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FLAT-PANEL DISPLAYS FINDING THEIR NICHE/67
Programmable controller fits many peripherals/93
Analog microcomputer chip tackles speech synthesis/ 102
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MICROPROCESSORS MADE EASY
HP'S new 5036A
Microprocessor Lab is a
50 hour hands-on course
that makes it easy for
you to learn about hardware, software and
troubleshooting—at your
own pace.
HK new 5036A Microprocessor
Lab is designed for self-study or
classroom use and allows you to
place emphasis on all three basic
areas of microprocessors. It comes
with a20-lesson, 454-page textbook
and abriefcase-contained microcomputer lab designed to give you
maximum "hands on" experience.

Hands On Hardware Guides
You Through.
You learn rapidly as you study
the text, then see the results
of the programs you enter on the
keyboard, or trace system faults in
troubleshooting practice. Extensive
system labeling and strategically
located LEM make it easy to correlate system behavior with theory for
faster and better learning.
Software Achieves Two Goals.
The programming lessons let you
understand how programs work and
teach you to write simple programs.
Built-in programs give instructional
examples that start you learning
quickly.
Extends You IntoTroubleshooting.
You learn advanced techniques

of troubleshooting. The lab and
optional troubleshooting tools listed
below provide you with the knowledge and hands-on practice you
need to trace microcomputer system
faults down to the component level.
And you can use the optional tools
in everyday troubleshooting.
To order the quick and easy
course in microprocessors, or for
complete information, contact your
nearby HP field sales office or write
1507 Page Mill Road, Palo Alto,
CA 94304.
Prices: 5036A Microprocessor
Lab, $800*; Accessories forTroubleshooting practice are the HP 5024A
Logic Troubleshooting Kit, S625*;
HP 5004A Signature Analyzer, $990e
'Domestic U.S. Prices
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PIntroduces die Worlds Firsi
Digi gal Bar Code Wand.
Anyone now using akeyboard or push buttons for data entry could benefit from using bar codes.
Depending on the number of characters being entered, bar code scanning has been shown to be from two to four times
faster than key entry.
HP'S new HEDS-3000 Digital Bar Code Wand can scan black-and-white bar codes and convert the codes to
microprocessor-recognizable digital output. Fully specified and guaranteed, the Wand contains apush-to-read switch which
conserves power. It is well suited to portable systems as well as those with line power. The Wand is housed in a
rugged, stylized, molded plastic case with attached cord and connector. Of even further interest to OEM's,
the HEDS-3000 can be manufactured in custom colors with desired logos.
In quantities 1-99, the Wand is priced at $99.50* each.
For more information or immediate off-the-shelf delivery,
contact your nearest HP Components franchised distributor.
In the U.S. contact Hall-Mark, Hamilton/Avent, Pioneer
Standard, Schweber, Wilshire or the Wyle Distribution Group
(Liberty/Elmar). In Canada, call Hamilton/Avnet or Zentronics, Ltd.
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AppIlealions Support Peu•kage
for mold Designers.
HP Schottky Diodes can solve the problems digital designers encounter with forward voltage, switching
speed, temperature stability and reliability. HP Schottky Diodes offer 0.3 V. turn-on voltages, picosecond
switching, excellent temperature stability and amachine insertable double-stud package.
For more information or immediate off-the-shelf delivery on these components, call any franchised
HP distributor. In the U.S., contact Hall-Mark,
Hamilton/Avnet, Pioneer Standard, Schweber, Wilshire
or the Wyle Distribution Group (Liberty/Elmar).
FREE APPLICATIONS
In Canada, call Hamilton/Avnet or Zentronics, Ltd.
SUPPORT PACKAGE
For your free collection of
applications notes which
contains detailed technical
descriptions of HP diodes in
digital circuits, circle the
reader service card.
05002
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Cover: Development system stands ready for 32-bit chips, 81
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Margaret Eastman

With the dust still settling from the electronics industry's first march into
16-bit microprocessor territory, advance scouts are bringing back reports of
powerful new chips. Motorola's 68000 processor has 32-bit internal buses,
and it won't be long before improved packaging schemes allow the wide
buses to emerge from their silicon confines. The company is getting the jump
on development system needs by introducing an ExoRmacs system that's
ready for the next generation of processors.
Cover is by Art Director Fred Sklenar.
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A number of prognosticators said it would happen in 1979. It didn't. Now
some of the same voices arc reverberating with predictions that the consumer
market for small "personal" computers will quadruple in 1980. Significant
new entries in the field might encourage such optimism, but other smallmachine makers are getting out.
E-PROM rides piggyback on emulation aid, 89
One-chip microcomputer prototypers impatient with the compromises and
clumsiness of using emulation boards in the field may have found just what
they've been looking for. It's aversion of the microcomputer, with operating
characteristics matching those of the final chip, packaged with a socket on
top for erasable programmable read-only memory.
Crowded peripheral controller resorts to I
2L, 93
Peripheral makers aren't far behind computer manufacturers in the application of large-scale integration. So that it might occupy a slot in a specific
minicomputer, a programmable peripheral controller has been made with
four custom integrated-injection-logic chips, a microprocessor, and a dense
7-by-9-inch printed-circuit board.
There are ways to make amicrocomputer talk, 102
Specialized speech-synthesis chips are stoking demand for talking consumer
electronics, but they're not the only slices of verbal silicon around: the 2920
microcomputer's speed and analog input/output make it an able speaker,
given suitable software.
...and in the next issue
Systems on chips, enormous memories wow isscc attendees ...aone-chip
processor emulates a high-end minicomputer ...how to build a 60-watt
switching power supply for $37 ...a contact temperature probe's design
affects its accuracy ...a dual-processor measurement system raises the
art of interruption to new heights.
January 31. 1980
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NEWAM/FM
SYNTHESIZED SIGNAL
GENERATOR...
It Took Krohn-Hite To Make
RF Generation Easy
Krohn-Hite's Model SSG520 has everything you need for designing,
servicing, testing, and aligning radio communications equipment, PLUS
simplicity of operation. Your job is easier now thanks to Krohn-Hite's
design sophistication.
Here is what the Model SSG520 offers ... along with simplicity in
every step.
Frequency range from 10 to 520MHz
Synthesized operation: accuracy -±2 x10 -6 ,stability <2ppm/yr.
Modulation flexibility makes any combination of AM and FM,
internal and external modulation possible
Thumbwheel frequency selectors for fast, stable, error-free
settings with 100Hz resolution.
Exclusive SINAD meter, a built-in 1kHz automatic distortion
analyzer, measures receiver sensitivity quickly and simply
Optional reverse power protection and programmability (IEEE bus)

'

Now there's a new RF benchmark in sophisticated
simplicity .... the Model SSG520 from Krohn-Hite.
Call us today for further information and look up our
complete product listings in EEM and Gold Book.
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©KrohmHite Corp. 1979

Krohn-Hite...Benchmark of blue in RF

Signal Generators

SALES OFFICES: AL., Huntsville (205)534.9771; AZ., Phoenix 1602)279-1531; CA., Inglewood (213)674-6850, San Jose (408)292.3220; CO., Denver (303)773-1218; CT., Canton
Center (203)693-0719; FL.. Orlando (305)859-7450, Sunrise (305)742.2115; GA.. Atlanta (404)455.1206; HI., Honolulu (808)941-1574; IL., Chicago (312)283-0713; IN., Carmel
(317)844-0114; KS., Overland Park (9131649-6996; LA., Gretna (504)367-3975; MD., Towson (3011321.1411; MA., Wakefield 16171245-5940; MI.. Detroit (3131961-3042; MN.. Minneapolis
(612) 835-4818; MO.. St. Louis (314)569-1406: N.M.. Albuquerque (505)255-2330; N.J., Cherry Hill (6091482-0059, Englewood (2011871-3916; N.Y., Rochester (716)473-5720. Syracuse
(315(437-6666, Vestal (607)785-9947: N.C.. Burlington 1919)227-3639; OH., Chesterland (216)729-2222. Dayton (513)294-2476; OK.. Jenks (9181299-2636: OR.. Portland (503(297-2248:
S.C., Greenville 1803)271-8543: TX.. Dallas (214)661-0400. Houston (713)688-1431: UT., Salt Lake City (801)466-8729; VA., Falls Church (703)573-8787; WA.. Bellevue (206)454-3400:
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The Personal
Computing Book

Publisher's letter
n allas bureau manager Wes Iversen
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lkioir Series

Take the computer
revolution into
your own hands!
More than 50 articles are presented
from leading publications in the field
to give you this up-to-date guide that
answers all your questions on personal computing precisely and reliably.
Hardware •Software •Theory
•Applications •Helpful Hints
Order today, and don't forget the other
valuable Electronics Magazine Books
listed in the coupon below.

rP.O.
Electronics Magazine Books
Box 669, Hightstown, NJ 08520
Send me...
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copies of Microprocessors @ $8.95
-

copies of Applying Microprocessors
@ $9.95

-

copies of Large Scale Integration
@ $9.95
copies of Basics of Data Communications @ $12.95
copies of Circuits for Electronics
Engineers @ $15.95
copies of Design Techniques for
Electronics Engineers @ $15.95
copies of Memory Design: Microcomputers to Mainframes @ $12.95
copies of New Product Trends in
Electronics, No. 1@ $14.95
copies of Personal Computing:
Hardware and Software Basics @ $11.95

'was born and raised in Council
Bluffs, Iowa. But darned if he isn't
starting to sound and act more like a
Texan every day. His Letter from
Dallas appears on p. 69.
This letter is the first in acontinuing series of regional reports on the
electronics industry to be written by
our bureau editors.
Wes does some Texas-style bragging about how this region is fast
becoming amajor electronics center
not only for semiconductor producers, but for computer hardware
companies as well. Judging from the
employment statistics, these observations may be more than just bragging.
The lure of wide open spaces,
favorable tax policies, and moderately priced housing have made Texas a
prime location for electronics firms.
Not to be overlooked in the stampede of newcomers is that the oldest
electronics tenant on the range,
Texas Instruments, has also been
expanding, and attracting hard-tohire engineering talent to what Wes
calls "silicon prairie."
The eyes of Iversen have been
upon Texas electronics firms since
he joined the staff ayear and ahalf
ago. In that time his beat has
become busier and busier as major
firms have joined the enterprises
already growing on the scene. Therefore doing his first letter on this
expansion was anatural.

Semiconductor group in Phoenix,
Ariz., puts it: "The difficulty is that
there is no development system for
the development system. We had to
invent new tools, improvise, and use
simulation techniques."
Kister, who is co-author of the
cover article on Motorola's new
ExoR macs development system
(p. 81), had another thing going for
him when he began work on the
project. He had spent two years at
Motorola's microprocessor operation
in Austin, Texas, as an applications
engineer working with the people
who were designing the 16-bit
MC68000 chip. Being in on the
ground floor in Austin was an
advantage when it came time to
design the development system in
Phoenix.
"For the first six months of the
project there were no chip characterizations available. We designed the
development system without knowing the final ac characterization of
the chip," Kister recalls. "It was a
big help to be able to call the people
Iknew in Austin and ask them how
things were coming along. It's good
to have this cross breeding from the
chip to the systems level."
Because there was considerable
interest in the 68000 among potential users, a number of them went
through Austin to learn about the
processor, then went through Phoenix to pass along suggestions on the
development system to Kister and
his group.

D esigning a microprocessor devel-

opment system for amicroprocessor that has not yet been developed
poses some problems. As Jack
Kister, manager advanced computer
support systems for Motorola Inc.'s

Discounts of 40% on orders of 10 or more
copies of each book.
Imust be fully satisfied or you will refund full
payment it the book is returned after ten-day
trial examination.
Charge to my credit

D Bill firm
D Bill me
card: D American Express

EI Diners Club

El Visa

Payment enclosed

Acct. No.

El Master Charge
Date Exp

On Master Charge only,
first numbers above name
Name

Title

Company
Street
City

State

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

Zip

Signature
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Total thinking
for microprocessor support...
MicroSupportTM
The marvels of microprocessors are enough
to confuse any professional. Before you're
too far along, remember there's more to your
job than just designing microprocessors
in your products.
You also need total microprocessor
support throughout your organization. It's
more than just PROM programmers ...
emulators... microprocessor development
systems and software.
Advant announces MicroSupport by
E.H.
The complete family of related support
equipment for design, development, test
and field service.
It's the total approach to all of your
needs... now and in the future.

MicroSupport is the highly efficient,
fast, economical and comprehensive line of
universal microprocessor support tools.
First, an improved line of universal
PROM programmers that can quickly and
easily program 4K-128K PROMs ... using
software, not personality boards.
Regardless of where they are used—lab,
development, production or field service—
you can choose units that will let your
people change software in seconds.
Next, is aseries of real-time, standalone emulators for debugging hardware
and software. Your engineers and technicians never have to be worried about being
tied to amicroprocessor development system to debug programs. Production test

will also find them useful.
Now in final test, is the most advanced
microprocessor development system you
can imagine. It offers significant hardware
and software advantages over other socalled universal microprocessor-based
systems.
It will give you increased power and
dramatically expanded capabilities in a
very cost-effective package.
While you're thinking about microprocessors and their applications ... think
about total microprocessor support.
Call or write us today for more information on MicroSupport.
Advent for MicroSupport by E-H.

I'm thinking about microprocessors and need to think about microprocessor
support. Send me information on:
_

MV/M11for
MicroSupporr
By
1196 Trimble Road
San Jose, CA 95131
1408) 946-9300
klocroStopport is a Trademark of E•H Internatronal IrArcroStreport prodra is are marketed work.
/
'ode by Aelvant Corporator'',

Universal PROM
Programmers

Real-Time Emulators

Economic, Universal microprocessor development
systems

I'm already using
microprocessors and need to
discuss MicroSupport right
away. Give me acall.

Name
Company _
Address
City
Phone ( I

State

Zip

Microprocessors Used
Applications

Circle 7 on reader service card

How do factors such as package type, logic family, complexity,
temperature, environment and screen class affect the reliability of
the digital microcircuits you use?

Readers' comments

What are the recorded failure rates and field replacement rates
for these devices?

More costly circuits

The most comprehensive and up-to-date data available on the
reliability of SSI and MSI digital devices can be found only in
RAC databook—

DIGITAL FAILURE

‘

RATE DATA, 1979
„„tere

•Generic

failure rates, based on field operation, rel-demo, equipment check-out
and life test data.

• Observed failure rates vs. MIL-HBK-217C
predictions.
• TTL, CMOS, PMOS, NMOS, Schottky and ECL technologies-430 pages.
• Field replacement rates by operational or package type.
• Generic replacement rates according to field warranty data.
• Ordering No. MDR-12

• $50 per copy ($60 non-U.S.) Airmail $7.50 extra •

RAC
Reliability Analysis Center
RADC/RBRAC

• Grilliss AFB. NY 13441

• Tel

Who's racing whom?
(315) 330-4151. Autovon

587-4151

RAC is a DoD Information Analysis Center Operated by IIT Research Institute

Circle 8 on reader service card

When Clear
Displays Count
You can count on Ferranti-Packard's
electromagnetic 7-Segment display module
to give you the electronic compatibility
you need plus the reliability and
visibility your customers demand.
Performance-proven for over 5
years, the simple design and
construction, backed by FerrantiPackard research and engineering,
gives you the combination of reliability, visibility and flexibility
that no other read-out component
can match.
When you design an electronic
read-out system. Ferranti-Packard display
modules will help you do it better. It's clearly the display
module you should consider. See the difference for yourself,
write or call us and we'll prove it.

When clear displays count—
Specify Ferranti-Packard.

8

Circle 3 on reader service card

To the Editor: Ienjoyed Ernst Wall's
article on the Hamming code [Nov.
22, 1979, p. 103]. Wouldn't it be
easier, however, to use Ti's
SN74LS630/631 16-bit parallel error-detection and -correction circuit
instead of the circuits the author
proposes?
Clinton Jones
Tucson, Ariz.
The author replies: I would like to
comment that, first, the Ti Chip
(74IS630) will only become available
this January (we designed the system
described in Electronics over one and a
half years ago); and second, the estimated small-quantity cost of the Ti
chip is about $55.00. To implement a
16-bit system of the kind described in
the article would cost about $30.00
and an 8-bit system about $20.00.

Ferranti-Packard Limited
Electronics Division
6030 Ambler Drive. Mississauga.
Ontario L4W 2P1
Canada
Telephone: (416)624-3020
Telex: 06-961437

To the Editor: Iam seldom moved to
write letters but "Europe races to
catch up" [Nov. 8, 1979, p. 94] gave
me an incentive. Who is racing to
catch whom? It seems to me that the
Europeans and Japanese have led
the U. S. for years in applying electronics to automobiles, under the
hood and elsewhere. They are always
faster to apply a new technology
than the U. S. auto industry.
Iown a 1969 Volkswagen, Type 3,
a mass-produced auto that has an
electronically controlled fuel-injection engine. What U. S. auto could I
have bought in 1969 with any type of
fuel injection, much less electronic?
Loy M. Bloodworth
Ellicott City, Md.
Canada's first fiber optics
To the Editor: On page 56 of the
Dec. 20 issue, due credit is given to
Silma Ltd., Nippon Telegraph and
Telephone Public Corp., and Thomson-CSF for their accomplishments.
But the absence of any reference to
the Canstar division of Canada Wire
and Cable Ltd.'s having provided
Canada's first industrial fiber-optic
link at General Motors of Canada
Ltd. is conspicuous.
Brigitte M. Gauthier
Canstar Communications
Scarborough, Ontario
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The LOCO II, anew
crystal clock oscillator
at anew low price.
For just $3.75' you get LOCO II. The new crystal-controlled,
thick-film, DIP oscillator from Motorola.
LOCO Il comes in three frequencies-16 MHz, 18.432 MHz
and 19.6608 MHz. And these master clock frequencies
are divisible to drive pPs and baud rate generators, or a
combination of baud rate generators, pPs and LSI chips.
All on the same micro-computer board—all from one
master clock. Just think of the space that will save.
LOCO Il gives you stability, too. It has a rating of
± .05%. That includes calibration tolerance at 25°C,
operating temperature, input voltage change, load change
and aging. It's the ideal size as well—.820" x.5207 with a
seat height of .2507
At $3.75, when you get LOCO II, you're getting the right
oscillator at the right price.
For price list, rep list and data sheet, call Barney Ill
at (312) 451-1000. Or write Motorola, Component Products
Department, 2553 N. Edgington, Franklin Park, IL 60131.
•1,000 price.

4

. Motorola

and LOCO II are trademarks of Motorola Inc.

MOTOROLA INC.
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Advanced Micro Devices began by
making the best integrated circuits in
the business. We've built our reputation on microprocessors, memories,
digital and linear peripherals and
development systems. A$225-million
dollar reputation.
There's alogical next step, and
this is it.

ANNOUNCING THE
ADVANCED MICRO DEVICES
SCHOOL OF
ADVANCED ENGINEERING.
If you'd like to know all there is to
know about our parts, come to our
new School of Advanced Engineering.
You'll find it in our Customer Education
Center, a
complete
educational
facility
designed just
for you.

FIRST
THE PARTS.
NOW
THE SMARTS.

