGIONAL OFFICES: Santa Clara, CA {408) 988-2211. Newport Beach, CA (714)979-5351, Seattle, WA (206) 838-5196, Albuquerque, NM (505) 298-2200, Dallas, TX (214) 422-2200, Maitland, FL (305) 645-0780, Huntsville, AL
{205) 837-7000. Chicago. L (312) 956-8265. Cleveland, OH (216) 464-4053, Dayton, OH {513) 278-9461,Washington, DC (301) 656-0350, Metropolitan NY (201) 238-2080. Boston, MA (617) 8627720
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’: ANDS WAVE SOLDERING B CONFORMS TO SPECIFICATION MIL-C-81.
. HIGH Q FACTOR AND FREQUENCY RESPONSE. l LOW TEMPERATURE
. COEFFICIENT AND DRIFT RATES. @ IMPERVIOUS TO ALL STANDARD
‘ P.C. BOARD CLEANING SOLVENTS. B 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.

H »QHA/I/‘&
h | & =

570

.
Johanson Manufacturing Corporation Boonton, New Jersey 07005 (201) 334-2676 Electronic Accuracy Through Mechanical Precision
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Cover: The level in the R&D well is dropping, 81

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 a percentage 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 a lot 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 a hypothetical 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 a compiled assembly language for small machines. Microproces-
sors 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 nota-
tion 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 a few 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 a rate of 11,500 bits per second.

. . . and in the next issue

Specch synthesis with an analog microprocessor . . . the effect of a contact
temperature probe’s design on its accuracy . . . a custom LSI integrated-
injection-logic chip set for computer-peripheral control . . . a microproces-
sor with a memory socket on top for microcomputer system design . . . a
microprocessor development system ready for chips unborn.
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low cost

KEPCO IEEE-488

inNterface

series SN 488 provides the connection between the
bus and youranalog instrumentation

B 12 bits, 2 ranges: 0.024% or 0.0024% resolution
@ two optically isolated channels
@ bipolar, plus and minus output

B compatible with Kepco programmable power supplies

CB KEPCO PROGRAMMER

K E P C D ® For complete specifications, write Dept. CNF-14

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

If your application requires only
moderate power, ENI's new
Model A150 will do the job. All it
takes is a laboratory signal
generator and you've got a
perfect match for RFI/EMI
testing, NMR/ENDOR, RF trans-
mission, 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 protec-
tion from overloads and transients,
but that’s what you expect from
any ENI power amplifier, and
the A150 is no exception!

For additional specifications,
a demonstration,
or a copy 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.

The World's Leader in Power Ampilifiers
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Publisher’s letter

esearch and development spending

at times seems much like the
weather —everybody talks about it,
but nobody does anything about it.
There has certainly been a lot of talk
about support of R&D as the United
States has seen its assumed techno-
logical leadership challenged over
the last decade and felt the impact of
these challenges in the form of
tougher competition for both domes-
tic 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 pres-
enting called Inside the News.
Research and development, we
think, is a good kickoff topic.

It’s a subject close to the heart of
Boston ‘bureau manager Jim Brin-
ton, 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 Govern-
ment,” 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 enor-
mous 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 *“mili-
tarily critical technology” system to
guide companies and countries in the
Coordinating Committee of the Con-
sultive Group of Nations (the U. S,,
Western Europe, and Japan). Essen-
tially, TI’s 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.

/4’/(/ 7

Why not an editorial career?

Electronics has available challenging editorial positions for electronics engi-
neers with a bent for journalism. QOur 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 experi-
ence 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.
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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 —
a selection 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, fully-
featured 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 busi-
nesses can have mainframe performance at
micro prices.

READY FOR ANY TOUR These printers are
designed to deliver maximum in-service time,

a key consideration for a small business. And we
have the largest worldwide service organization
of any independent printer company.

DON'T WRITE — phone Bob Cascarino today
at (603) 883-0111, extension 4032, or contact
any of our15 U.S.A. or 9 international sales
offices. Centronics Data Computer Corporation,
Hudson, New Hampshire 03051.
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5 mm pcm plastic film ‘

:}‘."’:%J capacitors — miniature
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for semiconductor

::g_oJ technology.

e WIMA plastic film capac-
itors show greater

N reliability and should be

as preferred to other types.

s The uniform lead spacing

] of 5 mm for the complete |

_ capacitance range is I
ideal for automatic
component insertion.

i WIMA have always been

in the forefront of
plastic film capacitor

technology.
®
FKP2: 220pFto0.01 wF:D.F.2-4x10*
FKC 2: 220pFto0.01 uF:D.F.1-2x10°
FKS 2: 1000 pFto 0.015uF: D.F. 5-6x10°3
MKS 2: 0,01 uFto 1.0 uF:D.F.5-8x10%

(Typical values at 1000 Hz)

WILHELM WESTERMANN
Spezialvertrieb elektronischer Bauelemente
P.O. Box 2345 - D-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 Bivd., Burbank
California 91505 - (213) 846-3911
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Readers’ comments

Faulty table

To the Editor: In your issue of Oct.
11, 1979, a table appeared on page
113 containing comparisons of 'sev-
eral technologies for the realization
of electrically erasable program-
mable read-only memories (EE-
PROMSs). In the part about the SGs-
ATES nonvolatile random-access
memory we have noted several
errors. First, it is realized using MOS,
not C-MOS, 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 transfer-
ring data from a RAM to a ROM, as is
implied by labeling the device's two
supplies as “RAM™ and “RAM-to-
backup” voltages. Also, the two volt-
ages should be +12 and +25 v.
Finally, regarding the electronic pro-
gram memory circuit for television
controllers, we have been in full-
scale production of the M193, with
272 bits of nonvolatile memory, for
over one year now.
Chris Wallace
SGS-ATES Componenti
Elettronici SpA
Milan, ltaly

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 alrcady 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.

I have a kilobuck ready to spend
on some silicon, but I'm waiting for
cven 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 a reprint of the three
1980 market reports was misquoted at
$4. The correct price is $3.

Low cost tool
for design and
trouble-shooting

l

' Pocket Size

| Slide-Switch
Resistance

| Substitution
Unit

stillonly ¢ 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.
I

Ask your dealer, or contact:
Nl PRIPES A BIRD, me.

Manutacturers of Scientific Instruments
P.O. Box 27324 « Richmond. VA. 23261
804/264-7590
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categories
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* Custom-made reprint

services
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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 a more 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/0 capability, larger
addressing spaces, and a lot higher through-
put using standard NMOS, than the 8086
using HMOS.

7

What about availability? Were shipping pro-
totype 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 a PASCAL 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.

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 a fully assembled and
tested Evaluation Board. It’s got the AmZ8002

CPU on it, along with RAM, EPROM, and 1/0.

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 todrop
Intel for somebody else. We've been through it

And it’s better”’

R N
(X

ourselves. But it’s going to hurt a lot 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 ¢\

901 Thompson Place, Sunnyvale, CA 94086
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compatible

1/O cards.

When it comes to /0 functional cards
for DEC LSI-11 microcomputers, ADAC has
the biggest selection available.

ANALOG 1/0

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, 2 DACs

1112RL  8-16 differentiat low level and
thermocouple inputs, 12 bit

1112RX  8-16 differential low levet and
thermocouple inputs, mux expander

113 8-16 differential low level and
thermocouple inputs, 12 bit,
LSI-11/23 interrupt compatible

1113EX  8-16 differential low level and
thermocouple inputs, mux expander,
LSI-11/23 interrupt compatible

1412D0A  1-4 D/A channels, voltage or current
loop outputs

CLOCK CARDS
16016PT Programmable crystal clock/timer

SERIAL 170 CARDS
1750 Asynchronous line interface with
two 170 ports

DIGITAL 1/0
1604/0P1  2-4 optically coupled pulse-input
channels
1604/P0C 2-4 pulse output channels
1616CCl 16 discrete inputs, contact closure
detect
1616/MIC 16 discrete inputs with priority encoder
1616/010 16 parallel outputs, opticatly isolated
1616/011 16 parallef inputs, optically
1solated, can cause interrupt
1620TTL 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 1/0 lines
1664TTL 64 TTL1/0 lines

BUS INTERFACE

16200MA  Direct memory access controller
1900 Unibus to LSI-Il transiator

1950 Bus repeater

1900CT  Cable terminator card

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

lladae

CORPORATION

70 Tower Office Park « Woburn, MA 01801
(617) 935-6668
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' News update

B The 64-bit peripheral array pro-
cessor unveiled last June by Com-
puter Signal Processors Inc. [Elec-
tronics, June 7, 1979, p.161] is
making its debut in the lab and in
systems—but slowly. The Burling-
ton, 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 En-
gineering Laboratories Inc.) in Flori-
da under an original-equipment-
manufacturer agreement announced
last year, are going into that compa-
ny’s new mini vector processor.

No other firm orders are yet on
CSPI’s books, but the inquiries
received so far from scientific engi-
neering people are encouraging CSPI
to gear ity production for volume
deliveries of the MAP-6400 by the
second quarter, says John H. Meyn,
product line manager for the ma-
chine. CSPI is also offering a package
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 learn-
ing 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 array-
function software routines.”

B Direct-step-on-wafer lithographic
equipment retrofitted to yield circuit
line widths less than | micrometer
[Electronics, Nov. 22, 1979, p. 46]
have produced consistent, good-qual-
ity lines between 0.425 and 0.65 um
for interdigital transducers on sur-
face-acoustic-wave delay lines. Ac-
cording to Andrew J. Slobodnik Jr.,
engineer at Rome Air Development
Center, the 1.25-microsecond delay
line is the highest-frequency opcrat-
ing SAwW device yet fabricated opti-
cally, having a center frequency of
2.2 gigahertz. The device's transduc-
ers consist of 10 pairs of single elec-
trodes with 100-um acoustic aper-
ture. -Linda Lowe

Electronics/January 17, 1980



For a product as critical
as custom I’L circuits... s
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T you need
= acompany
. asreliable
- &S CHERRY

Cherry has been combining both digital and linear
functions on the same chip since the infancy of 2L
logic. Long experience, integrity of design, tech-
nological 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
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
converters— timing circuits—motor speed controls —
optical detector systems—camera controls—
flip chips.

CHERRY %» SEMICONDUCTOR

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

Socket/Carrier
Systems for Leaded
“Chip Carriers’ and
4-Sided Flat-Packs

Versatile TEXTOOL test systems ac-
cept wide range ol devices on .040"
centers (up lo 64 leads) and .050" cen-
ters (up to 48 leads).

This new TEXTOOL test system series
is designed to accept leaded “chip car-
riers” and other 4-sided packages up to
.750" square (on .040" centers) and
.600" square (on .050" centers). With
only a minimum of tooling, the series will
accept other package sizes.

Like all TEXTOOL sockets/car-
riers, these systems offer maximum de-
vice protection. The contacts give firm
wiping action, but do not damage device
leads. The carrier completely protects
the device leads and offers a fast, effi-
cient method of testing or aging.

o)

The sockets
have a lid design
that eliminates shorting against con-
tacts and which will not separate from
the socket body under normal usage.
Other significant features include inte-
gral 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 previ-
ously 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.

PRODUCTS, INC.
1410W. Pioneer Drive - Irving, Texas 75061
214/259-2676
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Nonken putting software
on level equal with hardware

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, Micro-
data’s new vice president for systems
and software engineering. The ob-
vious 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
a project manager.

But more challenging tasks still
remain. “The next step is recogniz-
ing what an operating system does
and what is better done with firm-
ware,” he says. What Nonken calls a
“migrating trend” is shifting soft-
ware 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, judg-
ments that previously a programmer
had to make.

However, Nonken still believes in
the sharp distinction between operat-
ing 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.” Other-
wise, coordination troubles result: he
says there are numerous horror
stories about software written in

New approach. Microdata’s Nonken ex-
pects 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 special-
purpose computers. However, this is
not an opinion that yet finds wide
support among mini makers, he ad-
mits. “The goal is to make program-
ming easier for the customer; it’s
terribly expensive now.”

As if the pitfalls of marrying soft-
ware 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 Amdanhl

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 soft-
ware side. Thomas H. Simpson, also
an I1BM Fellow, has joined the
Sunnyvale, Calif., firm as its techni-
cal 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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3 Because we specialize in LSI-11/2 oand LSI-11/23s we
MRODUCTS: can provide you with technical assistance to help you
; . determine the products which best meet your appli-
P cation requirements. We utilize these products every-

AICROCOMPUTER P

lo —We don't sell capacitors or resistors! We only
ell products manufactured by Digital Equipment
_orporation and other leading manufacturers which
pnhance the LSI-11/2 and LSI-11/23 Microcomputer
roducts.
MRST COJ

Y

decause of our volume purchasing power we can
ycquire the products at the lowest possible cost.
hese savings enable us to offer the best price avail-
able anywhere. Before you buy, investigate our price
and save dollars.

Yecause of our large inventory we can provide you
vith off-the-shelf delivery on the complete line of
igital Equipment Corporation’s factory fresh Micro-
omputer Products. We are just a phone call away. or
f you prefer you can TWX us your order. With pre-
ypproved credit we can ship anywhere in the United
tates or Canada within 24 hours.

Fi

™

day in our own Commercial, Laboratory, Array Pro-
cessor, and Image Processing Systems. Our applica-
tion experience can help you avoid costly mistakes.
When you purchase your L51-11/2 and LSI-11/23
products from FIRST COMPUTER you receive the full
manufacturer’s Return to Factory warranty. All war-
ranty claims will be handled by First Computer with
courtesy & dispatch. FIRST COMPUTER stands behind
each of the products we sell.

No wonder so many people are turning to FIRST
COMPUTER to provide them with their Microcomputer
requirements. You owe it to yourself to investigate
what FIRST COMPUTER can do for you! We stand
ready to serve you. You can bank on us.
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TWX NUMBER 910-651-1916

computer corportion

corporate square/825 north cass avenue / westmont, illinois 60559/(312) 9201050

*“Trodemork First Compurer Corporotion

“Registered trodemork of Digitol Equipment Corporotion Cc2



The sleek and
beautiful now come
with glass.

1979 Electronics
Buyers’Guide

The only book ofitskind inthe [ o= =0 ——

field. If you haven't got it,
you're not in the market.

To insure prompt delivery
enclose your check with
this coupon.

16

, EH33 1EX

See us at Nepcon West-Booth 2213
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People

the JES-2 remote job entry system
for 1BM’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 empha-
sis 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 becom-
ing 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. 1 priority 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 cau-
tions, “‘but it will become less impor-
tant.”

The simplification of the Mvs
program may also improve the reli-
ability of large computers. “We have
finally reached the point where hard-
ware 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 diagnostics and by increased
monitoring maintained by indepen-
dent circuitry. “With microcomput-
ers coming along the way they are,”
he asserts, “we should be able to
sprinkle a handful of service proces-
sors here and there throughout the
mainframe at essentially no increase
in overall cost.” O
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TO-5 RELAY UPDATE

Now TO-5 military performance
at civilian prices

: When we originally developed the T0-5 relay, it was designod to meet

L the stringent size, weight, and power drain requirements of military

J pevospace and avionies appitications, It met them o much hetter than any-

= thing olse on the market that it soon became the industry standard, and
spawvned w whole family of deacendants

But you weren't satizsfied, You kept designing them into non-military
applications. So we took thres of the most populer und versatile TO-H
relays, and brought them to you in commercial/industrial versions. They
still give you the same performance and reliability that mude the military
TO-5 relays so popular. Take the 712, for instance It's the basic TO-H —
takes up much less board space than the .160 grid or the 14 crystal ¢an, and
uses 35 to 500 less power. Or the 732 sensitive TOW, [t's just a bit taller,
but uses the same hoard space, and dissipates even less power. And the
magnetic Iatching 720/722 — the little relay thut never forgets . . . and
never needs holding power! All are DPDT, and all share the same
excellent RF switching churncteristics of all TOS relaya from Teledyne.
These commercial/industrial TO-6 rélays have already gained wide

acceptance in such diverse applications as telephone systems, portable
transceivers, test Instruments and medical mstrumentation. IT you'd like to
know more abhout how to get military TO-5 performance at civilian
prices, contact vour loeal Teledyne distributor, or get in touch with us today.

¢ TELEDYNE RELAYS

12525 Daphne Avanue, Hawihorne, Calllornia 90260 « (213) 777-0077
U.K. Sales Office: Heathraw House, Bath Rd. MX, T"V5 9QQ « 01-857-2501
European Hqtrs.: Atiraham 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 a few weeks.

The reason is simple: All 119 HP system-
designed 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 a decade. We've put these
10-plus years of experience into bus archi-
tecture, 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 appli-
cation 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
product comes with complete and com-
prehensive documentation. Many of our com-
puters feature high-level I/O language that
eliminates the need for an /O driver.

Choosing to assemble your own bus-
compatible system with HP-IB products also
means that if you ever need service on
your system, just call HP. One of our hun-
dreds 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 system-
designed instruments
and computers.

system design can be with our free, 16-page

booklet, “Do your own system design in DESIGNED FOR

weeks, instead of months.” It tells you every- m

thing you need to know about HP-IB com- SYSTEMS

patible instruments and computers, about HP HP-IB: Not just a
software and docu- t d d g t
mentation support, and |*=RITSn ' o e el
how to get more de- | decade of experience.
tailed information on ’

specific kinds of appli-

cations. For your copy,
write Hewlett-Packard,
1507 Page Mill Road,
Palo Alto, CA 94304.
Or call the HP re-
gional office nearest
you: East (201)
265-5000, West (213) 970-7500, Midwest
(312) 255-9800, South (404) 955-1500,

Canada (416) 678-9430. - b : HEW LETT
L pPACKARD -
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Sure Winners

Competitive systems start with Intel’static RAMs.
Now you can choose a champion for any design.

High performance memory
design is a fast 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.

Over 50 Purebred RAMs

From the beginning, Intel has
been the leader in practical, produc-
ible MOS memory technology. First
NMOS. Then high performance

HMOSF the high reliability
technology that’s produced more
than 14 million fast static RAMs
—as well as our industry standard
16-bit microcomputer, the
8086. Now HMOS I1* is here,
bringing you the same relia-
bility and a new generation
of even higher speed
static RAMs.
Today, Intel gives
designers the widest
selection of 1K and 4K
static RAMs in the
industry. Over 50 dif-
ferent versions let you
tailor speed, power,
density and organi-
zation precisely to

Record breakers for

high speed systems
Nowhere is the precision

matching of memory components

to function more important than

in high speed cache, buffer, control

store and main memory. At Intel,

you'll find static RAMs to cover your

full range of design goals.

*HMOS and HMOS 11 are patented
processes of Intel Corporation.

your system requirements.

Kx1 | 4Kx1 1Kx4
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g 60| (45-70ns) {-86n8) (?;gg':)
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“ 100 (55-85ns)
2141 2114A
20 (120-250ns) | (120-250ns)
300

*Available Q1, 1980

For highest speed and low power,
no bipolar can touch our HMOS [1
2115H/25H IK static RAMs.

One version gives you record access
times of 20ns; three others let you
choose speed/power combinations

to 35ns. For designs requiring speeds
from 45-70ns, our 16-pin industry
standard HMOS 2115A/25A series
covers the spectrum. All of these

1Ks are pin-compatible replacements
for 93415/25 bipolars, and all give
you dramatically lower power, too.

In a 4K x1 format, our HMOS
2147 is the industry standard for low
power and speeds to 55ns. Today,
designers requiring even higher per-
formance will find a winner in our
new HMOS 11 2147H —with versions
as fast as 35ns and standby power
dissipation of only 30mA.

Finally, for special wide-word
memories, including control store
and bit slice designs, Intel’s IK x4
bit 2148 is out in front. It gives you all
the performance advantages of the
HMOS 2147, plus the modularity
that lets you save 75% on board

space compared with 1K designs.
And, you can expect even faster
speeds in the future as we apply

HMOS 11 to wide-word memory
devices.

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 x 4 designs. Now we’ve
used HMOS technology to improve
performance with our new 2114A.
It’s a direct descendent of our 2114,
but with a 30% 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.

Intel gets you off and
running now

We're delivering all of these fast
static RAMs today. To order, or for
more information, including our
HMOS Reliability Report, RR18,
contact your local Intel sales office
or distributor. Or write Intel Cor-
poration, Literature Department,
3065 Bowers Avenue, Santa
Clara, CA 95051.

intal delivers.

Europe: Intel International, Brussets, Belgium. Japan:

Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties. Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Wyle/Eimar, Wyle/Liberty,

L.A.Varah and Zentronics.
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IN MINICOMPUTER SYSTEMS DEVELOPMENT ...

See how they run.
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Or see what happens
when they don’t.

< buses quickly and easily with improved results

They'te poweriul measurement tools that let you
probe inte the haatt of operating ssterns. Monitor
VO transactions [dentifyand isoliste state flow problerns.
View logic circuits in action And more With a degree
of user-convenignce previously unavailable in systems
design and debugging

Our menu coneept 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 ma ‘e the
transition from hardwarg assembhes to operating sys-
tems more rapidly

Serlal Data Analyzer
(85,800*) monitors
RS-232C intetfaces,
measures time intervals
and simulates network
components. It's flex-
ible triggering lets you trap
on data errors, time-interval violations or invalid
protocol sequences. For subtle problems, or loop-
back tests, it simulates a CPU, terminal or modem.
And you can operate with any combination of stan-
dard transmission modes.

Now you can capture
state, timing and glitch
information simulta-
neously with the 1615A
Losgic Analyzer
($6,800%). It acts as a
24-bit state analyzer
or an 8-bit timing analyzer.
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 re-
lating parallel data transac-
tions to handshake protocols;
venfying time sequences;
detecting and triggering on
glitches; and evaluating sys-
tem performance at the
time of a glitch.

seque
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 con-
nections easier. They provide convenient and
fast plug-in access to all your bus signals. And are
compatible with most popular minicomputers.

Our General Purpose Interface Probe (10277A-
1610A; 10277B-1615A—$400*) handles a variety
of systems such as HP’s 1000 series and the Data
General Nova. Dedicated interface boards are also
available for PDP#-11 (10275A—$300*) and
LSI-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 you 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 re-
gional office nearest you: East (201) 265-5000, West
(213) 970-7500, Midwest (312) 255-9800, South
(404) 955-1500, Canada (416) 678-9430.

*Domestc U S A, price only
PDP® and L'SI-11" are registered trademarks of the Digital Equipment Corporaticn

hp

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

HEWLETT
PACKARD

Name/Title
Company _____
Address

City/State/Zip

Dept. E1 1780 omus




Editorial_

R&D is developing a case 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 a whole 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 a decade ago:

B 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 a percentage of industrial
output is lower than that for most other
industrialized countries—its world trading
competitors. And this comes at a time 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 a traditional
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 a whole, basic research took a steeper
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 a variety of reasons: a stifling
governmental presence; a patent system
which, as Thomas Edison said, is only an
invitation to a lawsuit; 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 a bleak 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.
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“Bvery domestic PROM
manufacturer evaluates our
programmexrs, so you get
PROMS programmed exactly to
vendors’ specs.

Our U.L. listed Series 90 PROM
programmer consists of inter-
changeable plug-in PROM personal-
ity modules and a control unit. To
keep the system current and to in-
sure programming reliability, we
constantly work with the engineer-
ing 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 al-
gorithms, we can quickly develop a

new PROM personality module or
modify an existing one. We rou-
tinely 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 8-year warranty.
Based on the fleld-proven reli-

ability of 5,000 PROM programmers

and 10,000 personality modules, we

provide a l-year parts and labor
warranty on modules and a 2-year
parts andlabor warranty on control
units.

Learn more from our 96-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.

MPRO-LOG

Microprocessors at your fingertips.
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In my opinion

Protecting ‘militarily critical technology’
by J. Fred Bucy, president and chief operating officer, Texas Instruments Inc., Dallas

When the promise of warmer U. S.-USSR rela-
tions 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, I felt a need for a revamped,
better-focused system to replace that developed
in the fifties and modified in the late sixties but
seemingly inadequate for meeting national secu-
rity and international trade requirements of the
seventies.

With the recent passage of another extension
of the Export Administration Act and the reor-
ganizations at the Office of Export Administra-
tion 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.

Conflicting views

Opposition to focusing export controls on
militarily critical technologies may be summar-
ized as follows:
® The way for the U. S. to maintain its techno-
logical advantage, where it exists, is to conduct
more research and development.
® If the U.S. does not export this technology,
someone else will because we do not have a
corner on the world’s brain power. In addition,
the Coordinating Committee of the Consultative
Group of Nations (CoCom), organized to moni-
tor technology transfer to lron Curtain Coun-
tries, is not working.
® The pOD has yet to define adequately mili-
tarily critical technologies three years after
acknowledging the sound reason of the concept.

There is some validity in each of these state-
ments. But they do not, in my opinion, lead to
the conclusion that the critical technologies
approach won’t work. In fact, the realities asso-
ciated with the three statements underscore the
need to implement the critical technologies
approach. Consider opposition to such imple-
mentation in the light of the following:

& |n real dollars, we have had a declining mili-
tary research and development budget over the
past decade, even though one of the principles of

U.S. defense posture is weapon superiority
through advanced technology. During this peri-
od, 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 commer-
cial 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 impor-
tantly, the rate of R&D and technology imple-
mentation of the U.S. Faced with realities of
declining R&D and stretched-out lead times, the
casc for controlling the rate of militarily signifi-
cant technology transfer is overpowering.
® The U. S. must accept part of the responsibil-
ity for CoCom’s inadequacies. We should limit
controls only to the really critical technologies,
and explain their direct linkages to wecapon
systems to other member nations. We should
request fewer exceptions to CoCom guidelines.
Commercial technologies of military signifi-
cance arc being diffused with greater rapidity
among the most developed nations. Japan,
Germany, France, and other CoCom members
are developing technology and are interested in
selling it. They often have a more liberal inter-
pretation of controls and are confused by our
own schizophrenic behavior regarding trade and
controls.
® Technology-intensive firms already use con-
cepts similar to the critical technologies
approach to protect their competitive position,
identifying their most sensitive technologies as
trade secrets or proprictary data or applying for
patents and copyrights. Over the past 20 years,
several major sectors of electronics, particularly
computers and semiconductors, have aggressive-
ly participated in world markets, gaining signifi-
cant market share and contributing a positive
margin to U.S. balance of trade. The leading
firms in these sectors have accomplished both
tasks —emphasizing the sale of products, while
at the same time protecting their technology.