There's no better way to learn all
about the AmZ8000 and Am2900
families. To get hands-on experience
with our development systems and
evaluation boards. To find out about
everything from microprogramming
to PASCAL to microprogrammable
computer architecture.
Although our School of Advanced
Engineering is new, we've been teaching the courses for years. And our customers have told us our courses are
the best. Clear. Quick. To the point.
Send in the coupon and we'll send
you all the details on our School, our
staff, our courses. If you can't come to
us, don't worry. Ask us about arranging aseminar in your area.

The Advanced Micro Devices
School of Advanced Engineering.
Because these days, you need all the
smarts you can get.

Advanced Micro Devices
Customer Education Center
490-A Lakeside Drive
Sunnyvale, CA 94086
I
want all the smarts Ican get. Send me your brochure
on the School of Advanced Engineering.
Name
Title
Company
Address
City

State

Advanced Micro Devices a
901 Thompson Place, Sunnyvale, CA 94086
Toll Free phone: (800) 538-8450, ext. 2325, 3665

Zip
1/31/80E
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DA50- 1H

DAR200.1H

OAX500•2H

SPECIFICATION
Model

DA50- IH

DA200- IH

DAX200- IH

DAX300- IH

DAX300-2H

Output Power

50VA

200 VA

200 VA

300 VA

300 VA

500 VA

Input Voltage

DC11 -I6V

DCI I—16V

DC11 — 16V

DCII —16V

DC22-32V

DC22— 32 V

DAX500-2H

Output Voltage

AC115(230) V

ACI15(230) V

ACI15(230) V

AC115(230) V

AC115(230) V

AC1151230) V

Outpdt Regulation

I.ess than

•7i%

Less than 15%

Less than ±-5%

Less than ±5%

Less than t3%

Less than ':3%

Output Distorsion

I.ess than 1(1%

Less titan 10%

Less than 5%

I.ess than 5%

Less than 5%

Less than 5%

Dimension limil

178.110 x233

178 ,153 ,213

180 x183 x261

180 x183 x391

180 x183 x391

220x 350 x300

6.7i

7.0

12.0

Weight

(
kg ,

0.n

KOJIMA ELECTRIC MFG. CO., LTD.

Agency Open for some areas
New Fork, Chicago & Los Angeles

Phone
Tokyo Office

06 3Ki.iiri23

Cable. "KoJNIANIFG OSAKA"

3.15.3. Toyotaritakiia. Nerinia-ka. Tokyo 176. Japan
Phone :‘113*16•1:112
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C©ferPOCI
microsystems

DB/65

If you were designing the ideal 6500 development
system, what would it contain?
How about — in circuit emulation, hardware breakpoint, powerful debug monitor, symbolic disassembly,
on-board ram, scope sync and lots of switches for
versatile operation.
Oh yes, you'd also want a low price of around $1450
(U.S. only).

224 SE 16th St.
P.O. BOX 687
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AMES, IA 50010
(515) 232-8187

• Solid-state electrochromic displays are a tempting target for
researchers. Their attractions include completely passive display
operation once written into and a
pleasing appearance, with deep blue
characters being formed on a white
ceramic background. Thus, while
such displays have yet to emerge
from the laboratory, progress is
being made at research installations
around the world.
One of the foremost workers in the
field is Mino Green, who heads a
small team plugging away at the
Department of Electrical Engineering of London's Imperial College
[Electronics, Jan. 18, 1979, p. 67]. A
year ago, Green thought he could
have a working seven-segment display within 12 months, a development that truly would be a landmark. However, no display has
emerged, and "pray God we get
around to making one in 1980," says
Green. The trouble is that "we are
only a small operation, not a big
industrial enterprise," he explains,
adding that he puts a higher premium on understanding basics. "But I
do not see any basic fabrication
problem," he says.
In the past year, says the researcher, "we have developed a more
detailed knowledge of how these
things work," and this has added to
his confidence that the technology
will ultimately work. "Test cells on
life tests have now clocked 10 million
operations with no problem at all,"
he discloses, "and the technology is
less power-hungry than we thought:
writing takes 2 milliamperes per
square centimeter at 0.6 volt."
Read/write time varies from 1
second at room temperature to a
tenth of a second at 55 °C—a speed
that is adequate for line and character display, though it could be
improved, says Green. The problem
is that the speed is highly voltagesensitive, but Green believes that
difficulty can be solved by finding
electrolytes with a lower resistance
and by improving the mobility of the
sodium ions as they penetrate the
tungsten trioxide chromic compound
that forms the cell's outer layer,
turning it blue.
-Kevin Smith
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when you can have a

Our basic miniature snap action precision switch (up above)
is the standard of the industry. 34,816 variations make it
the standard of the switching world.
Example: Our miniature comes in 17 standard actuators...
plus 43 more special forms and shapes already tooled (like the
examples down below)... plus Cherry will produce any design your
application needs. The standard actuators alone range from as
high as 400 grams operating force at 15 amps to an operating
force as low as 2grams at 3amps.
Example: Our miniature comes in your choice of five (count
them!) five ratings— from 0.1 amp gold crosspoint contacts ...to a
full 15 amps. With 3. 5and 10 amps in between.

CHERRY ELECTRICAL PRODUCTS CORP. 3608

Then there's our choice of terminals: screw, solder or QC. And,
our choice of circuitry: SPDT, SPST/NO or SPST/NC. Add it all
up and you'll come to three conclusions:
1. This is the most versatile miniature switch
you can spec —34,816 times over.
2. Only Cherry— with 25 years of snap switch
experience— could offer such alollapaloosa at
the right price...with the right delivery dates.
3. You need our complete catalog...and
free sample switch. Just call...write...or
TWX... say "Lollapaloosar... and we'll send
you both. Free. No strings.

Sunset Avenue Waukegan

IL 60085-312/689-7700—TWX 912/235-1572
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People
Kalb brings Silicon Valley
outlook to DG engineering

TRW Optron
REFLECTIVE OBJECT
SENSORS
NEW, LOW COST DEVICES
OFFER HIGH RELIABILITY
FOR NON-CONTACT SENSING
TRW Optron's new OPB 706 and OPB
707 reflective object sensors provide
solid state reliability at a low cost for
non-contact sensing applications.
Ideal applications for the OPB 706
and OPB 707 include detection of
edge of paper or cards, EOT/BOT
sensing, tachometers, motor speed
controls, and proximity detection.
The devices combine a high efficiency solution grown gallium arsenide infrared LED with asilicon N-P-N
phototransistor (OPB 706) or
maximum sensitivity photodarlington
(OPB 707) in a plastic package. The
photosensor senses radiation from the
LED only when a reflective object is
within its field of view.
With LED current of 20 mA, the output of the OPB 706 is typically 750 µA
when the device is positioned 0.050
inch from a 90% reflective surface.
Under similar operating conditions,
the output of the OPB 707 is typically
35 mA.
A built-in light barrier in both devices
prevents response to radiation from
the LED when there is not areflective
surface within the field of view of the
sensor. With no reflective surface, the
maximum sensor output due to
crosstalk between the sensor and LED
is 0.200 µA and 10 µA for the OPB 706
and OPB 707.
The OPB 706 and OPB 707 and
other low cost, high reliability TRW Optron reflective transducers are immediately available. Custom designed
versions are available on request.
Detailed information on the OPB
706 and OPB 707 reflective object
sensors and other TRW Optron optoelectronic products . .chips, discrete components, optically coupled
isolators, and interrupter assemblies
..
is available from your nearest TRW
Optron sales representative or the
factory direct.

TRWOPTRON
A DIVISION OF TRW INC
1201 Tappan Circle
Carrollton. Texas 75006. u ,
TWX-910-860-5958
214/242-6571
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His colleagues agree that Jeffrey C.
Kalb, Data General Corp.'s new vice
president of engineering, looks like
the right man in the right place at
the right time.
Kalb comes to the headquarters of
the Westboro, Mass., firm from his
position as head of its Sunnyvale,
Calif., semiconductor operation.
Now he will have the sole responsibility— from the mechanical side of
peripheral devices to the software
needed to make systems run.
Kalb replaced Carl D. Carman as
DG's engineering czar, and he says
that he will probably impose asomewhat more structured style on engineering management. "That doesn't
mean a clampdown," he is quick to
point out. "I like the multidisciplinary team-engineering approach already in use. With so much of lifecycle cost coming to consist of software and support, that seems to be
the best way to approach computer
systems design. But though Iwant to
allow engineers maximum flexibility
and room to innovate, at some point
their efforts have to tie into corporate goals."
Thus, "I suspect we will see more
product reviews, program definitions, market analyses, etc.," says
Kalb, adding, "in fairness to Carl
[Carman], Iwill probably need more
of this than he might have; he had a
feel for product development based
on years of experience."
But the system is different today
from when Carman took the position. "He started in when there were
less that 100 engineers aboard; now
there are more than 500, and many
are doing different sorts of things.
That simply takes adifferent form of
management. The challenge, as Isee
it, is to keep engineering productivity
high while DG goes through what
some are calling a period of growth
through change."
The change is nothing more than
the company's posturing itself for
the new sorts of markets it will face
in the 1980s. And with one key trend
pointing toward higher-complexity

New perspective. Jeffrey C.

Kalb

will

involve semiconductor more in DG plans.

solid-state devices, Kalb, with his
Silicon Valley background, seems
truly to be agood match for the time
and the circumstances.
And, sure enough, he plans to "involve DG'S semiconductor group
more in the future. Many engineering decisions dealing with architecture, components, and so on relate to
semiconductor technology. In some
firms, impressions of what is possible
are gained only through vendors, and
sometimes those impressions are not
too accurate. Our Sunnyvale operations will be able to give our East
Coast engineers a better feel for
realities and the 'what if' impacts of
new technology on potential hardware and software."

Young wants IEEE's voice
to be amillion strong
On Jan. 4, the Association of American Engineering Societies met for
the first time to discuss the problems
affecting engineers of all disciplines.
Representing electronics engineers
at that meeting was Leo Young, 53,
recently elected president of the
IEEE. Young has taken the IEEE into
the AAES, in the face of some rankand-file resistance, because he believes sheer numbers will eventually
help get engineers' problems publicly
aired and solved. "For instance, if
the IEEE is anxious to get something
done—say, about pensions—and we
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PDP11/03® PDP11/23®
MICROCOMPUTER SYSTEMS

P=P<H®
FIRST COMPUTER CORPORATION NOW OFFERS
MICROCOMPUTER DEVELOPMENT SYSTEMS IN BOTH
1103 AND 11/23 CONFIGURATIONS.
11T03-L
PART

11V03-L

SRVXLLB

SRVXSSB

The Basic PDP-11 03 systems offer the designer o
low cost compotible alternative to the larger
members of the PDP-11 family. The larger foster
PDP-11 23 systems offer the power. expandability
and operating systems of the larger members of the
PDP-11 fomily while retoining the proven cost
effective Q-Bus architecture. These systems save
you money, improve programming efficiency. and
boost productivity.
11T23-L
SRWXLLA

KO 11-HA
CPU 11/03

KD11-HA
CPU 11/03

KDFI 1
CPU 11/23

KDF11
CPU 11/23

MSV11-DO
32KW Memory

MSV11-DD
32KW Memory

MSVI 1-DD
32KW Memory

MSVI 1-DD
32KW Memory

RLO1
Controller

RX02
Controller

MSV11-DD
32KW Memory

MSV11-DD
32KW Memory

RLO1
Controller

DLV11-J
Serial 14)

DLV11-J
Serial 14)

OPEN

BACKPLANE

RLO1
Controller

RX02
Controller

RLO1
Controller

DLV11-J
Serial 14)

OPEN
OPEN
OPEN
BDV1 1-AA
Bootstrap

BDVI1-AA

Bootstrap

BDVil-AA
Bootstrap

Serving the world with cost effective computer systems.

Ent computer corporation
TM

TWX NUMBER 910-651-1916

corporate square/825 north cassavenue/westmont, illinois 60559/(312)920.1050

'"Trodemork First Computer Corporation

'Registered trademark of Digital Equipment Co
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CURSED
ALIAS
The new Precision 616 cuts
clean with programmable
ease. 80 dB/octave attenuation slopes and time domain
filters superior to Bessel.
Up to 16 filter channels,
programmable for gain
and cutoff frequency
Interfaces with mini,
micro or GP1B Typical

phase match is
with worst case of 2°.
You get performance that
used to require acustom
instrument, without paying
acustom price.
Call Don Chandler,
607-277-3550,
or write for complete
specs and ademonstration.

PRECISION FILTERS, INC.
303 W Lincoln, Ithaca, N Y 14850
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FREE
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Brochure describes Electronics
editorial reprints, services, books ...
•More than 70 article reprints in 15 subject
categories
•Handy wall charts
•Custom-made reprint services
•Books especially for Electronics' readers
•Convenient postage-paid order cords
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For your free copy,
circle #275 on the
reader service cord.

Joiner. President Leo Young feels IEEE wit
be stronger in new alliance.

say we speak for 150,000 electrical
engineers, people listen. But if we
say we speak for 1million engineers
and scientists, they will listen a lot
harder," he says.
Young, who collected signatures
to get on the last IEEE ballot, won on
a platform of many planks, all of
them supporting the policy that the
IEEE has to serve the professional
needs of the engineer. "If Icould
condense everything into one phrase,
it would be 'career maintenance',"
Young says. "The IEEE is not there
just to publish technology—although
this is alogical extension of its work.
Its emphasis and focus should be on
careers, of which technology is the
biggest, but not the only, part."
As well as taking the IEEE into the
AAES and continuing the fight for
pension rights, Young wants to
obtain a closer interaction between
the various societies within the IEEE,
hoping to establish technical crossties to give the engineer more flexibility in his career path. "We're
going to let the Computer Society
run with the ball at first. This technology is more pervasive than others,
so we'll see what the computer needs
are in some of the other societies,"
Young observes. "The IEEE has
become abit too compartmentalized.
We need connections across the
society's boundaries." It looks as if
the IEEE will be crossing some
boundaries of its own under Young's
direction over the next year.
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YOUR CHIPS COME IN
MITEL'S
`CHIP+ CHIP'
TOUCH-TONE
RECEIVER.
At Mitel Semiconductor, we
practice one-upmanchip.
The MT8860 DTMF Decoder
and the MT8865 Band Split
Filter are the lowest cost
100 per cent semiconductor
solutions to acomplete
DTMF receiver available.
Smaller than conventional
receivers, this chip-set
features separate filter
and decoder components
with applications ranging
from switching systems to
mobile radio.

FEATURES
• 12 mW power dissipation.
• Single supply voltage from
4.5 to 13 volts.
• 14 dB signal to noise ratio.
• Exceptionally low talk-off
rate (less than three hits on
Mitel test tape).
30 dB dynamic range.
30 dB precise dial tone
rejection.

Now available for
immediate delivery.
LAUNCHING THE CHIPS OF TOMORROW.

MITEL SEMICONDUCTOR
United States: 1735 Jefferson Davis Highway, Suite 1009, Arlington, Virginia, U.S.A. 22202. Telephone 17031 243-1600
1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083. Telephone 12151449-5556.
2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone 17141 276-3421.
Canada: P.O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone 16131592-2122,
Telex: 053-4596, TWX: 610-562-8529.
18 Airport Blvd., Bromont, Quebec, Canada JOE 1LO. Telephone 15141 534-2321, Telex: 05-267474.
Europe: Hamilton Road, Slough, Berkshire, England SL I40Y. Telephone 0753-36137, 0753-36138, Telex: 847730
Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone 1011 119302, Telex: 27246
Asia: Park-In Commercial Centre, Suite 1423, 56 Dundas Street, Mong Kok, Kowloon, Hong Kong.
Telephone 3318256, Telex: 64235,
Circle 17 on reader service card
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LS! Breakthrough for Analog

Intel announces the 2920 Signal Processor,
first general purpose, real-time system on achip.

Good news for analog designers.
Intel breaks anew barrier in
microelectronics: The first intelligent chip powerful enough to
process analog signals in real
time. Plus acomputer-aided
development package to help
speed your systems to market
faster than ever before.
Intel's 2920 is acomplete,
micro-sized signal processing
system that packs the equivalent
of over 18,000 transistors on a
single chip. It operates hundreds
of times faster than current digital
processors. And best of all, the
2920 allows designers to program system values quickly, instead of having
to match and tweak components.

assured to adegree not possible
with previous methods.
Micro-processing for
the real world
Applications for the 2920 are
as broad as your imagination. Since
analog designers can program the
2920 processor to perform alarge
number of standard building block
functions, the chip can be used as
an entire subsystem. Implement
such functions as complex filtering,
waveform generation, modulation/
demodulation, adaptive processing,
and even non-linear functions.
This broad capability makes the
2920 an ideal single chip solution
for virtually any application in the
DC to 10 kHz range.
Arid like the digital microprocessor, the 2920 is destined to create
entirely new classes of applications:
products that are smaller, simpler,
and less costly to produce. It gives a
competitive advantage to companies
in such areas as process control, test

far less complex than the component
matching it replaces. Most importantly, Intel provides the complete
support tools and design workshops
you need to start designing 2920
systems today.
Our SP20 Support Package and
Intel's Intellec® Microcomputer
Development System allow you to
develop and debug by simulating
your system in software. Just program
functions according to your system
schematic, then specify input and
operating values. Together, Intel's
development aids let you see how
your system will work before you
even build aprototype. Best of all,
because you develop in digital code,
your prototype system will be duplicated precisely in manufacturing.

A revolution in analog design
Start making news with
From the beginning, LSI techyour
product
nology has helped designers achieve
Everything you need to begin
dramatic improvements in product
designing anew generation of realsize, design cycles and manufacturing
time analog processing systems
economics. But until now, the speed
is here today: Intel's 2920 Signal
and complexity of analog processing
Processor, SP20 Suphas stood in the way of
port Package, and the
general purpose, single
Intellec Development
chip solutions for realSystem. For detailed
time applications.
information, including
Today, Intel's 2920
our new 2920 broSignal Processor brings
chure, plus aschedule
the power and flexibility
of Intel's nationwide
ANALOG
of LSI to the analog
OUTPUTS
2920 Design Workworld. Because of its
shops and Seminars,
size, the 2920 can fit in
contact your local
spaces too compact for
Intel sales office or
traditional analog
Functional Block Diagram of the 2920 Signal Processor
distributor. Or write
solutions. Because the
Intel Corporation,
2920 is programmable,
Literature
Department,
3065 Bowers
and instrumentation, guidance or
product development and time-tocontrol systems, telecommunications, Avenue, Santa Clara, CA 95051.
market are speeded significantly.
Or call (408) 987-8080.
speech processing, and seismic or
Finally, because the 2920 is asolid
sonar signal processing.
state device produced with Intel's
proven NMOS process, reliability
How the 2920 simplifies
and manufacturing repeatability are
system development
Europe: Intel International, Brussels. Belgium. Japan:
Intel Japan, Tokyo. United States and Canadian distributors:
Programming Intel's 2920 Signal
Arrow Electronics. Alliance. AlmaciStroum. Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Processor is fast and easy to learn—
Components, Pioneer, Wyle/Elmar, Wyle/Liberty,

mU ®
delivers.

L.A.Varah and Zentronics.