Electronics will periodically invite the expression
of outside views on this page on issues of impor-
tance to the electronics industries.
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Field testyour
3870 design forunder $600.

Q) Take that great 3870 single-
chip micro idea and make it a real
application. Or set up a one-shot
test quickly and economically. The
tools for this easy, fast, reliable
and easily duplicated design solu-
tion: Mostek’s EVAL-70™and

the MK3874™

EVAL-70 is our new single-board
microcomputer for program devel -
opment, 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,

© 1979 Mostek Corp.
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in-circuit ¥
emulation of the

3870, 3872 or 3876.

Software single step your
program for errors. To finish, load
the program into a 2716 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/0 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 youridea.

An inexpensive yet powerful
combination: the EVAL-70 is $499;
an MK3874 without PROM is $92.

See both at your Mostek dis-
tributor. Or contact Mostek, 1215
West Crosby Road, Carrollton,
Texas 75006; phone 214/323-6000.
In Europe, Mostek Brussels;
phone 660.69.24.

MOSTEK.
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Hybrids
Aﬁri(l)istpace
Medizga}i

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.

“A* 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 Ser-
vices Seminar, Semiconductor
Equipment and Materials Institute
(625 Ellis St., Suite 212, Mountain
View, Calif. 94043), Marriott Hotel,
Newport Beach, Calif., Jan. 27-30.

Software Quality Assurance and
Configuration Management Seminar,
American Institute of Aeronautics
and Astronautics (P. O. Box 91295,
Los Angeles, Calif. 90009) et al.,
Colonnade Hotel, Boston, Jan.
28-29, and International Inn, Wash-
ington, D. C., Feb. 21-22.

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

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

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, In-
cline Village, Nev., Jan. 28-30.

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, Washing-
ton, D. C., Feb. 11-13.

11th International Symposium for
Mini and Microcomputers, Interna-
tional Society for Mini and Micro-
computers (P. O. Box 2481, Ana-
heim, Calif. 92804), Asilomar Con-
ference Grounds, Pacific Grove,
Calif., Jan. 30--Feb. 1.

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. 1.

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

Eighth Semiannual Conference on
Federal ADP Procurement: New De-
partures, American Institute of In-
dustrial Engineers (P. O. Box 3727,
Santa Monica, Calif. 90403), Shore-
ham Americana Hotel, Washington,
D.C., Feb. 4-6.

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.

Third International Business Com-
puting, Word Processing and Infor-
mation Management Exhibition and
Conference (Info °80), BED Exhib-
itors Ltd. (Bridge House, Restmor
Way, Wallington, Surrey SMé6 7BZ,
England), Cunard International Ho-
tel, London, Feb. 12-15.

The 1BM Evolving Network Strategy,
The Yankee Group (Box 43, Cam-
bridge, Mass. 02138), Hyatt Rickey,
Palo Alto, Calif.,, Feb. 13-14, and
the Harvard Club, New York,
March 25-26.

i1SscC’80, International Solid State
Circuits Conference, IEEE and the
University of Pennsylvania, San
Francisco Hilton Hotel, San Fran-
cisco, Feb. 13-15.

Southwestern Tool and Manufactur-
ing Engineering Conference and Ex-
position, Society of Manufacturing
Engineers (P. O. Box 930, Dearborn,
Mich. 48128) and National Tool,
Die and Precision Machining Asso-
ciation, 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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MOSITEK 3870

Bringhomethe bigonewithour
single-chipmicrocomputer.

<\\> Now you can bring that
microcomputer idea to thesur-

face with Mostek'’s 3870. _— \( ‘
Already, hundreds of {'aw W
companies have chosen Ty ‘\

it for its flexibility, reliabil- ™
ity and low cost:

Shakespeare Marine Electronics:
“We're using Mostek's 3870 as the con-
troller in our chart printing fish finder,
the Ultimate 1™ We incorporated two sepa-
rate programs in the 3870's 2K ROM memory.
This let us introduce a deluxe model—the
Ultimate 2™ that uses the same circuit.”

Ed Shortridge, Chief Engineer.

-

Saxon Business Products, Inc.: “Mostek’s 3870
cost-effectively replaced a three-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 up-
time 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, Texas 75006; phone
(214) 242-0444. In Europe, contact _° ,
Mostek Brussels; < : .

N

—

phone 660.69.24. MOSTEI( _,‘;
o o
> g 5
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In the entire universe of ATE,
only one board tester
is fruly universal.

Introducing Series 70 from
Fairchild. The firsttrue hybrid
PCB test system. Most board
test systems today are designed
for either analog or digital testing.
But Series 70 offers digital, ana-
log, 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
thatdoesitall.
SERIES 70.

And with Series 70, you also
get your choice of fixturing
systems—universal, edge con-
nector, or optional vacuum-
operated bed-of-nails interface.
ALL THIS AND
5 MHz TOO.

Most popular board testers run
atrelatively slow data rates.
Series 70 operates at 5 MHz
across all digital pins in parallel
and collects probedata at fulll
test speed.

clarity to reduce programming

time, simplify program main-

tenance and improve test quality.
All of which translates into

substantial time and money

savings for you.

Co

SUPPORT — WHEREVER
YOUNEEDIT.

Fairchild backs up Series 70
with hands-on training at any
of our centers. Or, we'll have
atraining team come to you.

UNCOMPROMISED
FLEXIBILITY.

There's virtually no limit
tothe flexibility of Series
70. ltcantest hybrid
boards without com-
promise because it
was designed from the
ground up as a hybrid L

system. Not a system
modified to test hybrid

After training, our
applications group gets
you running. They!ll
apply their experience
toyourtesting 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

boards.
it also offers user-oriented
software, a highly convenient
fixturing systerm and superior
fault-isolation techniques. All
the things necessary for match-
ing 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 inter-
face additional instrumentation
to the Series 70. It has two IEEE
488 buses, so itaccommodates
more instrumentation than other
test systems. And it's not
restricted by instrument type
or model. So you can use
your favorite muitimeter, spec-
trum analyzer or power source.
Series 70's high-level pro-
gramming language helps the
system adapt easily to all makes
and models of instrumentation.
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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 20ns 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 mostflexible,
easy-to-use software of any
board test system, thanks to
MEDIATOR. It's a high-level
English-like language that lets
you write programs in & conver-
sational 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

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.

FAIRCHILD
TEST SYSTEMS GROUP

firs family
of ATE.







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

ho e amed C O O Nts
over your circuit boards, eat into your re-
sources, trap you in the impedance jungle.
But there is a low cost, reliable way out.
- Armed with the Model 252, you breeze
ﬁ ;:°”F = through a wide range of values for resistance
(R), capacitance (C), inductance (L) and
conductance (G) at £0.25% accuracy. The
push of a button gives you dissipation
factor (D)
At $795, the 252 rivals instruments costing
twice as much
* 0.25% basic accuracy
* Wide ranges (0.1 pF resolution to 200 uF)
* 3%-digit display (no manual balance)
* Dual analog outputs (C or L with D)
* External bias (to 50 VDC)
* Four measurements/second
* 4-terminal Kelvin Klips® (guarded)
¢ Input protection
* Easy calibration, servicing
* 1 kHz test frequency (120 Hz option)
* Low power design
* Lightweight, tiltstand handle
For systematic GO/NO-GO sorting,
there’s an optional limits comparator and

sorting fixture
E Want autoranging? Gear up with the

Model 253. And if you test at low frequency,
check out the 120 Hz Model 254

®

The sure way
tO innovation. SGEN“HC brochure shows you how.

For over 25 years we've tamed the ways of
EL CTHO the impedance jungle. A detailed 252

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

250-Mb/s modem
for Westar
developed by TRW

Hybrid multiplying
converter is fast
and inexpensive

Mostek to add
high-performance
8-bit Z80

intel second-sources
quad floppy-disk
controller chip
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Electronics newsletter

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
a cathode-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 employmg time-
division multiple-access modulation. Use of TDMA modulation in commer-
cial satellite hardware also is a first, 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-us settling time and its two- and
four-quadrant multiplication capability already set it apart from compet-
ing 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
Z.80 central processing unit that it builds as a second source to Zilog.
Expected from Mostek during the second quarter is a high-performance
version of the Z80 CPU believed to be geared to a 5-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 Corp. is about to unwrap its 40-pin model 8272, a floppy-
disk—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 uPD
765. The 8272 uses Intel’s HMOS (for high-performance MOS) technology,
and it operates at a clock rate of 8 MHz. It is the first domestic second
source of this long-awaited chip, which allows a 20:1 parts count reduc-
tion over conventional controller boards.
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20 U. S. companies With an eye to the future market for low-cost computer-based information
climb aboard services, over 20 major U. S. corporations have contracted for space in the
viewdata system, developed by the British Post Office, that General
GTE’s viewdata 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 termi-

nals 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 a private 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.

Intelligent terminals Further updating its distributed processing offerings, 1BM Corp. has intro-
duced the model 5280 Distributed Data System. Coming from the corpo-
from IBM do data entry, ration’s Atlanta-based General Systems division, the nev% system includes
distribute processing 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 a new packaging technique that places up to four large-scale integrated

logic chips onto a 36-mm, ceramic chip-carrier.

GenRad company GenRad Inc. of Concord, Mass., a major maker of automatic board test
aims at VLSI equipment, is going after the coming boom market in testing very large-
scale integrated circuits through a new venture: GenRad Semiconductor
test equipment 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.

Z8000 gets disk Hemenway Associates Inc. has unveiled what may be the first disk
operating system for Zilog Inc.’s Z8000 microprocessor, interfacing it with

operating system 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.

Software package With its 16- and 32-bit minicomputers already widely used in simulation
and computer-aided manufacturing systems, Perkin-Elmer Corp.’s
to get Perkin-Eimer Computer Systems division, Oceanport, N. J., is apparently looking to
into CAD arena 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 ToThe
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-of-
sale equipment. Here’s why:

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

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

digit displays, respectively. The
result: At least one large-area
LCD for every application.

Meanwhile, there exists a huge
custom capability . . . that can
build an LCD for your applica-
tion — just the way you want it.

All because Beckman got a
head start in the watch business.

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:

e Low power consumption.
CMOS compatible.

e Excellent contrast ratios;
won’t wash out, even in direct
sunlight.

¢ Fewer drive components
required.

¢ Choice of designs for night
viewing.

¢ Long life expectancy.

e Fast (100 mS) Total Response
time.

One clock manufacturer was so
impressed that he wrote:

“Beckman LCD’s are the best
on the market. In a side-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 a company
you can rely on.”

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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A lete line of
jeroces - nsm do just one thing.

microcomputers

Power
Pant ROM RAM 1/0 Tech- Supply Features
No. nology (Volts
uPD546 2000x8 96x4 35 PMOS —10 TTLComp
o Oulpuls_
uPD547  1000x8 64x4 35 PMOS —10 TTLComp
B - e J Outputs
uPDS47L  1000x8 64x4 35 PMOS —8  LowPower
- ) uPDS47
nPD548  1920x10 96x4 35 PMQOS -10 ECR/Scale
o | Applications
uPD550 640x8 32x4 21 PMOS —-10 FIP Drive/TTL
L : - - CompOutputs
nPD550L  640x8 32x4 21 PMOS -8  LowPower
= o B uPDSSO
uPDS51 1000x8 64x4 27 PMOS —10 OnChipA/D
uPDS52  1000x8 64x4 35 PMOS —10 FIPDrive
uPDS53  2000x8 96x4 35 PMOS —10 FIPDrve
uPD554  1000x8 32x4 21 PMOS —10 FIPDrve/TTL
) Comp Outputs
uPD555  External 96x4 35 PMQS —10 Development
o ) Chip
uPD556  External 96x4 35 PMOS —10 Development
- Chip
uPDS57L  2000x8 96x4 21 PMOS —8  LowPower/
SmaliPkg
N— ) B uPD546
«PD650  2000x8 96x4 35 CMOS +5 Icc=2mAMax.
#PD6S! 1000x8 64x4 35 CMOS +5  lcc =2 mAMax.
uPD652  1000x8 32x4 21 CMOS +5 Icc=2mAMax.
uPD7520  768x8 48x4 24 PMOS —6to On-chip
. —10  Display Cntrlr
uPD7800 External 128x8 48 NMQOS +5  Development
—_— . Chip
uPD7801 4096x8 128 x8 48 NMOS +5  Addresses
B 3 64K Memory
nPDB021  1024x8 64x8 21 NMOS +5  ZeroCross
Detection
uPDB022  2048x8 64x8 28 NMOS +5 On-chipA/D
«PD803SL External 64x8 27 NMOS +5 8048
Compatible
nPDB03IL External 128x8 27 NMOS +5 8049
B i s Compatible
nPDB041/A 1024x8 64x8 18 NMOS +5  Peripheral
- Cntrir
nPD8048 1024 x8 64x8 27 NMOS +5  Industry
— Standard
uPD8049  2048x8 128x8 27 NMOS +5 11 MHzCiock
uPD8243 16 _NMOS +5  4.4-Bit)/0Ports
uPDB741A 1024x8 64x8 27 NMOS +5 UVEPROM
) ) - Version of 8041A
nPD8748 1024 x8 64x8 18 NMOS +5  UVEPROM
Version of 8048

REPS. Alabama. 20th Century Marketing. Inc., 205/772-9237. Anizona: Eltron, 602/997-1042. Arkansas: Action Unlimited, 817/461-8030. Califorma: Cerco, 714/560-9143;
Santana Sales. 714/827-9100: Tndent 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 Fionida: Perrott Associates. Inc.. 305/792-2211
813/585-3327. 305/275-1132. Georgia: 20th Century Marketing. Inc.. 205/772-9237. Idaho: Tni-Tronix. N.W.. 206/232-4993. lliinois: Technology Sales. Inc

312 991-6600. Indiana: Technology Sales. Inc.. 312 '991-6600. lowa. Electronic Innovators. Inc., 612/835-0303. Kentucky: Imtech, Inc.. 513/278-6507. Louisiana: Action
Unimited. 817/461-8039 Maine® Contact Sales, Inc , 617,273-1520 Maryland. L & M Associates, 301/484-7970 Massachusetts Conlact sales Inc , 617. 273-1520. Stone
Component Sales, 617/890-1440. Michigan: R.C. Nordstrom & Company. 313/559-7373, 616/457-5762. Minnesola: Electronic Innovators, Inc.. 612/835-0303. Mississippi
20th Century Marketing. Inc | 205/772-9237. Montana Tn-Tronix, N W . 206/232-4993 Nevada: Eltron. 602/997-1042. Tndent 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 Carofina: 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 a great product idea, NEC has a microcomputer 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 fluor-
escent display drive. Four bits and eight bits. With every combination of
ROM, RAM and I/0.

Your choices range from our high-end uPD7801, through the industry-
standard uPD8048 family, clear down to our economical uPD7520.

The uPD7801, with 4K bytes of ROM and 48 I/0 lines, is a very 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 a minimum of external components, there’s the low-end
uwPD7520. 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.

Orif 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 a single-chip micro-
computer 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, TL at (312) 298-7081;
WESTERN: Orange, CA at (714) 633-2980.

Next time, think NEC.

NEC

NEC Microcomputers, Inc.

Oregon: Tri-Tronix, N.W., 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: Tn-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; Aimo 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.; Stering Electronics, Summit Distributors. Inc.. Western Microtechnology Sales £l



POWER-ONE
D.C. POWER SUPPLIES

Now available for small systems applications

Power-One, the leader in quality open-frame power supplies, now offers a complete 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 a few popular examples of the over 90 ‘‘off the shelf’’ models now available from stock.

5V @ 3A, w/OVP 5V @ 12A, w/OVP 5V @ 40A, w/OVP ”E

SINGLEOUTPUT & g o :
LOGIC POWER SUPPLIES s

* 56 “‘off the shelf"’
models

° 2V to 250V, 0.1A to 40A
* +.05% regulation

° 115/230 VAC input HB5-3/0VP HD5-12/0VP Suitohing Model
$24.95 single qgty. $79.95 single qty. $250.00 single qty.
5V @ 0.7A, w/OVP 5V @ 1A, w/OVP 5V @ 2.5A, w/OVP
FLOPPY-DISK SERIES 12V @ 1.1A/1.7A PK% —5V @ 0.5A, w/OVP -5V @ 0.5A, w/OVP
“ " 24V @ 1.5A/1.7TA PK 24V @ 3A/3.4A PK
* 8 ‘‘off the shelf .
models - R B
* Powers most popular
drives
¢ Single/dual drive
applications CPb St R
® 2-year warranty Forone 5.25'' Media Drive Forone 8.0'' Media Drive For two 8.0'* Media Drives
$44.95single qty. $69.95 single qty. $91.95 single qty.
gV@ZA.wIOVP :}g@ }gﬁw
DUAL OUTPUT MODELS S b SAsrass
* 15 **off the shelf"’ =
models

e +5Vto + 24V, 0.25A
to 6A

¢ |.C. regulated g
* Fullrated to +50°C HAD12-.25/ HAD15-.25 HAA512 HBB15-1.5
$32.95 single qty. $44.95single qty. $49.95 single qty.
5V @ 2A, w/OVP 5V @ 3A, w/OVP 5V @ 6A, w/OVP
IF(;BLEELgUTPUT + 9Vto + 15V @ 0.4A =12V @ 1A or +12V @ 1.7A or

+15V @ 0.8A + 15V @ 1.5A

* 10 ‘‘off the shelf’’
models

* 5V plus + 9V to
+ 15V outputs

* Models from 16W to

150W
HTAA-16W HBAA-40W HCBB-75W
* Industry standard size $49.95 single qty. $69.95 single gty. $91.95 single qty.
\\ NEW 79’ CATALOG!
AT\ Get Your FREE Copy Now!

Phone us direct or circle the reader service
number below.

GPrower-one..

D.C. POWER SUPPLIES

Power One Drive ® Camarillo, CA 93010 » (805) 484-2806 « TWX 910-336-1297
38 Circle 38 on reader service card Electronics /January 17, 1980
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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 a lot to say.

It seems clear that the early 1980s
will see an explosion of such consum-
er products. Interestingly, Japanese
companies appear to be in the fore-
front of applying large-scale integra-
tion to speech technology, at least
for consumer products.

Unveilings. Among the first-gener-
ation and prototype products shown
were a calculator, digital clock, and
microwave oven that talk, as well as
a television receiver and a high-fidel-
ity system that are voice-actuated.
Also previewed were prototype elec-
tronic games and personal comput-
ers with speech-synthesis and -recog-
nition capabilities.

Sharp Corp. took the wrappings
off a talking calculator that uses a
microprocessor-based voice synthe-
sizer 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 calcula-
tor will hit the stores this summer.

Their voice-synthesis system uses
two 4-bit complementary-MOS mi-
crocomputers. 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 de-
vices were developed by Sharp’s
semiconductor division near Osaka,
Japan.

The speech generator uses pulse-
code 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 espe-
cially for the sightless market,” says
a Sharp 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 a specific voice whose pattern
they store.

The custom p-channel MOS micro-
computer 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 prod-
ucts,” a spokesman says.

Talking oven. Also at the consum-
er show was the prototype of a talk-
ing microwave oven from Quasar
Co., the U. S. subsidiary of Matsu-
shita 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 prod-
ucts, such as TV sets. Its Information
Processor, a language translator that
also serves as a four-function calcu-
lator, 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 PATTERN
ANALYZER *|  MATCHING
8-BIT REGISTERED
AMPLIFIER MICRO- PATTERN
PROCESSO MEMORY
N
CASSETTE OECK NPUT
TUNER.ANO ki PATTERN
VOICE CONTROLLER MEMORY

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 specch.

For example, Mattel Inc.’s Elec-
tronics 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 synthesiz-
er for its 99/4 home computer [Elec-
tronics, June 21, p. 93] and a voice
synthesis prototype for Commo-
dore’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 soft-
ware package, including an operat-
ing system and extensive utilities,
appealing to microcomputer users.
Dual-purpose. Simpl sprang from
a need to use a single language both
for software development and cus-
tomer data entry. Although one
other interactive language is ubiqui-
tous — Basic—General Health, like
many others, is appalled by it. Rath-
er than succumb to poor software
tools, it put its foot down and
decided to start from scratch.

So the company developed Simpl
as a super-interactive microprocessor
language. The system includes the
language, a compiler 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 com-
pany says Simpl’s advantages are
three-fold. First, its highly interac-
tive nature is particularly friendly to
users. Random portions of a cath-
ode-ray-tube screen can be selec-
tively 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 a stand-alone station
for the control of a variety of functions in homes, schools, or offices. To make
it even more interactive, Feugan developed a speech synthesis program that
executes three times faster than real time. This does not mean that the
output sounds like a Chipmunks’ 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 ASCIl 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-repiacement tech-
nigues 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 a program section off-screen.

The second advantage for soft-
ware 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 float-
ing-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 automati-
cally 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 heirar-
chical subdirectories.

Compiled. Simpl is compiled, not
interpreted like other interactive lan-
guages such as Basic. General
Health says this arrangement does
not cut down on the level of interac-
tion and actually increases speed. A
program with 2,800 source lines
would take about S minutes to
compile.

The language currently runs on a
Z80 microcomputer with 56 kilo-
bytes of memory, but the company
stresses that it is not tied to the one
set of hardware. It intends to trans-
port the language to other micropro-
Cessors. -John G. Posa

Financing

Chip maker forming
R&D partnerships

At first glance, semiconductor re-
search 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 a link. Chip
R&D, he realized, can tap the same
capital source as these other high-
risk ventures: tax-sheltered limited
partnerships.

The first such partnership, involv-
ing $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 iate 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 a 350-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.

®m 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 a dielectric. A 512-K RAM has been fabricated.

= A color image sensor from Matsushita uses heterojunction thin-film photo-
conductors. It has a 413-by-506-element array and an on-chip filter.

® A numerical analysis program from the Musashino lab simulates the
characteristics of a semiconductor device regardless of technology.

® An erasable programmable read-only memory family from Texas Instru-
ments uses a new approach to cell design that permits dense 128-K and

high-speed 32-K memories.
for feedback amplification.

for real-time applications.

@ Charge-domain recursive filters from Generai Electric eliminate the need
a A switched-capacitor filter from Reticon is programmable and fast enough

& 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-modula-
tion applications, filters transmitted and received signals.

-John G. Posa

Irvine, Calif., company hails the
concept as good for the company and
cqually attractive for investors.

Chip makers who enter limited
R&D partnerships will find such
advantages as:
® No increase in bank debt or dilu-
tion 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 high-
risk limited partnerships will find
such advantages as:
® A tax write-off within one year of
as high as 85% (if the Internal Reve-
nue Service accepts the partnership).
® [ndependently of the tax advan-
tages, a potential return on the indi-
vidual 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 semiconduc-
tor firms, even well-financed ones, to
look closely at such arrangements to
help defray what look to be stagger-
ing R&D costs—and even more stag-
gering equipment costs—covered un-
der slightly different IRS provisions
for limited partnerships.

Risks. Of course, most drillers for
oil find dry holes, and many real-
estate 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 first-
year write-offs run from 50% to

75%, and similar substantial write-
offs must be justified in semiconduc-
tor limited partnerships for the IRS
to accept them, say tax authorities.
Most industry sources agree with
Missler that action from other semi-
conductor firms awaits Western Dig-
ital’s track record. Then, they say,
small companies will be the first to
jump in.

The way Western Digital is work-
ing 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 inves-
tors covers the X.25 packet-switch-
ing chip [Electronics, Dec. 20, p. 89],
an avionics chip, and a microcon-

troller. -Larry Waller

—Communlcatloné -

Chip set captions
TV programs for deaf

Beginning this spring, deaf and
hard-of-hearing Tv viewers will gain
new access to prime-time program-
ming, thanks to a captioning 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 pro-
gram’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 infor-
mation on fioppy disks for network
use with videotape equipment.

Tl developed the seven-chip cap-
tion decoder over a two-year period
under contract to the Public Broad-
casting 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 compa-
ny’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 inte-
grated injection logic on a 47,000-
square-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 fig-

for Sears. Tl 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, Educa-
tion 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 net-
works $2,000 per program hour for
the coded floppy disks. In addition to

ure above).

The ROM is made with Schottky
TTL, primarily for speed, says Chaf-
fin. Each of the 96 AscCIl and 8
special characters is stored in 45
bits, and access time is 280 nanosec-
onds. The 250-milliwatt typical pow-
er dissipation is low in view of the
quantity of circuitry on the 18,000-
mil2 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 infor-
mation 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 caption-
ing circuitry.

Sanyo Electric Co. of Japan is
making both adapters and TV sets

Automated tellers hit lllinois

Recent changes in the restrictive lllinois 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, lllinois 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 lllinois 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 custom-
er. 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 a bright new face
in 12”data monitors.

If you've got a need for a12" 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 get 1,000 line ' g10¢
resolution and 22 MHz bandwidth
for ultra-sharp graphics and crisp, |
high definition 80-character lines.

TTL-compatible sync inputs make I
interfacing a snap.
With either series, you get a |

> R e

compact, rugged steel chassis with adjustable CRT
filtback to fit virtually any enclosure design. You also get
adjustable scan size, plus remote brighiness 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, frouble-free service.

For all the facts on these exciting new open-chassis
monitors, contact your local Sanyo sales representative
listed below.

2SANYO

’ Communications Products Division

1200 W. Artesia Bivd.. Compton, CA 90220 (213) 537-5830

Contact your nearest Sanyo rep:

AKRON: Avcom, Inc. (216) 777-2060 ATLANTA: Len Elfiott Company (404) 875-9701 ATLANTIC CITY: Austin Associates (609) 871-9290 BALTIMORE: David H. Brothers, Inc. (301) 764-7189
BOSTON: Piper Assoclates (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 INDIANAPOUIS: 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: Eari & 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

© 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 cap-
tioning software. As well as the

C£npﬁters

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

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 stand-
alone 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
serics computers, acquired from the
now defunct Singer Business Ma-
chines operation, the 2903 model
from the British computer giant, as
well as the 220. But competitors
have never given it credit for much
of a U. S. market presence.

The model 320 and a new market-
ing thrust are out to change that low
profile, says Chuck Barnes, execu-
tive vice president and general man-
ager of the Irving, Texas—based
Distributive Systems division, mar-
keter 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 basical-
ly the same central processing unit
as the 220, the 320 replaces the
former’s core memory with less
expensive and more compact semi-
conductor storage. Thus maximum
memory capacity has jumped 25%
from 160 to 200 kilobytes.

The completely redesigned disk-
drive controller uses a Z80 micro-
processor to reduce size and cost. It
can support as many as four drives
for a maximum 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 configu-
rations may mix the two types of
drive to the maximum supportable
160 megabytes. In contrast, the 220
offered a maximum of a 40-mega-
byte 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 Develop-
ment Group in Utica, N. Y., which
is the former Singer factory.

The choice of printers has becn
cxpanded 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 old-
er system 10 units, the 320 uses the
same multiprogramming architec-
ture, supporting up to 20 partitions
(tasks) at a time. Both asynchronous
and binary synchronous communica-
tions 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/perform-
ance ratio will be aggressively com-
petitive with such small business
computers as I[BM’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,

work station is $2,995.

Pitney Bowes into word processing

Fresh from its purchase of Artec International Corp. of Santa
Clara, Calif., Pitney Bowes Inc. is assigning marketing respon-
sibility for Artec’s Dual Display text processor to another
recently acquired subsidiary, Dictaphone Corp. The combina-
tion 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

~-Benjamin A. Mason
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[O)a3n=ELs INMnERS L
SBC-80 A/D-D/A
Boards

OURS .......5788
Exactly Replaces

INTEL'S ....51420°

pAaTEL-INTERSIL SINEIrac sernies

ST-711
ST-732

ST-711RLY8D
ST-711RLY16D

Datel Price Savings :

mL 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A.) (213]933-7256 » Sunnyvale, CA (408)733-2424 * Gaithersburg, MD (301)840-9480
b, nan « Houston, (713)781-8886 e Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
o DATEL SYSTEMS SARL 602-57-11 » DATELEK SYSTEMS GmbH (089)77-60-95 ¢ DATEL KK Tokyo 793-1031

ST-741............ $625 SINGLES
BT-TIR. .. ooeaiononm $788 SINGLES
(NON-ISOLATED)

p Model ST-711: 32S/16D A/D Channels,
no D/A Channels. . . ..... $625 (Singles)

p Model ST-732: 32S/16D A/D Channels,
includes 2 D/A Channels plus current
loopoutputs.. ........... $788 (Singles)

p Full mechanical, electrical, and pinout
compatibility to Intel’s SBC-711/732
Analog I/O Boards.

p Operates with all Multibus and SBC-
Series compatible microcomputers
including the 16-bit SBC-86/12 (except
SBC-80/04).

p Works directly from Intel’'s RMX-80
Analog 1/0O Driver operating sofiware.

p Includes program-gatable Pacer start
clock, 1 mS to 1 sec., crystal-controlled.

p A/D inputs accept up to 16 user-installed
shunts for 4-20 mA etc. current inputs.

p Ditterential amplifier for high gain up to
X1000 (10 mV full scale‘range).

p Includes Programmable Gain Amplifier.

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

p 12 bit binary conversion; 20 micrasecond
throughput period.

Datel

INTEL, MULTIBUS AND RMX-80 ARE TRADEMARKS OF INTEL CORP.

$T-711, S628
§7-732, $788
$T-724, $595

ST-711RLYS8D. . . .. $683 SINGLES
ST-711RLY16D...S1045 SINGLES

(ISOLATED)

p 8 or 16 differential A/D channels using
a “Flying Capacitor” relay multiplexer for
high common mode noise rejection (126
dB) and high isolation (£250V RMS).

p Complete hardware and software
compatibility to Multibus and SBC-Series
microcomputers. Uses identical pro-
gramming and register assignments to
SBC-711/732, and ST-711/732 A/D-

D/A boards.

p 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.

p Includes 10-stage Pacer Start Clock.
p ST-711RLY8D (8 Channels) $683, singles

p ST-711RLY16D (16 Channels)
$1045, singles

ST-724............ $595 SINGLES

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

p 12 binary bits, Multibus compatible.

Intel*
8$BC-711, S1180
S$BC-732,31420
SBC-724,51105

*7/18/79
OEM prices, 1-9
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service operation. Barnes says a two-
year program will expand this
service system nationwide.
Unchanged is the marketing set-
up, 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 com-
petitive 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 en-
hanced version of the Basic language
with editing capabilities and exten-
sive 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 1/0 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 plug-
ging a module into one of the four
170 ports on the rear. The built-in
read-only memory is 32 kilobytes,
expandable to 80 kilobytes.

The long-awaited machine [Elec-
tronics, 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 a high-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 lan-
guage offers 146 commands with 12-
digit accuracy and unlimited string
length. There are 42 predefined
functions, four levels of program
security, and flexible output format-
ting. Applications cartridges include
general statistics, mathematics, elec-
trical 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 ther-
mal printer.

This printer also offers the full
128-character ASCIl set, as well as
underlining, and can print two 32-
character lines a second. Further-
more, it can rotate the data from the
display 90° when plotting so that it
can print a chain of strip charts.

Optional interface modules, to be
introduced gradually, include 1EEE-
488; RS-232-C; binary-coded deci-
mal, and general-purpose 16-bit bi-
directional interfaces. They will in-

terconnect through the 170 ports,
which also will let the user expand
capabilities through a variety of
peripherals to be introduced.

The S-in. CRT is monochromatic,
but color is expected to be offered. It
can display as many as 16 alphanu-
meric lines of 32 characters each. As
a graphics display, it has a 256-by-
192-dot field, extremely high density
for a personal 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 a transfer 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 trans-
mission, and security-conscious dedi-
cated data networks are indeed the
principal application of American
Laser System Inc.’s 10-kilobit/sec-
ond gallium arsenide unit. Some-
what to the surprise of the small
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Our entry-level Dual-Board Micro.
It goes places one board wont.

up to 8Kb PROM, console
interface port, asynchro-
nous serial I/O, and clock.

You also get the flexi-
bility to configure more

werful systems simpl

y replacing the LSI-IF/%,

processor board with our
new LSI-11/23.

At Digital, we look at
micros with a systems
understanding. That's why
we offer our 16-bit micro-
computer family —in
boards, boxes and systems —
with the most powerful,
advanced, and proven
software on the market.
And why we offer hun-
dreds of hardware tools —
memory and interface
boards, complete devel-
opment systems, periph-

erals and terminals.

All backed by over
11,000 support people
worldwide.

It's the total

T  h ) oy S approach to micros,
s only from Digital.
) o For more informa-
e tion, contact Digital
. "____—" Equipment Corporation,
or ar ot 8z L&Al o2l Dt Nﬂ{z_Pz/M70, Orr?e Iron

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.

Onone5.2" x8.9” (13.2 cm x 22.8 cm)
board you get the 16-bit LSI-11/2 micro-
computer, with the PDP-11 instruction
set and a 380ns 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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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 av. des Morgines, 1213 Petit-
Lancy/Geneva. In Canada: Digital
Equipment of Canada, Ltd.

It took the minicomputer company
to make micros this easy.



Many uses. A GaAs laser unit, designed for
secure data transmission over fiber-optic
cables, is serving as a line-of-sight teletype-
writer link. It also can carry voice traffic.

Goleta, Calif., firm, its model 736 is
also attracting attention as a line-
of-sight transmission systen.

The first such installation is a two-
mile link for teletypewriter traflic in
Trinidad. The advantages of the link
between the Trinidad External Tele-
phone Co. and a downtown Port-
of-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 lLaser’s presi-
dent. 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
tic into telephone equipment,”
Campbell adds. These standard tele-
communications modules, made by
Wescom Inc. of Downers Grove, 111,
were configured specifically for
Trinidad. “Wescom acted as a go-
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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 subsid-
iary 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 lllinois

The less engineers, including electrical engineers, change jobs, the more they
are apt to make, the University of lliinois says. From the ciass 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.

Computer pioneer John Mauchly dies

John W. Mauchly, co-inventor of Eniac, 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-MOS-
on-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 compiexities.
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-ray-
tube based typesetting system. Priced at under $55,000, the unit is Multi-
bus-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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Showcasing National’s

A lot of people in the semiconductor
industry sell low-cost 8-bit A/D converters.
But only National offers self-contained 8-bit
A/Ds with 100usec conversion. And only
National can build this kind of performance
info A/Ds with single-channel differential
or 8- and 16-channel single-ended analog
inputs. All of which are fully uP-compatible.

The ADC0801/2/3/4 are 20-pin DIP

single-channel differential analog input A/Ds.

The ADCO808/9 8-bit converters also fea-
ture 8-channel analog input multiplexers,
each in a 28-pin DIP. The top-of-the-line
ADCO816/17 each contain a 16-channel
analog input mux in 40-pin DIPs.

The new line of 100usec A/D converters

rorgymn

new family of 8-bit A/Ds.

eliminates the need for external zero and
full-scale adjustments and features an abso-
lute accuracy as good as Y% LSB.
National's 8-bit A/Ds not only interface
to any uP 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 A/D available. In 100-
piece lots, the ADC0O804, for example,
costs only $2.95; the ADCO809 a low $3.60;
the ADCO817 costs just $7.95.
Practical Wizardry strikes again —all
the way down to the bottom line. a

TRI-STATE * 15 0 registered trademark of National Semiconductor
Corp.
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Single-chip CRT controllers
need less suppori.

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 unprece-
dented ease of system design.

Single-chip versatility. The DP8350
Series, which includes the DP8350, DP83
52 and DP8353 CRTCs, offers a wide range
of programmability using internal mask pro-
grammable ROMs. In the character field,
for example, both the total number of dots
per field (up to a 16 x 16 dot matrix) and
the number of scan lines per character may
be specified. The number of characters per
row (from 5 to 110) and character rows per
video frame (from 1 to 64) may be pro-
grammed as well.

Acomplete set of video outputs is avail-
able including cursor enable, programmable
vertical blanking and programmable hori-
zontal and vertical sync.

ey —
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In addition, the DP8350 CRTCs feature
an internal dot rate crystal controlted oscil-
lator. For those systems where a dot 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 con-
trol, system clear, external character/line rate
clock and a character 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 inter-
face o 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 a wide variety of com-
plementary design components. Character
generators, uPs, memory products, just
to name a few.
And what's more, it’s all ready for
immediate delivery. a2

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 perfor-
mance, these op amps quickly became the
new industry standards. But while the com-
petition continues to imitate what National
infroduced, National has moved on.

Their latest offering is three new low-
cost, high-performance military temperature
range op amps — the LF151, LF151A, and
LF153.

A single op amp. A lot of features.The
LF151 and LF151A were designed to fill a
long-vacant price/performance gap between
the LF156H workhorse and the top-of-the-
line LF156AH. And both models come with @
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
a maximum input offset voltage drift of
less than 20 wV/ °C.You also get a minimum

New Military Temperature Range BIFET Op Amps
inducted into National service.

slew rate of 10V/u sec and a bandwidth of
3MHz minimum. These parameters are 100%
tested, including temperature drift, and are
guaranteed with no exceptions, qualifications,
asterisks, or footnotes.

Two into one equals a dual. For those
who need a dual op amp, there’s the LF153,
simply two LF151's in the same package.
Although National doesn't guarantee a max-
imum input offset drift spec, they do guar-
antee that the input offset voltage won't
exceed 7mV over the full mifitary temp range.
Couple that with low bias current and high
speed, and you have a very capable pair of
op amps in a single 8-pin package.

The boftom line. Perhaps the most
appealing features of these three new op
amps, however, are their price and availabil-
ity. 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 infor-
mation, call your local National distributor or
sales engineer.

Theyll show you how the people who
invented BIFETs just made it easier to own
them. a




6000V isec
buffer amps drive
heavy loads.

The LHO002, LH0033, and LHO063 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 a great
thing even better, National has just assem-
bled two brand new documents full of inno-
vative applications and other detailed
information about their buffers. (Check out
the Special Functions Databook and Appli-
cations Note 227 on the coupon below.)

The LH0O002/33/63 current amps will
drive up to =500 mA into a 502 line at
slew rates from 200 to 6000 V/ usec.

National’s laser-trimmed current amps
solve design problems with respect to high-
capacitive 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 Func-
tions Group offer both mil- and commercial-
temp versions of the LH0002/33/63s.The
LHO002 and LHOO33 come in either metal
can or dual in- line packages. The LHO063
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 LF351B-1 single BIFET
and the LF353B-1 dual BIFET op amps
require 1.8mA cumrent yet maintain a 4MHz
gain bandwidth and a 13Vpusec slew rate.
But perhaps of greater significance is their

offset voltage drift:

Max Initial Vos  Max Drift of
LF351A-1 2mv 20uv/eC
LF3518-1 5mv 30uv/eC
LF353B-1 5mv 30uv/eC

These new op amps are ideal for appli-
cations such as high-speed integrators, fast
D/A converters, and somple-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 commer-
cial temp BIFET op amps. Each with a guar-
antee that can't be beat. 2
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006 [ Special Functions Data
Book ($6.00)

007 O Interface Data Book ($6.00)
013 O LF 151, 151A, 153 Data Sheet

014 [ New Data Acquisition
Products Brochure
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What's new from the National archives?

017 O M185/385 Data Sheet

021 0 LH0002/33/63 Application
Note 227

022 [ LF351A-1/351B-1/353A-1
Data Sheet

023 OJ ADC0801, ADCO808,
ADCO0816 Data Sheets

Enclose check or money order based upon appropriate currency. Make checks
payable to National Semiconductor. Allow 4-6 weeks for delivery.
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New LM385
12, W micropower
reference.

The lowest power

reference available.

LM385 Design Features
- operating current of 10u.A 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

a tighter tolerance

The new LM385 is yet another example
of National Semiconductor’s commitment
to supply high-performance references.
Where power is a primary concem (as in
battery-powered equipment, portable meters,
or general-purpose analog circuitry with bat-
tery life approaching shelf life), this device
provides performance unmatched by tradi-
tional discrete devices.

For applications requiring other refer-
ence 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 loaking fo National
Semiconductor’s linear references to

024 [ DP8350 Series Application
Notes 198,199

For desired information, mail coupon fo:
National Semiconductor Corporation
2900 Semiconductor Drive

Mail Stop 16250

Santo Clara, Califomia 95051

In Europe, mail coupon to:

Nationol Semiconductor GmbH
Industriestrasse 10

8080 Fuerstenfeldbruck

West Germany

National
Semiconductor

The Practical Wizards

of Silicon Valley NAS

BIFET™is a frademoark of National Semiconductor

solve problems? a

---J

Comp




between to help out, since it too sees
a new market,” he says.

Laser communications scem best
suited for phone lines in urban and
industrial areas where rights of way,
permits, conduits, digging, and de-
lays conspire to run costs up. Anoth-
er example is the Atlanta, Ga., laser
link of computer and traffic lights
[Electronics, Nov. 9, 1978, p. 41].

Uses. In many developing coun-
tries, 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 a city 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

Airborne YAG unit tb chart ocean shallows

built-in alignment mechanisms, with
sighting by a telescope aligned to the
optical axis. Power consumption for
the receiver is 360 milliwatts, for the
transmitter, 2.2 watts—typical fig-
ures for such units.

Peak output power for the trans-
mitter 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 parti-
cles absorb and dissipate the 904-
nanometer light. Rain, snow, sleet,
hail, and electrical storms have no
impact on the line-of-sight system,
claims Campbell. -Larry Waller

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 coast-
lines. The two techniques are rough-
ly 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 measure-
ment 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 Hydrographic Air-
borne 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 a blue green beam. Such a
beam, with a wavelength of 532
nanometers, will penetrate water.

The laser in a HALS system will
emit a beam only 5 nm 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 cach 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 photo-
multiplier tube, equipped with a
specially designed logarithmic am-
plifier, can distinguish amplitude
variations in the returning signals for
a 10-million-to-1 range over a 100-
megahertz 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 back-
scatter. The result is accuracy to
within 1 foot to depths of down to 65
feet and to within about 3.5 ft for

Clamping
-ldeas from
Weckesser

Nylon FLEX-CLIP

Slip wires in or out for changes
orremoval. Contour of clip plus
spring-back flexibility of nylon
provides easy assembly, yet
holds bundles securely.

Nylon PRESS CLIP

Peel off...press and it’s on to
stay. Adhesive-back provides
fastest way yet to install clips.
Four sizes for bundles from %"
to %" 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 arrange-
ments. Adhesive-back or screw
mounting hole.

Write for catalogs.

Woe) s a2/

COMPANY, Inc.

4444 W. Iving Park Road
Chicago, lllinois 60641 (312) 282-8626
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A POWERFUL

STATEMENT FROM

“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 @

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.

@ SERIES-REGULATED @

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

P.O. Box 50E

DAYTON, N.J. 08810
(201) 3294611 + TWX 710-480-5674

A DIVISION OF TECHNOLOGY DEVELOPMENT CORP.

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, redun-
dancy and load sharing. Combinations of
ferroresonant and series regulated sup-
plies may be accommodated.

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

Send for our Catalog
ALL PRODUCTS COMPLETELY MFRD. IN U.S.A.

50 Circle 50 on Reader Service Card
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100 ft below that distance.

After testing a demonstration
unit, Norda concluded that it would
come within 1 foot of sonar’s accura-
cy. 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 a counter that
notes the time lag between the first
and second parts of the signal,
producing a digitized record for stor-
age 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 correc-
tion of waves up to 5 ft.

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 2 cubic meters
in size, Cook says. It will use a mili-
tarized version of Data General's
Eclipse S/130 minicomputer for
storage and processing, with power
drawn from standard helicopter sup-
plies. -Linda Lowe

Industrial

Study forsees lag
inU. 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 re-
search programs with joint industry-
government funding,” the NAS re-
port notes. Not only is U. S. research
falling behind, but the large capital
investment required for new technol-

Electronics /January 17, 1980



Current sensing

resistors for W

Non-inductive precision
resistors for power
switching circuits.

multi-range instruments.

»o, &
oL 0cn
700, 7 31p

Caddock’s Type 1787
Current Shunt
Resistor Networks.

Absolute resistance tolerances of 0.25%,
0.1%, 0.05% and 0.02% make these 2-, 3-
and 4-decade current shunt resistor net-

works the ideal replacement for expen-
sive, bulky discrete resistors.

16 standard models are now available.
The basic network design provides a series
total resistance of 10000 , 1000, 10n and
10 . Other standard models provide com-
monly used variations of this basic design.

For Type 1787 data, circle Number 201.

solving pr

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

——
2

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 pre-
cision resistors first choice in communica-
tions satellite voltage control circuits.

For Type MG data, circle Number 202.
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CADDOCK Resist

Caddock’s Type MS
Power Film Resistors.

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

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.

For Type MS data, circle Number 203.

Off-the-shelf precision
decade voltage dividers.

ooy

e

AL =YY Teoy

Caddock’s Type 1776
Precision Decade
Resistor Voltage Dividers.

When used as a 10 Megohm input volt-
age divider, the Type 1776 family can pro-
vide 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 5 ppm/°C. Caddock’s laser
production techniques keep OEM quantity
prices low, too.

For Type 1776 data, circle Number 205.

or Technology

oblems across the hoard! -

100 Megohms in a
miniature package.

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.

For Type MK data, circle Number 204.

Resistor pairs and quads
with very low ratio TC.

T914 Precision Resistor
Networks.

Ratio tolerances to +0.01%, ratio TCs
of 2, 5 or 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 resis-
tance values are 5 ka to 1 Megohm and
custom variations with unequal values
are available.

For Type T912 and T914 data, circle
Number 206.

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
Circle 207 on reader service card 51




Now you can clone
your thermal
instruments

-

" because
we’ve cloned
our thermistors

Unitherm*  The world’s first, interchangeabie, ultratast, smali-
size thermistor. Now available trom 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 tuture circuit adjustments, recalibration or field reptacement.

Their uitratast response times (as quick as 12 milliseconds) and
minute size quality them for use in the most critical of applications.
In heart catheters. In microcircuitry. And in just about every thermat
measurement application where thermistor interchangeability,
ultratast response, small size and long-term stability are mandated.

For tull details on our line of thermistors, and to keep abreast of
new thermistor developments and applications, contact:

o HERMOMERICS ..
N

808 U.S. HIGHWAY #1
Circle 52 on Reader Service Card

EDISON, NEW JERSEY 08817
(201) 287-2870

rYou’ll probably need

the best self-

contained memory

available! --
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or call:

'Y ] TOKO AMERICA, INC.

. 5520 WEST TOUHY AVENUE
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SKOKIE, ILLINOIS 60077
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(312) 677-3640 » TELEX 72-4372
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ogy in materials processing inhibits
full-scale adoption in the U. S. to the
point where “60% of our machine-
tool base is more than 10 years old,
compared with only 30% in Japan
and West Germany,” the study says.

U. S. industry neceds an economic
climate that encourages development
and adoption of new technology to
improve productivity, the study ar-
gues. Such an argument parallels
that made by leaders of the clectron-
ics industrics contemplating the par-
lous state of U.S. research and
development (sec p. 81).

Education. Compounding the
CAD/CAM problem, says the report,
is the low academic status of materi-
als processing technology. “Little
current research in the schools is
relevant to major developments™ in
the field, it says.

Morcover, overall engineering and
science education trends provide dis-
couraging numbers for American
electronics manufacturing hungry
for new talent. The study shows an
annual decline in the number of
engincering and science doctorates
awarded since the peak of 14,311 in
1971. Six years after that, the num-
ber of Ph. D.s awarded had dropped
nearly 18%, to 11,777.

Restructured national priorities in
the 1968-78 decade changed Federal
agency rescarch budgets and, in
turn, those of engineering schools
teaching clectronics 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 criti-
cism because it does concentrate on
computers, communications, and en-
ergy and materials processing, ignor-
ing many areas outside clectronics.
But the selection is as much a matter
of deadline pressure as of anything
else—the NAS study group took on
the task of writing the report in
midstrecam as the result of Govern-
ment 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 fore-
casts have little depth. -Ray Connolly
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It's a well known fact that the major
semiconductor manufacturers have
now copied the SEMIPACK®, the
original hybrid power module devel-
oped by SEMIKRON. The copy may
look-a-like but the similarity ends
when you look for performance and
price. Why?

SEMIKRON has: proven design o
larger power handling capacity « UL
approved electrical isolation « elimi-

I

|
|

nated thermal problems e the capacity |

to sustain surge currents up to 2100A
at max junction temperature. Actually
it's 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 2 SCR’s, Model
SKKT-55/10 rated at 55A and 1000V,

he

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 con-

trollers; welding, plating and lighting
controls; power supplies . . .

For super-fast air freight delivery of ‘

our extensive line of power semi-

conductors (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.

cuttlng prlce

Circle 53 on reader service card

The SEMIPACKS are available as components or
mlegrated in a completed assembly. The unit shown
above is a quad drive circuit employing 6 SEMIPACK.
Our engineers will design a custom assembly to
meet your specific need

SEMIKRON

INTERNATIONAL INC.
11 Executive Drive/Hudson, NH 03051
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Varian MBE Systems

For Today And Tomorrow

The Broadest Experience

For research or production of molecular These flexible, quality systems are backed
beam epitaxy-based devices, Varian is your by an in-house process development lab with
prime resource. more than two years’ experience in MBE-based

Choose between two systems. Model device production. There’s also a worldwide
MBE-360 is the world’s leading research system. service staff. Interested? Call or write Varian
Significant new devices are being developed Palo Alto Vacuum Division, Palo Alto, CA 94303,
with it now. Model MBE-360/GEN Il is a pilot (415) 493-4000, Ext. 3601; Varian GmbH,
production unit for epitaxial growth of IlI-V, Stuttgart, W. Germany, 73 20 28.

11-VI and IV-VI compound semiconductors with
high film-thickness uniformity over wafers as

large as two inches.

Optional chamber
for substrate
preparation or
analysis simulta-
neous with growth

The Broadest Capability

...............

8 GHz MESFET grown Systems for MBE growth over one and two inch wafers Direct measure-

in Varian process
development laboratory.

Circle 54 on reader service card

ment of molecular
beam flux from
each furnace at
deposition position




No laws cover
possible losses from
Sovlet trade bar . . .

. rare-mineral users
In U. S. vilewed
as biggest iosers

NTIA urges competition
for digital service
proposed by Xerox

First tech standards
for telephone hardware
Issued by EIA
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Washington newsletter

No Federal laws or rules appear to exist by which the U.S. could
compensate American electronics manufacturers and exporters of high-
technology products for losses they may incur from revocation of a valid
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-technolo-
gy 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 a license is revoked.

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 a major 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 partic-
ularly 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 Commis-
sion seize the opportunity for competition” and quickly allocate 60 MHz in
the 10-GHz band to multiple licensees for provision of a digital 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 S0 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 indus-
try 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 equip-
ment 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 carn 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
a strong 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 techno-
logical 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 inter-
national 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 clectronics multinationals, mean-
while, 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.
companics. Japan’s home cntertainment elec-
tronics manufacturers have been copying the
multinational techniques of their American
counterparts and sctting up U.S. plants for
their own products. The approach of most cash-
rich 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 a decade of inflation.

Moves of this sort appear to trouble the Trea-
sury and organized labor much less than they do
the Department of Defense. “How can we
complain?” asks one Treasury official. *Foreign

operations here pay U. S. taxes and provide jobs
for U.S. workers who also pay taxes. Remem-
ber 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
DOD’s top technologists, who sec foreign owner-
ship 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 trou-
bled by the prospect that potentially useful tech-
nology 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 dcliberately leaked
is probably impossible,” complains one monitor
of military clectronics. “The rules are unen-
forcecable.™ (See also p. 26.)

The Defense Department therefore prefers to
invoke technology transfer controls at the
source —the U. S. manufacturer. If the compa-
ny 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 multi-
national, its positive contribution to the sagging
U. S. trade balance can be diminished by tighter
controls on exports of production and test equip-
ment and techniques that will keep it competi-
tive in foreign markets.

Professor Gilpin’s call for a stronger national
R&D cffort 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 ncither national focus
nor coordination.

Toward a positive policy

Congress could begin to correct that if it will
provide appropriate incentives to industry in the
form of greater tax relief for corporate invest-
ment in domestic R&D as well as increased
university funds for rescarch and for bringing
engincering 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

that are
makin
nthe

reelworld.

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 modifica-
tion 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.

*Modified Formulation Technology

e e )
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

The tinyones
githig

P

>

In addition, dimensionally-precise molded construc-
tion 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.