Circle 19 on reader service card

IT WOULD BE APITY
TO LET THIS KIND
OF RESOLUTION BE USED
ONLYfOR
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Sony color picture tubes are now
available for avionics use.
The same Sony picture tubes that many
believe to produce the clearest, brightest, sharpest color television pictures available today.
The same patented one-gun Trinitron
tubes that can be found in almost every television
station in America.
If you're in the process of designing
SHARPEST,CLEAREST PICTURE TUBE IN YOUR
avionics systems, the uses of Sony Trinitron tubes THELIVING
ROOM CAN NOW OFFER YOU THE
CLEAREST PICTURE OF THE WEATHER.
should be obvious.
Everyone knows, for example, that color radar is only as accurate as the
color. What better tube to use than Sony? (Leading manufacturers already use
Trinitron tubes in their color radar systems.)
Sony Trinitron color tubes
can be incorporated into the next
generation of avionics and
air-route traffic-control systems to
display en-route NAVAID
information, aircraft position,
approach plate data, and flight
routings. And because their
quality is so abundantly evident
(all you have to do is look), they'll
make any color display system
easier to sell.
IN VIRTUALLY ANY SITUATION, SONY TRINITRON TUBES LET THE BRILLIANCE
OF YOUR ENGINEERING SHINE THROUGH.
As you'd expect, Sony
tubes meet very high standards for durability and
shock absorption.
More importantly, they meet the standards
of Sony. A company whose reputation for quality
control is second to none.
For more information about the avionics
applications of Sony Trinitron tubes, write on your
company letterhead to Michael Schulhof, President,
Sony Industries, 9West 57th Street, New York,
USED IN ONBOARD NAVAID SYSTEMS,
N.Y. 10019.
A SONY TRINITRON TUBE CAN MAKE EVEN THE MOST
COMPLICATED APPROACH PATTERNS EASIER TO USE.
Better still, go to any store that sells television
sets and witness the superiority of Sony Trinitron tubes for yourself.
We've never put our name on anything that wasn't the best.
r 1979 Sony Industries. adivision of Sony Corp of America. 9West 57th Street, New York, N.Y 10019
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Sony and Trinitron are registered trademarks of the Sony Corp
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Ê!Î "AMP CHAMP
Connectors give me the design
flexibility I
need. And muss
termination helps cut my costs':

??
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The flexibility you need for cable-tocable, cable-to-panel, and p.c board
applications. All from the CHAMP family
of connectors. All with the cost saving
advantages of mass termination.
For example, CHAMP Latch ribbon
cable connectors allow you to mass
terminate .050" ribbon cable to standard
.085" centerline I/O interfaces.
With CHAMP ACTION PIN P.C.
board connectors, you have the
reliability, safety, and capability to
produce completely solderless
backplanes. Not to mention lower
production costs. And there are vertical,
edgeboard, and even right angle
versions available so you can mate
parallel to the board.
Plus, IEEE #488
approved connectors

and metric hardware, along with
CHAMP-LOK Connectors for the
simplest locking hardware you can buy.
It's all here. Design flexibility and
cost-effective mass termination. In one
connector family from AMP.
For more information about how
you can put that family to work for you,
call the CHAMP Information Desk
at (717) 780-8400. Or write us.
AMP Incorporated,
Harrisburg, PA
17105.

Some facts worth knowing about
CHAMP connectors:
Description: Acomplete family of
.085" tconnectors for cable-to-cable,
cable-to-panel, and pc board
applications. lntermateable with all
existing similar types.
Termination: Mass terminates
unstripped solid and stranded
(7 strand) wire, multiconductor cable
and certain ribbon and molded cable
on .085" or .050" centers.
Positions: 14, 24, 36, 50, and 64.
With achoice of mounting methods.
Wire size: 22-26 AWG (solid) and
22-28 AWG (7 strand) with insulation
diameters to .045" max.
ACTION PIN. CHAMP-LOK. CHAMP and AMP are
trademarks of AMP Incorporated

AMP has a better way.

Ali
Electronics/January 31, 1980
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Editorial

A signal from the Government
President Carter and his multitude of
challengers are not falling all over themselves
to explain to their fellow Americans why
silicon may have as important arole in the
economy as grain sales to the Soviet.
Sen. Adlai E. Stevenson III, for one, is
known to lament that reality, and so does
the staff of the Illinois Democrat's subcommittee
on international finance. But that does not
alter the fact that Stevenson was the only
legislator to turn out for mid-January hearings
that seek to shape anational policy on trade
in electronics and other high technologies.
"Issues like these unfortunately lack the sex
appeal of an embargo on grain sales to Russia,"
admits one Stevenson staffer, "and never get
broad media coverage." The trade press
reports them, of course, but readers of these
reports are aware of these issues already. For
the public in general, however, such issues
as trade in integrated circuits are too ambiguous,
mysterious, and plagued by statistics to
warrant attention.
That attitude compounds the problems of
avigorous and growing lc industry unwilling
to stand by while what it sees as unfair foreign
competition undermines its leadership position
in its own domestic markets. It was apoint
made clear to asympathetic Stevenson by
such industry leaders as Intel Corp.'s Robert
N. Noyce, testifying on behalf of the
Semiconductor Industry Association, and
24

Motorola Inc.'s John Welty, who spoke for
the International Business Council of the
Electronic Industries Association.
The fact that their concerns were supported
by the White House Trade Representative's
office was probably the most encouraging
sign of the session. "In trade policy development,
we must not, and will not, overlook the
legitimate trade problems of an expanding
successful industry simply because it has
unorthodoxly [sic] approached the Government
in health, rather than in serious injury,"
declared Robert Hormats, who carries the
rank of ambassador and functions as deputy
to U. S. trade representative Reubin Askew.
This signal by the Government that it is
now ready to support one of its leading
industries in gaining access to European and
Japanese markets equal to others' access to
U. S. markets is indeed encouraging. But it
is certainly not enough.
What U. S. manufacturers of Ics and other
high-technology products must do is take
their case to abroader segment of the U. S.
public than they are now reaching. Beyond
Adlai Stevenson are 99 other members of
the Senate and 435 members of the House.
Beyond them are the voters who must be
awakened to the fact that products made
from silicon will be just as critical as
products made from corn and wheat to the
long-term economic future of the nation.
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There's a place not far
from the main stream.
A place to put down roots.
A place where you can hike
or sail on Sundays, take in
aweeknight symphony or
explore the great outdoors.
Just minutes away from a
clean metropolitan skyline.
Skiing to the east, ocean
beaches to the west—
each less than two hours
drive. This is Oregon.
We've made it our
headquarters for thirtythree years. If you have
research, engineering,
marketing or software
development skills, write to
Bill Eppick, Professional
Placement. He'll answer
your letter and send you a
color print of this Oregon
scene if you request it. No
obligation.
Professional Placement
Tektronix, Inc.,
P.O. Box 500
E-2, Beaverton, Oregon
97077
An Equal Opportunity •
Employer (M,F, H).

Meetings

e

The Automated Office, American
Institute of Industrial Engineers,
(P. O. Box 3727, Santa Monica,
Calif. 90403), Twin Bridges Marriott Hotel, Washington, D. C., Feb.
11-13.
Third International Business Computing, Word Processing and Information Management Exhibition and
Conference (Info '80), BED Exhibitors Ltd. (Bridge House, Restmor
Way, Wallington, Surrey SM6 7BZ,
England), Cunard International Hotel, London, Feb. 12-15.

cc
cc;; 13'

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

•1979 salon official figures OJS controle office
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Computers in Manufacturing Conference, American Institute of Industrial Engineers (P. O. Box 3727,
Santa Monica, Calif. 90403), Airport Park Hotel, Inglewood, Calif.,
Feb. 25-27, Ambassador West Hotel, Chicago, March 19-21, and
New York Statler, New York, April
30-May 1.
Compcon80, IEEE Computer Society
(999 N. Sepulveda Blvd., Suite 410,
El Segundo, Calif. 90245), Jack Tar
Hotel, San Francisco, Feb. 25-28.

Isscc '80, International Solid State
Circuits Conference, IEEE and the
University of Pennsylvania, San
Francisco Hilton Hotel, San Francisco, Feb. 13-15.

Diamond Jubilee Exhibition, Society
of Automotive Engineers (400 Commonwealth Dr., Warrendale, Pa.
15096), Cobo Hall, Detroit, Feb.
25-28.

Southwestern Tool and Manufacturing Engineering Conference and Exposition, Society of Manufacturing
Engineers (P. 0. Box 930, Dearborn,
Mich. 48128) and National Tool,
Die and Precision Machining Association, Albert Thomas Convention
Center, Houston, Texas, Feb. 19-21.

Conference on Industrial Investment
Opportunities in Morocco, Moroccan
Industrial Development Office (821
U. N. Plaza, Suite TM-606, New
York, N. Y. 10017), Rabat, Morocco, Feb. 25-29.

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.)
First International Conference on
Bubble Memory Materials and Process Technology, American Vacuum
Society (2030 Alameda Padre Serra,
Santa Barbara, Calif. 93103), Santa
Barbara Riviera campus, Feb.
20-22.
Word/Text Processing, American
Institute of Industrial Engineers,
(P. O. Box 3727, Santa Monica,
Calif. 90403), Ambassador West
Hotel, Chicago, Feb. 20-22.
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Software Quality Assurance and
Configuration Management Seminar,
American Institute of Aeronautics
and Astronautics (P. O. Box 91295,
Los Angeles, Calif. 90009) et al.,
International Inn, Washington,
D. C., Feb. 21-22.

13th International Instruments, Electronics and Automation Exhibition,
Industrial and Trade Fairs Ltd.
(Radcliffe House, Blenheim Court,
Solihull, West Midlands B91 2BG,
England), National Exhibition Centre, Birmingham, Feb. 25-29.
Conference on Laser and ElectroOptical Systems/Inertial Confinement Fusion, IEEE, Optical Society
of America (200 L St. N. W., Washington, D. C. 20036) et al., Town
and Country Hotel, San Diego,
Calif., Feb. 26-28.

Short courses
Printed-Circuit Boards Update, Holiday Inn Center Park, San Jose,
Calif., Feb. 19-21. Write to Society
of Manufacturing Engineers, P. O.
Box 930, Dearborn, Mich. 48128.
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New Military Intelligence
Here's the G-2 for systems designers on all three
of Intel's advanced military microprocessors.
It's no secret that Intel invented
the microprocessor. Or that our
8080A was the first microprocessor
to receive JAN approval. Today,
Intel offers abroader range of
military microprocessors than any
other supplier.
M8080A, M8085A and M8048
are mil-spec versions of three
proven, industry standard 8-bit
microprocessors. They're part of
Intel's plan to continue upgrading
the world's highest performance
LSI microcircuits to military
standards.
Strength in numbers with
JAN -approved 8080A
When you're designing with
advanced LSI technology, there's
strength in numbers—and
experience. Our 8080A
is agood example. It's
the most widely used
microprocessor ever. And
best supported by hardware
and software. No wonder its
military equivalent was the
first QPL Part Ilisted microprocessor (M38510/42001BQB).
We've already delivered thousands
to military users.
For even higher performance:
M8085A
Our M8085A is the world's
highest performing military 8-bit
microprocessor. It gives you 50%
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faster processing than the M8080A
with 66% fewer components in
abasic system. For acomplete high
performance 5V military microprocessor system, build with our
M8155 256-byte RAM with
I/O and timer, our M8212 8-bit
I/O port and M2716 EPROM.
First military computer-ona-chip: our M8048
For designers developing military
controller solutions, Intel's new
8-bit M8048 microcomputer

is ideal. It gives you CPU, RAM,
ROM and I/O ports all on asingle
chip. For prototyping, you can
even use our user-programmable
M8748 EPROM version of the
M8048. A companion single-chip
microcomputer, the M8035L,
gives you M8048 performance
using external memory.
Our military support strategy
We support our three military
microprocessors with afull range of
mil-spec RAMs, EPROMs, bipolar
PROMs and peripherals. All are
processed to full level Brequirements of MIL-STD-883B, Method
5004 and quality conformance
procedures of Method 5005. To
ensure asmooth, cost-effective
design, use our Intellec® Development System for both hardware
and software development.
For more information on Intel's
complete family of military
microprocessor devices, contact your local Intel distributor or write Intel
Corporation, 3065
Bowers Avenue,
Santa Clara, CA
e 95051. Or call
(408) 987-8080.

delivers.
Europe: Intel International, Brussels. 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/Elmar, Wyle/Liberty. L.A. Varah
and Zentronics.
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We didn't get to the
the most 8-bit
he record speaks for itself. An
The
survey revealed that
during the first 9 months of 1979
General Instrument had topped all
rivals by delivering over two and
one-half million 8-bit microcomputers. That's more than twice as
much as our nearest competitor.
While it is a most impressive
record, to be sure, its adirect reflection of the success and acceptance
of General Instrument's philosophy:
To provide products of consistent
high quality, backed by comprehensive support and customer service,
at competitive prices. Simply stated,
we deliver more 8-bit microcomputers, because our microcomputers
deliver more to our customers.
Specifically, our popular PIC
family consists of the PIC 1650A with
512, 12-bit words of Read-OnlyMemory, 32, 8-bit bytes of RAM, 32
I/O lines, real-time clock counter
and two-level stack, packaged in a
40-pin DIP. The PIC I655A is a
reduced I/O version,20 I/O lines,
packaged in a space-saving 28-pin
DIP. Another version, the PIC 1656,
has both external and internal interrupts, three-level stack and 20 I/O

8-BIT MICROCOMPUTERS SHIPPED
THE FIRST THREE QUARTERS OF 1979

1000K

GENERAL
INSTRUMENT

COMPANY
A

COMPANY

COMPANY
Source DATAQUE ST

lines in a28-pin DIP. A development
microcomputer, without the ROM, is
also available.
All PIC series chips feature a
powerful I2-bit instruction set, instead of the usual 8-bit instruction
word offered by other manufac-

turers, which allows applications
with far less ROM.
So much for what we make.
What our customers make of it is
something else again. Our 8-bit
microcomputers have proven them-

top by just delivering
microcomputers.
selves in a wide variety of applications, including vending machines,
consumer appliances such as washing machines and vacuum cleaners,
electronic games, keyboards, display drives, TV/radio tuning systems,
industrial timers, motor controls,
security systems and automotive
dashboard instrumentation. And as
long alist as we may come up with,
it still isn't long enough, because

even as you're reading this, someone
is designing a PIC into yet another
challenging product application.
No matter how good aproduct
may be—and ours is second to
none — it needs the proper support
to realize its full potential. Which is
why we offer a complete, inexpensive set of hardware and software
aids. This helps our customers in
their design, development, and evaluation of a particular application.
Software includes PICAL, atwopass assembler program, which
allows the use of mnemonics and
labels when writing the application
program. By attaching our PICES

In-Circuit Emulation System to any
host computer, you instantly have a
single-station PIC development system. Rounding out the support
group is the PFD Series of PIC Field
Demo systems which emulates the
PIC Product Line, enabling the demonstration of an application program
in the field before it's committed to
amasked ROM.
And, as you'd expect, we provide a complete library of information documenting all there is to
know about our systems, including a
PICAL User Manual, PICES Data
Manual, PIC Handbook and PFD
Series Data Manual — all yours for
the asking. For more information,
write or call General Instrument
Microelectronics, 600 West John
Street, Hicksville, New York 11802,
or call (516) 733-3107.
We help you compete.

GENERAL
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22 new bus transceivers.
First quad tridirectionals ever.
More octal bidirectionals too.
Low-Power Schottky innovation from
Texas Instruments.
Here's anew line of bus
system performance.
transceivers from Texas
TI's continuing comInstruments that offers
mitment to innovative
a choice of true or inLow-Power Schottky
verting logic in 3-state
technology means that
or open-collector outyou can continue to deputs — plus, the
sign with confidence —
industry's first quad tritapping the industry's
directional transceivers.
broadest product line.
Among the new quad
For every low-power,
transceivers are trihigh performance applidirectionals (LS440
cation — whether it's
through LS444, LS448)
military systems, data
and bidirectionals with
processing, telecomindividual direction conmunications, process
trols (LS446, LS449)
control — and much
The new octal tran:more.
ceivers, all bidirectional,
And there's much
include some with local
more on the way from
bus-latch capability
TI. In addition to those
(LS620 through LS623),
devices already introexpanded versions of
duced, over the next
the popular LS2 45
few months we'll be in(LS640 through LS645)
troducing more new
and some with input This is the second in asertes of innovative Low-Power Schottky devices TI is devices in the Low D registers (LS64 6 introducing over the next few months. Watch for the new Memory Mapper Power Schottky Family.
announcement and find out how you can replace 26 components with, one
through LS649).
You'll want to watch
Features common to 40-pin package.
for them. Because, like
all device types include: asynchronous
input may be used to disable the devices the new bus transceivers, and the proven
communication between data buses; onso that the buses are effectively isolated.
performance of TI's existing Low-Power
chip bus selection decoding; input hysJust examine the options and you'll see Schottky line, they'll go a long way toteresis for improved noise margins;
how flexible the new line of transceivers ward making your design job easier.
control function implementation for maxfrom Texas Instruments can make your
imum timing flexibility; operation over
next design job.
For the widest range of effective bifull commercial and military temperature
An additional option on the LS640 polar state-of-the-art solutions, turn to
ranges.
through LS645 devices is the ability to the leader. Turn to Texas Instruments for
For the first time the designer has a sink 48 mA instead of the conventional 24
more Low-Power Schottky innovation.
choice of selecting inverting, nonmA. Parts with this capability are desigTI's new bus transceivers
inverting, or a combination of inverting
nated with a"-I" following the standard
are available at your nearest
and non-inverting data paths with either
part number.
authorized TI distributor.
3-state or open-collector outputs.
Like all TI Low-Power Schottky
For more information write
The direction of data transmission for
circuits, these new devices are low- to Texas Instruments Incorall devices is controlled by the logic level
cost and feature less heat genera- porated, P.O. Box 225012,
at the direction control input. The enable
tion, increased densities and improved
M/S 308, Dallas, 'Ibxas 75265

TEXAS I
NSTRUMENTS
©1980 Texas Instruments Incorporated

INCORPORATED
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People have all kinds of reasons
for moving to Florida.
We offer you aspecial reason.
Your career.

Florida is more than aplace for growing oranges and suntans.
Today, careers grow here, too. In athriving electronics industry
that we helped to build.
At our Miami headquarters, we design and build state-of-the-art
data communications equipment. Our customers include many of the
world's largest airlines, banks, government agencies, and more than
half of the Fortune 500 companies. Dynamic applied research
and development programs keep us right on the leading edge of
data communications technology. We intend to stay there.
That's why we're looking for the best people available.
If you're experienced in communications hardware or software,
we can offer you the perfect career combination—challenge, security,
satisfaction, and reward. We have important openings at every level.
Send today for acopy of our "Opportunity Portfolio:' You'll learn
about building an exciting career (and discovering aspecial lifestyle) *
with Racal-Milgo in Florida.

Racal-Milgo .
Employee Relations Department
Racal-Milgo, Inc.
8600 N.W. 41st Street, Miami, Florida 33166 Telephone (305) 592-8600
'All photographs shown are Racal-Milgo employees or their families.
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Electronics newsletter
Fiber optics shows
mettle in watery
application for Navy

Electrophoretic
display occupies

Fiber optics continues to be the transmission line of choice for harsh
environments. The latest example: ITT'S Electro-Optical Products division
in Roanoke, Va., has installed a six-channel 4-km cable underground in
what it refers to as a"generally water-filled duct." Though such immersion might be sudden death for aconventional electrical cable, the fiber,
made of dielectric material, is not bothered. More than 10 mb/s can be
handled by the installation at the Navy air station in Norfolk, Va.