4SZ-8103R2

SPRAGUE

THE MARK OF RELIABILITY

a subsidiary of GK Technologies
nCorporaed
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Youll find

there’s .
NO comparison.

Tektronix Microprocessor
Development Labs offer the
broadest range of quality
multiple-microprocessor sup-
port available today. Tektronix
won’t lock you into one microp-
rocessor family or vendor. Plus,
every Tektronix MDL is backed
with over 30 years of design ex-
perience. We test our Develop-
ment Labs thoroughly to ensure
maximum performance and
reliability. Each one provides
complete development capabil-
ity and the Tektronix commit-
ment that guarantees you’ll keep
abreast of the fast-paced micro-
processor technology.

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 Data circle #58

Factory Configured

and Tested.

Your system is configured at
the factory, then checked and
doublechecked against your
requirements and our specifi-
cations.

On-Site Installation.

Tektronix can send a
trained technician to your com-
pany to install your Micropro-
cessor Development Lab. You
don’t have to worry about get-
ting the system running, since it
will be set up and ready to work
when you are.

Tektronix’ full on-site war-
ranty covers any system mainte-
nance or part replacement for
three months. Your new MDL is
guaranteed to perform at top
efficiency from the minute it’s
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. Two-week
courses are offered at various
service centers.

Week Long Design
Workshops.

Tektronix also offers work-
shops that give your design
personnel intensive, practical,
results-oriented training.
Request the courses that best suit
your needs: The Microprocessor
Design Workshop, Microproces-
sor 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.

Once your MDL has been
put in place, you have total de-
velopment capabilities at your
fingertips. Everything essential
to software and hardware de-
sign is there when you need
it—from our Modular De-
velopment Language (MDL/u),
macro relocatable assemblers,
text editor and debugging
software to full in-circuit emu-
lation and real-time prototype
analysis.

Send for our free Systems
Comparison Chart and compare
our Microprocessor Develop-
ment 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 micro-
processor 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.

PO. Box 1700

Beaverton, OR 97075

In Europe:

Tektronix International, Inc.
1180 AV Amstelveen
Amsterdam

The Netherlands

For immediate action, dial toll-
free 1-800-547-1512.

Or in Oregon call collect, (503)
644-9051.
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Just published!

Your guide into the
fascinating world of...

PERSONAL
COMPUTING

Hardware and Software Basics

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.

Houw it all works.

Why it’s caught on so fast, including practical applications to
use now.

Some of the most exciting advances in computing are taking
place, notin research labs and commercial facilities, but in homes
across the country. All sorts of people with a basic 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.

If you've considered joining them, if you've thought about building
or buying your own computer—this is a fast, 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 a glossary 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

edited by
Raymond P. Capece, Solid State Editor,

Electronics Magazine
266 pages, $11.95

Table of Contents

Part 1: Introduction to Personal Computing.
The term defined, equipment and compo-
nents, costs, applications.

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, elec-
tronics symbols, buying used equipment.
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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. ..

® gl forms of IC lithography ® plasma etching (dry processing)
® breadboards ® a new 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 a look at just this sampling of
on-the-job problems you'll solve quickly.
® You have to choose a low-cost, high-density assembly
method for consumer circuits. Don't make a decision 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 2um
geometries on production IC chips? You won't when you've
read about a system that works just as well at one-fourth the
price!

® You need to wire electronic equipment for a long-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. Rutomatic Wiring Technology.
Competitors of the multilayer pc.

§. IC Packages and Connectors.

All methods of packaging IC chips from the DIP 1o 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.
Computer checks for the high-density boards.

Order today, and don't forget the other valuable books listed in the coupon below.
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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 high-
current discrete switchesinyourtele-
communications equipment, here
are some good reasons to switch to
RCA CMOS crosspoints.

With asingle IC youcanreplaceas
many as 32 discreteswitches, aswell
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.

The CD 22100:
Equivalent to 16 relays.

Circle 62 on reader service card

It also makes it possible for you
to design much smaller products.

RCA crosspoint switches are avail-
able in three types. The CD22100, a
device that combines a4t016 decoder
with a 4 x 4 array of crosspoints.

The CD22101 which combines a
41016 decoder witha 4 x 4 x 2 array
of crosspoints. And the CD22102
version which has a different input
logic configuration.

Allthree devices feature low on-

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 avail-
able immediately for volume orders.

For further information, contact
your local RCA Solid State Distributor.

Or RCA Solid State headquarters
in Somervilie, N.J. Brussels, Belgium.
Tokyo, Japan.

The CD 22101:
Equivalent to 32 relays.




Japanese make
ferrite inductors
on single chips

Only moderate growth
seen for Western
European electronics

Japan’s 1979 exports
of ICs to exceed
imports for first time

Electronic trigger for
cars’ restraining systems
developed by Bosch

Electronics/January 17, 1980

TDK 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 a leadless 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 uH. 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 uH, to be increased in the future to a maximum of 220 uH. The devices
are limited to applications where their minimum Q of 10 can be tolerated.

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
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.

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
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 ICs exported for all of 1978, and
imports increased 45% over last year’s $262.9 million figure.

Although worldwide 1C 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.

Anticipating more stringent car passenger safety regulations in the U. S.
and Europe during the early 1980s, the West German automobile accesso-
ry maker Robert Bosch GmbH is readying an electronic triggering device
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 a crash, 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 encoun-
tered 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 Christian Rovsing A/S, in Ballerup, outside Copenhagen, will build the
hardware to safeguard the North Atlantic Treaty Organization’s telecom-
munications lines. NATO headquarters in Brussels has signed a letter of
from NATO 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 a field of 50
entries, including ones from 1BM and other major computer makers, was
adjudged to be 99.999998% reliable. It can transmit 1 million instructions
per second.

telecomm award

Britain must innovate Britain must speed up the introduction of new technology — possibly by a
for its trade to greater use of licensed foreign technol.ogy —if it ig to survive. as a trading
nation. So says a report from the Advisory Council for Applied Research
survive, report says 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 a new
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 a government 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.

CIT-Alcatel preparing Researchers at C1T-Alcatel’s Electronic and Energy Applications division
are putting the finishing touches on an electrochemical reproduction
electrochemical system for use in a low-cost digital facsimile machine it is developing.
low-cost digital fax 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 a single point is 10 ms. CiT-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 a joint venture with a major Japanese manufacturer.

AEG-Telefunken AEG-Telefunken is readying a $60 million production plant for thermal-
imaging modules using infrared technologies, which the firm says “are
to make thermal-imaging nonexistent outside the United States.” With the approval of the U. S.
modaules for military use 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-ft2
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. Tell Sean how

many relays are on the table.

Here are the rules.

1. Entries, submitted on the Official Entry
Blank, or a reasonable facsimile thereof,
must be received at American Zettler

no later than April 30, 1980.

2. Only one entry per person for each
confest. If you send in more than

one entry, you will be disqualified.

3. In case of fies, the entry received

first at American Zettler will win.

4. The two winning entries will be those
closest to the tally made by a repre-
sentative of Security Pacific Bank.
5. All employees and relatives of
employees of American Zettler, its

e representatives and distributors are
E ineligible o enter. Aiso ineligible

are all persons employed in
the advertising and
publishing industries.

Sean Tierey, American Zettler's vp of
marketing, will do just about anything to
get out the word about the quality elec-
tromechanical relays available from
American Zettler.

Now he’s decided fo present an
RCAVCR to the two people whose
entry comes closest o 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 a buyer 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 a general
purpose, power, or low-profile relay.
Actually, he's counting on it.

[]
. Official Entry Blank Send to:
8 All entries must be received by Sean Tierney, American Zettler, inc
1 Apiil 30, 1980. 16881 Hale Avenue, Iivine, CA 92714.
[ ]
E Number of Relays
1 Name
]
: Title
The RCA VDT600 features 6 hours H Co Divisi
recording, 7-day electronic program- @ wompany  —
ming and electronic touch-button tuning. 1 CompanyAddress
1
i State Zip
]
[ ]

@ AMERICAN
ZETTLER,INC. | CompanyTeephone Number
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The rapid growth of the inte-
- grated 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.

Now, Nikon instruments are
available to help you meet, and

surpass, these tough standards.

Examine the Nikon Comparison
Microscope, Model 6. It’'s
specifically designed for com-
parative inspection and meas-
urement of IC and LS| masks by
superimposing the images of
original and working masks.

The heart of the CM 6 consists
of two fixed, high resolution
Ultra-Micro Nikkor lenses.

A relay lens allows convenient
changes in magnification from
200X to 800X without image
shift. Parcentricity and par-
focality are maintained at all
magnifications.

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

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

An Intormative brocnure Is
available to introduce you to the
Comparison Microscope, Model 6
and all the other remarkable
Nikon IC instruments.

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.

Circle 66 on reader service card

The Nikon Comparison Microscope, Model 6.



Electronics international

Significant developments in technology and business

Portable front-line radar
detects moving targets
fully automatically

by Kevin Smith, London bureau manager

Manpack uses highly efficient
InP Gunn oscillator that
delivers tens of watts

in the 12-t0-20-GHz region

Portable radar for front-line troops,
on the scene since the mid-1960s,
has taken another step forward,
thanks to solid-state technology. A
mechanically scanned manpack de-
signed to detect moving targets
completely automatically on the
battlefield in the fogs and mists of a
North European winter or during
long night watches has been develop-
ed by the British government’s
defense research center, the Royal
Signals and Radar Establishment,
Malvern, in collaboration with in-
dustry.

The system comprises a small
antenna and radar head with an
indium phosphide microwave power
source and a separate control console
in which targets within a broad
azimuth sector are displayed on a dc
electroluminescent plan-position in-
dicator (see photo). The pulsed-
doppler 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 doppler-
shifted 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 phos-
phide Gunn-oscillator module. Hav-
ing undergone field trials by the

Electronics/ January 17, 1980

British army and subsequent design
iterations, the equipment is now
ready for preproduction contracts.

The program was triggered in the
late 1960s by speculative RSRE re-
search on solid-state microwave os-
cillators. These devices opened the
door to a new gencration of light-
weight, compact radars by providing
an alternative to bulky, high-voltage,
and power-hungry magnetrons and
klystrons.

Gallium arsenide Gunn oscillators
developed at the Allen Clark Re-
search Centre under RSRE sponsor-
ship were first used, but indium
phosphide devices looked more at-
tractive theoretically because of
their excellent negative resistance
characteristic, whereby current ac-
tually decreases with increasing volt-

age. As a result, work was begun on
such a device capable of delivering
tens of watts in the 12-to-20-giga-
hertz region.

Efficiency. Says George Gibbons,
general manager for microwave and
optical research at the center, “Effi-
ciencies are better, perhaps by a
factor of two, than those of gallium
arsenide devices. We've achieved
peak efficiencies of 17% under
pulsed conditions.”

The center is one of a handful of
laboratories around the world work-
ing with the material. Gibbons hopes
to see some spinoff from the
program, with devices available
commercially in 6 to 12 months,
perhaps making them the first of
their type to reach the market.

Perfecting the device technology

On display. British radar manpack, in development, features ctear, continuous display of all
moving targets within a broad azimuth sector. Range and bearing can be displayed digitally.
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involved a fine control of the doping
profile in the epitaxial material used
and optimizing contact metalization
using a germanium-gold-nickel se-
quence. The circuit techniques used
to couple the diodes into a cavity-
stabilized oscillator operating in the
J band were first described at the
Ninth European Microwave Confer-
ence in Brighton, England, Sept.
17-21.

Unlike an carlier 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 en-
hancement could provide overlying
map information and extended range
information.

France

Payment cards aim to replace
personal checks at point of sale

Hand-written personal checks are
something of an expensive anachron-
ism in this age of electronic banking.
But two Franco-Amcrican compa-
nies, Cll-Honcywell Bull and
Schlumberger Ltd., are developing
an electronic alternative for point-
of-sale use. Their proposed plastic
payment cards —the size of a credit
card and containing memory and
cither a microprocessor or logic—
would be faster and cheaper than
checks, would maintain a running
account, and would also offer
greater protection against fraud.

A payment card is actually only
one of many possible applications.
ClI-HB foresees using such cards for,
say, medical records, billing for
computer time-sharing, and clec-
tronic security systems.

Apart from the cards, the two
companies’ basic systems are similar.
Each has three additional clements:
a programming unit at the bank,
where a specific sum is entered into
the card’s programmable read-only
memory; a point-of-sale terminal to
carry out transactions; and a retail-
er’s memory card to record sales.

With the systems, a customer
would go to his bank and transfer a
certain sum from his account to his
personal payment card, which would
also contain his name, the date of
issue, his account number, a serial
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number, and most importantly, a
personal identification number, or
code, designed to protect access to
the card.

In use. When the customer wanted
to make a purchase, he would insert
his card into the retailer’s point-of-
sale terminal and key in his code.
The retailer would then record the
sale, as on a conventional cash regis-
ter. The tcustomer would receive a
receipt, including, if desired, the bal-
ance remaining in his card’s memo-
ry. The transaction would be re-
corded on the retailer’s memory
card, with the data cither physically
transported to the retailer’s bank or
transmitted via telephone lines for
processing.

Cli-HB has opted for a micropro-
cessor-cquipped card [Electronics,
Dec. 2, p. 63]. “*Past experience has
shown that whenever there was a
choice between hardwired circuits
and programmable microprocessors,
the microprocessors always won
out,” explains Robert Hervé, man-
ager of applications for the Paris
firm’s payment card project.

For its working prototype, called
the CP8, CIi-HB is using two inte-
grated circuits, but intends to put all
the circuitry on one MOS chip if it
gets an order large enough to cover
design costs. Economy is not the only
reason: its Itwo-chip payment card

measures 1.2 millimeters thick, but
the international standard for em-
bossed credit cards is 0.8 mm. “Us-
ing a single chip, we will have a
standard-sized card,” Hervé says.

The microprocessor program pre-
vents any access to the card’s memo-
ry without the correct code. The
principle is the same as in automatic
cash cards. The difference is that the
payment cards are designed for off-
line 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 cheap-
er approach comes from Schlum-
berger Ltd.’s Flonic subsidiary, in
Mountrouge, outside of Paris, which
combines several hundred logic gates
with a 4-K PROM [Electronics, Jan. 3,
p. 63]. However, at present, it has
only breadboarded versions of its
proposed terminal and of the IC for
the card.

“What interests us first and fore-
most is the point-of-sale terminals,”
says company marketing director
Pierre Bouvier, to explain why a firm
whose principal activity is in water,
gas, and parking mecters is now
expanding into clectronic payment
cards. “Measuring money is a logical
diversification for us.”

Schlumberger’s approach rests
heavily on a patented card-access
protection system developed by Ro-
land Moreno, a French inventor.
Moreno’s idea is the use of logic
circuits to limit access to memory.

Protection. Each card’s memory
contains a four-, five-, or six-digit
identification code. Before any
transaction can be made, the correct
code must be keyed in to the card. A
simple comparator ensures that the
code is correct and, if it is, permits
input and output access. “About 140
logic gates suffice to create the
comparator, a simple arithmetic and
logic unit, and the 170 controls,”
Moreno says.

He conccives a card using TTL
gates and 4 K of clectrically
programmable ROM to cnsure a
maximum of security. “Once a fuse
in an E-PROM has been broken, there
is absolutely no way to reconstruct
it,” he says.
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elax!

When you need
electronic equipment without waiting,
Leasametric can have it
on its way to you in minutes.

Whether your requirement is for a week, amonth But renting trom Leasametric means more than
or a year, theres one way to get the latest in electronic immediate possession. Its the one effective way to get
test equipment or terminals without waiting. Rent it the new equipment you need without going back to
from Leasametric. management for more money. Theres no major capital

Instantly, our nationwide on-line computerized - mnvestment with a Leasametric rental.

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 equip- 'n ]
ment will be in your hands in less than S==== inventory includes a multi-million
24 hours. dollar rental pool of over 33,000
And, the Leasametric P m— - T [ ==, items trom the top 500 clec-
name means the equip- = : tronics manutacturers
ment you rent is in working including most items from the

order when we ship it. Our HP and Tekeronix catalogs.
regional maintenance lab- When you needitnow,

oratories are traceable to depend on Leasametric.
the National Burcau of To order, or for our latest
Standards and every rental catalog, call one of the
picce is thoroughly relaxing toll free Leasametric
calibrated before it goes I mbers shown below. We'll
out the door. When you rent ! TN\ zet the equipment you need
it from Leasametric, it works! On its way to you in minutes!

Rent it and relax.

Plus, renting gives you a chance to
check out the very latest models without
committing to one manufacturers hard-
ware. OQur continuously expanding

In the West In the Central U.S. In the East
Call 800227-0280 Call 800-3232513  Call 800-638-4009
In California, call (415) 574-4441 In llinois, call (312)595-2700 In Maryland, call (301} 948-9700

Leasametric

1164 Triton Drive, Foster City, CA 94404
A Trans Union Company
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Although MOS circuits are vulner-
able to electrostatic charges, both
Schlumberger and CIlI-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;
Cll-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

Airborne sea-surveillance radars are
first and foremost weapons for war,
but they also have important peace-
time roles like air-sea rescue. In
addition, they have become essential
for spotting oil slicks and the tankers
that cause them, particularly since
many maritime nations now consider
that their coastal waters extend 200
nautical miles out from shore.

Two ways. The market for these
radars consequently has two ways to
grow, and Thomson-CSF, France’s
largest producer of high-technology
electronics, is moving in both direc-
tions with its Iguane family of
radars. By midyear, the company’s
Avionic Equipment division in Mala-
koff, on the outskirts of Paris, will be
delivering production models to the
French navy for the Alizé, an aging
carrier-based submarine hunter-kill-
er that is being modernized [Elec-
tronics, Dec. 20, p. 56].

Upgraded with identification
friend or foe (1FF) and discontinuous
target tracking, the basic Iguane has
also been tapped for the navy’s new
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 Dassault-
Breguet Mystére 20H coastal patrol
plane; it can spot oil slicks and also
single out targets for over-the-hori-
zon sea-to-sea missiles. The other,
the Agrion, can shift from a scan-
ning to guiding air-to-surface mis-
siles fired from helicopters.

All the variants of the Iguane—
which means “iguana” and also is
the acronym for the full French
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name, instrument de guet pour avion
naval embarque, or ‘“‘surveillance
instrument for embarked naval air-
craft” —are put together from a set
of five basic building blocks: a trans-
mitter-receiver package, a radio-
frequency power module, a servome-
chanism unit, a control module, and
a display. Obviously, the antenna
structure has to fit the plane. For the
Alizé and the Atlantic, the new
radar will drive the existing antenna,
but for the Mystére 20H and for
helicopters, the company designed
new antennas.

Doubly capable. These X-band
radars can spot large ships at ranges
up to [50 nautical miles and
submarine snorkels in heavy sea at
some 25 nautical miles. The double
capability stems from a choice of
pulse widths. For long-range work,
the effective pulse width is several
tenths of a microsecond, long enough
to wholly illuminate a target several
tens of meters long. The duration is
slashed to a few nanoscconds to pick
up a small target in a rough sea.

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 a factor of
several hundred.

Low power. Because the transmit-
ted 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.
lguane’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
a greater 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 lguane uses a receiver
with a field-effect-transistor ampli-
fier that is four times as sensitive as
the company’s classic receivers.

lguane also offers optional pack-
ages. The Varan, for example, can
be fitted with a module that converts
its side-looking antenna into a syn-
thetic 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. The French navy’s Atlantic patrol plane is equipped with Thomson-CSF's Iguane

sea-surveillance radar. The radar is being improved for an updated version of the aircraft.
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&K CMOS RAMs.

New pages in our quality story.

Send now for data

High quality low power 6504, 6514 and 2114L
on OKlI's RAM family.

replacements in volume.

OKI now offers 4K CMOS RAMs for hard-to-fill . . You can be a part of OKI
sockets in minicomputers requiring battery back-up Semiconductor’s bright future by filling out the coupon
protection. OKl's MSM5104 replaces a 4K x 1 6504. below. Just tell us which part of our quality story interests
Our 5115 does the job of a 1K x 4 6514 with on-chip you most. OKI Semiconductor, 1333 Lawrence Expressway,
registers. Finally, our 5114 plugs into N-channel 2114L Santa Clara, CA 95051. Phone (408) 984-4840.
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swept as the plane advances that
with conventional processing would
require an antenna scveral hundred
meters long.

Another option converts the basic
Iguanc into the scarch and missile-
control version, Agrion. Built to
control the all-weather air-to-surface
missile AS 15 TT developed by
SNIAS (Société Nationale Indus-
trielle Aérospatiale), Agrion scans a

full 360" when it scarches. When the
operator switches to missile guid-
ance, the radar locks on the target
and codes bearing and range com-
mands for the missile into its trans-
mission. 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

Italy

Three-chip precision positioning system
offers high accuracy, 100-W motor drive

Usually, the designer of a precision
positioning system for an office
machine or like-sized hardware
winds up with a fairly complex
circuit and a heavily populated cir-
cuit board. Some simplification is
possible by using a stepping motor,
which takes on a precise angular
position each time it is pulsed. But
stepping motors generally arce too
slow for applications like high-speed
impact printers, where print wheels
must be stopped at the right spot
every 30 milliseconds or so. Consc-
quently, the choice usually goes to a
fast-accelerating dc motor paired
with highly accurate servo control.

This choice will be easier for
designers to make from now on,
maintains SGS-ATES Componenti
Eletironici Spa, the largest ltalian
semiconductor house. The company,
based in Agrate, outside of Milan,
has gone to market with a set of
three monolithic chips that carry all
the linear circuitry needed for a
high-accuracy positioning system
[Electronics, Jan. 3, p. 64]. One chip,
the L290, gencrates a tachometer
voltage; the second, the L.291, serves
as a digital-to-analog converter and
a position amplifier; and the third,
the 1292, powers the motor. To-
gether with a microprocessor and an
optical encoder, they make a com-
plete positioning system.

Useful. Actually, the chip set was
developed for Olivetti for an elec-
tronic typewriter. But SGS-ATES fig-
ures there will be many other appli-
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cations for the chips, and now that
Olivetti’s exclusive rights have run
out, it has put them on the market.
The initial price is $6.50 for the set
in quantities of 100,000 and up.

The kingpin chip in the trio is the
L292 motor-drive circuit. It con-
tains, on a slab of silicon 160 by 120
mils, a complete switched-mode
power amplifier. The power-han-
dling capabilities, designed to drive
the motor windings in an H-bridge
configuration, are cyc-opening — 100
watts. That works out to an eflicien-
cy of 80%, the firm points out.

To drive its output stages, the
L.292 generates a pulse-width-modu-
lated dc signal. To do that, it con-
verts a bipolar input signal into a
unidirectional one (from 0 to +20
volts) and compares it with a motor-
current feedback signal in a local-
error amplificr. This error signal,
together with a triangular waveform
generated on chip, is fed to a
comparator. The resulting PWM sig-
nal drives the output stage.

Because it has an H-bridge config-
uration —two legs across the power
supply, each having a pair of switch-
ing transistors, with the motor wind-
ings connected between the center
points of the legs—the chip has
commutation delay circuits that
make sure that transistors in the
samc leg of the bridge are not con-
ducting simultaneously. This delay
can be programmed cxternally, as
can the on-chip oscillator frequency
and the overall gain.

Speed commands for the system
originate in the microprocessor. It is
continuously updated on the motor
position by means of pulses from the
L.290 tachometer chip, which in turn
gets its information from the optical
encoder. From this basic input, the
microprocessor computes 5-bit con-
trol words that instruct the system to
speed the motor up, brake it, or hold
1t constant.

The L291 turns the 5-bit words
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 self-
compensating for variations in input
levels, temperature changes, and
aging. The comparator output level
depends on the speed demanded, and
its polarity is indicated by a sign bit
in the control word.

The L291 also takes over as a
position-signal amplifier when the
microprocessor instructs it Lo, using
the zero-crossing point of a sine
wave gencrated by the optical encod-
er as the target point. In addition, it
carries the overall loop-error ampli-
fier for the system and its main
summing junction.

Startup. When the motor is
stopped and the microprocessor or-
ders it to a new position, the system
operates in an open-loop configura-
tion at the outset because there is no
feedback from the tachometer gener-
ator. Maximum current is fed to the
motor, and as it reaches maximum
speed, the pulses from the tachomet-
er chip cause the microprocessor 10
cut the demand signal. The motor
continues to run at top speed but
under closed-loop control.

As the target position is ap-
proached, the microprocessor lowers
the value of the speed-demand word;
this reduces the voltage at the main
summing point, in effect braking the
motor. The braking is applied pro-
gressively until the motor is running
at minimum speed. At that time, the
microprocessor orders a switch to the
position mode, and within 3 to 4 ms,
the L291 drives the motor to a null
position, where it is held by electron-
ic detenting. -A. E.
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Our people can put you
on speaking terms
with your plasma system.

With Ultek’s pacesetting 4410 Production Sputtering System, you dontt
have to hire a programmer to get the full benefit of computer-
controlied 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 ot the
press of a button.

Other features include status monitoring, interfacing capa-
bilities and a convenient plug-in board design. If you'd like to know
more write: Perkin-Eimer, Ultek Division, P.O. Box 10920, Palo Alto,

CA 94303. Or call: (415) 967-2100.

PERKIN-ELMER

Putting quality and plasma systems together.
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Whose MCU does 8-bit jobs on

AMTI’s 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-T V scrambler boxes, fuel gauges
and instrument panels. Running washers,
dryers, dishwashers, refrigerators and micro-
wave 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.

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 microcom-
puters can't.

Our tiny champion of oppressed engineers
has a clear edge in I/0, with a choice of LED or
fluorescent drivers; Touch Control; or direct
drive of SCR and Triac. It has a 50/60 Hz timer
or counter, zero voltage crossing to cut down
damaging current surges, and a three-level
subroutine stack.

And Mighty MOS is the only 4-bit MCU
supported by the Tektronix 8002A develop-
ment system. That gives it more programming
muscle, too.

MIGHTY MOS IS GROWING FAST.

You canrder S2000s now with built-in 1Kx8
ROMsand of RAM. And S2150s,
with 1.5K b bmibblasof R AM.

g
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In a few 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 a CMOS
version that can do a lot with very
little {)ower When they come flying in,
you'll find it easy to upgrade your
system,adding even more power and
% unch without adding much cost.
ecause 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) 773-
6330; Massachusetts,
(617) 762-0726;
Michigan,(313) 478-

9339;
»
- S

“New York,
(914) 352-5333,;
Pennsylvania, (215)
643-0217; Texas, (214)
231-5721; Washington, (206)
- 687-3101. Or contact AMI 52000
Marketm 3800 Homestead Road, Santa Clara
CA 95051 "Phone (408) 246-0330.
YOU'LL FINDIT ISN'T HARD TOBE A
HERO WITH MIGHTY MOS ON YOUR SIDE.

AMI

AMERICAN MICROSYSTEMS, INC
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sensible source for your

Ieconomic sense to automate your receiving test stations...your

or final test stations...your QA audit stations...even your design

s workbench. Look into Systron-Donner’s IEEE-488 family.

the new S-D Model 3520 BUSser. The 3520 is specifically designed
EE-488 compatible test instruments.

a was to make this controller easy to use, easy to understand, easy to
ort, easy to read, and easy to store programs. And that's what S-D has
qsing a standard teletypewriter keyboard layout, IEEE-488 special
keys, BASIC as the programming language, and a large legible

igle line fluorescent display.

am storage is simple with the PROM option. One or more programs
be stored in the PROM cartridge and erased later if desired.

' ystron-Donner also made this compact controller easy 5
- to buy: $795* without PROM option, $995* with it. s t'on-nnm' s
_“ We put you on the bus without taking you for a ride!
| IEEE-488
- amily

i m’h.ﬁﬂ] PRINTER

< EEE 488 BUS >
[i5ten| | D | focktitfon]| |[ comnen ] [cciition] fusfiilEun
I_' SD MODEL 3570A

MATRIX SWITCH

SYSTEM

UNIT UNDER TEST ’
*U.S. prices

SYSTRON DONNER

PUT OUR PERFORMANTE TO THE TEST
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MOTOROLA HELPS GET ENERGY FRO

In northern California, the natu-
ral heat of the earth is being
harnessed to serve the energy
needs of man. Natural steam,

heated
by the @
molten S

The place is called
The Geysers, and it's part of a
pioneering

»

-
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-
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effort by Union Oil Company of
California to make geothermal
energy a practical alternative to
expensive imported oil.

The Geysers may be an
unortho-
dox power

rock i source,
below ER but it has
the earth’'s .73 one thing
crust,is In common
being with
tapped, every
extracted other
and piped branch
to power some AREAS OF GEOTHERMiL POTENTIAL of the

of the electrical ® GEOTHERMAL DEVELOPMENTS energy
generators that help industries: the
hght up San Francisco, 90 miles | need to maintain good, reliable
to the south. communications, no matter

how remote or primitive the site.
At The Geysers, as in

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 ter-
rain and steep, narrow canyons,
among which conventional
high-frequency radio signals
could get diffused and lost.
Motorola solved that one with
ingenious simplicity: a low-band
twoway 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 EARTH,THE SEA AND THE SUN.

systems and subsystems,
among which are pagers that
tell a man 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 a data and voice-com-
munication link that will help
one person control six un-
manned oil-production plat-
forms. He'll be able to check
pressures and flow rates, regu-
late meters, pumps and motors,
all by touching a few buttons.

Some of the Motorola
equipment on the Alaska Pipe-
line i1s so sophisticated that a
hard-hat worker in the field can
talk directly to an executive in

In Canada, specially
designed

an office a thousand miles away.

Motorola equipment is in use at
an oil ming, an extraordinary
strip-mining process for extract-
ing 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 com-
munications to actual energy
development. Our engineers
are producing photovoltaic
systems that convert sunlight
into electricity.

ELECTRONICS
AND PEOPLE.

Motorola’'s preeminence in
energy-industry communica-
tions 1s as much a matter of
people as of technology. We
made an early and total
commitment to solving en-
ergy-industry communica-
tions 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-
larities among
communica-
tions devices, there are none at
all among the communications
systems that the energy indus-
tries need in all their activities.
In designing these sys-
tems, Motorola brings to bear a
combination of expertise and
enthusiasm that helps us keep
expanding the limits of what's
possible in electronics.

A microcomputer,
drawn larger
than life.

@ MOTOROLA

Making electronics history

since 1928.
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“With the kind of performance
expected from Univac computers,

testing ECL prop delays is just plain necessary.”

Sf"""}' Univac 58

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 Semicon-
ductor Control Facility at Minneapolis, Minnesota,
he sees about a million ECL parts every month.

Univac tests every one of them for dc and func-
tional performance on a Teradyne J325. But that’s
not enough.

“Our ECL parts are among the best devices we
buy” Drwall says, “but in a business where speed 1s the
name of the game, we have to test prop delays as well
as dc and functional performance.”

To handle the ac testing, Univac uses a Teradyne
S357 Pulse Parametric Subsystem.

Why the S357?

“Right now, we're testing 10k series ECL, with prop
delays of from 1 to 4 nanoseconds. Soon, we’ll be get-
ting 100k parts with subnanosecond delays. We chose
the S357 because 1t will handle subnanosecond ECL
Just as well as it handles today’s parts.”

Circle 80 on reader service card
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Performance is one reason why Sperry Univac
chose the S357. Reliability is another.

“We use a lot of Teradyne gear here at SCF, and
production test requirements demand high availabiliy
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 a companion 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 a shrinking resource

Percentage of GNP and of sales and profits invested in R&D
is going down as inflation also cuts into figure

China was the most sophisticated socie-
ty 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 gener-
al, 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 a period of
economic decline, the fastest-grow-
ing, 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 a percentage of sales stag-
nated at about 1.6% for all indus-
tries, 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 purchas-
ing 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 disem-
boweled these investments.

Richard T. Knock, assistant exec-
utive director for advanced develop-
ment at the Stanford Research Insti-
tute, 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 develop-
ment than for research, but total spending in
constant dollars has been essentially flat.
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by James B. Brinton, Boston bureau manager

William C. Hittinger, executive
vice president for research and engi-
neering at RCA Corp., New York,
agrees that the U.S. is not putting
enough of its Gross National Prod-
uct 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 in-
crecased its outlays from $23.93
billion to $26.42 billion. That comes
to $2.49 billion in current dollars but
only $30S million in constant 1967
dollars, according to the National
Science Foundation. The NSF’s esti-
mates for 1979 look even worse
despite an increase in Federal out-
lays 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 in-
creased 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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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 productivi-
ty, it could make the U.S. a “sec-
ond-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 ex-
ample, 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 coun-
try 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 sophistica-
tion, if not already closed as in the
case of robotics, is closing, according
to George H. Heilmeier, vice presi-
dent for corporate research at Texas
Instruments Inc., Dallas. He is not
sure the gaps will close completely,
because of what he sees as the coun-
try’s tradition of innovation. But, he
says, “foreign countries will become
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Does the U. S. have a problem?

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 biilion.

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&D-
intensive 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 approxi-
mately 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, a situation 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 Eimer 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. Stili, 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 techno-
logical 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 nhumber 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 197 1 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
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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 some-
what.

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 four-
year 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 a pattern 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 doliar, it may well need to spend more than it is now.
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far more competitive in world mar-
kets than they are today in high-
technology products. I don’t like the
way the vectors are pointing. We're
sure trying hard as a nation to shoot
ourselves in the foot.”

For N. Bruce Hannay, vice presi-
dent 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 electron-
ics, need to be convinced that R&D is
a good investment.

Spending vital. R&D spending is
crucial to corporate survival, accord-
ing to John F. Mitchell, assistant
chief operating officer of Motorola
Inc., Schaumburg, Ill. R&D spending
means higher growth and profitabili-
ty, he says, noting that the reverse is
also true.

John P. Stenbit, manager of
requirements and group develop-
ment 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 man-
agement 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, high-
technology 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 1.9 434
High-technology

average 40 654
Aerospace 3.7 930
Electronics

(general) 2.6 56.1
Data processing 6.0 548
Instruments 39 699
Semiconductor 5.8 102.3
Telecommunications 1.9 16.1

Except for some data-processing
and semiconductor firms, the often-

83



THE TELEPHONE
DESIGNERS’ COLLECTION

v United States:
Canada:

Europe:
Circle 84 on reader service card

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 a push button
pad. This pin for pin equivalent to the
industry standard DF320 has an
operating voltage range of 2 to 7 volts,
250uW operating power dissipation, and
a stand-by current consumption of less
than 1uA. 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 a minimum of external com-
ponents, provides a pleasant warbling
sound, and interfaces to the telephone
line. The ML8204 has low power con-
sumption, an on-chip regulator, positive
switch-on and is packaged in an 8 pin
minidip.

MITEL SEMICONDUCTOR, we’ve got
the goods for you.

MITEL SEMICONDUCTOR

1735 Jefferson Davis Highway, Suite 1009, Arlington, Virginia, U.S.A. 22202. Telephone (703) 243-1600
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18 Airport Bivd., Bromont, Quebec, Canada JOE 1L0. Telephone (514) 534-2321, Telex: 05-267474.

Hamilton Road, Slough, Berkshire, England SL14QY. Telephone 0753-36137, 0753-36138, Telex: 847730
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mentioned 10%-of-sales investments
in R&D appear to be the exception
rather than the rule. Yet there is a
large body of data showing that
investments in R&D boost both sales
and productivity (*R&D helps fuel
growth,” p. 86) and thus contribute
to national economic health, perhaps
tempering inflation and aiding the
country’s balance of payments.

In the opinion of Sen. Adlai E.
Stevenson (D.. 1ll.), “*Devclopment
of new products, services, and indus-
trial processes based on advances in
knowledge [have] contributed more
than anything else to our nation’s
productivity, growth, its trade per-
formance, increases in wages, and
stable prices.” Stevenson made the
remarks during a recent symposium
on innovation at Massachusetts In-
stitute of Technology.

Innovation index. Yet R&D in real
terms has been declining throughout
the 1970s. Only recently, with the
nation verging on recession, have
large numbers of industry observers
begun wondering aloud about the
pace of innovation. Implicit in their
remarks are questions about R&D
funding, for though R&D and inno-
vation are different, dollars spent on
R&D are an index of a nation’s intent
to innovate.

With R&D a fashionable concern,
there is the usual difference of opin-
ion. Historian of technology David
F. Noble of MIT has been quoted as
arguing that today’s concern with
lagging technical innovation is just
industry’s way of getting taxes
reduced. But Harvard University
cconomist Dale W. Jorgenson, on
the other hand, feels that the key to
improved technology is enhanced
capital formation, and his view is
widely shared in industry.

Jeffrey C. Kalb, engineering vice
president of Data General Inc.,
Westboro, Mass., notes that with
interest rates high and with pres-
sures working against capital forma-
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
like other managers, he points out
that capital formation has a direct
effect on R&D decisions.
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Thomas A. Vanderslice. president
of General Telephone & Electronics
Corp., Stamford, Conn., agrees.
“The R&D portion of a product
development may account for only
10% of the cost nceded to bring that
product to market. Therefore, any
rcasonable manager has to have
some assurance that the other 90%
needed for plant and capital equip-
ment is going to be there at the
conclusion of development. Some
firms are being forced to drop worth-
while R&D plans not because they
can’t afford them, but becausc they
can’t afford to capitalize on them.”

Vanderslice feels that the tax and
regulatory burdens government
places on industry strangle techno-
logical progress. Arthur D. Little
vice president Derek Till agrees and
estimates that an astonishing 25% to
50% of every R&D dollar may fall
prey to government regulation; eith-
er it is used to pay for the multiplici-
ty of reports, audits, and reviews so
common today, or it is invested in
work whose only real payoff is regu-
latory compliance.

Blame Washington. So, if there is
a whipping boy in industry’s execu-
tive suites, it is the Federal govern-
ment. One instrument manufacturer,
after citing a laundry list of com-
plaints, winds up with a Bryanesque
flourish: “If government would like
to give the research community some

BUSINESS

incentive to work harder, it might try
loosing it from the rack of the capi-
tal gains tax.”

Mitre's Zraket is characteristical-
ly direct: “U.S. industry is being
killed by disincentives. We need revi-
sions in tax law, patent law, and
other areas. Industry in other coun-
tries has it much easier by compari-
son; the usual examples are Japan
and West Germany, but even in
Sweden you find capitalism in so-
cialist clothing. A Swedish firm can
set aside a given percentage of its
profit as an investment in R&D —tax
free.”

Other observers wish the Federal
government could create a fiscal
climate somewhat like that in Japan.
Data General’s Kalb notes that
Japanese firms have casier access to
funds and thus more rcady money to
spend on R&D than similar Ameri-
can firms. “A Japanese company is
given a 200% tax credit for R&D,” he
says.

“They can write ofl R&D expenses
in only one year, versus, say, $ix to
cight years for United States firms.
This gencrates an enormous amount
of capital in Japan, despite the fact
that the average Japanese firm has
only about half the profit margin of
an American company. Japanese
bankers also tend to be casier to deal
with in terms of lending against
profit margins than their U. S. coun-
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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.
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terparts. There’s a lot of unnecessary
pressure on U. S. firms to keep profit
margins high as a result of taxation
and banking pressures.”

If industry complains, it also
suggest remedies. The Committee
for Economic Development, a New
York-based private organization of
200 business people and educators,
warns in a report to be published
Jan. 18 that “some public policies
actually discourage capital invest-
ment . . . and have caused business
to shift . . . R&D efforts from long-
er-term to more defensive short-term
goals.” Further, *“unless there is
speedy correction of these policies

. . the nation will find it increas-
ingly difficult to solve its . . .
economic problems.”

The nonprofit CED notes in its new
report that, as a percentage of
GNP, Federal tax revenue has grown
from 18.5% in 1976 to about 20% in
1979 and should reach 21% in 1981.
This increase is said to have drained
off monies that would otherwise
have funded R&D and capital invest-
ment. And according to the Depart-
ment of Commerce, R&D and plant
and equipment investments follow
cash flow closely.

And because of inflation and
unfavorable regulations governing
depreciation of existing plant and
equipment, taxable profits are high-
er than constant-dollar profits. In
inflationary times, according to the
CED study, the effective corporate
tax rate can therefore be much high-
er than the reported average rate of
taxation.

Inflation has the same effect on

the cost of capital and on current
and actual rates of return on invest-
ment. 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. 1 tax-
reform priority is one that would
allow a more rapid capital recovery
allowance. It believes that such
reform would trigger increased in-
vestment 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 invest-
ment 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 invest-
ments 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 knowl-
edge. 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 productiv-
ity and output between firms with heavy investments in
R&D and those with low to moderate investments. R&D-
intensive 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 !ed the pack with 4.4%
productivity growth and 7.2% output increases. The aver-
ages 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

increases in annual output can result from a single $100
investment in R&D. That's a payback period of as littie 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 produc-
tivity 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 wouid 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 spend-
ing 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.

86

Electronics /January 17, 1980




A SUBSIDIARY OF UNITRODE CORPORATION

Electronics / January 17, 1980

With a handful of Powercube's Cirkitblock "
modules and a few clip leads, you can quickly syn-
thesize an infinite variety of custom power supplies.

Cirkitblock modules have demonstrated
capability to meet most design needs and are packaged
within a 1" x 1" x 2" 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.

Cirkitblock modules utilize space
technology but are specified and priced for industrial
as well as military applications. They can substan-
tially 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 a lot 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.

POWERCUBE CORPORATION

EIGHT SUBURBAN PARK DRIVE
POWERCUBE - . .ssoosens oo

6171 667-9500
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well below Japan's 200%). faster
depreciation for patents (a rate more
in keeping with accelerating techni-
cal 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 cxecutives,
would like government regulations to
reflect reality. Statistically impossi-
ble “zero-risk™ goals, rcgulations
that call for “best-available™ tech-
nology when the definition of *“best™
is continually changing, and fre-
quent changes in production stan-
dards that can often gut prior invest-
ments 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 accom-
pany regulation; these add uncer-
tainty and further cut the rate of
possible innovation, the CED feels.

The group would like to see stan-
dards set realistically and industry
left to meet them cost-cffectively. It
would also like increased congres-
sional 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 cffec-
tiveness of such protection. The CED
is most concerned with patent
disputes and timing.

Patent mechanisms. The CED sug-
gests that, first, compulsory arbitra-
tion be used to settle patent disputes;
second, that a single national court
of appeals be cstablished to ensure
uniform application of patent law;
and third, that a new mechanism be
devised to strike “‘obviously invalid
patents™ from the rolls.

As to timing, the CiiD would like
to see the life of a patent be delayed
by regulatory questions. Second, it
favors a “first to file” procedure
with personal right of usc granted to
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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 im-
ported goods made royalty-free.

For patents generated by govern-
ment 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

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.

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 origi-
nal 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 unrcasonable 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 govern-
ment R&D programs will not pro-
duce the technology of the future.

“There are people who would give
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How to cook
ten million chickens
without a cook?

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 onconveyors in modern processing plants is
‘atough 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 Ib., as it sped by.
Chickens were instantly sorted to pre-
determined weight catagories, allowing successful auto-
mation 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 design-
ers resognize INTERFACE as the world leader in force
measurement. A position that has been earned through
pioneering research, proprietary advanced material tech-
nology in strain gage flexure design, exacting standards,
competitive pricing and on-the-shelf product availability.

If you have a tough problem that requires measuring force
or weighing to solve, contact INTERFACE for an easy
answer.

TOUGH PROBLEMS FIND EASY
SOLUTIONS AT

incerface

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 pro-
grams, 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 pro-
grams. The role of the government is
important, but private industry can
provide all the stimulation that is
needed,” he says.

Credits, not cash. Certainly T¢’s
Heilmeier agrees: “*“The most impor-
tant 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 Washing-
ton—the same wonderful people who
brought you the |ost office are going
to bring you innovation? Ridic-
ulous—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 Interna-
tional 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 interpreta-
tions and comments, ‘“considers pat-
ents 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 multi-
ple 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 incen-
tives and capital. “We have to
increase savings and capital accumu-
lation 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 govern-
ment didn’t demand so many pro-
gram 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 a great 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, as-
suming that a company has reached
what he calls a critical size, though
he will not specify what size that is.

Legislative outlook. There’s noth-
ing like a friend 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 regutation takes up to haif of each R&D dollar.
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Priced from$29950

Nicolet System 507"

use System 50 on the kind of work they

Nicolet System 50 stores designs in its
memory and displays them on a screen.The ﬁrSt affordable are doing right now. With the many models

Your designers can draft layouts quickly and gutomatic
drafting system.

without effort. When the final layout
is finished, System 50's pen plotter inks a
clean original automatically.

Takes away System 50 performs all the

tedious, repetitive work
the tedlum. on command. [t can
revise layouts, repeat traces and pads
throughout a drawing 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.

More l.esults’ d\y.stem 50 helps mflke original

esigns and any revisions fast
less effort and easy. Because it makes your
design staff 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
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and options to choose from, you'll tailor
the system to fit your situation exactly.

Investment Syscm 50s prices

" range from $29,950 to
spending. $59.730, andiics 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 a year through

increased production efficiency. System

50 is being successfully used in departments with only
a few designers as well as in departments with over
a hundred.

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 g

demonstration soon.

NICOLET
= CAD
CORPORATION
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Inslqe the news

codes and monetary instruments,
export promotion and adjustment
assistance, patent laws, and antitrust
rulings — [we must] reassess tradi-
tional attitudes about the relation-
ship between government and busi-
ness.” All of which should strike
responsive chords in the hearts of
technology executives.

Despite Stevenson’s pronounce-
ments, there’s no rush to legislate.
According to a senior House com-
mittee 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 I person-
ally 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 mem-
bers are truly alert and concerned
now that the country is being chal-
lenged in industrial as well as mili-
tary markets” dependent on technol-
ogies like electronics, says one.

Some members are said to be
suspicious, remembering the palmy
days of the 1960s when some feel

—
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Falling. U. S. spending on R&D as a percentage of GNP has been falling steadily since the

Tight cash. Data General Corp.’s Jefirey
Kalb says difficulty in capital formation has a
direct effect on decisions concerning R&D.

industry took advantage of Federal
largesse, but ““most appreciate that
the problem is different now—there
is a real challenge from abroad,”
says the staff member.

3

SOURCE SCIENCE INDICATORS-1978

mid-1960s. It peaked at just under 3%, but by 1978 had dipped to a little under 2.2%.
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But even with senators and con-
gressmen becoming believers and
executives in agreement with legisla-
tors, 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 prob-
lem of the risk-reward climate exist-
ing within many companies, which
can turn creative minds into banker
mentalities and choke innovation.

List of woes. There are the organi-
zational and legal problems of justi-
fying R&D inside, or cooperative
research outside, a company, prob-
lems that make today’s R&D man-
agers 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 back-
ing 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
is possible that the U.S. may have
hurt itself by selling its technology
rather than the products of that
technology. Finally, there is a com-
ing decade of financial agony on
campus, bringing with it questions
about relations with industry and
government and the amount of
work —traditionally basic re-
search—academe can perform, the
number of new scientists and engi-
neers 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, SRI'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 low-
technology products,” he predicts.
“The productivity growth of high-
technology 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.” O

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 a handheld DMM, and
then take a good long look at ours.

CHOICES? The Fluke line of
handheld DMM’s now offers three
clear performance choices. There’s the
8022A Troubleshooter, a solid 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 impreved 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 80224, $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.
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Probing the news

Analysis of technology and business developments

British decline has a bright spot

Electronics industries expected to grow 12.5% this year

even as the overall economy continues to slide

Britain enters a new decade knowing
full well that it will be worse than
the last in economic terms. Even by
the government’s traditionally opti-
mistic forecasts, the UK’s econo-
my —almost alone among European
nations—will see a decline in real
gross domestic product of 2%.
Britain is managing to run a trade
deficit even with the help of North
Sea oil. In fact, say some observers,
that .oil has added to the manufac-
turing 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, includ-
ing 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

by Kevin Smith, London bureau manager

seen as a cure-all for Britain’s long-
term 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 soar-
ing cost of oil.

Apgainst 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 tele-
communications in particular should
help to keep the bandwagon rolling
into the 1980s—though at a slightly
reduced pace, with equipment sales
predicted to increase 12.5% to $7.35
billion.

In fact, nothing short of an apoca-
lypse seems capable of stopping the

BRITISH ELECTRONICS MARKETS FORECAST
(IN MILLIONS OF DOLLARS)

Total assembled equipment
Consumer electronics
Communications equipment
Computers and related hardware
Industrial electronics
Medical etectronics
Test and measurement equipment
Power supplies

Total components
Passive and electromechanical
Discrete semiconductors
Integrated circuits
Tubes

(Exchange rate: $1 = 48 pence; L1 = $2.05)

1978 1979 1980
5,686 6,536 7,353
1,665 1,873 2,002
1,501 1,809 2173
1,786 2,060 2,327

315 341 365
205 210 2n
184 210 239
30 33 36
1,814 1,998 2,125
954 1,032 1,080
237 259 278
287 340 381
336 367 39

Note: Figures in this chart are consensus estimates of consumption of electronics equipment obtained
from a survey made by Electronics magazine in September and October 1979. Domestic hardware
1s valued at factory sales prices and imports at landed costs

94

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 Electron-
ics’ 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, Brit-
ain’s indigenous computer manufac-
turer, 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 busi-
nesses 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 a result, growth of systems in the
$14,000-t0-520,000 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 - a powerful 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

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 1Q 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 a demonstratjon.
For his name, call toll free
800-426-0361, or use the coupon below.

240 readings per second with 60-Hz
line operation (200 readings at

50 Hz), right on the bench,

with a full 5%-digits of
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Probing the news

that has not been seen for several
years. With the large public-
exchange sector well on course in its
move to solid-state switching tech-
nology, 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 Telecommuni-
cations Ltd., and GEC Telecommurii-
cations Ltd., are now manufacturing
the post office’s intermediate semi-
clectronic TXE-4 exchange. At the
same time, the growth rate of the
System X all-digital exchange pro-
gram, developed by all three sup-
pliers and the BPO, has quickened.

Consumer. Last year was a slug-
gish 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
a fall 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 sces
sales —including monochrome busi-
ness sets—jumping from next to
nothing to 50,000 in 1980.

Test and measurement. Electronics
projects a growth rate of 14% from a
ycar-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 Schlum-
berger 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

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.
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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 quo-
ta” 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
a securc home market and a healthy
export market. But export sales in an
increasingly unsettled political cli-
mate look ‘‘somewhat volatile,” ac-
cording to Frank Chorley, managing
director of Plessey Electronic Sys-
tems Ltd., Ilford, Essex. Still,
defense spending under the Conserv-
atives is getting a higher priority and
spending is going up 3%.

Components. Mirroring the slow-
ing growth of the equipment indus-
try it serves, Britain’s components
sector is slated for a 6% 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 Euro-
pean marketing for Motorola Inc.

Integrated-circuit sales should
grow 18%. Mike Young, a market-
ing analyst at Texas Instruments in
Bedford, however, believes the in-
crease 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, market-
ing director of ITT Semiconductors
Ltd. Worldwide, he says, the de-
mand for the 16-K parts will double
to 120 million next year. 0

Third in a series 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% software, hardware and media compatible with
LSI-11, PDP®-11 and PDP-8 computers, inciuding 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 oper-
ating system compatibility.

MORE

A 512-byte hardware bootstrap is built into all
PDP-11and LSI-11 interfaces. It loads system software
automatically from either single or double density
diskettes. Extensive self-testing is DIP-switch select-
able with the ““Hyperdiagnostics’ that run without being
connected to acomputer. The low profile 5%-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 partic-
ular, the DSD 440 with an LSI-11 runs fill and empty buffer opera-
tions 20% faster than an RX02. — -

FORLESS

The DSD 440 is the RX02 compat-
ible flexible disk system that combines
high performance and advanced fea-

Data Systems Design, Inc.
3130 Coronado Drive,

tures with fast delivery...at alower price.

For further information, call or write Data Sant(i(g)azrigggs%som
Systems Design today. A data sheet and TWX 910-338-0249
price Ic;'St WII|| be forwarded to you Eastern Regional Sales:
immediately. (617) 329-5730

® Trademark of Digital Equipment Corporation TWX 710-348-0563
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VPr_oﬂl_g the news

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 22 years of cffort, the I1EEF
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 sce much use for a
single sct of assembly-language mne-
monics that tries to fit all micropro-
cessors,” 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 wide-
spread usc. Not only that, but a
great deal of software alrcady has
been written for them.