According to Webster's, "electrophoresis" is the movement of suspended
particles through afluid by an electromotive force. But it also describes a
technology around which Exxon Enterprises Inc. has formed a new

new Exxon venture

electronics venture that is expected to yield its first fruits for only year or
more from now. Called Electrophoretic Information Displays, or EPID, the
new division is understood to be engaged in the research and development
of anew display product, possibly flat-screen.

Analog Devices

The potentially rich automated test equipment market these days has
tempted aNew England company to broaden its diet. Hybrid component
maker Analog Devices Inc. of Norwood, Mass., is going after its first slice
of the ATE pie with a benchtop linear lc tester slated for delivery at the
beginning of May. The tester will be built around a 16-bit TMS
990/100M microcomputer from Texas Instruments Inc. and offer IEEE488 bus control, two RS-232-C interfaces, and disk program store.

Joins ATE race
with benchtop unit

Mostek to unveil
Its versions of
8086 and controller

New firm lists
Pascal compilers
for Intel devices

Word processor
based on disk
to enter market
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Initial samples are expected around midyear of Mostek versions of the
16-bit 8086 microprocessor and associated 8259A interrupt controller.
The two devices, which the Carrollton, Texas, subsidiary of United
Technologies Corp. will build as a licensed second source to Intel Corp.
[Electronics, Nov. 23, 1978, p. 46], will be available concurrently late in
the second quarter or early in the third quarter, Mostek officials say. Also
definite now are Mostek plans to produce asecond-source version of the
8088, an 8-bit implementation of the 8086, about six months later.

Language Resources Inc., the Sunnyvale, Calif., software company
founded by former Intel Corp. employees, will make available native code
Pascal compilers for Intel's 8080 8-bit and 8086 16-bit microprocessors
during the second quarter. The first compiler will execute on Intel
development systems, and later versions will execute as cross compilers
on large machines. These products will include a compiler for standard
Pascal, amacro-assembler, binding software, and library support.

Exidy Data Systems Inc. of Sunnyvale, Calif., will introduce adisk-based
word-processing system this April. The system will use full-sized disks and
will accept both single- and quad-density floppy disks. It is an expansion of
the firm's existing Sorcerer system. Exidy will enter the already crowded
field with what are expected to be two advantages: a keyboard that
provides for single-stroke commands; and a price that is aimed at the
lower end of the market, less than $4,000 for the basic computer system,
word-processing package, disk drive, and printer.
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V-MOS FETs take
price down to
bipolar level

Engineers in the '80s:
the ultimate
scarce resource?

Low-cost gyros
to improve breed,
broaden markets

Motorola Joins
Ilst of makers of
5-V 16-K RAMs

Addenda
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Siliconix Inc. of Santa Clara, Calif., is about to take the wraps off two new
high-voltage (400-v breakdown) v-mos power field-effect transistors that
are expected to herald the arrival of such devices at bipolar prices. What's
more, the devices will be the first at Siliconix to use a new high-density
process that enables the firm to price them about an order of magnitude
less than comparable currently available v-mos parts.

According to figures projected for employment needs and engineering
graduations, New England, and perhaps the entire country, may be as
much as 50% short of engineers and computer professionals by 1982-83.
The data, just released by the Massachusetts High-Technology Council,
appears to indicate that "there is just no way we can get enough engineers
into the educational pipeline fast enough to offset this shortfall."

Responding to increasing demand for medium-performance inertial guidance and control systems, the C. Stark Draper Laboratory Inc. has
established a new operation to develop and produce miniature gyros and
accelerometers with high parts commonality and innovative materials and
production techniques. The Cambridge, Mass., lab already has built apilot
run of molded plastic gyro systems with high price-performance ratio and
is experimenting with automated and robotic assembly techniques. The
effort, partly sponsored by the Air Force, would first be applied to tactical
weapons systems. However, the low-cost inertial sensors might be inexpensive enough for private aircraft and vessels and remotely piloted vehicles.

Samples are scheduled to be available later this quarter of the MCM4516,
a 16-K dynamic random-access memory from Motorola that requires only
asingle 5-v power supply. The device, organized as 16-K by 1(bit), is built
with the same HMOS process as that employed in Motorola's 64-K RAM,
the MCM6664. Single-supply 16-K RAM devices—which offer improvements over traditional three-supply 4116-type devices—are also planned
or announced by several other U. S. manufacturers, including Intel,
Mostek, National Semiconductor, and Advanced Micro Devices. In
Japan, Hitachi is also believed to be planning one.

Look for the Motorola Semiconductor Products Group to introduce a
data-encryption chip at the end of March. The single-chip device—dubbed
the MC6856 — will handle 400,000 b/s in a 24-pin package that is
compatible with either the 6800 or 8080 microprocessors. It is based on
the one available in Motorola encryption systems that have previously been
available [Electronics, June 21, 1979, p. 107] and will have secondary key
capability. ...The on-again, off-again merger of Sanders Associates Inc.
of Nashua, N. H., and California Computer Products Inc. of Anaheim,
Calif., is on again, and this time it looks as if it will stick. Proxy materials
have been sent to stockholders and they will vote on the merger at
meetings Feb. 15 and 16. ...Nippon Electric Co. has developed a 1-K
random-access mos memory with 8-ns access time. ...Clarence W.
Spangle will become president and chief executive officer of Memorex
Corp., Santa Clara, Calif., in March. He now heads Honeywell Inc.'s
information systems operation in Minneapolis.
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So few in the world
really make it in ROMs.
It's amazing, but there are only
afew semiconductor manufacturers
anywhere in the world with the needed
mastery of MOS programming techniques required today to make it big in
ROMs. Like Synertek.
We consider ROMs to be a
custom product. Depending on your
special needs, we offer three different
points of entry into our ROM production flow. After careful evaluation,
we recommend the one entry level
best for you.
At diffusion mask you get lower
cost and the highest volume 16K, 32K
and 64K ROMs in the business. For
fast turnaround to meet your prototype
or preproduction needs, we offer
a16K ROM metal mask option and a
32K ROM contact mask option.
Time tested and customer
proven results are what we're all about.
You can see them in our industry
standard bearers: SY2716 16K
EPROM, SY2316A/B 16K ROM,
SY2332/33 32K ROM, and the
SY2364 64K ROM.
For samples, data sheets, reliability reports and our information
packet on our comprehensive ROM
capabilities, contact Memory Product
Marketing direct at (408) 988-5611.
For Area Sales offices and distribution
references, call Headquarters Sales
direct at (408) 988-5607.
TWX: 910- 338-0135.
Synertek performs as amajor
MOS supplier of high volume parts
with advanced technologies and techniques behind everything we make.
ROMs. Static RAMs. EPROMs.
Custom Circuits. Single-chip Microcomputers. Systems. 6500 Microprocessors and Peripherals.
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SYNERTEK
3001 Stender Way, Santa Clara. California 95051
(408) 988-5600. TWX .910-338-0135.
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Fast HFOs
from inventory
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For years MMI has made the world's fastest FIFOs.
Now theyi-e even faster, and come in four-bit and five-bit versions.
Our standard FIFO—the 64 x4bit 67401—comes
with aguaranteed 10 MHz data rate ideal for disc
controllers, communications, signal processing
and more.
But now we're also offering the 67401A, with
15 MHz guaranteed, making it perfect for even
more demanding applications such as digital video.

MIL-STD FIFOs from inventory.

Also new. A 5-bit FIFO that reduces your
parts count.

The same devices come in mil-temp versions, and
can be processed to MIL-STD 883B. Get up to one
thousand off-the-shelf; up to five thousand in
six weeks.
For details and information on M MI's whole
line of FIFOs, write Applications Dept.,
Monolithic Memories, 1165 East Argues Ave.,
Sunnyvale, CA 94086. You can also get free
samples by writing to us on your company
letterhead and including adescription of your
application.

That's right. The 67402 and 67402A also
guarantee 10 MHz and 15 MHz data rates.
Combine these 64 x5FIFOs with our 4-bit
devices and create a9-bit organization
using two packages instead of three.

Monolithic
Memories

And we mean now! We have them in stock.
Each in space-saving 300-mil-wide packages with
industry standard pinouts.
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New! Our big, colorful 36-page catalog is
crammed full of exciting new instruments and
exciting new technology to help you save time,
money and energy in every corner of electronics.
By speeding your thought processes—and
extending your senses.
Imagine afamily of innovative instruments
that do incredible things; at incredible savings. A
versatile new counter-timer with literally
thousands of applications...a unique new
instrument that monitors up to 40 digital test
points at once... plus lots of other
exciting surprises!
Imagine amore logical way to test
logic—with compact, circuit-powered
instruments that illuminate digital problems
in the twinkling of aLED.
Imagine away to translate ideas directly into
working circuits—from asimple circuit to an entire
microcomputer—almost as fast as you can think.
Help yourself to our free new Catalog, just
bursting with smarter ideas in testing and design.
Send for yours today!

I
L

Continental Specialties Corp.
70 Fulton Terrace, New Haven, CT 06509
Send me your new catalog, crammed full

of smarter ideas in testing and design.
Name
Title
Company

Address
City
Phone

State

Zip

1

Smarter tools for testing and design.
CONTINENTAL SPECIALTIES CORPORATION
70 Fulton Terr .New Haven. CT 06509 (203) 624-3103. TWX 710-465-1227
OTHER OFFICES' San Francisco (415) 421-8872. TWO 910-372-7992
Europe CSC UK LTD Phone Saffron-Walden 0799-21682. TLX 817477
Canada Len Funkier Ltd .Downsview. Ontario

Available at selected local distributors
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Call toll-free for details

1-800-243-6077
During business hours
C Copyright 1980 Continental Specialties Corporation

Electronics review
Significant developments in technology and business

Instrument makers
score unannounced
bugs in GPIB chips
by Martin Marshall, West Coast Computers & Instruments Editor

Complaints cover
design idiosyncracies in
instrument-bus ICs
known to their makers
Semiconductor makers have a good
thing going in their general-purpose
instrument-bus chips because the
GPIB integrated circuits simplify the
interconnection of instruments with
the IEEE-488 bus standard. However, users report that virtually every
one of these ics comes complete with
bugs—design idiosyncracies that require care during system design so
that the chips will implement the bus
interface correctly.
Designing around these bugs is
not made easy for small instrument
manufacturers by secrecy at the ic
houses. "Designers from small instrument makers find themselves in
the position of rediscovering some of
the bugs when prior knowledge could
save a lot of effort," notes Bert
Forbes, president of Zia Tech Corp.,
San Luis Obispo, Calif. "When they
call up a manufacturer, he will
acknowledge the bug that the
designers found, but then he won't
tell them about the other bugs."
More complaints. Forbes is not
alone. The bugs and the secrecy of
the bug lists were ahot topic among
designers at the Automatic Test
Equipment Seminar and Test Instruments Conference held earlier this
month in Pasadena, Calif.
What kinds of problems crop up
with the GPIB chips? A sampling
includes:
• The interpretation of the end-ofinterval signal on Intel Corp.'s 8291
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talker/listener and 8292 controller.
They can act on the EOI message
asynchronously, which can lead to a
false data-valid message unless the
designer is very careful in timing the
sending of the data.
• The TMS 9914 will let information flow into an instrument faster
than the buffer of the latter's central
processing unit can handle it. Thus
other means have to be used to
control the not-ready-for-data line.
• A more recent entry, the Signetics
HEF4738 bus interface, may have a
problem with the unlisten message in
at least one application. Valhalla
Scientific Inc. of San Diego reports
UNL is not telling an instrument
to go into standby. Thus it stays on
the bus and responds to commands
intended for other instruments; al-

though Valhalla does say the problem may be in its system.
• With the Motorola 6848 GPIB
chip, an E01 signal leaves an end
message in the buffer, which then
goes out in the first byte of a new
message. Also, there are ghost interrupts produced by the byte-out
command followed by an attention
message or by an interrupt of aserial
poll.
Lists exist. Generally, such idiosyncracies are well known to the chip
makers. In fact, designers at the
Pasadena meeting complained that
the makers will provide lists of GPIB
bugs to large users, such as HewlettPackard Co., Tektronix Inc., and
John Fluke Manufacturing Co., but
not to low-volume users.
Intel says it has indeed given bug

Conferees look at logic analysis techniques
Signature analysis looks to be the digital service technique of the 1980s,
according to a panel at the Automatic Test Equipment Seminar and Test
Instruments Conference. Ease of use in the field by unskilled technicians is
the primary reason, they say.
The panel on logic analysis techniques included representatives from
Hewlett-Packard Co., which introduced the measurement technique [Electronics, March 4, 1977, p. 89], and from Tektronix Inc. and Millennium
Systems Inc., both offering signature-analysis gear. Also present were equipment manufacturers who are implementing signature analysis.
HP is perhaps the leader in implementing of signature analysis in their wide
range of products, but other manufacturers are reported to be using the
technique. Among them are Leeds & Northrup Co., Lanier Business Systems
Inc., Eastman-Kodak Co., and Racal-Dana Instruments Inc.
The technique is desirable for field servicing because the field technician
need only probe nodes in a circuit and check the signatures obtained with
those on a schematic. However, implementing the technique does require
extra design time on the part of the maker, and, of course, documentation of
the proper signatures is no small task.
When it comes to design development or production-line testing, logic
analysis and in-circuit emulation come into play, the panel agreed. Signature
analysis is almost entirely excluded from the design area because it does not
disclose the qualitative program-oriented information designers need. -M. M.
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lists to at least two major GPIB chip
users. "Yes, we have given bug lists
to HP and Tektronix, but that was
because they helped us develop the
chips," reports William R. Schillhammer, product marketing manager of data-communications peripherals in Santa Clara, Calif.
Marketing glitch. A spokesman at
another semiconductor company,
who asked for anonymity, says "We
don't like to publish errata sheets
because we feel it would give our
competitors an unfair marketing
advantage. They could run ads citing
the problems with our devices without mentioning the bugs involved in
their chips."
The chip makers also say that the

information on the bug list is available—to the right people. "Designers should be able to get that information from our field applications
engineers," asserts Don Phillips,
peripheral products marketing manager at Intel. "The people we won't
give that information to are those
who have no commitment to the
chips but are just shopping around."
On the other hand, "the month
delay in updating field applications
engineers can turn into a 2V2 month
delay if the timing of the bug discovery is wrong and if it takes a while
for the engineer to read the update,"
notes Gerald K. Mercola, president
of ics Electronics Corp., San Jose,
Calif.
-Martin Marshall

Photovoltalcs

Arco pact gives Ovshinsky up to $25 million
for development of his amorphous cells
The oil industry's high-roller mentality may be starting to shake the
photovoltaic cell business, in which
so many of its companies have
invested. In mid-January, Atlantic
Richfield Co. granted a $25 million
contract to Energy Conversion Devices, Troy, Mich., to develop amorphous silicon solar cells.
Besides the amount, which intrigued industry sources say is the
largest nongovernmental one of its
kind yet, the contract raises some
questions. "Presumably, for $25 million there's some solid technology

behind it," says aphotovoltaic veteran, "So what do they know that we
don't?"
Little to say. But answers are hard
to come by at Los Angeles—based
Arco, partly because of recent
changes in the management of Arco
Solar Inc., its Chatsworth, Calif.,
solar panel firm. A corporate spokesman says Robert R. Chambers, who
ran Arco Ventures Co.—a subsidiary that acquired and kept track of
Arco Solar—no longer heads it. But
he is mainly responsible for the $25
million award, of which Energy

Arco promotes crystalline cells, too
Whatever happens with amorphous cells, Arco Solar is aggressively pushing
its panels using conventional crystalline cells, such as this 7-kilowatt array.
Located in the Four Corners region where New Mexico, Arizona, Utah, and
Colorado meet, it has arow of 10 of Arco Solar's new 33-watt panels, four of
them wired in series to produce 48 volts dc and the rest in parallel. It is used
for cathodic protection by apipeline company, atechnique that keeps pipes
from rusting and deteriorating in the ground. Other applications include
powering a 300-kilometer communications link (a secure phone line from
Jedda, Saudi Arabia, to the Sudan) and providing power to part of the Winter
Olympics communications system at Lake Placid, N. Y. Prices of Arco Solar
panels run about $7 a watt. Some competitors see that tab as deliberate
underpricing to grab a market share: the industry price structure at the
moment is around $10/W.
-L. W.
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Conversion Devices received $8 million at the contract signing.
Chambers will not discuss the
details that led to the award except
to say "it's entirely for research and
development" and to call its head,
Stanford R. Ovshinsky, "a good
research man." A source familiar
with the award, however, cautions,
"Don't assume it's all for solar cells
or that alot of progress was made to
justify it." Arco will not get actual
devices from the Michigan firm.
Skepticism. Indeed, Department
of Energy and industry officials
remain skeptical about any technology advances in amorphous cells by
Energy Conversion Devices. "It's an
exciting area, and there's nothing
wrong with it, but they have a long
way to go," says one.
Amorphous silicon's random molecular structure, which can be built
up in thin film, should be cheaper
than crystalline silicon. However,
the conversion efficiency of sunlight
to electricity has been below 6%,
perhaps as low as 4.5%—and the
break-even point is 8%.
Ovshinsky says his amorphous
cells have a conversion efficiency of
about 10%, compared with the 10%
to 14% of crystalline silicon cells. He
also claims that the cost of electricity from production volumes of his
cells will be about 5¢ per kilowatthour — residential electricity now
costs about apenny less, and present
photovoltaic energy costs are about
14C/kw-h.
However, technical details on Ovshinsky's work are scanty. Also, his

company is target of asuit by United
Nuclear Corp., which had invested
$500,000 in the amorphous work in
a 1976 agreement. The long-term
commitments in the accompanying
contract are in dispute.
In 1978, Ovshinsky announced the
development of photovoltaic cells
from amorphous materials. But DOE
officials and other sources say RCA
Corp.'s Semiconductor division gets
the credit. RCA reported its work in

1976 and remains "first and best,"
says acompetitor.
The problem is pushing conversion
efficiency high enough to make
amorphous cells feasible, compared
with more costly crystalline structures. Amorphous devices can drive
low-level calculators and watches
and can convert fluorescent light.
But, say solar cell experts, they are
not good enough yet for significant
power applications.
Larry Waller

graph Corp. [Electronics, Jan. 3,
p. 90, and this issue, p. 76].
The crosspoint array is a replacement for the electromechanical
switches that classically have been
used as line concentrators. These
switches have been the only way to
withstand the ± 500 v that a telephone loop switch must block—to
say nothing of handling surge currents on the order of an ampere and
the interruption of the direct current
generated by the 48 v that powers
Telecommunications
the telephone loops.
Theoretically, the electromechanical crosspoint arrays could serve as
the multiplexers for the codees. But
they would not be a cost-effective
solution in the coming all-digital
phone network.
Coming from Bell Laboratories is an phone line. It can do this because an
No details. Bell Labs is keeping
integrated-circuit polysilicon tech- array of them can function in adigiclose wraps on its technology benology that produces ICs capable of tal central-office switching system as
cause it is the subject of a paper at
withstanding up to 500 volts, some aspace-division concentrator or as a next month's International Solid
10 times higher than the typical multiplexer of, say, 80 subscriber
State Circuits Conference in San
chip. Moreover, the lab's high volt- lines to 10 interface circuits.
Francisco. However, the key to the
Fewer codees. Thus 10 sets comage IC design group has used it to
circuit is what is known as a gated
develop a monolithic crosspoint ar- posed of codee, filter, and associated
diode switch. Two of them are
ray that could significantly cut the circuitry could do the work of 80
connected back to back with a
anticipated need for coder-decoder sets, and the potential market for
common gate to produce bidirectionchips.
these components may be reduced by
al blocking and conduction in the
The new circuit could be used to a factor of 10. Such a reduction is
concentrator circuit.
reduce the high cost of providing over and above the sharply lower
The new high-voltage polysilicon
battery feed, ringing, codec, and codee market estimates coming from
technology makes it possible for
other interface functions for each International Telephone and Tele- these switches to withstand up to 500
V. It is important to note that the
technology can be the basis for ic
Bell plans 611-mile optic link
use in applications outside telecommunications—switching, for examCharging for the lead in the worldwide race to put fiber optics to real use,
ple.
-Harvey J. Hindin
American Telephone and Telegraph Inc. has petitioned the Federal Communications Commission for aconstruction permit for a611-mile system. To link
Government
Boston, New York, Philadelphia, and Washington, the laser-powered lightwave system will be wholly digital and will ultimately hook up 19 of Bell's
ESS-4 electronic digital switches.
The all-digital system will enable Bell to carry voice, video, and data while
taking full advantage of new large-scale integrated telecommunications
circuitry. Also the plan must be viewed as the strongest evidence yet of Bell's
commitment to afuture all-digital network.
The first link will use the standard FT-3 44.7-megabit-per-second design.
Where will the engineers come
Ultimately, it will be able to handle 80,000 calls per second on its I/2-inch
from? Aerospace and electronics
cable, which for most of the 611 miles will be put in existing ducts. Because
industries are all asking that quesof the distance, the cable will have light amplifiers placed at intervals along it.
tion as the implications sink in of
But there will be far fewer amplifiers than in aconventional electrical system.
President Carter's record high budgAccording to Robert W. Kleinert, president of AT&T's Long Lines Departet proposal for the fiscal 1981 year
ment, studies are already under way to extend the system to Chicago,
beginning Oct. 1. Economists examAtlanta, and Miami later in the decade. The Boston-to-Washington system
ining the spending proposals of close
will be constructed in segments, with New York connected to the capital by
1983, assuming all regulatory barriers are overcome expeditiously. Installed
to $620 billion overall want to know
cost for the segment is estimated to be $79 million.
-H. J. H.
how the plan can be implemented
without giving the nation's chronic

Polysilicon gives high-temperature chips;

crosspoint arrays may cut need for codecs

Budget may flood

defense contractors
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Plain-paper copier does halftones
A fiber-optic lens array plus an innovative image-development system gives
Canon USA a desktop copier that can use plain paper. The 134-pound,
10 1/2-by-20 1/4-by-21 1/4-inch NP-200 uses a microprocessor and infrared
sensors to control the copying process, says the Lake Success, N. Y.,
affiliate of Japan's Canon Inc.
A fiber-optic array obviates the need for a bulky lens and mirror combination and is increasingly evident in new copiers. Though plain-paper units
have till now required a wet carrier for the toner, which adds components,
the NP-200 uses an insulated dry toner that needs no carrier to convey it to
the photosensitive drum on which images are formed. The negatively
charged toner particles are picked up by an ac-biased magnetic roller, for
transfer in well-proportioned amounts to the positively charged ins
iageforming areas of the cadmium sulfide imaging drum and thence to the paper.
The result, says Canon, is perfectly formed images, even of halftones, on
any type of paper. Though other dry-toner copiers can reproduce a halftone
on special paper, the quality is low.
• The $3,995 copier will automatically adjust to paper up to 11 by 17 in. in
size. A light-emitting diode and phototransistor monitor the length of the
incoming original and transfer the information to a 16-bit microprocessor,
which adjusts copy length. The microprocessor also monitors and controls
the entire copying process.
-Pamela Hamilton

inflation spiral another spur.
The proposed fiscal 1981 Defense
Department expenditures are $142
billion, 3% more (corrected for inflation) than the fiscal 1980 defense
budget. Some 30% will go for weapons production and their research
and development. That comes as no
surprise in light of the USSR's military moves in the Middle East, but
the size of increases in domestic
•
social programs caught much of
Congress off guard despite their
election-year predictability.
"The programs themselves don't
surprise me; their number and dollar
values do," explains one House
Appropriations Committee source.
"I thought the country was supposed
to be preparing itself for a little
economic austerity."
No recruiting relief. A rising
demand for engineers and technicians as several new weapons move
into production is one that troubles
corporate electronics leaders who
have been recruiting in an already
tight market. They see no relief in
sight in view of Carter's five-year
defense plan to provide real funding
increases that average more than
41
/2% ayear after inflation, confirming an earlier report [Electronics,
Nov. 8, p. 57].
Proposed electronic upgrading of
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existing tactical weapons, notably
Air Force and Navy attack aircraft,
missiles, and army helicopters, will
push electronic systems funds higher
than in most other industries, officials say. They cite goals to develop
a "quick reaction" strike force as
speedily as possible.
One such upgrading is the Air
Force's decision to equip its General
Dynamics F-16 multimission fighter
with the Navy-developed airborne
self-protection jammer. Fitting the
F-16 with the ASPJ being competitively developed by teams from
Northrop Corp. and Sanders Associates and from ITT and Westinghouse "will mean a multi-year buy
of more than 800 more units and
should guarantee its adoption by the
North Atlantic Treaty Organization," says one program leader.
Another major Air Force spending
proposal is in new air-to-air and airto-ground missiles for tactical strikes
that will boost demand for radarhoming, infrared, and laser guidance
packages. They will also accelerate
the transition from development to
production of such programs as the
advanced medium-range air-to-air
missile known as Amraam, follow-on
to the Sparrow.
The Carter budget proposal also
calls for accelerating the production

start this year of the USAF air- and
ground-launched cruise missiles, as
well as the Navy's Tomahawk
version. All three, operating with
either nuclear or conventional warheads, can be employed with strategic or tactical forces. Cruise missile
countermeasures and its navigation
and guidance package using terrain
correlation matching [Electronics,
July 21, 1977, p. 69] have pushed
unit production costs well beyond
the $1 million target price, accounting for about 40% of the system.
Air and ship transports for quickreaction forces will boost funding for
anew USAF transport known only as
C-X (until it gets anumerical designation) and ships like those of the
Litton-built LHA class used in
amphibious and helicopter assaults.
These, plus funds for another new
carrier, will eat up much of the Navy
increases in equipment funds in
fiscal 1981, if Congress adopts the
Carter Administration proposal.
Electioneering? Capping the military electronics boosts, says one
White House advisor, are proposals
for "huge increases" for purchases of
computers for educational institutions, plus significant gains for the
upgrading of civilian air traffic
control by the Federal Aviation
Administration. "These will be criticized as election-year political buys,
I know, but they are not," he
contends. "They are part of needed
programs to support university R&D
and the President's recognition that
the nation's air traffic control and
landing systems require alot of work
to improve safety levels."
Beyond the problems of technical
staffing, industry representatives in
Washington are concerned with
funding the capital requirements of
additional plant space and production equipment that the accelerated
spending program will need. As one
military electronics executive says of
the Carter program, "there is so
much new money in here, it is very
appealing, but I am not sure that
Congress will provide all of it. Nor
am Isure that industry can handle it
given the present [inflationary]
economy and money supply," he
adds skeptically.
-Ray Connolly
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Solid state

to inject both electrons and holes
into the floating gate, explains Jean
Lesieur, manager of integrated circuits research and development for
TI France in Villeneuve-Loubet.
The merged structure also allowed
the TI engineers to reduce the cell's
bit of storage, die size and yield have bootstrap capacitance without afboth been reasonable.
fecting its ability to help the holes
The new Difmos technique will jump the gap to the floating gate.
enable Ti to break away from The positive holes need to see a
modest-capacity memories to com- floating gate at a voltage of about
pete in the ultraviolt_Ifet—erasable —30 V, and the bootstrap capaciPROM marka. Technological probtance pumps it up to that level just
lems have kept EE-PROMs from prior to erasure. In the old cells, this
competing with these E-PROMs, but capacitance ate up a significant
besides TI, Intel and Xicor are solv- amount of area, about one third of
ing the problems, and others like the 1,000-square-micrometer total.
General Instrument Corp. will join
Gate changes. Whereas the older
the race.
devices used aluminum floating
Similarities. Difmos cells are simi- gates, the new ones use acompletely
lar to floating-gate avalanche-injec- insulated polysilicon gate that ention mos (Famos) cells pioneered by hances the efficiency of the bootIntel Corp. for E-PRoms. In both strap action. Moreover, some of the
structures, electrons generated in the charge intended for the floating gate
channel of an mos transistor muster always goes into the substrate. But
sufficient energy to penetrate a thin with the merged layout, the subgate oxide and become lodged in a strate under each cell is eight times
floating gate. While Famos devices smaller, so much less is lost.
absorb UV radiation for erasure, a
The new memories and the TMS
second transistor in the Difmos cells 1000 with nonvolatile storage may
generates holes that cross the gate not be marketed in the U. S. The
oxide to neutralize and erase the technology has been pursued by TI
floating gate.
France, and all the resulting prodThe n-channel Difmos uses a ucts have so far served European
single merged injector (see diagram) markets—about 75% of the TMS
1000 applications are in telecommunications. The word from Dallas?
"No comment." -Kenneth Dreyfack

EE-PROM merges write and erase devices,
shrinks cell size eightfold
By shrinking the cell in its electrically erasable programmable read-only
memories to an eighth of their original size, Texas Instruments Inc.'s
French design center can now make
large-capacity EE-PRoms. To do it,
Ti went to n-channel technology for
its dual-injection floating-gate mos,
so that Difmos cells can now use two
merged devices for writing and erasing and a sharply reduced area for
bootstrap capacitance.
The first products to benefit from
the improved Difmos process will be
8-K u-PROMS and Ti's popular TMS
1000 4-bit microcomputer, which
will be offered with on-chip nonvolatile memory later this year. The
company is not renowned in the
U. S. as asupplier of EE-PROMs, but
in Europe it has sold tens of thousands of 1-K and smaller parts for
all-electronic Tv tuning.
These parts have been built with
p-channel and even complementarymos versions of Difmos [Electronics,
Aug. 19, 1976, p. 26]. The cells have
been rather large, but as such applications ask for no more than a kilo-
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Small cells. By going to a p-type substrate, TI France can merge the two charge-carrier
injectors (left) with ashared n. region. The result is much smaller EE-PROM cells.
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A new world of applications is opening up for personal computers now
that time-sharing and distributedprocessing procedures are being added to their repertoires. Much of the
groundwork for these additions is
coming from asmall California firm,
Nestar Systems Inc.
The Palo Alto company last year
developed personal computer cluster—several machines time-sharing
a large program library—that is
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Apple network. A hardware-software package from Nestar Systems organizes as many as
65 Apple II personal computers into alow-cost network with sophisticated communications.

finding aniche as alimited-function,
local network in classrooms and
laboratories. Now Nestar is following up with anetwork having greatly
expanded storage and far more
sophisticated communications.
New affiliations. Whereas the initial Cluster/One system allows as
many as 30 personal computers
access to a central program library,
it did not provide communications
between terminals or a means of
maintaining an on-line data base.
Now that those functions are available in the model A, personal
computers can be expected to vie
with small business computers in
many existing office-system applications, among them word processing
and electronic mail, and to make
computer nets affordable for lowerlevel applications. In a 10-station
network, the cost per work station
would be less than $2,800, or about
one third that of existing communicating word processors.
Intended also for the educational
market, the new hardware and software link as many as 65 standard
Apple personal computers—one
serving as a central mass storage
manager—into a high-speed corn-
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puter network (see figure). The
model A allows users transparent
access to programs, files, and data
resident in the central processor.
According to Harry Saal, president of the 1'/2-year-old firm, message blocks can be transmitted at
120 kilobits a second directly from
work station to work station. Each
station can connect to a central
memory able to store up to 33
million bytes. "It allows for the ultimate combination of personal computers and central resources, because
it moves applications based in an
8-inch disk into anetwork for multiple users to access," says Saal.
Controller. In the model A network, a standard Apple computer
with 48 kilobytes of random-access
memory functions as a dedicated
central controller and mass-storage
manager with connections to storage
subsystems and other Apples that
serve as user stations. All stations
share access to a common read-only
library of programs and data and
can have their individual data bases
simultaneously updated.
Basically, Nestar's model A offering consists of a 10-by-20-by-29-inch
metal package with a read-only

library of two double-sided 8-in.
floppy disks having aformatted storage capacity of 1,260 kilobytes; the
necessary electronics that plug into
the central controller to provide
communications and mass-storage
control; the ClusterBus communications card; the communications
cards required for each Apple
station; and the necessary software.
The communications cards for each
station contain a 1-kilobyte RAM for
transparent buffering and 2 kilobytes of read-only memory for
network interface routines, as well as
all necessary bus electronics.
The software includes protection
to preserve data and prevent unauthorized access. A "lock" command
permits a primary user to update a
specific data base unhampered.
The model A has a gateway
feature that, Saal says, allows users
to interconnect two or more networks. One work station in each
network has two communications
cards, each linked to a different
network. Users can write programs
in one network requesting programs
or data from another. -Bruce LeBoss

Trade

U. S. to press Japan
on 'targeting' charges
The campaign of U. S. semiconductor manufacturers to galvanize Government action against foreign competition is beginning to bear fruit. A
key U. S. trade negotiator told a
mid-month Senate hearing that the
Carter Administration is preparing
to take a tougher line with Japan on
internal policies there that affect
foreign trade.
What's more, Robert Hormats,
deputy U. S. trade representative,
observed that the semiconductor
industry is suffering from foreign
competition (see p. 24). As they have
in other such forums, the semiconductor houses wheeled out some big
guns to testify: Robert N. Noyce,
vice chairman of Intel Corp., and
John Welty, general manager of
Motorola Inc.'s Semiconductor
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Products Group. Appearing on behalf of the Electronics Industries
Association of Japan was H. William Tanaka, its counsel.
Hormats said the U. S. trade
representatives engaged in continuing negotiations with their Japanese
counterparts will argue that Japan is
targeting specific U. S. electronics
markets, such as that for 16-K
random-access memories. "Targeting" is singling out export markets
for specific products and then helping domestic industry compete
through vast government financial
resources and close relationships
with private banks. The negotiators
also will continue to push for an end
to Japanese restrictions on foreign
investment and participation in
domestic trade.
Hormats stopped short of saying
that restriction by foreign governments of overseas competition will
be met with equivalent U. S. action.
But he did say the negotiators "will
actively assert our trade rights in
this sector."
The occasion for the hearing
before the Senate international finance subcommittee was the International Trade Commission's report
on competitive factors in world trade

Space heaters look to digital control
Digital electronics control is coming to another consumer product: electric
space heaters, where business is undergoing a modest boom as central
heating systems get more expensive to operate. However, the space heaters
tend to have a wide margin of error in maintaining a steady output of
heat -and that is where solid-state electronics comes in.
At this month's Chicago housewares show, Arvin Industries Inc. unveiled a
solid-state controlled space heater. Both the Columbus, Ind., company and
its chief competitor say they are working on microprocessor-based programmable controls.
Arvin applied some of the solid-state knowledge it has accumulated in its
private-label audio products division, says Gene Knott, engineering vice
president. A custom quad comparator from Hitachi Ltd. receives signals
from a thermistor, compares them with the desired temperature level, and
sends instructions to triacs controlling the two heating elements and a fan. It
controls the output temperature to within ± 1°F, whereas electromechanical
controls have a ± 15 °Frange of error.
Both Arvin and the Edison division of McGraw-Edison Co. are working on
microprocessor-controlled space heaters, in which the user will be able to
program an operating temperature sequence. However, the $5-to-$6 price
tag for a microprocessor package is too high: the cost-effective level is
around $2.50, says Ed Irelan, manager of human factors engineering at
Edison in Columbia, Mo.
He says he is stymied over the cost, despite extensive developmental help
from General Instrument Corp. and Texas Instruments Inc. But he and Knott
expect the learning curve to drop their way. "It's just too early in the game
for us," Irelan notes.
-Larry Marion

in integrated circuits. [Electronics,
Dec. 6, p. 41]. The ITC prepared the
report for the committee.
That report has already run into

1978 FINANCIAL RESULTS
After-tax
return on
equity (%)

After-tax
earnin gs
(as lo of sales)

Debt
(as % of equity)

Texas Instruments
Motorola
Fairchild Camera and Instrument
Intel
Mostek
National Semiconductor

16.6
14.6
12.0
21.6
15.8
17.1

5.5
5.6
4.6
11.0
7.1
4.6

2.3
22.4
45.2
0
25.0
1.1

Average

16.3

6.4

16.0

8.1
8.8
13.0
2.1

1.2
2.4
2.5
1.6

485.0
191.0
144.0
562.0

8.0

1.9

345.0

Siemens (Germany)
Philips (Netherlands)