Asscmbly language consists of

alphanumeric mnemonics that gen-
crally correspond one to onc with the
all-numeric machine instructions
and is thus considered a low-level
programming language that varics
from machine to machine. Hence, a
standard asscmbly language will
limit manufacturers’ freedom in de-
termining their microprocessors' in-
struction scts —a feature the manu-
facturers feel is proprictary and crit-
ical to differentiating among their
various products.

No rule. Therc is thus no stan-
dard assembly language in the com-
puter or microprocessor industry,
although there are standards for
machine-independent high-level
computer programming languages
such as Cobol and Fortran.

Onc important and cnthusiastic

OPERATOR ABBR ATIO

Arithmetic mnemonics

Logical mnemonics

Program control mnemonics

Data transfer mnemonics

SB subtract with borrow CP compare
MU multiply CM complement
DV divide CL clear

IC increment SR shift right
DC decrement SL shift left

RR rotate right
RL rotate left
AJ adjust

TR translate

LD load

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

NO
HL
EX

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

no operation
halt
execute
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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
cffort at standardization has been
fucled by six years ol user frustra-
tion with the divergence of existing
microprocessor instruction mnemon-
ics,” he asserts.

Software producers and users
want an assembly-level mnemonic
standard because they need to apply
programs written for one micropro-
cessor to a system using a different
onc. 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 bur-
den of educating the designer.

A universal standard could also
climinate 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 sclf-interest
between the microprocessor manu-
facturers and the microprocessor
users,” asserts subcommittee mem-
ber Andrew Allison. He points out
that it is clearly in the manufactur-
ers’ interest to have a unique sct of
mnemonics, thus making it inconve-
nient for the user to change to a
machine from a different 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 anal-
gous (0 IBM coming out in favor of
plug compatibility.” Says Intel's Op-
dendyk, “We are strongly in favor of
the various [EEE cHlorts to reach a
high-level language standard, a bus
standard, and a floating-point stan-
dard, but we don't see much use for
a single set of assembly mnemonics.™

Wrong time. Ken McKenzie, mar-
keting manager for microcomputer
components at Zilog Corp. in Sunny-
vale, Calif., adds, “This standard has
arrived too late, when the inroads
have already been made into the 8-
bit and 16-bit microprocessor appli-
cation arcas. Just look at all the
things that would have to be
changed to accommodate it. All the
application programs and their docu-
mentation, the assemblers, the pro-
grammer's reference cards, the man-
uals, 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. 1t is usually not
realistic to try to impose retroactive
standards,” says Jim Gunderson,
manager of product planning for
microsystem development equip-
ment. “Applying the standard to
future microprocessors is another
question, however,™ he notes.

In spite of the generally negative
comments from the IC executives, it
is interesing to note that the official
positions at Motorola, Intel, Zilog,
and the Maynard, Mass.—-based Dig-
ital Equipment Corp. are the same:
they are studying the proposed stan-
dard and will not rule out its applica-
tion in their products.

The proposed IEEE standard also
comes under some friendly fire from
the proponents of yet another pro-
posed mnemonics standard. Pro-Log
Corp. of Monterey, Calif., after
years of conducting seminars to
teach assembly languages to hard-
ware designers, created its own “uni-
versal”™ mnemonics set—the STD
mnemonics. *Our mnemonics are
designed to make things simple from
the working engincer’s point of view,
whereas the 1EEE mnemonics were
designed from a higher-level, data-
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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 capac-
itance is less than

1 femtofarad (0.001 pf).
Stock models are

available from 250 VA to |

5KVA1@ and 15KVA3 @,
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.

ELTEC

CORPORATI
980 Buenos Ave., San Dlego,
CA 92110. Telephone (714) 275-1331
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The chips will be stacked in
your corner with the BOSS
(BUS Oriented System Sup-
port) line of microprocessor
system support cards. The ca-
Babulmes of your system can
e expanded as easily as in-
serting a new card .. . and the
BOSS line makes many func-

Pick a Card...

Any Card

You'll Win the

STD BUS

Game with

te BOSS

(BUS Oriented System Support)

BOSS card 1s easy to under
stand geared to techni
cians. engineers and manufac
turers. So. let the BOSS line
take the gamble out of linking
the microprocessor and the
real world

For the selection of cards in

___ Probing the news

processing point of view." notes
Matt Biewer, Pro-Log’s vice presi-
dent of engincering.

Same length. More specifically, all
of Pro-log’s instruction opcrators
are exactly two characters long (sce
table): the subcommittec’s proposal,
on the other hand. suggests instruc-
tions of one to four characters. Pro-
Log builds a single statement by
Jjoining mnemonics for the operator,
locator. qualificr, and modifier func-
tions. The fundamental ditlerence in
orientation between the two scts of
mncmonics is exemplified by the use
of *“jump.” a hardwarc-oricnted
term, in the Pro-Log mncmonics,
versus Tcall”™ and “branch,” both
data-processing terms, in the IEEE
formulation.

tions available so you won'tbe  Our deck. please call or write |
caught with a short deck today Bicwer notes that the two formu-

The BOSS family of cards mea-  MICRO LINK CORPORATION lations emerged because “we [the
sures 4" x 6'." with standa,d 624 S. Range Line Road IEEE and Pro-Log| were both too far
56 pin connectors designed es-  Carmel. Indiana 46032 downstream to back ofl.™ The STD

pecially for the STD BUS. The (317) 846-1721 8 .
material that comes with every  TWX 810-260-2634 mncmonic, he points out, has at lcast
onc head-start on the IEEE proposal.

That is that Pro-lLog is ncgotiating
[ with Digital Rescarch Corp. of
Pacific Grove, Calif., to create a
modified version of its CP/M operat-
ing system to accommodate STD.

Test coming. I the 1EEE computer
standards committee adopts a ver-
sion of proposal 694, which is
expected to happen after a review-
and-input period of about six
months, then there may be a real test
of the IEEE's power. Against the
studied indifference of the semicon-
ductor makers, the 1EEE must gener-
ate a bandwagon behind its standard
that will have ecnough momentum to
force the integrated-circuit manu-
facturers to join it. However, the
first assemblers will probably be
made independently of the 1€ mak-
Crs.

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 cxtract a glimmer
of hope from the sphinx-like state-
ment of Intel’s Opdendyk. “All | can
say is that new microprocessors will
continuc to change,” he responds,
“and as with 1BM’s change from the
1401 to the 360 scries, sometimes
that will involve new rules.™ |

Circle 224 on reader service card

Reliable CSZ Environmental
Chambers With Solid State Circuitry

You don't guess with CSZ’s environmental test cham-
bers. 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 dependabie, sturdy test chambers you need. Sizes up
to64 cu. it

Write or call for detailed technical information

CINCINNATI

PRODUCTS INC.
AA 2612 Gubert Ave.. Cincinnati, Ohio 45206 (513) 751-8810
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HOW TO BREEZE
PAST INTERNATIONAL
SAFE'I'Y 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 a real sweat.

4{\ ‘.g:%’ 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 low-
voltage fans, you can breeze right
past the hi-pot test.

) The severe hi-pot test applies only to
¥ the primary of a safety insulating trans-

~ former. But the low voltage versions of our
popular Muffin® Whisper® and Sprite® fans
can be operated off the secondary.

At a voltage of 30 VAC or lower. So only
a simple 500-volt test is required.

Operating off the secondary also gives
, you some protectlon against the severe
voltage swmgs 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 a lot of
time, trouble and money, design our low-
voltage fans into your products.

They’ll make meeting safety require- l
ments a breeze. ;
For more information about our low-

voltage fans, contact: Commercial
Products Div., Rotron Inc., Woodstock,
N.Y. 12498, (914) 679-2401. n

ROTRON INC.

AN onQEGxG COMPANY

Rotron B.V.. Qosterhout. Netherlands. Tel: 1620-32920. ® = RcoUToRo!n

67991579

Electronics /January 17, 1980 Circle 101 onreader servicecard 101



Probing the news

When Tl 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

The decreasing cost of computing
power coupled with the need for
improved productivity is moving dis-
tributed 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 Instru-
ments Inc., where commitment to
the concept has led to the establish-
ment of an integrated system sup-
ported by what some believe to be
the world’s largest private, on-line
data-communications network.

In terms of international wide-
band 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

by Wesley R. Iversen, Dallas bureau manager

group. Also in use are a multitude of
lower-speed circuits (see illustra-
tion), producing a network that ties
together TI operations worldwide
and also includes distributors, sup-
pliers, and customers. A sampling of
the capabilities supported includes
word and data processing, electronic
message switching, engineering de-
sign transmittals and order entry,
and various personnel, manufactur-
ing, inventory, and financial man-
agement and control functions.
Voice communication is also inte-
grated 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,
a New York-based research service.
“The number of applications they
have included and the level of organ-
ization they've penetrated there is

§VONEV

PERTH
ELIZABETH o db LEGE!;;J -
1 s

— = 19.2 Kb/s

S0/75 b/s

------ 4.8/9.6 Kb/s

JANEIRO

BUENOS AIRES

Major circuits. Besides those shown, Tl also has links to Seoul, Hong Kong, Kuata Lumpur,
Bagyio, Taipei, Osaka, Hiji, and Hatagoya in the Far East and Campinas in Brazil.
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unique in my experience. The net-
work and its whole approach are not
a sideline activity. It’s a very major
part of the way they run their busi-
ness,” Day observes. “Everybody
from the president on down uses a
terminal.”

Indeed, TI president J. Fred Bucy
has a dedicated 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
a dial-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 explora-
tion 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 in-
quiry 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 termi-
nals were installed over a period of
six years.

Mail call. Among other things, the
8,000 terminals are used for TI'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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The 1979 EBG!

Nothing like it
until June, 1980.

Completely new listings of catalogs, new
phone numbers, new addresses, new man-
ufacturers, sales reps, and distributors!
The total market in a book—four directories
in one!

The onlybook of its
kindinthefield.

If you haven't gotit,
you’re not in the market.

Toinsure prompt delivery
encloseyour check with
the couponnow.

Yes, please send me _
1979 EBG.

i [ t've enclosed $30 per copy detivered in
USA or Canada. Address: EBG, 1221 Avenue
| of the Americas, New York, N.Y. 10020.

| O rve enclosed $52 for air delivery

| elsewhere. Address: EBG, Shoppenhangers
Road, Maidenhead, Berkshire S16,
2Q1 Engiand,

copies of

Name
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on the network are 30 to 40 word-
processing computers, says White,
each of which works with one or two
letter-quality printers and has flop-
py-disk storage.

Of the 8,000 inquiry terminals,
about 6,000 are Ti-built, says White,
and some IBM terminals are used at
the Corporate Information Center.
However, the computers on the
distributed network are all TI prod-
ucts, he says.

The CIC is the heart of the TI
system. Located in Dallas, it consists
of six IBM 3033 central processors,
each with a minimum of 12 mega-
bytes of memory. Additional storage
includes 348 disk drives with capaci-
ties ranging from 200 to 317 mega-
bytes cach, as well as 80 tape drives
that handle 86,000 reels of magnetic
tape. CIC power is distributed
through interface with a system of
TI 980 minicomputer-based boxes
known as Ticogs (for TI communica-
tion grid) that manage the network
in a packet-switching mode.

Other functions. In addition to
functions alrcady described, TI
maintains numerous other applica-
tions systems that make use of the
network for productivity improve-
ments, including the following:
® Engineers can pull up documenta-
tion from an on-line terminal relat-
ing to parts that are going into a
design. CIC power can be used for
logic verification during semiconduc-
tor circuit design. Completed designs
can be shipped to another TI location
for mask genecration, while the
necessary test data goes to the
appropriate test center computer for
use when the product comes off the
manufacturing line.
® Various manufacturing work-in-
process systems provide mechanized
control and tracking from slice
generation to assembly. Yields, scrap
rates, and other data taken at vari-
ous points are fed into a cost
accounting system for detailed
tracking of manufacturing costs on a
product-by-product basis. Shipping
documents are automatically gener-
ated for assemblies and products in
transit between TI locations.
® TI customers may place orders and
make inquiries through their own

dedicated terminals that are tied into
the TI network. As shipments go out,
inventory and receivables status is
maintained accordingly.

® Modeling systems that draw on
current data bases provide TI man-
agers with financial planning infor-
mation. Data stored on more than
4,000 individual cost centers within
the company can be consolidated in
various ways to show the short- or
long-term corporate impact of dif-
fering strategies.

® A personnel management system
cnables TI managers in remote loca-
tions to take part in a voting system
for ranking the value of particular
employeces to the company. Man-
agers usc touch pads for voting on
paired comparisons—two employees
at a time. Salary and incentive pay
decisions based on the voting can be
fed directly to the payroll system.

® |nquiry terminals may be used for
access to on-line textual material,
including company newspapers, ref-
erence information, installa-
tion/training documentation, and
sales catalogs. Use of the system is
currently running at 2.4 million
inquiries per month, says White.

® Teleconferencing with the real-
time images of people has not been
found cost-effective, says White. But
financial planning mcetings that
make use of projection TV systems
coupled to an inquiry terminal for
display of real-time data-base graph-
ic material are conducted regularly
with participation by TI managers in
remote locations.

Annual cuts. TI goals call for a 5%
reduction annually in data-process-
ing costs to internal users of the
network, says White. Considering
current inflation rates, he notes, that
means 5% plus double digits. Nev-
ertheless, the CIC learning curve
shows that the goal has been met,
with a 64% cumulative cost reduc-
tion for the system since 1967.

Under terms of an agreement
signed in 1973, Ti uses International
Telephone & Telegraph Corp. as its
sole vendor for international satellite
communication service. TI does not
think that launching its own satellite
would ever be cost-effective, says
White. But the company does have
plans to install its own private earth
station for direct reception capabili-
ties in Dallas, he says.

Electronics /January 17, 1980



» XR-L

M“‘.

’\A

This board,using an XR-L555 micropower timer
with only half as many batteries, will last 16 times longer.

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.

A Watt-miser for the battery bunch.
Yes indeed, Exar’s XR-LS5S5 is a pin-for-
pin replacement for the NESSS in virtu-
ally all applications, but it consumes only
about 1/16th the power. It goes for 1500
hours on two 300 mA-hour NiCd bat-
teries, typically dissipating only 900
microwatts at 5-Volt operation.
But it operates with V.. down to
2.5 Volts with no loss of timing
accuracy or stability. It virtu-
ally eliminates switching
transients and it’s accurate to
0.5% with temperature drift
only 50 ppm/°C. XR-LS55S: your perfect
selection for a micropower clock oscil-
lator or VCO for a low-power CMOS
system. Yet it’s built with proven bipolar
technology. And it’ll soon be second-
sourced by the company that developed
the NESSS.

Days’ delays for the long-range
planner.
Here’s a long term timer, the XR-2242,
that creates time delays from micro-
seconds to days. And for really long de-
lays, you can cascade two of them for
intervals up to a year. You control the
delay with an external RC network; the
XR-2242 produces an output pulse of
128 RC.
And here’s real news. We’ll be in-
troducing very soon the
XR-2243 I2L ultra-
low-power long delay
timer. It draws less than
80 uA standby current
and is pin compatible
| with the XR-2242. Look
: for it.

Dial a time. It’s programmable.

The ultimate in long-range timers. Our
XR-2240 not only generates delays from
microseconds to days, it’s programmable.
Your basic time period T is set by an ex-
ternal RC network, and you can select
delays from T through 255T merely by
choosing the appropriate output pin.
Your supply voltage can range from
15 to 4 Volts. Control inputs and outputs
are compatible with TTL and DTL logic.
For really long delays, cascade two XR-
2240s for delays up to three years.

The family portrait. Exar's complete family of monolithic IC timers is the
broadest in the semiconductor industry. In addition to those listed above,
it includes other basic timing circuits, plus dual and quad versions. The

i complete family is listed in this chart.
Dual XR-556 Dual Timer Two XR-555
Timers XR-2556 Dual Timer High-current 556
XR-L556 Micropower Timer Two XR-L555
Quad XR-558 Quad Timer Open collector
Timers XR-559 Quad Timer Emitter follower
Timer XR-2240 Timer/Counter Programmabte
Counters XR-2242 Long Delay Timer uSec’s to days
XR-2243* Micropo_wer Long unSec's to days
* Soon to be intraduced De'ay Timer

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 Prod-
uct 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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TRW keeps you ahead in
digital signal processing

This monolithic
8-bit, 33 nsec

A/D converter

has everything

(And a test board to prove it.)

We’ve been told that the spectacular
specs of our newsmaking TDC-1007J
A/D converter are almost unbeliev-
able. So we’re making a ““‘show me”’
offer that will make a believer out of
every digital-thinking designer.

Order our monolithic 8-bit 33 nsec
A/D converter on its own standard
3¥2"x42" evaluation board
(TDC-1007PCB). Fully assembled and
tested, equipped with a 44-pin edge
connector. Using +5V and £15V
power supplies, the board accepts
and digitizes a 1-volt peak-to-peak
signal from a 75-ohm source —at up
to 30 megasamples per second.

Use it for performance evaluation
of the converter. For system proto-
typing. As a test fixture. Price for 8-bit
converter and board: $845. (Only
$585in 100s.)

Or if you prefer, deduct a hundred
bucks and order our beauty by itself.
Order just the converter (TDC-1007J),
in an industry standard 64-pin DIP.
(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 two-
thirds size reduction. Conversion with
unmatched accuracy at up to 30
megasamples per second. Highest
reliability and stability over an indefi-

nite time span. Wide temperature
range performance.

Using the TDC-1007J is simplicity
itself. A convert signal strobes 255
comparators, encodes all their binary
outputs into an 8-bit word, and stores
the word in an output latch. Unlike
other types, our converter needs no
sample-and-hold circuit. It works as a
flash converter—doesn’t depend on
tedious successive-approximation
techniques.

Either on the board or by itself,
these products are now in stock at
Hamilton /Avnet.

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

TRW LSI Products

An Electronic Components Division of TRW Inc.
P.O.Box 1125

Redondo Beach, CA 90278

Please send data sheets on the TDC-1007PCB
and TDC-1007J 8-bit A/D converter.

Name

Company

Div/ Dept Mail Code

Address

City

State Zip

m
.
‘----------------.

TRW/ s proDUCTS

ANOTHER PRODUCT OF ACOMPANY CALLED TRW

Circle 107 on reader service card



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

"'

The FAST storage mode of the
1 7834 being used to capture
high speed laser pulses

The extremely bright display
2 provided by the 466 in vari-
able persistence mode makes it
easy to view low rep rate switch-
ing performance

ktronix

The TM 500 withan SC 503
3 bistable storage plug-in being
used for audio maintenance

The highly portable 214
at work in system trouble-
shooting

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

the one

to
match

the job.

The industry’s widest selection.
You'lt find them throughout the world, in
research and development labs, in
service centers, and in the field. Each
oscilloscope offers a unique combina-
tion of features ideally suited for a par-
ticular 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/ us, 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 a wide
selection of storage mainframes...
some that offer three different storage
modes ...and a broad selection of
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.
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plug-ins that lets you custom tailor a
package to meet your specific meas-
urement need.

Mobility. If you need to performtestsin
several locations with a scope 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
Ibs), with a wide range of bandwidths
and writing speeds.

Contigurability. Our TM 500 Series
offers a storage plug-in scope that you
can combine with generators, multi-
meters, counters, or other plug-ins to
create a cost-effective, multitest capa-
bility in one package.

Service and Support. There are hun-
dreds of Tektronix Service Engineers
located throughout the world to cali-
brate 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.

Tektronix:

COMMITTED TO EXCELLENCE

00000800080 000000000 000000000000 000 0000000000000 N S

Send me the Tektronix Storage Scopes

1\ Selection Guide.

Name

Company

Address

City State Zip
Mail to: Tektronix Storage Scopes
Tektronix, Inc.

P.O. Box 1700
Beaverton, Oregon 97075



'The one-chip computer:
offspring of the transistor

The MAC-4 one-chip computer, developed for a variety

‘ a) of telecommunications applications, is compared to a
standard-sized paper clip. The chip’s numerous functional
areas are labeled.

110 Electronics /January 17, 1980



One of the transistor’s latest
descendants is the Bell System’s
30,000-element MAC-4 “com-
puter-on-a-chip.” It’s another in
a long line of microelectronic
developments that have come
from Bell Laboratories.

The MAC-4 is so efficient that
a program 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 tasks—
3000 nibbles of read-only memory
and 200 nibbles of random access
memory coupled to 34 input/out-
put ports.

Fabricated with the latest
CMOS technology, the MAC-4
needs little power. Thus it is well
matched to a variety of telecom-
munications applications.

It started with the transistor
MAC-4 is just one current
example of the many micro-
electronic devices to come from
Bell Labs since we started the

Electronics/ January 17, 1980

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 solid-
state technology. For example,
we’'ve developed a rugged
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 a technique 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 a device 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,
N.J.07974.

@ Bell Laboratories

From Science: Service



Before you buy any 3'- 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 312 digit DMM's, Data
Precision's 936 is truly . . . the practicalone . .
the best, most efficient portable 3'2 DMM
available.

Features You Need for a Price

You Want to Pay.

1 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.

Audible Overvoltage Alarm.

Inthe event of a voltage overload or acci-
dental application of AC or DC voltage to
ohms input, the 936 will generate an audible
alarm; a unique protective feature you'll
really appreciate.

O Allthe Features and Ranges You Need.
29in all: volts and milliamps, AC & DC, Switch-
able Hi/Lo Ohms. You can test logic levels .
logic transitions, relay or switch opening and
closing, diode and transistor junctions . . .
eventoccurrences. Easy toread .5" high con-
trast LCD display and up to 200 hours opera-
tionon a standard 9V battery.

[0 EasytoHandle...Toughto Beat.

The 936 is a lightweight, push button, one hand
operated unitthat weighs just 11 ounces. Butit's
tough. Dropit off the bench. Subjectit to the
everyday demands of field applications. Blast
itwith electrical overloads, it's protected for
6kV spikes. The 936 is designed to take it

and maintain its calibration.

[J 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
lessisn't high accuracy.

O Two Year Full Warranty.
This feature speaks for itself.
J 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 3v2 DMM with all the features you
really want . . . for a price 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. $139.00
Contact your local Data Precision distribu-
tor or phone:
(800) 343-8150
(800) 892-0528 in Massachusetts

B DATA PRECISION

A DIVISION OF ANALOGIC CORPORATION
*Price USA

DATA PRECISION CORPORATION, Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923  (617)246-1600 TELEX (0650) 921819.

Circle #112 for demonstration

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 |. Amey, Sperry Univac, a division of Sperry Corp., Blue Bell, Pa.,
and Jack W. Balde, western Electric Co., a subsidiary of American Telephone & Telegraph Co., Princeton, N. J.

[J During the next few years, packaging engineers will
be designing with a mix of large- and small-scale inte-
grated circuits housed in a number of different packages.
There is no simple formula that determines the most
cost-effective combination of package types—dual in-
line 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 a viable alternative, small chip-carriers
with a single SS1 chip in each are another, and larger
carriers with anywhere from 3 to 14 SSI 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

or four SSI chips are the most cost-effective choice.
These hybrid packages also can be converted relatively
easily to custom LSl in the future.

The Joint Electron Device Engineering Council’s
recent standardization program [Electronics, March 17,
1977, p.89] considered the family of ceramic chip-
carriers 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 printed-
circuit 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.




2. Standards in harmony. Chip-carriers with 50-mil lead spacing
can be mounted on multilayer printed-circuit boards with the stan-
dard 100-mil grid of vias using a simple wiring pattern. Carriers with
40-mil spacing complicate wiring,'requiring more board layers.

closely asks an interconnection density of the board so
great that its costs overwhelm any savings that might
accrue from a smaller package size.

Hypothetical devices with 10-mil pads on 20-mil
centers or 15-mil pads on 30-mil centers call for multi-
layer ceramic substrates or pc boards as the intercon-
necting medium —boards with 6 to 10 signal layers, fine
lines, and tight tolerances. These boards are expensive.
Striving for the highest possible I1C packing density offers
little or no economic advantage.

This point of view was supported by Walter Vilkelis, a
senior engineer at 1BM Corp., East Fishkill, N. Y., in a
presentation before the IEEE Computer Society Packag-
ing Committee in October 1978, analyzing the effects on
performance of increased packing density of ICs. “The
trend to higher circuit packing density must be
supported by reductions in the cost of building the
assemblies,” he said. “There is little or no return on
performance as density increases in packaging when the
same cooling technology and wiring medium are used.”

50-mil vs 40-mil centers

The differences between chip-carriers with leads on
40-mil centers and those with leads on 50-mil centers
might seem insignificant at first. But there are inherent
advantages in 50-mil spacing when pc boards are to be
used. John Bauer, manager of design and development
engineering for RCA in Moorestown, N. J., has demon-
strated that hybrid assemblies using chip-carriers with
leads on 40-mil centers on ceramic substrates are
economically viable when there is a military requirement
for hermetically sealed devices. Ceramic boards with
10-mil-wide paths and 10-mil vias can cost more than
the equivalent pc board with two signal layers. The
ceramic carriers also cost more than plastic carriers.

Ceramic substrates also cannot be made in as large
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3. Large is small. The large-scale integrated circuit in the foreground
is equivalent to the 220 small-scale integrated circuits in dual in-line
packages behind it. A practical system average of 150 SSI chips
replaced by one LSI chip can be achieved without much diﬂiculty.

sizes as can printed-circuit boards. The larger pc boards
provide better options for partitioning a system. And
printed circuitry is a more suitable medium for high-
speed designs, both for delay and conductivity reasons.
The predominant application of LSI circuits will be on pc
boards.

A chip-carrier should therefore be compatible with the
100-mil grid of pads and holes currently in international
use as the printed-wiring standard. Even metrification is
not expected to change this 100-mil grid. This standard
spacing makes it possible to put two or three wiring
paths between the vias—the holes that connect layers of
multilayer pc boards. The width and thickness of the
paths are constrained by physical properties that affect
the circuit’s characteristic impedance, line inductance,
series resistance, and circuit coupling. The standard also
allows relatively inexpensive manufacturing.

With vias on 100-mil centers, 50-mil lead spacing on
chip-carriers permits surface interconnection to the pc-
board grid with a simple pattern (Fig. 2). Chip-carriers
with leads on 40-mil centers complicate the interconnec-
tion considerably.

Sockets for LSI devices represent another reason for
50-mil lead spacing. Some engineers want sockets for
these high-lead-count ICs because the board is too costly
to risk frequent unsoldering and removal of faulty chips.
Easy chip removal may also be required to open up loops
and networks for troubleshooting and testing purposes.