9.8
9.0

2.5
2.2_

36.8
57 .
6

Average

9.4

2.4

47.2

U. S. companies

Japanese companies
Nippon Electric Co.
Fujitsu
Hitachi
Toshiba
Average

European companies

Source
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flak from the Semiconductor Industry Association [Electronics, Dec. 20,
p. 43]. Testifying for the SIA, Noyce
challenged some of the report's
statistical judgments and called for
Government negotiations "to neutralize target industry policies."
A major SIA indictment of Japan
has been on targeting. Noyce continued this attack by focusing on capital investment in the U. S., Europe,
and Japan.
Tight money. He argued that
U. S. companies face a "leverage
gap" that could slow their relative
growth and lead to loss of market
share to "aggressively growing, government-subsidized foreign companies, which have assured resources of
capital and thus can price their products without concern for current
earnings."
To bolster his case, he presented
the subcommittee chaired by Sen.
Adlai E. Stevenson III (Dem., Ill.)
with SIA data drawn from corporate
annual reports and Moody's Investment Services. Although the 1978
profitability of U. S. producers was
double or triple that of Japanese and
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News briefs
Computer makers raise prices
Long noted for its continually decreasing prices, the computer industry is
showing signs of succumbing to the pressures of inflation. Honeywell Information Systems, Waltham, Mass., raised computer prices January 21 by 7
per cent, while boosting systems and application software prices as much as
20%. Amdahl Corp., Sunnyvale, Calif., plans to raise prices some 6% to 9%
on two- and four-year leases on its 470 series of large-scale mainframes on
March 15. Storage Technology Corp., Louisville, Colo, is raising domestic
purchase, rental, and maintenance prices between 5 and 15% for its line of
data storage products effective April 1. All follow a decision at the end of
1979 by IBM Corp. to raise prices about 5% practically across the board.
IBM's year-end results suggest that pricing was too aggressive and was
hurting profits. Its 1979 earnings were down 4% to $3,011 million even
though revenues had increased nearly 8.5% to $22.863 billion.
Zilog to add specialized 16-bit processor
Zilog Inc. of Cupertino, Calif., plans to introduce a companion processor for
its 16-bit Z8000 microprocessors in the second half of 1980. The new
processor, called an "Extended Processing Unit", will relieve the central
processing unit of specialized tasks such as floating-point arithmetic, database search and maintenance operations, network interfaces, and graphics
support functions. The EPUs will use six new Z8000 operation codes to form
an extended instruction set, which expands the Z8000 instruction set by
more than 256 instructions for each EPU added to the system.
Honeywell mid-level computer replaces two models
Honeywell Information Systems Inc. is replacing two of its earlier Level 64
mid-range computers with a single unit of minimal design and packaging
differences. The new Level 64 /DPS-330, with 512 to 2,048 kilobytes of main
memory, spans the memory range—and exceeds by about 10% the power
range—represented by the earlier models, DPS-320 and DPS-350, which the
Waltham, Mass., computer maker introduced only last spring [Electronics,
April 26, 1979, p. 190] to compete with IBM's 4331. The DPS-330, attended
by some upgraded peripherals and some new software capabilities, does use
main-memory and firmware chips four times larger than its predecessors'.
Base price is $79,675, and deliveries will take 90 to 120 days.
Philips Instruments adds ageneral manager
Completing management changes that began last summer at Philips Test
and Measuring Instruments Inc., Robert C. Joseph is becoming general
manager of PTMI. Until his new appointment, he was general manager of
Ailtech, the microwave instrument subsidiary of Eaton Corp. His major
responsibility will be the line of low-frequency oscilloscopes that Philips
began to assemble in the U. S. PTMI is a subsidiary of Philips Electronic
Instruments Inc., a U. S. operation of the multinational giant NV Philips
Gloeilampenfabrieken of the Netherlands.
National unveils five computers
National Advanced Systems, Palo Alto, Calif., has launched an assault on the
IBM-compatible computer market with five systems. Aimed at the low and
middle portions of the market are the AS/3000 and AS/3000N, priced at
$425,000 and $325,000, respectively. The entry-level 3000N is said to
provide performance equivalent to that announced for IBM's 4341 processor
and the 3000 has 20% to 30% more performance or equivalent to that of
IBM's 370/158-3. The processors are manufactured at parent National
Semiconductor Corp.'s San Diego Computer Products group. Also introduced are three general-purpose computers, targeted at the middle and
upper end of IBM's 303X series. Designated the 7000 family, the processors
are made by Hitachi Ltd., under a recent accord. Deliveries begin immediately for the 3000 series, in the second quarter for the 7000 series.
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European competitors, the latter
have higher debt-to-equity ratios
(see table on p. 45). "Easy access to
capital permits our foreign competitors to finance access to our market,
which presently constitutes more
than half the world market," Noyce
argues.
Testifying for the Electronic Industries Association, Motorola's
Welty rejected the ITC's conclusion
U. S. losses to Japan of lc market
share stem from American underinvestment after the 1975 recession.
"The U. S investment in plants and
equipment has steadily increased,
except for the flat year of 1975,
when Japanese investment declined," he says.
The soaring U. S. market demand
in 1976-78 exceeded forecasts of
"moderate to healthy sales increases," while Japan's home markets did not—so excess Japanese
chip-making capacity filled the U. S.
shortage, he says.
VLSI program. Welty also contends that Japan's governmentfunded and -coordinated $250 million Very Large-Scale Integration
Program made possible the 1977
introduction of 16-K RAMS by six
companies "in five quarters or less."
That was half the time it took the
same firms to develop the simpler
1-K RAM, he says.
The VLSI effort was defended by
Tanaka, who argued that the Pentagon's $210 million Very High-Speed
Integrated Circuits effort [Electronics, Jan. 3, p. 81] could be called a
Government subsidy by using the
logic the U. S. producers have
applied to Japan.
"In spite of alarms sounded by the
SIA," Tanaka argues, "Japan accounts for only about 6% of U. S.
semiconductor imports and only
1.6% of annual consumption. In the
absence of sustained shortages in the
[U. S] domestic supply, these percentages would, of course, be substantially lower."
Tanaka also pointed to "a significant negative trade balance of semiconductors with the U. S." In 1978
imports totaling $230 million against
exports to the U. S. of $74 million,
he says.
-Ray Connolly
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The 1410 sample
and hold amplifier
offers 12 bit accuracy with maximum
acquisition time for
aten volt step of
200 nanoseconds
to 0.1% and 350 nanoseconds to 0.01%.
In combination with a
high performance con-

verter such as the 2850,
it permits very accurate
high speed operation.
Military versions of
both are available.
Send for the
data sheets,
as well as
APPLICATION
TECHNIQUES
bulletin AT-803.

Dynamic Measurements Corp.
6Lowell Ave., Winchester, MA 01890. (617) 729-7870. TVVX (710) 348-6596
Call our toll free number 800-225-1151.
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Only
TEAC makes
both on-site
and in-lab
cassette
data recording
equipment.
Feature Comparison Chart
Model
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Have you been going to one manufacturer for your
portable data recorders, and to another for recorders for
your lab? TEAC makes things easier for you by offering a
complete line of data acquisition equipment including both
portable and lab models. Complete compatibility allows you
to collect data in the field with a convenient portable
recorder and bring it back to the lab for analysis on a fullfeature lab recorder.
Of all our models, you'll find that our cassette-format
recorders are the most convenient. The R-60, R-61 and
R-61D portable cassette data recorders have proven
extremely popular because of their ruggedness, stability of
operation and light weight. They can record four channels
of data in a choice of DR or FM format.
Back in the lab, the R-80 and R-81 provide big-recorder
performance and features without using up a big amount of
space or budget. Both can be mounted in standard E.I.A rack
panels if desired.
These five cassette data recorders are part of a
complete line of data acquisition equipment. Only TEAC can
handle all your data acquisition needs.
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TEAC CORPORATION 3-7-3 Naka-cho, MusashIno Tokyo, Japan Tel (0422) 53-1111

TEAC

AC

6.5kg approx

•Noise Comp & Memo capable

•U.S.A. B.J. Wolfe Enterprise Inc., Tel: (213) 877-5518 •Canada R.N. Nichols Co., Ltd., Tel: (416) 661-3190 •Hongkong Dah Chong Hong Ltd.. Tel: 5-261111, 5-226258
•Australia & New Zealand Jacoby Mitchell Ltd., Tel: 6307400 •South Africa Mayfair Sales (Fly) Ltd., Tel: 011-834-2131 •Belgium d Luxemburg Simac Electronics
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Tel 54.64.741-2-3 •Switzerland Wenger Datentechnik, Tel: 061-34 50 96 •Spain Atajo Ingenieros S.A. Tel: (215) 3543 •Sweden teleinstrument ab. Tel: 08-380 370
•United Kingdom International Recorders Ltd., Tel: 04427 5959 •West Germany d Austria nbn Electronik Stamberg, Tel: (08151) 13036
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Washington newsletter
Digital service
will need 110 MHz
Xerox tells FCC

Xerox Corp. says that from the year 1990 to 2000 market demand for
competitive digital termination systems (DTS), like that for its proposed
XTEN telecommunications network, will require alarger frequency allocation from the Federal Communications Commission —an extra 20 mHZ for
shared use in local metropolitan service areas, in addition to a 90-MHz
allocation for DTS national service, will be necessary. Xerox counsel and
former FCC chairman Richard Wiley says the commission's proposed
initial allocation of 60 MHz in the 10-GHz band, with 30 mHz held in
reserve, "will not be sufficient to meet the public need" for national DTS
service. The company says 1990 market needs will require atransfer rate
of 105 mb/s in the busy peak hour, rising to 160 mb/s by 2000.
Although the National Telecommunications and Information Administration supports the Fcc's proposed 60-to-30-MHz split and wants allocation quickly [Electronics, Jan. 17, p. 55], the docket 79-188 issue may be
stalled by a developing dispute between the FCC and state regulators
(supported by American Telephone & Telegraph Co.) concerning the
FCC's assumption of jurisdiction over DTS.

Large backlogs will help carry strong growth in 1980 shipments of the
aerospace, computer, and electronic systems and equipment industries. But
1980 growth for
asoftening national economy will produce slippage in sales of electronic
EDP and systems ... components and calculators. Those are the forecasts of the Department of
Commerce in its new 548-page "U. S. Industrial Outlook 1980" published
at January's end by the Government Printing Office. Aerospace shipments—including aircraft, missiles, spacecraft, engines, and parts— rose
34% last year to an estimated $55.2 billion, and are expected to reach
$68.9 billion this year, reflecting the steady rise in commercial air
transport orders. Shipments of computers and related equipment for 1979
will total an estimated $20.9 billion, a 22% gain on the year before, and
will add 10% more this year, rising to $23.2 billion. But industry
shipments of calculators and accounting machines, expected to show a
rise in 1979 to $1 billion, will slip back 3% to $970 million this year, with
cuts coming largely in the low end of consumer lines as the economy
softens.
Commerce forecasts

...with components
expected to drop
4% to $19 billion
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Electronic systems and equipment shipments, the bulk of them custom
tailored for the military, Federal aviation, and space agencies, are expected
to climb 11% to $20.1 billion this year on top of a 12.6% rise last year
from 1978's level of $16 billion. Telephone and telegraph equipment
shipments this year are expected to rise 10% to close to $10 billion
following an 11% rise from the 1978 level and to continue rising at a
compound annual growth rate of 9.1% to $13.6 billion in current dollars in
1984.
Components industry shipments, however, are expected to dip 4% to
$19.4 billion from the 1979 high of $20.3 billion—a rise from the year
before. Unlike the somewhat more stable commercial, military, and industrial markets, the components downturn is expected to result from a
weakening consumer electronics market. Integrated circuit shipments,
which the Commerce Department estimates soared 29% last year to reach
nearly $5.1 billion, are projected to drop 5% to $4.8 billion in 1980. A
better long-term outlook for components is projected, however, for the
annual average real growth is expected to be 9.4% through 1984.
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Washington commentary
H.R. 6121: another disaster for Van Deerlin?
The hue and cry against Rep. Lionel Van Deerlin's latest bill to rewrite the Communications
Act of 1934 is louder than ever as the staff of his
House Interstate and Foreign Commerce communications subcommittee continues to flip-flop
on key issues of deregulation and the future role
of American Telephone & Telegraph Co.
Though the California Democrat's 1978 bill
called for open competition and would have
required AT&T to spin off its Western Electric
manufacturing operations as asubsidiary, it was
weak on means of implementation despite 20
months of hearings, studies, and analyses [Electronics, June 22, 1978, p. 58]. The bill's problems were compounded by the fact that it tried
to put deregulation of two vastly different industries—telecommunications and broadcasting —
into one legislative document.
That effort, largely the product of subcommittee counsel Harry M. Shooshan III and his
staff, failed badly. It was not helped by the fact
that virtually none of the other 14 subcommittee
members was consulted as the draft was
proposed.
The search for consensus ...
Realizing his error, the subcommittee chairman called for a complete rewrite of the bill
dropping broadcasting deregulation to concentrate on telecommunications. Subcommittee
staffers were also required to come up quickly
with a new bill that would represent asubcommittee consensus. That is now H. R. 6121, and
Van Deerlin is anxious to push it to--passage
before Congress adjourns early for the election
campaign. But Van Deerlin may again be disappointed, despite President Carter's call this
month for reform of telecommunications regulation this year.
Van Deerlin's December rewrite has become
January's horror story for competitors of AT&T,
whose vice chairman James Olson has called the
bill "probably the best piece of telecommunications legislation to be produced thus far." That
is because the draft rewrite is much softer on
AT&T. Not only would it lift the 1956 antitrust
consent decree to permit AT&T to compete in
nontelephone markets, but it would leave AT&T,
Western Electric, and Bell Laboratories intact
under one financial roof, requiring formation of
new subsidiaries only to market new services
and products of the parent.
Like its predecessor, the draft rewrite is
incomplete and so sloppily written that it is
producing criticism from almost every quarter.
Federal Communications Commission Chairman Charles Ferris put his as diplomatically as
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he could in aletter to Rep. Harley Staggers (D.,
W.Va.), chairman of the Interstate and Foreign
Commerce Committee and Van Deerlin's
subcommittee overseer. "It is essential that
there will be a full delineation of the bill's
practical effect on AT&T structure—and its
consequent economic impact on various telecommunications markets in which AT&T has
such adominant role. These organizational and
competitive effects are not fully apparent on the
face of the bill," Ferris contends.
The challenges of the Ad Hoc Committee for
Competitive Telecommunications are more
straightforward. Composed of eight large and
small intercity transmission companies, ACCT
told Van Deerlin his draft reflects "confusion
about the relation between competition and
deregulation" that "could easily have anticompetitive effects" by giving "AT&T a new license
to try to thwart or eliminate the limited competition which has been slowly developing during
the last decade." ACCT'S members include GTE
Telenet Communications, Graphnet, MCI Telecommunications, Midwestern Relay, RCA
American Communications, Satellite Business
Systems, U. S. Transmission Systems, and
Western Telecommunications. Van Deerlin is
also getting strong criticism from the Consumers' Union, the Computer and Business Equipment Manufacturers Association, Control Data
Corp., and ateam of four trade associations: the
Computer and Communications Industry Association, the Independent Data Communications
Manufacturers Association, the North American Telephone Association, and the Association
of Data Processing Service Organizations.
...and for clarity
Control Data complains that H. R. 6121's
language contains "many new words and
phrases" without defining them, making each "a
potential source of litigation." cm's examples
of such key words: competition, intra-exchange,
interexchange, network, terminal equipment,
market or submarket, data processing, and
shared use. CCIA chief Jack Biddle agrees that
the bill's vague language could "take the courts
20 years to untangle."
The response of Van Deerlin's staff at January's end was to unveil some 70 pages of amendments of H. R. 6121 to clarify and perhaps
correct the bill's weaknesses. Capitol Hill is still
in process of reacting to those amendments. But
if past performance is avalid measure, they still
have a long way to go before H. R. 6121
becomes the law of the land.
-Ray Connolly
Electronics/January 31, 1980

Introducing mass
storage for micros.
It costs like atape, but
thinks like adisk.
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Digital's 512Kb TU58 cartridge tape
subsystem. At $562 in 100's, it's priced like
atape device. But with random-access
block addressing, and EIA serial interfacing, it's like no other tape drive on the
market.
That's because the TU58's controller
board has abuilt-in MPU that makes it
think like adisk. It reads, writes and
searches for data in blocks, instead of
running serially through the whole tape
like conventional systems. And the
TU58's small size— the board measures
just 5.2" x10.4" (13.2 cm x26.5 cm) —
makes it easy to design into your product.

The TU58 cartridge tape,
single or dual drive. It's the first
sensible answer to micro mass
storage problems.
And it's just one of the
many ways Digital makes
microcomputers easier to work
with. Our 16-bit microcomputer
family — in boards, boxes and
systems — offers the most powerful, advanced and proven
software on the market. We also
offer hundreds of hardware
tools — memory and interface
boards, complete development
systems, terminals and
peripherals. And we back
it all with over 11,000 support
people worldwide.
It's the total approach
to micros, only from
Digital.
For more information, contact Digital
Equipment Corporation,
MR2-2/M70, One Iron
Way, Marlborough,
MA 01752. Or call tollfree 800-225-9220. (In
MA, HA, AL, and Canada, call 617-481-7400,
ext. 5144.) Or contact
your local Hamilton/
Avnet distributor.
In Europe: 12 ay. des Morgines,
1213 Petit- Lancy/Geneva. In Canada:
Digital Equipment of Canada, Ltd.
It took the minicomputer company

to make micros this easy.
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The biographies of 5,240 of your colleagues...
the most important people
in the electronics industries
worldwide
McGraw-Hill's

Leaders in Electronics
Prepared by the Staff of Electronics
651 pages
This is the only reference devoted solely to biographies of the
most influential people in electronics: corporate executives.
technical managers...designers and developers of important
products and processes... government and military officials...
academics ...editors and publishers... securities analysts...
directors of trade and professional groups ...and consultants.
As easy to read as any professional
publication in electronics

Sample Listing
Jones, John I

With LEADERS IN ELECTRONICS on your bookshelf, you no
longer have to search through many different sources for biographical data on your colleagues. What's more, you don't have
to strain your eyes reading minuscule type, nor do you have to
waste valuable time trying to decipher seemingly endless paragraphs of abbreviations. Boldface type spotlights the various
information categories so that you can scan entries rapidly to
pinpoint what you need.

Chmn & CEO, Microprocessor Div of Computers Inc,
1023 W Warner Ave, Dayton, OH 45479, Tel (513) 5552000. Born: Mar 26, 1926, Philadelphia, PA. Education:
MBA, Harvard Business School, 1950; BSEE, Univ of
III., 1946; PhD (Hon), Yale Univ, 1977. Professional Experience: Natl Bur of Standards, 1956-74, Adm Eng;
Litton Ind, 1954-56, Sr Eng; NCR Corp, 1950-54, Eng.
Directorships: Computers Inc since 1975. Organizations:
IEEE since 1946, Sec Head 1972-73; AAAS since 1971;
Midwest Ind Mgt Assn since 1974. Awards: Fellow,
IEEE, 1977; Public Service Award, City of Dayton, 1976.
Patents Held: 8in computer circuits, incl Special Circuit
for Microcomputer Chip Design 1975. Achievements:

Unique convenience feature...
Index of biographees by affiliation
A special 80-page index lists individual organizations alphabetically, complete with the names and titles of top employees. By
looking up the names in the general biography listing, you can
get acomplete profile of the organization's top management in
amatter of minutes. Plus an easy-access listing of independent
consultants in every electronics specialty.

founded Microprocessor Inc 1974; project manager
of first application of microprocessors for standard
interfaces 1975. Books: 4 incl Small Circuits and Their
Applications (editor), McGraw-Hill, New York, 1975.
Personal: married 1950 to Mary (Smith), children John
Jr, Jane Anne, Kevin. Residence: 344 W 34th St, Dayton,
OH 45403, Tel (513) 555-4343.

Order today using this coupon!
Return coupon to:
Leaders in Electronics
P.O. Box 669
Hightstown, New jersey 08520
(609) 448-1700, ext. 5494
Send me
copy (copies) of Leaders in
Electronics on a10-day money-back guarantee. I
understand that if Iam not absolutely satisfied,
Imay return the book(s) within ten days at no
further obligation. Otherwise, McGraw-Hill
will bill me $39.50 for each copy, plus applicable
sales tax, shipping and handling charges.

Name_ _
Title
Company
Address
City

State

Zip

SAVE MONEY! Enclose payment in full, plus local sales tax, and McGraw-Hill pays all regular shipping and handling charges.
Ten-day money-back guarantee still applies.
Check enclosed
Bill me
Bill my company
company purchase order n
This offer subject to act eptant e by McGraw-Hill.
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The most important
data communications
purchase you'll ever make
isn't adevice or component!
It's atimely, easy-to-follow guide that spells out exactly what you need to know to
get the best possible deals on all data communications equipment. To turn data
communications procurement into asmoothly running, cost-effective operation.
And to save you thousands in data communications costs while delivering
top-performance service!
Just published, this immensely important resource comes packed with
the most authoritative and current information you need to make all your data
communications purchasing decisions.
Plus step-by-step guidelines on the procurement process that speeds
communications with vendors and assures that you get exactly the equipment
you're looking for.
A first-of-its-kind working reference
that puts right into your hands...

Data Communications
Procurement Manual

• an alphabetical checklist of procurement document items to help you
determine what's relevant to you and
develop clauses or descriptions for the
solicitation document
• sample solicitation format plus a
compilation of solicitation clauses
and forms most frequently used in
procurement documents
• specifications for 38 devices, with a
complete listing of both general
and specific device specifications
to consider when developing communications component requirements
• tabulation of Bell System data-set
operating characteristics to help
you develop afunctional modem
procurement
• vital facts to determine if special pin
cross-connections are required to
interface components with existing
equipment
• tables of present value interest factors
for yearly and monthly periods varying
from 6to 15%. Vital for evaluating
proposals for future costs
• yearly energy costs of acontinuously
operating device in cents per Kilowatt
hour
• checklist to develop aschedule of
procurement activities
• plus invaluable guidance on the basic
construction of asample solicitation
Before you choose any data communications equipment, choose the DATA
COMMUNICATIONS PROCUREMENT
MANUAL. The before-you-buy buy for every
data communications purchase!
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by Gilbert Held

150 pages

Contents
PROCUREMENT DOCUMENT ITEMS. SAMPLE SOLICITATION CLAUSES AND FORMS. Cover
Sheet. Contact Form and Representations. Certifications, and Other Vendor Statements. Instructions, Conditions, and Notices to Vendors. Evaluation and Award Factors. Supplies/Services and
Prices. Mandatory Specifications. Preservation/Packaging/Packing. Deliveries or Performance. Inspection and Acceptance. Special Provisions. Contract Administration Data. General Provisions. List
of Documents and Attachments. SPECIFICATIONS. General Specifications. Specific Specifications (Acoustic Coupler, Analog Extension Unit, Analog Test Set, Automatic Calling Unit, Cable.
Channel Service Unit, Code Converter. Concentrator, Controller, Data Access Arrangement, Data
Compactor, Data Line Analyzer. Data Security Unit, Data Service Unit, Echo Suppressor, Facsimile
Equipment, Frequency-Division Multiplexer, Front-End Processor. Interface Converter. Inverse
Multiplexer, Limited-Distance Modem, Line Driver, MIL-STD-188C Adapter, Modem, Modem/
Line-Sharing Unit, Multipoint Modem, Multiport Modem. Parallel Interface Extender, Port Selector.
Port-Sharing Unit, Remote Batch Terminal, Speech/Data Unit. Speed Converter, Statistical Multiplexer. Switch, Time-Division Multiplexer, Transmission Test Set, Voice Adapter). APPENDIXES. Bell
System Data Set Compatibility Guide. Modem Options. EIA Terminal/Modem Interface. Modem
Interface Description. Present Value Interest Factors. Energy Consumption Cost. Communications
Procurement Plan. Sample Modem Procurement.

Order today using this coupon!
E17I

Return coupon to:
Data Communications Procurement Manual
P.O. Box 669
HIghtstown. New Jersey 08520
Send me
copy (copies) of the
DATA COMMUNICATIONS PROCUREMENT
MANUAL (606534-0) on a 10-day money-back
guarantee. Iunderstand that if Iam not absolutely satisfied, Imay return the book(s) within
10 days at no further obligation. Otherwise,
McGraw-Hill will bill me $24.50 for each copy,
plus applicable sales tax, shipping and handling
charges.

Name __
Title
Company
Address
City
State

Zip

SAVE MONEY! Enclose payment in full, plus local sales tax, and McGraw-Hill pays all
regular postage and handling charges. Ten-day money-back guarantee still applies.
Check enclosed

Bill me

Bill my company

This offer subject to acceptance by McGraw-Hill and good only in U.S.
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The only
complete family
of floppy disk
controllers
Single and double density compatible
From Western Digital:
acomplete family of MOS/LSI Floppy Disk
Controllers to meet the
FD1795
demand of doubleDouble Density
Inverted Bus
density head-on.
Side Select
Introducing the
179X. A new generation of Single/Double
density controllers for
use with both the 51
/"and
4
FD1794-01.
Single Density
8" drives. Full compataTrue Bus
bility with the IBM
3740 and System
34 formats is standard. Need more
FD1793-01
storage? No problem.
Double Density
True Bus
Sector lengths are variable from
128 to 1024 bytes as well as inter-record
gap sizes to fit just about any application.
You can even read or write multiple sectors within 1revolution of the disk, and it

FD1797
Double Density
True Bus
Side Select

FD1792-01.
Single Density
Inverted Bus

only takes one command. But there's
more. Programmable trackto-track access time, onchip track and sector
registers, and an automatic
seek with verify on all step
commands. A simple 8-bit interFD1771-01
face allows your
Single Density
Inverted Bus
microprocessor to
access eleven
powerful macro
commands.
True Bus
F01791-011
Double Density
versions
are
Inverted Bus
compatible with the Z80
and 8080. So join the family. Get
all the details on Western Digital's 179X series of Floppy Disk
Conti-oiler chips, and see why
we're number one in single
and double density designs.

'Compatible with FD1791 and FD1793

WESTERN DIGITAL
C
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REGIONAL OFFICES:
Northwestern
Burlingame, CA
(415) 344-1165

North Central
Des Plaines, IL
(312) 635-6090

Northeastern
Marblehead, MA
(617) 631-6466

Southwestern
Newport Beach, CA
(714) 851-1221

South Central
Dallas, TX
(214) 386-9450

Southeastern
Marblehead, MA
(617) 631-6466
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European
London, England
01-542-1035
CORPORATE OFFICE:
Newport Beach, CA

(714)557-3550
TWX 910-595-1139
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International newsletter
Racal moves
to acquire some
Decca operations

Italy wants in
on Franco-German
satellite project

Retrieval controller
finds 10 heads
better than one

Bell Canada hooks
laser-source fiber
optic link to radio

Matsushita, Victor
to cooperate on
VHD video disk.
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A major new British electronics merger with combined sales of $933
million ayear is in the offing if Racal Electronics Ltd. of Backnell, Berks.,
succeeds in its bid to take over part of Decca Ltd.'s operations. Decca, of
London, has already spun off its ailing television manufacturing and
audio recording businesses, leaving the industrial and commercial interests, which include radar and navigation systems, for Racal. In an earlier
consolidation, Thorn Electrical Industries Ltd. took over EMI Ltd. to form
an enterprise with $4.32 billion ayear in sales.

Italy's minister for Post and Telecommunications, Vittorino Colombo,
recently lambasted the joint French and German decision to exclude
outside participation in a direct-broadcast television satellite project
[Electronics, Dec. 6, 1979, p. 66]. The Italian minister, calling himself a
"good European," suggested after talks with his counterpart in Germany
that the Franco-German decision to handle the project alone would confer
on the two countries an advantage in television exchange that "should be
shared" with other major European nations. Colombo also argued that
Italy's experimentation with ultrahigh-frequency transmission could be
beneficial to both its European neighbors.

To speed data retrieval from large stores, International Computers Ltd.,
London, has introduced acontent-addressable file store (cAFs) using an
old technique with anew wrinkle. The CAFS 800 allows 10 times as many
simultaneous inquiries as conventional, software-based information retrieval systems, according to ICL. To accomplish this, the company uses 10
read heads that search the disk surfaces simultaneously. One CAFS 800
controller can handle up to 14 disks with acapacity of 60 megabytes each
for atotal of 840 megabytes.

The latest fiber-optic technology development by Bell Canada is the
placing of afiber-optic cable for the first time as an "entrance link." This
link connects the switched telephone network with an 8-GHz microwave
radio system used for long-distance transmission. The 8-km fiber cable is
in Kitchener, acity 109 km southwest of Toronto.
The light sources in the trial are 5-mw injection lasers. They send data
at a 44.7-mb/s rate, the equivalent of 672 voice conversations on each
fiber pair. This is a change for Bell Canada, which until now has used
light-emitting diodes.

Japan has taken a big step toward a video disk standard with the
announcement that Matsushita Electric Industrial Co. and Victor Co. of
Japan will promote Victor's VHD (Video High Density) disk as astandard.
The move is significant because Matsushita is the nation's leader in
television; also, it deals ablow to whatever hopes are entertained by RCA
Corp. and Philips of the Netherlands that the winner of their video disk
battle in the U. S. would also pick up Japan by default.
Although Matsushita owns a 50.2% equity in Victor, the two are
competitive. They have cooperated in the past, though, on the VHS (Video
Home System) video cassette recorder first developed by Victor and with
Sony Corp. on its U-matic VCR. As for which way Sony will go on video
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disks—a decision that could hold the key to success of the MatsushitaVictor system—the company will say only that it is studying the situation.

...as Matsushita
lightens the load
of portable VCR

UK software house
gets GSA approval
for Cobol system

CII-HB plans
own IC lab
for VLSI chips

Addenda
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At the same time, Matsushita has taken steps to make its VHS portable
video cassette recorder lighter, smaller, less energy-hungry, and less expensive than previous models. It has also added a 6-hour play mode. Size,
weight, and power consumption are about 60% that of the former
portable, and power demand of 5.6 w means abattery pack weighing 1.5
lb instead of the former 2.9 lb for the same 1-hour recording time. The
recorder itself now weighs 11.7 lb and measures 11.8 by 4.5 by 9.8 in.

With an eye to the future role that microprocessor-based systems will play
in U. S. government data-processing activities, the British software house,
Micro Focus Ltd., London, has obtained General Services Administration
approval for its high-level microprocessor-based Cobol compiler. The
certification is for Federal low intermediate, which combines ANSI Level
I and Level 2 and is typically implemented on minicomputers. The
software, called CIS Cobol—for Compact Interactive Standard—is a
portable system for compiling, debugging, and executing Cobol programs
and is sold in off-the-shelf packages available for Intel 8080, Intel 8085,
Zilog Z80, and DEC LSI-11 chips. The company sees atotal market for
its product of $27.36 million over the next three years.

Worried about turnaround delays in development of VLSI semiconductors,
computer maker cil -Honeywell Bull is starting up its own integrated
circuit development lab. The work, to be done at the Franco-American
company's research center in the Paris suburb of Louveciennes, will focus
on n-channel mos technology. The company intends to use ion implantation and/or plasma etching to get at least to the prototype stage for
circuits in which transistors will have channel lengths of less than 1.5 1.tm
and oxide gates about 400 A thick.

Thomson CSF of France has put all its computer-related activities and its
scientific instrument subsidiaries under the wing of aholding company —
Thomson CSF Informatique. The dozen companies in the new grouping
had sales of some $430 million, about two thirds of which came from
hardware, some 20% from software and systems service, and the balance
from scientific instruments. ...Tong Yang Nylon Company Ltd. in
Seoul, Korea, will in March start turning out a licensed version of
Hitachi's HITAC L-320 intelligent terminal, which the Japanese company designed for distributed processing in billing applications. The two
companies concluded a seven-year agreement last year that calls for
Hitachi to send engineers to Korea and provide information to the Korean
company's engineers who visit Japan. ...The U.S. Postal Service has
bought aDP-100 voice-recognition system from Nippon Electric Co. for
its parcel post facility at Rockland, Md., where it will be used for sorting.
The system can recognize strings of words said without pause [Electronics, April 13, 1978], giving it an advantage over competitive systems.
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Biomation's new LA-5000 50MHz logic
analyzer brings the convenience of our
K100-D to microprocessor designers.
Following our K100-D, which sets the industry standards
for digital system debugging, Biomation brings you a
new glitch fixer, the LA-5000. A logic analyzer matched
in cost and capability to the needs of microprocessor
system designers.
The LA-5000 is ideal for data domain and timing
analysis with clock rates from 12.5 MHz with 16 recording
channels, to 50 MHz with 4channels. Three display
modes give you: data domain information in binary, octal
or hexadecimal; timing diagrams; even agraphic plot
of successive word values.
Three full screen interactive menus —Acquisition,
Format, and Special Function —make set-up fast and
simple. There are also partial menus of frequently needed
parameters as part of the display modes.
Convenience features? The LA-5000 features two

lor
memories with an auto-stop function to simplify faultfinding. Reverse video highlighting calls attention to memory
differences. The reference memory is easily accessible
via the keyboard. And, amemory search feature matches
like sequences in both working and reference memories.
Introduce the glitches plaguing your system to their
fixer. You'll enjoy efficient system debugging at aprice well
below what you'd expect to pay. For more information
on the LA-5000, or any of Gould's
full line of logic analyzers, write:
Gould Instrument Division,
Santa Clara Operations,
4600 Old Ironsides Drive,
Santa Clara, CA 95050.
Or call (408) 988-6800.
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F
.
Rewards. Sound Management.
Credibility. Respect. Growth. Direction.
Without a doubt, you've heard
these words plenty of times.
Some people call them "buzz"
words because they're supposed to draw your attention.
At Signetics,. we do more
than simply attract you with
impressive sounding words.
We make them come to life.
If that's what you want,

you want us.
We're setting the pace for
the '80s in the semiconductor
industry.
Send us your resume.
Signetics, MS 900, 811 E. Argues
Avenue, Sunnyvale, CA 94086.
(408)739-7700.
We are an equal opportunity
employer m/f.

The Good People Company.

signuties
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Epitaxial process
is highly selective
in depositing silicon
by John Gosch, Frankfurt bureau manager

Iodine vapor deposition
works at low temperatures,
virtually eliminating
diffusion effects
Low growth temperatures and highly
selective silicon deposition are the
hallmarks of a silicon epitaxial
process developed by AEG-Telefunken. Called Locep (from "local
epitaxy"), it could have abig impact
on device fabrication.
Because there are virtually no
diffusion effects with either the silicon or the dopants, very abrupt pn
junctions can be made. Consequently
the process lends itself to producing
extremely thin epitaxial layers such
as may be needed for very largescale integrated circuits, says Peter
Braun, the developer of Locep.
Cooler. Developed at AEG-Telefunken's semiconductor facilities in
Heilbronn, West Germany, the process works at temperatures as low as
600 °C, a big drop from the up-to1,200 °C levels of standard methods.
And since the process allows stable
thermodynamic equilibrium conditions to be maintained, silicon deposition can be highly selective.
The key is the use of iodine to
transport silicon to the silicon substrates for deposition there. Iodine
reacts with silicon at a much lower
temperature than do other halogens,
such as chlorine, normally used in
vapor deposition.
The very abrupt pn junctions that
can be made permit the fabrication
of, say, zener diodes with sharp
breakdown curves. "It's even possible for Locep-made zener diodes to
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have voltage ratings down to 2
volts," Braun says.
Further, because silicon deposition
is so selective—that is, highly
restricted to nonmasked substrate
areas—sharply defined mesalike
structures with very smooth surfaces
can be made (see photo). Such structures could find use as collectors or
emitters in certain types of transistors or ICs.
Well-defined. The process also
allow i the deposition of layers as
thin as 2 micrometers and featuring
an even, controlled distribution of
dopants. With conventional processes, however, the dopants may
penetrate the substrates.

On the face of it, the Locep
process seems to resemble an iodinebased method worked out at
France's Sescosem some years ago.
But this method apparently does not
reach down to 600 °C. Neither does it
seem suited for producing very thin
layers or zener diodes with voltage
ratings as low as those achievable
with the Locep technique.
In implementing the process,
Braun and co-worker Wolodymyr
Kosak use a quartz tube about 100
centimeters long and 7cm in diameter. Inside the tube is a solid source
of silicon and dopant at one end and
a number of silicon substrates at the
other. Crystalline iodine is put near

Smooth work. Deposited with AEG-Telefunken's Locep process, the mesalike epitaxial areas
show no growth disturbances other than border faceting.
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the silicon source. After loading, the
tube is evacuated, sealed, and
inserted into a diffusion furnace,
Braun explains.
The furnace heats the source up to
100 °C more than the substrates,
causing the now gaseous iodine to
transport the silicon (and dopant)
from the source to the substrates.
Although silicon can be grown
expitaxially at about 600°C, practical devices need at least around
700 °C, Braun says. The reason: as
the temperature decreases, epitaxial
growth becomes more sensitive to
the substrate surface conditions.
Nonstandard surface cleaning methods would have to be used, and that
would drive the costs up.
Available. The deposition rates are
about 1µm per hour at 700 °C and
roughly 15 µm per hour at 900 °C.
AEG-Telefunken is already using

its process for low-voltage zener
diodes with sharp breakdown curves.
High deposition selectivity reduces
the number of fabrication steps notably, Braun points out. Rated at 400
milliwatts or 1 watt and at voltage
levels below 6 volts, the diodes are
now being marketed.
A disadvantage of the Locep
process, Braun says, is the need for a
quartz tube for the transport system.
But that, he adds, is more than
compensated for by the advantages
of high device yield and reliability
that the process affords.
Present work at the Heilbronn
facilities is aimed at producing selective collector and emitter areas on
transistors. Also being investigated
are Locep-based power zeners covering high voltage ranges, as well as
silicon deposition over large areas for
VLSI use.

Japan

Two sizes will be available, with a
wide range of inductances. The
smaller chips are 3.2 millimeters
long by 1.6 mm wide by 0.6 mm
thick and have an inductance of 10
nanohenries to 2.4 microhenries. The
larger ones are 4.8 mm long by 2.4
mm wide by 1.1 mm thick and
initially will be available within an
inductance range of 2.4 to 50 µH,
which will be increased to 220 µH.
The firm says that production
capacity is limited because the
inductors are manufactured with the
same equipment as its capacitors. It
does not know when it can start
exports.
-Charles Cohen

Great Britain

Compiler translates
Atlas for minis

Atlas was conceived as a high-level
programming language for expressing equipment test procedures in
both man- and machine-readable
form. But it has generally succeeded
only in the first of these objectives—
Hybrid-circuit manufacturers now the center of the coil, creating a when setting up automatic test
have a new monolithic device. TDK closed magnetic path that minimizes equipment, Atlas programs have to
Electronics Co. has started making leakage flux. The coil itself is made be interpreted manually or at best
monolithic ferrite inductors by a of silver paste, with palladium cover- semiautomatically.
Now a small British software
process like the one it uses to fabri- ing the two end-terminal connections
company has cracked the consideracate multilayer chip capacitors. The to protect them during soldering.
ble intellectual difficulties in the way
The coil is more difficult to fabrinew devices are the same size as the
chip capacitors and can be installed cate than a capacitor because it of developing an Atlas compiler. It
has delivered its first commercial
with the same automatic equipment consists of a continuous helix with
adjacent turns insulated from each software systems to LM Ericsson, the
[Electronics, Jan. 17, p. 63].
Because their figure of merit, Q, is other. Four depositions are required Swedish telecommunications manuon the order of 10 to 30, they are for one turn: slightly more than half facturer, and the British Aircraft
suitable for use mainly as chokes for aturn of conductor, then half alayer Corp.
Needed. The company, Warren
color TV, video recorder, and video of ferrite insulator, slightly more
Point Ltd., calls its compiler MICA,
camera circuits; for television tuners; than half a turn of conductor, and
for Machine Independent Compiler
and for noise filters in microcomput- finally half a layer of ferrite. The
for Atlas. It has invested 50 maners for automatic applications. How- half turns are connected at their
ever, the company expects to develop overlaps during the depositions to years in its development, funded in
part by Britain's Ministry of Desimilar inductors with Qs several form the coil.
fence, which sees a major logistics
High volume. Although many optimes as large for use as peaking
need for the compiler.
erations are required, they can be
coils and resonant circuits.
Because the potential market is
Alternating. The monolithic chip automated and a large number of
limited compared with commercial
coils are fabricated of alternate devices fabricated in each batch.
layers of ferrite and conductor Thus TDK says that when produced data-processing software, the Stevin high volume the chip inductors enage, Herts., company aimed to
only—no other materials are used—
make MICA run on as many
with ferrite layers at the top and will be competitive in price with
machines as possible. The software
bottom of the device. Ferrite also discrete devices, as well as being
was therefore written in Cobal 66, a
surrounds the outer edges and fills in more convenient to use.