Socket tolerances

Sockets become a severe problem with terminals on
centers 40 mils or less apart. Tolerances due to ceramic
shrinkage and manufacturing tolerances of carriers and
sockets bear a linear relationship to the length of the
longest side. A 156-lead chip-carrier with 50-mil lead
spacing (39 leads on a side) and its socket can be made
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economically. For 40-mil spacing, tolerance considera-
tions suggest a maximum of 100 leads; a 70-lead maxi-
mum is indicated for 30-mil spacing; and 40 leads is the
upper bound for 20-mil centers.

The five designs for a medium-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 80¢ for chips so pack-
aged, the IC cost alone is about $3,000. The printed-
circuit 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 g ‘board and its connector. (Costs for the 60 7-
by-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 a feel 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 high-
density 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 a single
LSI chip replacing up to 220 individual DIPs (Fig. 3). It is
not difficult to achieve a practical system average of 140
or 150 Dips replaced by one LSI circuit. If 90% of the
CPU’s circuitry can be handled by LSl circuits, the hypo-
thetical 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-LSI 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

COST ANALYSIS OF CENTRAL PROCESSING UNIT BUILT WITH SEVERAL PACKAGE MIXES

Cabg:'\et, To':al,

Integrated cable, without

Package types ey Boards assembly, power or

testing cooling

All small-scale ICs in dual in-line packages (DIPs), 300 boards $3,000 $2,000 $3,000 $8,000

SSi chips in DIPs and large-scale 1Cs in chip-carriers, 7 boards $1,050 $1,050 $1,500 $3,600

14-chip SSI hybrids and LS| chips on carriers, 1 board $1,920 $500 $750 $3,170
($1,050)* ($1,370)

Single SS! chips in 24-lead carriers and LSi chips, 3% boards $1,050 $525 $1,000 $2,575

4-chip SSI hybrids and LS| chips, 1 board $1,300 $400 $750 $2,450
($1,050) ($600)

Partial conversion of 4-chip hybrids to LS| $1,000 $400 $750 $2,150

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

o2 -~ “, b 04 A %

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
48-lead chip-carrier; it takes the place of 16 SSI chips in DIPs. The
hybrid can be reworked quickly in response to system redesign, and
leads to a dramatic drop in the number of boards in a system.

boards could have 60 DIPs and four LS! chips, each on its
own chip-carrier. The six boards would be intercon-
nected 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 chip-
carriers efficiently. Some sort of an adapter will most
likely have to be designed in order to make the chip-
carriers look like DIPs as far as the pc board is
concerned. Such adapters make the contacts on the
board compatible with Dips (Fig. 4).

14-chip hybrids

Another alternative, the third listed in the table, is to
repackage the 10% of the circuit that is on SSt chips into
multichip hybrids. The multichip hybrid of Fig. 5, for
instance, can be altered or reworked for a quick response
to design changes. If these multichip hybrids are then
packaged like chip-carriers, a board design that is all
chip-carriers results, although it is not all LSI.

The LSI cost again would be $750, and 26 hybrids with
14 chips each at slightly over $45 each would cost
$1,170, for a total of $1,920. These would mount on a
single 18-by-18-in. multilayer board costing $500 and
would have a related cabinet, assembly, wire, and testing
cost of $750 for a total of $3,170. This is somewhat less
expensive than the previous design; it represents a small-
er unit with some possible speed benefits.

The 14-chip hybrids are not likely candidates for
conversion to LSI at a later stage of production since
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6. Eye to the future. A four-chip hybrid on a simple one-layer
substrate not only is an immediately cost-effective package for SSI
chips that lets all leads be directly wired to the board, but can also be
replaced by one gate-array chip later without board redesign.

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 IC 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 compara-
ble 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.

The CPU using a combination of larger chip-carriers
and 24-lead carriers can be mounted on three pc boards
of a size comparable to those used for the LSI and DIP
option above. Backplane size would be halved, suggest-
ing $525 for board costs and perhaps $1,000 for the
reduced assembly and cabinet costs. A CPU cost of just
under $2,600 is the result.

The possibility of converting circuits first made of
multichip hybrids to LSI chips suggests a fifth option,
which turns out to be the most cost-effective: four SSI
chips per hybrid package. The cost of the hybrids
becomes much lower because a four-chip hybrid in a
68-terminal chip-carrier can use a less expensive pack-
age. More importantly, a simple one-surface metallized
ceramic substrate and simple wire bonding can be used.
There is no need for the multilayer hybrid substrate that
is required for the higher-level hybridization.

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 Ls! chips, the total IC 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 allo-
cated to board costs, as in the figures in parentheses in
the table, the result again is the usual ratio of iC costs to
board costs indicative of an efficient design.

Note that the single metallization pattern on a ceram-
ic hybrid substrate can bring all signal leads of 16-
terminal chips to the outer pad contacts of the 68-
terminal chip-carrier (Fig. 6). Chips originally packaged
in DIPs can have all leads available for external connec-
tion. Alternatively, the ceramic substrate can provide
interconnections between chips, including deposited
resistors and capacitors as required.

Saving board layers

Charles T. Goddard, head of the hybrid circuit depart-
ment at Bell Telephone Laboratories, Allentown, Pa., in
a paper delivered at the May 1979 Electronic Compo-
nents 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 neces-
sary. 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-the-
pattern 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
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7. Circuit density. Four signal layers on the board are sufficient
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 ot 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 single-
chip devices. For example, gate arrays could be substi-
tuted three years after the original design work is done,
when volume manufacturing is taking place. The four-
chip hybrid design is not only slightly cheaper initially
than the design that uses single-chip packages, but it
offers a cost reduction impossible with the other scheme.

If eight chips are mounted on a single square
substrate, more leads must be handled on the substrate,
a much larger package will be necessary, and there will
be less likelihood of converting the hybrid to a single LSI
chip. Some five- or six-chip hybrids may occasionally be
useful, but the costs seem to favor three- or four-chip
units as a design strategy.

These cost figures are merely illustrative; probably
each one can be challenged in some respect. It is impor-
tant 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 a pc 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. O
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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.

3 Programmers, being human, prefer high-level lan-
guages 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/1, Algol, Pascal, or C.

Three assets

SMAL/80 incorporates three innovations in assembly-
language design. First, it has a symbolic notation similar
to that used in structured high-level languages. Second-
ly, it incorporates the three primitive structured-
programming control structures: the begin-end, if-then-
else, 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 a macro preprocessor
that allows a programmer to add a great many high-
level-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 a descriptive list-
ing of its mnemonics to explain the action of each
instruction:

“The distribution ot SMAL /80 is now being handled ively by the soft:
group of Yourdon Inc., 1133 Avenue of the Americas, New York, N. Y. 10036.

products
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LD HL, (nn) H =—(nn+1)

L <—(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. 1 shows 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 a SMAL/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 a general 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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IF statement 1* condition LOOP;
THEN statement 2 statement:list;
ELSE statement 3; REPEAT WHILE condition;

statement 1°

—_—

statement-list

IF
condition

\ 4

statement 3

statement 2

WHILE
condition

' P

(a) \l/ *optional (b)

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.

designing any electronic circuit; he proceeds from a
general specification to the selection of specific inte-
grated circuits. If the design has been well thought out,
the decision which chips to use will be obvious.

TYPICAL SMAL/80 INSTRUCTIONS

Standard format

Data movement

regl = reg2 MOV reg1, reg2 A CRC example
a= Mixreg) ;?A)’(‘ xreg To illustrate structured programming concepts, a
xtoglerts AX xreg cyclical redundancy check routine will be used (Fig. 2).
HL = M({address) LHLD  address 5 . 3
M _ This is an error-checking program used to determine
address) = HL SHLD  address N .
SP = HL SPHL whether any faults have occurred during the transmis-
HL <=> M(SP) XTHL sion of data between a computer and one of its peripher-
PUSH HL PUSH H als or between two computer installations. It has two
HL = POP POP H virtues. It reveals whether a message has been garbled
DE <=>HL XCHG during transmission (though it cannot determine which
= e bits are in error).
ko s Also, if the data is being transmitted through parallel
+reg INC reg lines such as those between a computer and a disk drive,
++xreg INX xreg the CRC will reveal whether any of the lines are not
HL = HL + HL DAD H functioning. Other commonly used error-detection tech-
Cy=NOTCY emc niques such as parity checking or check-summing may
o da‘: i';'A L) not reveal a dead transmission line.
N on o:?e;eg RN  rea The cyclical redundancy check derives a CRC value
A= A XOR reg XRA  reg that is unique for the particular block of data being
A=A+ data+ CY ACI oG transmitted. The routine in Fig. 2 uses a function that is
ROTATE A RIGHT data RRC  data times applied recursively to the data and a series of interme-
diate CRC values.
Control
The routine
GOTO address JMP address . . . .
GOTO M{HL) PCHL One of the registers in the central processing unit (the
‘ , C register) is set aside to hold the CRC value. This
Pucipherals and pesudo-opecations so-called CRC register is set initially to 0 while the value
g y
ENABLE El of the second, fourth, and seventh bits of the CRC value
DISABLE DI are summed in another register (the D or toggle regis-
A = IN(data) IN data ter). The toggle register is then set either to 1 or 0
OUT({data} = A OUT  data depending upon whether these 3 bits sum to 1 or O.
(AT Gl Bcoies Initially, this makes the toggle register a 0, of course.
i i DS e The toggle register is then exclusive-ORed with the
WORD address-list Dw address-list .
e Ty o8 datafist first byte of the message. This message byte and the
TITLE = char-string CRC value are then jointly shifted 1 bit to the right.
MODULE = char-string Consegucntly, the lpwe§t-order bit in the .rcsult of .this
exclusive-OR operation is now transferred into the high-
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SMAL /80 originated as SMAL, an 8080 language devel-
oped 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-tevel
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 I1BM
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

A short history of SMAL

many C-like features. SMAL2 has since become the stan-
dard 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 assem-
bly-language programs because of their superior organiza-
tion. Add the fact that SMAL programmers spend less
time testing their program$ and hunting down and elimi-
nating 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 natural-
ly and more quickly and to convert these ideas into code
more easily.

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 transmis-
sion line, a CRC 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 a SMAL/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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message byte;

shift message byte and CRC 1 bit 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 2 of CRC value;
IFitisa | THEN
increment value in toggle register;
check bit 4 of CRC value;
IFitisa | THEN
increment value in toggle register;
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ORIGIN X'100 /* set origin, but use monitor stack */;
CRCtest:
HL = MESSAGE /* set beginning addr */;
DE=14 /* set length */;
CALL CRCcalc /* calculate CRC(C) */;
M(HL) = /* store result */;
RETURN: /* return to monitor */
MESSAGE: BYTE ‘SAMPLE MESSAGE’;
CRChere: RESERVE 1 /* computed value should be X‘9C’ */;
CRCcalc: /* compute B-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=0"*/;
PUSH AF /* save work registers */;
c=0 /* initialize CRC */;
LOOP /* over message bytes */;
PUSH DE /* save aux work registers */;
E=8 /* set bits/byte contro! */;
B = M(HL) /* get message byte */;
++HL /* advance pointer */;
LOOP /* over bits in byte */;
D=0 /* initialize toggte register to ‘no’ */;
A=C;
A=A AND X'04 /* bit 2 of CRC set? */;
IF NOT ZERO/* if 'yes’ */ THEN
++D /* advance toggle register */;
A=C;
A=A AND X'10 /* bit 4 of CRC set? */;
IF NOT ZERO /* if ‘yes’ */ THEN
++D /* advance toggle register */;
A=C;
A=A0RA /* bit 7 of CRC set? */;
IF NEG /* if ‘yes’ */ THEN
++D /* advance toggle register */;
A=D;
A=AAND1 /* isolate bit O of toggle register */;
A=AXORB /* apply to bit O of message byte */;
ROTATE A RIGHT 1 /* rotate byte into CY. .. */;
B=A;
A=C;
ROTATE ACY RIGHT 1 /*...and CY into CRC */;
C=A;
REPEAT WHILE -- E NOT ZERO;
DE = POP /* retrieve aux work register */;
-- DE;
A=D: 2. CRC program. This SMAL/80 routine
A=AORE; /" done?*/ performs a cyclic redundancy check. It can
REPEAT WHILE NOT ZERO /* repeat while ‘no’ */; X . ) |
AF = POP /* retrieve work registers */; be derived by writing the program in a series
RETURN: of pseudo-coded programs of increasing
G Ot e gt complexity. 1t looks like a high-level-
language program but executes much faster.

check bit 7 of CRC value;
IFitisa | THEN
increment value in toggle register;
mask off all but bit O of toggle register;
exclusive-OR bit O in toggle register with
message byte;
shift message byte and CRC 1 bit to right;
has inner loop been repeated eight times?;
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 diffi-
cult to follow the actual program statements.

The value of SMAL/80 is greatly enhanced by its
macro preprocessor. The preprocessor can: nest macroin-
structions 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 prepro-
cessor 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
SMAL/80 assignment operator (=) with any other
assignment symbol such as <— or:=

French, too

More exotic changes can also be made, such as chang-
ing 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 A] NOT ZERO;
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1
!

REPETER PENDANT [A = D; A = A OU A} PAS ZERO;

become statements in French like:

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 a condition—a flag—that the third state-
ment can test for a zero 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:

.DEFINE
BLOCK MOVE;
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 micro-
processors 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 instruc-
tions 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 PL/1, 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:

WHILE (condition) DO
statement(s);

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

AS

LOOP;
IF NOT {condition) BREAK;
{statements);

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 follow-
ing SMAL/80 source code statements:

WHILE (A = = M(addr)) DO
_statement(s);

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 prop-
erly. 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.

Adding variables

The ability to incorporate variables into macros also
allows a programmer to do such things as write subrou-
tine calls having arguments, just as he does in a high-
level program. A call to a subroutine may be written as
follows:

CALL subr(arguments);

After writing the following macro definition, “argu-
ments” may be any list of statements and “subr” the
name of a subroutine. The following definition would
suffice:

.DEFINE

CALL {subr}({arguments});
AS

{arguments};

CALL {subr};

ENDMACRO;

Best of both worlds

At the highest level of all, a programmer may invent a
special-purpose high-level-like language—a process-
control language, for example —tailor-made for particu-
lar 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 a program 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 conve-
niences 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 controlled with a remote DC signal
world, with pulse generators. P R 2 o But what if you're a third kind
Others are functioning on the { s of person, and need both a pulse
analog side = h W g and a function generator? Then

So Wavetek has created the & —s - our $1695"price will look twice as
Model 166. A function generator good to you.

with a pulse. A pulse generator sweep modes Wavetek, 9045 Balboa Avenue

with functions. Both go from 0.0001 The pulse generator includes PO. Box 651, San Diego, CA 92112

Hz to 50 MHz sophisticated width and transition Telephone: (714) 279-2200 TWX
The function generator has controls. Either generator can be 910-335-2007

sweepable sine, square, triangle, amplitude and frequency

ramp, and haverwave outputs. modulated with an AC signal, orWAVE I E m

Plus a variety of trigger and amplitude and frequency us b
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environmental or electrical conditions exist.

| ‘\\
Twice as large as hfe \
Known in all the best circuits

The dedication to reliability makes Tansitor the first or
only choice for those applications where tough all tantalum, wet tantalum and foil types and extends

Tansitor tantalum capacitors

y

The ranges include dipped, chip, subminiature, solid,

from 0-001 to 3500 mfd ; 2 to 450 volt. Write or ‘phone

fortutthegdata Tansitor Electronics, Inc.
West Road, P.O. Box 230, Bennington
Vermont 05201 Phone : (802) 442-5473
TWX: (710) 360-1782

Tansitor — reliable in so many ways

Circle 124 on reader service card

UPC™:
THE WORLD’S T -
ONLY SINGLE CHIP

LSI UNIVERSAL PRINTER
CONTROLLER!

The CY-480 UPC’™ ... providing the kind of service and special features
others don't!

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

The CY-480 replaces bulky, expensive, dedicated controliers.

Ttus small, single LSI package otfers a 5 x 7 dot 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 varnable character density command, and horizontal and vertical
independently expanded print command. The CY-480 provides graphics capability
and includes a “lip-print” operating mode for 180° viewing, and ready lines provide
full asynchronous communications with handshaking.

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

CYBERNETIC MICRO SYSTEMS
445-203 South San Antonio Road New Address!

A 94
Py v R e VISA and MASTER CHARGE accepted.
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Circle 125 on reader service card

O()I:TE')OELECTRONICS
-0 1021 Duryea Avenue
ORIBA rvine, CA 92714
Tel: (714) 540-7874
Telex: 65-5463
THERMOPILE DETECTORS
TP 101 imm dia. Active Area 24V/W type
TP 201 2x2mm Active Area 20V/W type
TP 301 0.6x2mm Dual Element 14V/W type
PYROELECTRIC DETECTORS
P2LF 0.8x2mm Active Area 500V/Wincl. FET
P2LFD 0.8x2mm Dual Element 500V/W incl. FET
P2CF 2mm dia. Active Area 400V/W incl. FET

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

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

TP101, $10.00 ea. 1-49

301, P2LF $ 9.50 ea. 100-499
$20.00 ea. 1-49
$16.50 ea. 100-499

$ 9.80ea. 50-99
with KBr window
$18.80 ea. 50-99
with 7 micron cut
on filter

TP 201

P2LFD, P2CF (slightly higher)

Other window materials available:
KRS-5, Quartz, BaFp, CaFp, Saphire, KCL, Silicon, Itrany,
call for prices.

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!

Circle 127 on reader service card




Designer’s casebook

Autocorrecting driver
rights pulse polarity

by Shlomo Talmor
Hartman Systems, Huntington Station, N. Y.

This circuit provides positive-going output pulses for
corresponding input signals of either polarity without the
need for any manual intervention (that is, polarity
switches). Utilizing a simple RC integrator, the unit
automatically propagates positive-going signals having a
duty cycle of less than 50% through to the output and
inverts signals that have a duty cycle of greater than
50%, or are negative-going. The circuit is particularly
useful in instrumentation and test-facility applications,
where the polarity of the signal emanating from a port is
often both positive- and negative-going at different
stages of a complicated test sequence.

As shown in the figure, input pulses having a width
and rate in the range of 1 microsecond to 1 millisecond
are applied through inverter A, to integrator R,C,,
thereby developing a dc voltage across the capacitor.

Thus, operational amplifier A, goes high for positive-
going input pulses having a duty cycle of less than 50%.
Ay and A4, along with NAND gates As, to Ay, therefore
propagate the input signal through to the output without
an inversion.

If the duty cycle is greater than 50%, or if the incom-
ing pulses are negative-going, the voltage developed on
the integrating capacitor will be below 5 volts, which is
the potential applied to the inverting input, and A, goes
low. A, A, and A; to A then act to invert any
negative-going wave at the input to a positive one at the
output and vice versa. In the case where the duty cycle is
50%, inverter A . provides the necessary hysteresis to A,
for proper switching.

Light-emitting diodes D, and D,, with A, and A,,,
provide visual indication of pulse polarity. Both the red
and green diodes will light softly when the input signal
has a duty cycle approximating 50%.

The range of the pulse width handled can be extended,
at the expense of a lower rate, by increasing R,. The
response time of the circuit will of course be lowered.
The supply voltage can vary from 5 to 15 volts, but if it is
less than 7.5 v, a 15-kilohm resistor should be placed in
series with pin 6 of A, in order to properly drive the rest
of the circuit. O

® JUuUL e
O JUUL UL A

®

DUTPUT

INPUT

i3] Asa OUTPUT

Ra

560 2 Re ‘g 560 2

Ay: CD4049
Ay CA3160 Rs
Ag: CD40N

10 k2

1MQ

D, D

IEE233G IEE233R
N N
GREEN (+) RED (=)

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 duty cycle less than 50% through to the output while inverting all other signals.
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Litronix Intelligent Displays™ are now In plentiful
supply at your local distributor and ready for harvesting. Intelligent Displays turn you on.When you need large characters
Our labor-saving, space-saving Intelligent Displays are just what and low cost, choose the DL-1416. For smaller. hand-held and
you've been waiting for to start your microcomputer “talking” in a whole battery applications, there's the DL-1414. With it, you can cram 20
new way in words, numbers and even sentences. Everything you characters side by side into a 3}-inch space. DL-1414
need is included in a single package, including a 4 character LED
display and a built-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:

Dig in. Grab a handfut of whichever new Litronix

;Hod:onm Vertical -\ | e |
Part ‘ Character | Row Row |Viewing |Character | Character| 1000
Number | Features | Height | Spacing |Spacing | Angle | Positions |Segments! Oty
OL-1416] General | .160 " | 1.200" | x25° 4 | 16 [s1875
[ m | | 7 Or scoop uphsome of oul"1 DL-2416 prgmium displays
e ge—— — t 1 | offering larger alphanumeric characters and a viewing angle
P 4T pCompbetl 2 R e of £50° And all three models interface like a RAM, operate
‘ ForHatd | 1 froma single 5 volt supply and are TTL compatible.
i ff.,_-.«....,. | 7 o You've probably got a microcomputer raring
foc-2e16f Premum | 160 I to do some fast talking. So, hurry to your nearest
Oisplay | distributor for your fair share of these Litronix
::;’w [ N \ ' . Intelligent Displays. And don't forget your
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litronix

19000 HOMESTEAD ROAD
CUPERTINO, CA 95014

408-257-7910

U.S. DISTRIBUTORS: Advent, Aimac Stroum, Arrow. Component Specialties, Gerber, Hamilton-Avnet, Harvey, Kirkman, Lionex, Marshall, Moltronics, Pioneer-Standard, Summit, Zeus
CANADIAN DISTRIBUTORS: Electro Sonic, Future, Hamilton-Avnet, C. M, Peterson, L.A Varah *Intelligent Drapisy 1s a Trade Mark of Litronix
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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 levitat-
ing 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 posi-
tion the object.

Potentiometer R, (a) sets the current through the PR9
lamp and thus its brightness and the gain of the position-
sensing circuit. R, thus provides a fine adjustment of the

position of the magnetic object that is suspended beneath
the levitation coil L,. The optical position-sensing
circuitry (b), which should be mounted horizontally
under L, if possible, includes two lenses to focus the
beam via the levitated load to solar cell (photodetector)
D,. The light shield, with an aperture of approximately 3
millimeters, effectively eliminates background light. The
suggested focal lengths and lens diameters are shown; as
a check on the optics system, the beam should be aligned
to yield a short-circuit current of 4 to 25 microamperes
in D|.

As for the basic circuitry, D,’s output is amplified by
about 5 by operational amplifier A, and is then intro-
duced to A,, which is the all-important servo-loop stage.
C.. Rs, and R, provide positive feedback of the high-
frequency 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

100 2
R2 3 aw
R
741
Ry 21209 +
TN ]r []|
PR9 + \
- = SOLAR
CELL
{2BY 2cm)
(a) W
-5V
10 x PERMANENT MAGNETS
{FERRITE)

SOLENOID = i = STEEL ROD

~1300 TURNS NR. 28— N L-2%N. (6% em)

30 Qdc, 47 mH L d=7"ne IN.{1.11 cm}

[
= =
PR-9 T D,
LAMP
M M; a LIGHT SHIELD
(o) My, Mg: f=4.5cm ¥~ LEVITATED LOAD
d=26cm {ALNICO BAR MAGNET)

Rising rotors. Levitator circuit (a) suspends 1-in. steel spheres up to 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-stop shopping
for the best buys in
IC Voltage References.
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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
a choice 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 excel-
lent buys in A/D, 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 Semicon-
ductor, Dept. VR1,1300 Terra Bella Avenue, Mountain View, CA 94043;
phone (415) 968-9241, ext. 241.

“WW"TELEDYNE 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 Q, to Q; is a discrete darlington pair that
drives L,. The coil itself has 1,300 turns around a steel
rod 2.75 inches long and % in. in diameter. A stack of
10 small permanent magnets atop the coil provides a bias
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

to the op amp inputs.

The most stable closed-loop condition is set by adjust-
ing Q.’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 a small Alnico bar magnet to 22 mm for
a steel ball with a diameter of | in. O

Designer’s casebook is a regular feature in Electronics. 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. We'll pay $50 for each item published.

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 multiple-
pole selector, respectively. Although the counter’s
modulus is set with the binary elements, thereby sacrific-
ing the convenience of ordering up values in the familiar
decimal form, the ease of interfacing the counter to

microprocessor-based control systems is immensely
enhanced. Divider ratios of from | to 16 can be selected.

The 40161 synchronous binary counter, A, which has
parallel-load capability, is stepped by input frequency fi,,
as shown in (a). Switches S-S, set the binary represen-
tation of 16 —n at the parallel-load inputs Po—P;, where
n is the desired divider ratio, as shown in (b).

Output pin TC of A, moves high after n cycles of fi,.
Thus the output signal from gate G, is a pulse of short
duration having a frequency of fo. = fi./n. TC is then
inverted by gate G, and used to reset the counter.

Gate G; comes into play if a modulus of | is set.
Under these conditions, TC remains high and fi, serves
to gate itself to the output. O

References
1. Bradley Albing, “C-MOS counter-decoder pair sets divider's modulus,” Aug. 30, 1979,
p. 140.

Binary code
5V y . . . Divider
S | S, S, S, ration
1 1 1 1 1
g ) 1 1 1 0 2
7} cep Voo MR 111 0 [ 1 3
1 1 0 0 4
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fin Cp Ay : 4
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Binary breakup. Single counter and three gates simplify design of variable-modulo divider (a). Binary switches S,~S. set counter to 16 —n,
where n is desired divider ratio (b). Output of gate G, is a pulse with a frequency equal to fo, = f./n, for 1<n=<16.
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Announcing the Intel
2920 Design Seminars

Coast to Coast Seminars for Analog System Designers

Intel distributors will be analog systems. The seminar is Agenda
sponsoring one day seminarson  structured for both first time and ~ 8:00 A.M.
designing with the Intel® 2920 experienced designers of sampled Registration
Signal Processor. The 2920 is data systems. Comprehensive 8:30 A.M.
a single-chip signal processor design examples will be used to Introduction of the 2920
designed specifically to process show design techniques and to Discussion of sampled data
real-time analog signals. A single  show the capabilities of the 2920. > 9%5“3“;15, p ,
2920 is a complete sampled data ~ Course materials will include 5920 ?\rxc ttecture/nstruction set

) . . nctions/applications
system with on-chip EPROM seminar notebook, data sheets and 2920 development tools
Program Storage, Scratch Pad application notes.
- 12:00 Noon
RAM, Analog-Digital con- LUNCH
ion circui d a Digital

version circuits, an \  1:00 M.

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 a few of the appli-
cations that can be implemented
with the 2920 Signal Processor.

Who Should Attend

The seminar is designed
especially for the engineers, man-
agers and technicians who design

e 72 "“‘.4 Y 2920 programming techniques
' / \  Designing with the 2920

/ | Application examples

/i J3:30PM.

/ Wrap-up

4:00 PM.
Adjourn

Cost:

There is a $10.00 registration
fee which will cover seminar

materials and lunch.

More Information

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

intal delivers.

Seminar Seminar

Date  Location Distributor Contact Phone Date  Location Distributor Contact Phone
2/4 Santa Clara, CA Wyle Gary Postalka (408) 727-2500 3/3 San Diego, CA Hamilton/Avnet Jim Wittry (714) 571-7500
2/5 Houston, TX Hamilton/Avnet John Manley (713) 7801771 3/4 Santa Ana, CA Hamilton/Avnet Tony Hamifton, Jr.  (714) 641-1850
2/6 Atianta, GA Arrow Chuck Grambling  (404) 449-8252 3/5 Albuquerque.NM  Alliance Ken Kadotani (505) 292-3360
2/7 Huntsville, AL Pioneer Electronics Harold Jeffers (205) 837-9300 3/6 Dallas. TX Hamilton/Avnet John Luse {214) 661-8661
2/8 Orlando, FL Pioneer Electronics Jack Frost (305) 859-3600 37 Denver, CO Hamiiton/Avnet Jim Rowe (303) 534-1212
2 Chicago, IL Arrow Don Peterson (312) 893-9420 3/10 Indianapoiis, IN Pioneer Electronics Mike Petty (317) 849-7300
212 Detroit, M1 Arrow Mike Hart (313) 971-8220 Im Cleveland, OH Pioneer Electronics Gerry Budenbaum  (216) 587-3600
213 Boston, MA Arrow Ted Bransfield (617) 933-8130 312 Philadelphia, PA Hamilton/Avnet John Redmond (609) 424-0100
2114 Rochester, NY Hamitton/Avnet Jim Malinowski (716) 442-7820 N3 Syracuse, NY Harvey Pete Dobransky {607) 748-8211
215 Toronto, ON L.A. Varah Don McAdam (416) 561-9311 N4 Ottawa, ON Hamilton/Avnet Wayne Tumer {613) 226-1700
2/20 Minneapolis, IN Arrow Ken Opasinski (612) 830-1800 N7 Tuisa, OK Component Jerry Robinson {918) 664-2820
211 Milwaukee, Wi Hamilton/Avnet John Tews (414) 784-4510 Specialties Inc.
2/22 Kansas City, KS Hamilton/Avnet Mike Grimes (913) 888-8900 3ns Phoenix, AZ Hamilton/Avnet Rob Murphy (602) 275-7851
2/25 Montreal, PQ Zentronics Mario Mastromattei  (514) 735-5361 319 Los Angeles, CA Avnet Electronics Rick Unger (714) 754-6111
2/26 Baltimore, MD Hamilton/Avnet Bob Nail (301) 796-5684 32 Edmonton, ON Zentronics Bob Wilson (403) 463-3014
2127 Norwalk, CT Arrow Linda Adams (203) 265-774t 3/24 Ft. Lauderdale, FL  Arrow Linda Urbanowski  (305) 776-7790
2/28 Pittsburgh, PA Pioneer Electronics  Bill King {412) 782-2300 3/26  Vancouver,BC L.A. Varah Jack Dickinson (604) 873-3211
Frank Toplak 3/27  Edison,NJ Harvey Pete Vandervalk (201) 2271262
2/29 Dayton, OH Pioneer Electronics Dave Ward {513) 236-9900 3/27 Seattle, WA Almac/Stroum Jeff Scherrer (206) 763-2300
3/28 Long Istand, NY Hamilton/Avnet Rich Harding {516) 454-6000
3/28 Portland, OR Almac/Stroum Carol Sealzitti (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.

0 When any new generation of random-access memo-
ries 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 a wafer that have a few defective
columns or rows.

To improve the yield of their production lines, semi-
conductor 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 manu-
facturers, 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 ques-
tionable, 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 1 shows the general
layout of a memory board that employs partial 16-K
RAMs—chips that have 15 K of usable storage. Added to
the on-board logic and the partial parts are a whole 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

_ROWADDRESS AND COLUMN ADDRESS STROBE, MEMORY WRITE ENABLE

by

b3y by

CONTRDL
READ/WRITE
LINES
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PARTIAL (15-K) RAMS
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| TomEmORY
ARRAY
ADRg ADDRESS
: DECODE
ADRy5 LOGIC
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READ-ONLY
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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 a full 16-K RAM. The E-PROM stores failed locations in the partials; the extra RAM provides substitutes for those locations.
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2. RTBM. Adding real-time bit-mapping hardware—the catch RAM
and control logic board —to the J387 test system enables thorough
testing of partials. At the control logic's command, the RAM stores
1s in locations corresponding to failed bits in memory under test.

with partials, it is tested; the nonfunctioning addresses
found by testing are burned into the E-PROM, forming a
lookup table. The E-PROM is then plugged into the
memory board.

In operation, when an address is given to the memory
board, the board logic compares the address to those in
the lookup table. If it finds the address there, the extra
16-K RAM is enabled. Data is then written into or read
from a row or column in the extra RAM corresponding to
the address of a failing row or column in the partial
memory.

With this method, the partial memory bank can have
a combination of 128 rows and columns containing fail-
ing cells, or 8 per device. Since the extra RAM is on the
data bus, the board can handle a full 256 x. Later —for
example, if the cost and supply of whole RAMs becomes
more favorable—the partials can be replaced with them
and the lookup logic inactivated.

ERROR FROM RTBM ENABLE
BIT FROM ;AEESP'}DRY UNDER

MASK

REAL-TIME TD ERRDR

BIT. MAPPING L

Y
MEVDH OPERATING
D PROGRAM

ERRDR BIT 7D
ATBM ERRDR

INVERT COUNTER

3. Error-processing logic. NAND gate at right hides error signal
when RTBM is enabled so that pattern processor keeps running. To
count bit errors, 1s from masked catch RAM are inverted and
combined with Os in place of error signal from memory under test.
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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 a partial.

When to look

Usable partial memories are identified at the wafer-
sorting stage using real-time bit-mapping hardware (pro-
vided as an option to Teradyne’s J387 memory test
system) and a software program that permits recording
and counting of the number and location of bit failures.
The hardware-software combination results in an auto-
matic testing scheme that does not require special train-
ing 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
test system. One of the boards contains the control logic
for RTBM and a counter used in determining the number
of rows or columns that have failed bits. The other is a
RAM board called the catch RAM because its function is
to store the location of failing bits in the memory under
test. Figure 2 shows how these boards interface with the
pattern processor.

The operation of the RTBM hardware is controlled by a
series of partials testing routines written in the test
language of the Teradyne tester. These routines are
linked to the device test routine so that they are called
automatically, without operator action.

When a bit failure occurs during the normal device
test, the operating program of the J387 jumps to the
partials testing routines. They enable the RTBM hard-
ware and clear the catch RAM. The catch RAM is then set
to the latch mode so that if a bit failure occurs it is
latched into the RAM in a location corresponding to that
in the device under test.

With the RTBM hardware disabled, a bit error from
the memory under test would signal the J387’s master
operating program (MOP) to shut down the pattern
processor and no further testing would be done. But
when the RTBM hardware is enabled, the error signal and
a signal from the RTBM control logic are fed to a NAND
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 a complete 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.

To find that number, the catch RAM is set to the mask
mode. In this mode, it can be addressed by row or
column and only the failed bits read. These bits are fed
to the counter and, after each row or column is read, the
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4. Complete partial test. Partial testing program is linked to device test routine so that when a failure 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 a 64-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

Electronics /January 17, 1980

equal length, and that production yield increases signifi-
cantly 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

133



Real-time bit mapping is often used as a production tech-
nique; 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 manufac-
turers 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 noniatch
mode. In this mode, a catch RAM bit indicating a failure is

RTBM —a memory user’s tool, too

not held but reset if the bit passes a subsequent test. By
using both modes, users can distinquish between hard
and soft failures and determine the parameters that affect
the soft error rate of a device.

Another mode mentioned is the mask mode. It is partic-
ularly 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 vari-
ous 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 frequen-
cies 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.

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, T, is given by the formula:

Tet = (Do/8 X 10 us) +320 us

where D, is the density of the catch RAM in bits. The
10-us multiplier represents the time it takes the hard-
ware to execute each RSEND command, and 320 us 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 program-
ming—is the single-bit method. Here, the catch RAM is
cleared 1 bit at a time at the pattern processor’s maxi-
mum speed. The clear execution time using the single-bit
method, Teq, is given by the formula:

Te2 = (D X 100 ns) + 1,804 us

The 100-ns multiplier is the cycle time of the pattern
processor. The complexity of the program needed to set
up this procedure is refiected in the fact that it takes the
system 1,805 us to set up as opposed to 320 us 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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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 assum-
ing 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:

Ta = [(NpaX 100 ns) +655 us]N, + 1,485 us

where Ny, 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 us and the device-independent
program time is 1,485 us.

For a symmetrical 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 interroga-
tion 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 proce-
dure 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. O
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TUTTI

A1TO010 CHANNEL
MODEM THAT
TAKES ITS OWN
PULSE AND RUNS
AT UP T0 5,000,000

BITS PER SECOND.

Use this unique unit as a self-standing modem
on wideband telephone and signal circuits.

It provides encode/decode capability between
analog and digital information in M?, Miller or
Biphase-L codes, at rates as high as 5 mega-
bits/second.

The Ampex M? Digital Encode/Decode Unit
is available in channel capacities from 1 to 10,
and offers a built-in test option that functions as
an error counter with a digital readout. It dis-
plays number of errors in either 10° or 108 bits,
and can be used by itself as a frequency counter.

Much more than a modem, this unit can
also be used as a front end with an analog
instrumentation recorder, providing instant dig-
ital data recording capability.

The compact package measures only 5%
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 tech-
nical 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

Communications Equipment and Systems
National Exhibition Centre

Birmingham England

15 April - 18 April 1980

AN INVITATION TO

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 tech-
nologies of computing and telecommuni-
cations. The other important themes of the
exposition are PTT telecommunications, civil fixed and mobile
radio and emergency communications.

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 ex-
position 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 a note of the dates and venue of
Communications 80 - Tuesday 15 April to Friday 18 April, 1980,
at the National Exhibition Centre, Birmingham, England.

You cannot afford not to come if you make, use or specify
communications equipment and systems.

| am interested in attending

Communications 8[]

Piease send me details of exhibition D conference D

Name
Position _
Company - S

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 Telex: 337073 46
Circle 135 on reader service card 135



O 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 a single encryp-

This 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. 2 issue, page 126.
A special report on the DES appeared in the June 21 issue,
page 107.

/Two-chip data-encryption unit
supports muiti-key systems

One version of the set operates
at a data rate of 11,500 bits/second

by Thomas Humphrey and Frank L. Toth, american Microsystems inc.. Santa Clara, Caiit.

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 data-
encryption units, which can handle only several thousand
bits per second. The S6894 is thus suitable for most data
terminals, credit-card validation and verification Sys-
tems, point-of-sale terminals, and banking equipment
that incorporate microprocessors and their peripherals.

A full understanding of how to use this data-encryp-
tion unit requires adequate knowledge of the design and
operation of the chip set itself.

> Ve
Vee
Vee g Vec STANDBY
RESET el RESET
T T
L ENABLE ye
CHIP SELECT, ,Y.‘Ek,‘gav
INTERFACE SEERER.
¢ READ-ONLY
WITH HOST P° MEMORY, MICROPROCESSOR
PROCESSOR <> INPUT/QUTPUT, ENABLE fe
—lr, AND TIMER §6802
—li NONMASKABLE be— PpART
TR NONMASKA '
EQJAA"‘% ] READ/WRITE R/W INTERRUPT E\?sg::m
COMMANO "1™ §6846 FROM HOST
INPUT D s ) (OPTIONAL)
iy, Dg-0y [
+—] CP, Ay-Asg Ay—Aso ‘ﬁ
CRYSTAL | |
—p4 P, CHIP SELECT, Ayt J-
IE A

1. Encryption brothers. American Microsystems’ 56894, a two-chip data-encryption and -decryption unit, contains an S6802 microproces-
sor and an 56846 read-only memory that also has 1/0 and a timer. Models handling data rates of up to 11,500 bits per second are available.
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2. Best choice. The 16 subkeys required for the NBS data encryp-
tion standard are computed each time a new 56-bit data-encryption
key is entered in the system. This approach minimizes the encryption
time but uses most of the random-access memory.

The S6894 implements the complete NBS DES algo-
rithm [Electronics, June 21, 1979, p. 107] using a propri-
etary program written for the S6800 family of micropro-
cessors. It consists of two chips. The S6802 is the micro-
processor 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/out-
put and a timer.

Two-chip subsystem

Together, these circuits perform as a complete micro-
computer 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 millisec-
onds. This speed corresponds to a data 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 micropro-
cessor systems. Achieving these goals would simplify
their applying the set.

But because the microprocessor hardware configura-
tion—a standard circuit that is widely used—placed
several constraints on the software design, there were
certain difficulties to overcome in realizing the objec-
tives. 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 2-
kilobyte ROM of the S6846. Finally, all the command
words from the host processor, status indications from
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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 bidirec-
tional 8-bit parallel 170 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 microprocessor-
based 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 a different 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 7 bytes 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
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HOST ADDRESS INTERFACE ROM, 1/0, MICRO-
PROCESSOR CHIP m ANO TIMER PROCESSOR
$6821 $6846 $6802
CA,
CONTROL

$-6894 SYSTEM

4. Complete system. The S6894 two-chip data-encryption and -decryption subsystem can be connected to a host processor through an
56821 interface chip or its equivalent. Encryption time can be as low as 5.5 milliseconds.

128-byte RAM still available for work space, stack area,
and other data storage. The disadvantage is that compu-
tation of the subkeys adds significantly to the data-
encryption time.

An alternative approach is to precompute the 16
subkeys each time a new 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 a major 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 a data-encryption key, once
entered into the DEU, must be used for several encryp-
tion 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 a status 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 in-
structs the data-encryption unit to enter a new encryp-
tion key. This key is a sequence 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; a status 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 a S6821 or equiv-
alent interface chip (Fig. 4). All handshaking functions
are performed through lines CA, and CA,.

A negative-going transition on the S6894’s CP, input
line signals the presence of valid input data on lines
Po—P; (see Fig. | again). This transition latches the data
into the DEU input port buffer, and its receipt is signaled
by a negative-going transition on the CP, output line.
The port is then ready to accept the next input, if any.

Valid output data on lines PP, is signaled by a
negative-going transition on output line CP,. Receipt of
this data must be acknowledged by a negative-going
transition on input line CP, 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 avail-
able—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 data-
10 and control-signal timing requirements without
introducing any additional delays. Although the operat-
ing time of the S6894 may vary with data patterns be-
cause of random differences in encryption and decryp-
tion 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, a single 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 sccurity 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 a vault or
other type of sealed unit.

The encrypted session key is transmitted over a data
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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6. 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 a remote location to be decrypted using either one
of the two existing keys. With this approach, either
existing key can be replaced with a new 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 a computer system —most obviously, at both ends
of the data link—and between the computer and periph-
erals (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 a separate key for each reel of tape or disk. (J
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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 a nomi-
nal S-volt supply may run only marginally at 5.1 v and
not at all at 5.3 v, or vice versa, even though all voltages
arc 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
casily determined. In addition to detecting any impend-
ing 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
noisc and threshold difficulties.

The test setup is shown in Fig. 1. During operation at
a nominal voltage of 5.0 v, the 7475 latch is
programmed so that Q, and Q, are high, and Q; and Q,
are low. Thus resistors Ry and R are etfectively connect-
ed in parallel with Re. Potentiometer P, is used initially
toset Vo, of the LM338 to exactly 5.00 v.

If Qs is commanded high, the net conductance from
the adjust bus to ground will decrease, and V,,, will rise
3% to 5.151 v. Conversely, if Q, is commanded low, the
output voltage will fall 3.3% to 4.835 v. 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
1.M337 regulator is used. Resistors R;-Rg are switched

IVdc
ADORESS BUS
IN
out 5.00 V dc
LM
54 NOMINAL
ADJ
Ry
124 2
Ry 1%
D, AN
] 3 10 k$2
@ D 2.2k
s Rs
D.
g 3 Q, A%
0 1 47k
‘ 1.2k
OM7475 Rq
Quap 0;
LATCH 6.2k2
1.8 k2
Rs
0, ]
12k$2 Re
3492
1%
Py
100 2
|
Q Q,; Q Q, | Vourt (V) AVour (%)
1
1 1 o | o 5.000 (trimmed)
1 1 0 1 5.151 +3.0
1 1 1 0 5.299 +6.0
1 1 1 1 5.469 +9.4
1. Variation. Auto-programmed regulator checks computer system 0 1 0 0 4.835 -3.3
for failures and malfunctions at any given supply voltage, thereby 1 0 0 0 4.669 —6.6
testing its operating margins. Table provides list of output voltages 0 0 0 0 4.526 -95
that may be ordered. The range covered is *9.5%.
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by pnp transistors much as they are in Fig. 1. Note
that the resistors are in a binary-weighted proportion. To
decrease Vo, by 2%, Q. is brought low from its normally
high state. To increase Vo, by 2%. Q, is sct high and
Q. Qs is kept low. The range of voltages that may be
ordered up is displayed in the chart.

Note that this circuit provides for a system 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 10 —1.35 v, and the
computer will draw substantially zero power. O

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
saving engineering time or cost. We'll pay $50 for each item published.

Calculator notes
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T T
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0 0 0 1 | —4.526 -9.5 LM337 NOMINAL
0 0 0 0 —4.460 —10.8 R +
1 0 0 0 —5.106 +2.1 :E 10 uF
1 0 0 1 -5.201 +4.0 .
1 0 1 0 -5.301 +6.0 -
1 0 1 1 5.406 +8.1
1 1 0 0 —5.536 +10.7 — ) . ) .
1 1 0 1 —5.654 #13.1 2. Driving ECL. Same margin-checking function may be provided
1 1 1 0 —5.779 +15.6 for computer systems powered by negative voltages. Circuit's trim
1 1 1 1 -5.911 +18.2 resolution is 3%, enabling V.. to be set within 2% of any desired
|

value. Programming information is secured from table.

HP-41C tweaks
vertical antenna arrays

by Walter J. Schulz
Philadelphia, Pa.

Electronics /January 17, 1980

Aiding on-site adjustments of multi-clement vertical
antennas, this program tweaks arrays comparatively
quickly. Using the relatively new HP-41C, a scientific
pocket calculator with nonvolatile memory and an auto-
matic turn-off feature for conserving battery cnergy, it is
ideal for in-the-field plotting of the radiation pattern of
the directional array.

The program sums the field contribution of cach quar-
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HP-41C FIELD PLOTTING PROGRAM

Line Key Line Key
01 LBL ARRAY 30
02 10 31 ENTER
03 STO 00 32 RCL 08
04 LBL 05 33 P-R
05 10 34 Py
Registers
06 ST+ 00 35 RCL 00
07 RCL 00 36 RCL 09 Ry ¢
08 PSE 37 R, &
09 CLX 38 (o} i
S8 R, Sy
10 CLY 39 RCL 10
R .
1 RCL 00 40 : v
12 RCL 01 41 RCL 17 Rq Ey
13 42 Rg 02
14 [o{0 ] 43 ENTER Rg S,
15 RCL 02 44 RCL 18 ]
R 7 V2
16 X 45 P-R
17 RCL 03 46 N S 5 -
18 1 47 RCL 13 Rg e
19 ENTER 48 ENTER Rio S3
I——— ===
20 RCL 04 49 RCL 11 R, Vs
21 P-R 50 R—P i I
R,g | E;
22 Y4 51 PSE
23 RCL 00 52 CLX
24 RCL 05 53 RCL 00
25 54 360
26 [o{0}] 55 Xx>y?
27 RCL 06 56 STOP
28 ) 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, o, (abc), FIX, (n)
® Enter array parameters — azimuth, element position, spacing and phase with
respect to reference for all antenna members:
(¢),STO 0, (¢1), STO 1,(S,),STO 2,
(), STO 3, (E,),STO 4, etc.
® Execute program:
Calculator finds field ratio for 10° steps in azimuth to 360°
first displaying each azimuth angle, tollowed by its corresponding resultant.
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1/-180° COS ¢ - 0° -270°

1/-180° COS ¢ — 45°-270°

90°

ter-wave element at all points in the horizontal plane
from the equation given by Smith':
E.= 3 Ei(Sicos g— i+ )

n=1
where:

E. = field ratio
Ei = magnitude of field intensity radiated by ith
element, normalized to |
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number of elements, a maximum 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

¢ = position of ith element, in degrees, with respect
¥: = electrical phase of ith element, in degrees, with

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=35 elements if necessary,
however. Care should be taken in implementing the
vector (tip-to-tail) additions.

As a check 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. O

| REFERENCE
BEARING £, BEARING Eq BEARING Eq
N =
o° 24 120° 10 240° 1.0
100 24 130° 0.6 250° 05
20° 24 140° 0.2 260° 0.1 the range 0° to 360°
30° 24 150° 0.3 270° 0.4
to true north
40° 24 160° 08 280° 0.8
50° 24 170° 12 290° 1.2 respect to the reference
60° 23 180° 1.6 300° 1.4
70° 2.2 190° 19 310° 17
80° 2.1 200° 20 320° 20
90° 18 210° 20 330° 2.1
100° 16 220° 18 340° 2.3
110° 13 230° 14 350° 24

References
1. Carl E. Smith, "Theory and Design of Directional Antennas,’”” Smith Electronics inc.,
Cleveland, 1969.
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Engineer’s newsletter

Seminar probes Probe Research, perhaps the first company to conduct an independent
telephone’s 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
digital future 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 a stake 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.

Microcomputer Bringing users one step closer to understanding and developing their own
microcomputer systems, Advanced Micro Devices Inc. offers a seven-

design through booklet course entitled “Build a Microcomputer” free of charge. The

self-instruction 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.

Symposium investigates Dry plasma processing has become an essential method in the production

of advanced semiconductors, so much so that LFE Corp., a leader in the

plasma etching field, will hold a two-day symposium on state-of-the-art plasma technolo-

in semiconductors gy. 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, first-
served 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.

Connector Symposium 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
now available 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. O. Box 167, Ft. Wash-
ington, Pa. 19034. -Vincent Biancomano
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Three new TM 500 Digital
Multimeters give you more
performance choice...

from Tektronix.

Introducing:

e DM 501A
42 digits, true rms, dB, .05% accuracy,
seven functions.

¢ DM 502A
32 digits, true rms, autoranging including dB,
seven functions.

¢ DM 505
32 digits, five functions.

We've put the best combination of accuracy and con-
venience into compact, affordable DMM's. Simply put
them to the test. These versatiie 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 42 digit DM 501A,
featuring true rms capability and 10 uV resolution. The
3%z digit DM 502A features autoranging in voltage, re-
sistance, and dB, plus true rms capability. Add the
all-around testing capabilities of our low-cost DM 505,
and you've got a digital 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 a compact 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.

b
sl

To learn more about these new TM
500 Digital Multimeters, contact the
Tektronix Field Office nearest you.
For a copy of our TM 500 Digital
Multimeter Data Sheet, call our toll-
free, 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

Tektronix

COMMITTED TO EXCELLENCE

For immediate action, dial
our toll free automatic answering
service 1-800-547-1512
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Fairchild’'s LS know-how

cadids a new dimension
to in-circuit testing.

LS| test know-how.
Fairchild knows about testing LSI.
Virtually every LS| device devised
by man has been tested on
Fairchild's Xincom, Sentry® or
Sentinel™ systems, That know-
how has been applied to in-circuit
testing with the development of
the FF303's LS| 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 iso-
fate and identify faults intro-
duced during PCB assembly
LSI test procedures first
inspect an IC for orienta-

tion, adjacent shorts,

opens and pins folded

under. Strategic func-

tional tests follow to verify

the IC's operational integ-

rity. An 8085 micro-
processor, for example, is
exercised for Address and
Data Bus, HOLD, INTR, INTA,
10/M, TRAP, RESET, SIS, SOD,
RD, and WR functions* — ail 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 pro-
gramming. The special tests you
may need can be quickly and
easily generated by using CHIPS,
our unique LSl test language
compiler. That's the kind of soft-
ware support you get with the
FF303 — along with our commit-
ment to maintain the industry's
largest LS| testing library for in-
circuit 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 ad-
vanced component and circuit
path inspection
techniques you
need for precise
fault identification
and diagnosis

~~

And you can

choose from two different system
analog and digital test point
capacities with modular expan-
sion 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

PCB assembily failures by shift,
day or week. And you can do
more.

Add memory, for example, to
handle more complex testing ap-
plications. Add a magnetic tape
terminal for off-line program
preparation and editing, or a line
printer for hard copy output. Or
add foreground/background pro-
gramming options for optimum
CPU capacity with concurrent
program execution.

Versatile fixturing.

. Fairchild's Thinline® vacuum fix-
" ture system lets you choose from

a wide variety of fixtures, fix-
ture kits and universal per-
sonalizers. Build your own fix-
tures with Thinline kits or
get turnkey testing with
¢ ready-to-test fixtures and pro-
grams. No other in-circuit test
system manufacturer offers
single-source fixturing and con-
tract programming support.

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.

(T ——————
FAIRCHILD

[———————————
Test Systems Group

The
First Family
Oof ATE

*Mnemonics copyright Intel Corp., 1979.

Circle 147 on reader service card



TMS 2532
32K EPROM
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TMS 2564
64K EPROM
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8Ks, 16Ks, 32Ks, and now...

The first 64K EPROM.

From Texas Instruments.
Naturally.

Introducing the TMS2564. The indus-
try’s first 64K EPROM. The densest
yet. With all the high-performance fea-
tures of TI's 5-V EPROM family. Fea-
tures like 8-bit word con