Multilayer process yields ferrite chip
inductors for automated installation
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SEMI Presents ...
Great Moments in Semiconductor History
The year was 1947. The place was Bell Telephone Laboratories in New Jersey. Three
dedicated scientists—William Shockley, Walter
Brattain and John Bardeen—successfully completed their experiments on the modulation of
the conductance of semiconductor materials
by an electric field. First, Bardeen and Brattain
discovered the point-contact transistor; a
month later, Shockley conceived the junction
transistor.
That great moment in semiconductor history
marked the birth of an industry rich in great
moments. It also showed how the pace of technological advances can be accelerated by
pooling scientific observations. When these
three pioneers were awarded the Nobel prize
in 1956, it was noted that their sharing of
results made possible the discovery of the
transistor effect.
That sharing of new ideas has been respon-

sible for enormous breakthroughs in semiconductor technology. During the past decade—
when at least 90% of today's technology was
developed—the SEMICON shows have
become the focal point for the sharing of technological knowhow from which new great
moments were born.
In observance of its 10th Anniversary, the
Semiconductor Equipment and Materials Institute (SEMI) has commissioned one of Silicon
Valley's most popular illustrators, Jim deLeon,
to capture the great moments in semiconductor history.
It's our way of saying thanks for the industry
support that has made the SEMICON shows
the most important meeting place for semiconductor manufacturers and their suppliers
throughout the world. Help us celebrate by
planning now to attend one or all of the five
SEMICON shows during 1980.

SEMICON/EUROPA, MARCH 11-13,
ZÜSPA CONVENTION CENTER, ZURICH
SEMICON/WEST, May 20-22, San Mateo
SEMICON/EAST, September 23-25, Boston

0

SEMICON/SOUTHWEST, October 8-9, Dallas
SEMICON/JAPAN, November 19-21, Tokyo

Semiconductor Equipment and Materials Institute
625 Ellis Street, Suite 212, Mountain View, CA 94043 (415) 964-5111
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program is entered into the host
computer and a precompiler checks
for syntactic and semantic errors,
after which an intermediate code is
produced.
2
In a second pass through the host
z
POST computer,
the intermediate code is
w
SOFTCOMPILER
PRE2cne
acted
on
by a resource-analyzer
WARE
AND
CODE
L/J
COMPILER
I—
LINK
GENERATOR
a
o
program. This program describes the
<
w
o
Fcapabilities of the target ATE system,
<n
checks that its resources—such as
measuring instruments—are available, and allocates these resources to
the statements calling them up.
RESOURCE
ANALYZER
Thus modified, the intermediate
AND
ALLOCATOR
machine code is acted on by a postcompiler to produce machine code
for the target system. Filed on floppy
disk, paper tape, or other storage
medium, the compiled program is
normally executed directly by the
ATE hardware. The result, says
Geoff Evans, managing director of
Holding up Atlas. The Machine Independent Compiler for Atlas (MICA) designed by Warren
Point Ltd. is organized to put all the machine-dependent parts in one program segment
Warren Point, is "a complex piece of
software, challenging and elegant."
The cost for acomplete MICA softhigh-level language for real-time expressing test procedures unambigware system depends on the user's
uously in English-like statements.
performance that is well supported
requirements, with subsets available
Wordy. Designed to meet these
with compilers available for several
for digital or analog testing. But,
needs, Atlas began with a large
machines.
says Mansfield, most systems work
Additionally, says John Mans- vocabulary of 200 words but quickly
out at about $200,000.
field, MICA project manager, "we expanded to a huge one of 440
The availability of a proven lowhave put all the machine-dependent words. In contrast, says Leo Rhodes,
cost Atlas compiler will help to boost
parts of the compiler in one program acompany executive associated with
MICA from its beginning in 1973, a all-automatic testing, Evans believes,
segment, so to tailor the system we
and he predicts a big increase in the
high-level language like Fortran has
only have to make changes in that
use of Atlas. This trend has already
area." Some 85% to 90% of the soft- avocabulary of 40 words.
A typical Atlas statement, for
begun in the defense sector, where it
ware is standard, he adds.
is a standard language for contracRight now, the compiler runs example, is: APPLY, DC SIGNAL,
tors and government agencies in the
happily on a host DEC PDP-11/34 VOLTAGE 10V ERRLMT "-0.1V, CURU. S. and many parts of Europe. But
RENT MAX 0.2A, SNX HI J1 LO J2
under the RSX-11M operating systhe biggest market will prove to be
("Apply adc signal of 10 ± 0.1 volts
tem, and, says Mansfield, portability
for industrial and commercial syshas been demonstrated for five and not more than 0.2 ampere
tems.
-Kevin Smith
target ATE systems. Furthermore, a between high pin J1 and low pin
compiler is being developed by the J2").
Japan
But the task of automatically
Royal Signals and Radar Establishtranslating these abbreviated statement for the GEC 4080 computer,
and Warren Point is to develop ments into the machine's limited
others for Texas Instruments' 990 instruction set has proved formidable. The problem is posed by the
minicomputer and also for Computsemantic and syntactic rules governer Automation's LSI-2 if the softing them, since in English the meanware can be fitted in.
A new single-chip color video sensor
ing of a word can depend on its
Impetus for Atlas came during the
for use in video cameras boasts highposition in a sentence. "We are
1960s from the airlines, which faced
er sensitivity, better resolution, and a
beginning to face some of the proba huge problem testing and mainlems encountered in automatic lanlower tendency toward blooming
taining avionic systems internationthan present devices. Matsushita
ally. Through Aeronautical Radio guage translation," Rhodes says.
Electric Industrial Co., which develTo overcome these difficulties,
Inc., or Arinc, the international air
standards committee, they defined a Warren Point adopted a three-stage oped the device, says it will be ideal
high-level computer language for compilation process. First, a test for cameras designed for the conMICA COMPILER

11111M,

Chip sensor shrinks
color video camera
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PROGRAM Reduce_Software_Costs;
BEGIN
IF Choose_MICROPROCESSOR_PASCAL
THEN CASE (Benefits) OF
A : Software_Costs := Lower;
B : Redesign := Easier;
C
Design_Cycle := Shorter;
D : 16 —Bit_Avail. := Now;
END;
FOR microprocessors TO minicomputers
DO MICROPROCESSOR_PASCAL;
END[Happyj.
rillair1111.1.111111111111111W

The program to reduce software costs.
Microprocessor Pascal System.
New. From Texas Instruments.
Learnability.
Transportability.
Maintainability.
The features of Pascal, plus the benefits of TI's learning curve experience,
are offered in the new Microprocessor
Pascal system.
A system designed for microprocessor
applications.
A system developed for the 16-bit
9900 Family, including the TM990
microcomputer modules, and 990
minicomputers.
A system to effectively lower your
software costs today. And keep them
low tomorrow.
At TI, Pascal is the first and only
corporate-wide approved high-level
programming language. For a lot of
good reasons.
Pascal lets you solve your application
without getting involved in the intricacies of machine architecture. And,
Pascal's block structure results in fewer

programming errors, because the code
is easier to write, read and modify.
TI's Microprocessor Pascal system
consists of six parts and provides the
most Pascal capability ever offered:
•Source Editor — specifically designed
to create/edit Pascal programs and
check program syntax.
•Compiler—compiles conventional Pascal progran.s as well as TI's Pascal concurrent extensions into interpretive
code, which can then be executed directly, or converted into 9900 native
machine code.
•Host Debugger — over fifteen options
for tracing variables and modifying
data.
•Configurator— enables the target system to retain only the parts of the runtime support necessary for program
execution.

•Native-Code Generator — converts
Pascal interpretive code into 9900 native machine code.
•Run-Ilme Support—both interpretive
and native-code execution provide a
speed/memory trade-off.
TI's continuing commitment to innovative, cost-effective 16-bit microprocesàor software means an increased
applications capability and decreased
development time for you.
Find out how you can reduce your
present and future software costs. Put
the new TI Microprocessor Pascal system to work for you, today.
For more information,
call your nearest TI field
sales office or authorized
distributor, or write to
Texas Instruments, P.O.
Box 1443, M/S 6404, Houston, lbxas 77001.

TEXAS I
NSTRUMENTS
C) 1980 Texas Instruments Incorporated

INCORPORATED
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Around the world
Siemens aims hi-fi equipment at ailing Japanese market ...
Even though the Japanese audio market is not exactly robust, SiemensElectrogerâte GmbH is banking on the increasing popularity of Europeandesigned equipment in the island nation and is introducing high-fidelity
equipment in Japan. A household-goods subsidiary of Munich-based Siemens AG, the West German firm will have its equipment built and distributed
by Sanyo Electric Trading Co.
...and eyes U. S. power transistor facility
Continuing its drive to become more active on the U. S. semiconductor
market, Siemens AG is bidding to take over the semiconductor activities of
Chicago-based FMC Corp. The deal would involve only the power transistor
business, which is said to have been worth $20 million in 1979.
Japanese fax goes to British firm
The British National Enterprise Board-backed Nexos Ltd. will expand its
automated office equipment line by adding a high-speed facsimile system
from Japan's Oki Electric Industry Co. The London-based company is also
discussing possible areas of collaboration with Plessey Office Systems Ltd.
Talks are likely to center on the latter company's PDX all-digital private
branch exchange, which Plessey sees as central to its automated office
system strategy.

sumer market because it will make
for products that are compact, light,
and easy on their batteries.
The firm says that its prototype
camera is only one third the volume

and one half the weight of those
using image pickup tubes. It is 10
centimeters high, 5 cm wide, and
11.5 cm deep. With a6x zoom lens,
it weighs 1.2 kilograms.

Reduced. New color video sensor chip enables Matsushita to make a phototype video
camera one third the volume of those using image pickup tubes.
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In addition, power requirements
are down because the chip and its
peripheral circuits work with low
voltage and current. Also, they do
not need the power-hungry deflection yokes or dc-to-dc converters
that image pickup tubes do.
The sensitivity of the chip, which
will be discussed at next month's
International Solid State Circuits
Conference in San Francisco, is
higher than that of previous types
because the entire front surface is a
photoconductive layer for converting
the image photoelectrically. It is also
higher because this layer, a thin-film
zinc selenide-zinc cadmium telluride
heterojunction for vidicon -type
tubes, is more sensitive to blue light
than silicon photosensors.
Scan. Image signals are transported for vertical scanning by bucket-brigade-device circuits in the silicon chip underlying the photosensor.
Horizontal scanning is performed by
charge-coupled-device circuits also
on the same chip. In contrast, in
monolithic semiconductor devices
the area is divided between the sensing and transport functions; since
only aportion of the area is available
for image sensing, sensitivity suffers.
Matsushita claims that the mosaic
color filter laminated onto its device
has higher resolution than previous
filters having the same number of
elements. The chip is 13.0 millimeters (512 mils) vertically by 17.0 mm
(669 mils) horizontally, with a
photosensitive area of 10.3 by 13.5
mm (407 by 531 mils). This area has
470 pixels vertically by 375 pixels
horizontally.
The company says that resolution
is 280 TV test-pattern lines horizontally by 480 lines vertically and that
the signal-to-noise ratio is at least 43
decibels for a scene illumination of
500 lux when the lens aperture is
fn. Blooming, though, is suppressed
for highlight areas up to 120 times
as intense as the saturation signal.
Consumers will have to wait until
Matsushita gears up for mass production and gets costs under control.
In the meantime, the Osaka firm
expects to sell a limited number of
cameras later this year at about
$4,000 each.
-Charles Cohen
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Your Marketing department wants anew black box
design. They want it to handle 37 bytes of information. It has to be solar energized. It has to fly. It has
to speak. It has to reproduce. Naturally, it'll need
special cable configurations. Call Belden.
We've developed workable wire, cable and cord
answers for a lot of extraordinary new products.
In fact, a lot of designers have found that working
with Belden in the early stages of a design project
usually pays dividends in compatibility, workability
and lower overall costs.
And once your product is rolling, we're ready to
dig in to wire processing, assembly and installation

problems to help insure that your idea makes it to
market economically.
You see, Belden's capabilities in wire, cable and
cord are comprehensive. Sure, we make thousands
of standards, but we can also provide just about any
custom that you can imagine. And our technical
knowhow ranges from innovative packaging to indepth value analysis.
Just imagine a wire, cable or cord—and we'll
come through with it. Belden Corporation, Electronic Division, P.O. Box 1327, Richmond, IN 47374;
317-966-6661. Out West, contact our Regional Sales
Office in Irvine, CA at 714-833-7700.
8 79B

Your special designs
need aspecial
wire source

Imagine
what we
can do
for you

BELDEN

Coming through..1
1979 Belden

CO«
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with new ideas for moving electrical energy
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Picture aline of low-cost
fully-enclosed
carbon-film trimmers...
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And Its Circle of "Special" Friends.
Spectrol now offers a low-cost line of carbon-film
trimmers that are fully-enclosed and available in two sizesthe 5/8-inch Model 77 and the 3/8-inch Model 76. They come in nine
standard configurations, as shown in the photo, and they are also available in
a great variety of special configurations with various spindles, panel
mounts, and other optional features. Resistance range is from
100 ohms to 10 megohms. Send for a data sheet.
Call for a quote or a free sample.

SPECTROL ELECTRONICS GROUP
UNITED STATES

Spectrol Electronics Corporation P.o. Box 1220, City of Industry, Calif. 91745, U.S.A. •(213) 964-6565 •"rwx awn 584-1314

UNITED KINGDOM
ITALY
GERMANY

Spectrol Reliance

Ltd.

Drakes Way, Swindon, Wiltshire, England •Swindon 21351 •TELEX: 44692

SP Elettronica SpA Via Carlo Piscane 7, 20016 Pero (Milan) Italy •35 30 241 •TELEX: 36091

Spectrol Electronics GmbH Oberauerstrasse 15, 8000 Munich 70 West Germany •(089) 7145096 •TELEX: 05 -213014
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Flat-panel displays find special jobs
Instead of trying to force CRTs out of business, designers
seek applications where size, power, and capacity are factors
by Roger Allan, Components Editor

After 25 years of futile attempts to
replace the cathode-ray tube, researchers working on flat-panel displays have abandoned that goal.
They are concentrating instead on
applications where the CRT — because of its bulk and high power
dissipation or its information-handling shortcomings—is less than
ideal or cannot do the job at all.
Taking that design tack, anumber of
companies using different technologies are enjoying considerable success.
Major flat-panel display technologies competing for special applications are thin-film electroluminescence, gas-discharge or plasma panel, and liquid-crystal displays. Lightemitting-diode display panels have
also surfaced in some applications.
Most successful over the past four
to five years have been ac plasma
panels. On the other hand, fastmoving developments in LcDs and dc
plasma panels promise some radical
changes in large-screen flat panel
displays within the next year or two,
with many coming from Japan.
The many major companies turning out large numbers of ac plasma
panel displays make it clear that this
is a mature technology. Though the
technology for making large-screen
flat-panel ac plasma displays able to
show thousands of characters is here,
it is limited by the high cost of the
driver electronics, which also tend to
be bulky and complex. And colors
are limited to orange and green.
Two companies that spun off the
original Digivue effort of the University of Illinois and Owens-Corning
Corp. have been selling ac plasma
panels for special applications. One
of these, Photonics Technology Inc.
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of Luckey, Ohio, has developed with dozen or more other companies
Science Applications Inc. of La
make dc panels.
Jolla, Calif., the world's largest ac
The other spin-off is Electro Plasplasma panel, a 24-inch-diagonal ma Inc. of Millbury, Ohio, which is
unit that can display over 21,000 partly owned by A-T-0 Inc. of
characters. Used by the military, the Willoughby, Ohio. To complete the
glass panel has a 1,024-by-1,024 tie, another A-T-0 subsidiary, Interaddressable matrix and a resolution state Electronics Corp. of Anaheim,
of 60 picture elements per inch. The Calif., has marketed some of Electro
active display area is 17 by 17 in.
Plasma's panels.
and overall panel thickness is 0.5 in.
Dc plasma displays are also popuThe firm is developing a 39-by-39lar. Burroughs Corp. in Plainfield,
in. panel with resolution of 50 to 60 N. J., sells the dot-matrix Self Scan
lines/in. Plasma ac panels are not and formed-character Panaplex paninexpensive. The Photonics 24-in. els. Others like IEE Inc., Van Nuys,
panel, for example, costs $45,000 for Calif.; Cherry Electrical Products
quantities of less than five. And a Corp., Waukegan, Ill.; Dale Elec-
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Making a face. NHK's planar positive-column flat panel display is said to offer better
luminance, luminous efficiency, and video quality than conventional dc plasma panels.
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patented extensive multiplexing
technique. In addition, it is confident
that it can keep tooling costs for the
tronics Inc., Columbus, Neb.; and new display low. "We'll do better
Beckman Instruments Inc., Scotts- than one-half the tooling costs of the
dale, Ariz., also sell dc plasma Shadowmask CRT," says Markin.
panels. Some of the largest dc plas- He adds, "Our patented multiplexma panels like Burroughs' 12-row ing schemes allow economy, efficien40-character Self Scan II show up to cy, and high brightness levels. We're
480 five-by-seven-dot—matrix char- sure that we can do better than 100
acters. IEE sells a similar panel foot-lamberts of brightness and luminous efficiency of 1 to 10
known as the Argus.
The stumbling block for dc plasma lumens/watt."
panels has been the difficulty proOne of the interesting aspects is
ducing a panel with a large number that a full-color Lucitron panel
of characters at a low enough price. would require less than 100 driver
But it costs less to drive dc plasma circuits, regardless of panel size. The
panels than ac models, and dc panels company will set up a pilot production line this year.
have more color capability.
Japanese view. Fujitsu Ltd., NHK
One manufacturer of displays that
believes it has licked the problem of (Japan Broadcasting Corp.), and
high cost in a large multicharacter Hitachi Ltd. have all demonstràled
10-in, diagonal dc plasma panel
dc panel is Lucitron Inc., Northbrook, Ill. It was founded in June color displays. NHK and Fujitsu have
1978 by a group of scientists when done work on planar positive-column
Zenith Radio Corp. closed its panels. The technique is said to
research and development facility. provide better luminance, luminous
Lucitron has been working jointly efficiency, and video quality than
with GTE Laboratories, Waltham, conventional dc panels. NHK and
Mass., on a large-screen dc plasma Hitachi have both demonstrated 10panel, and will have samples of a in, diagonal panels for portable TV
10.5-in.-diagonal color dc plasma systems, though the picture quality
panel by the middle of this year. The has been poor. Despite that, some
panel will be 3in. thick and will use display experts feel that the pace of
glass 0.125 in. thick. Its aspect ratio their work gives Hitachi and NHK a
will be about 4:3. As explained by shot at producing practical color dc
Lucitron's president Joseph Markin, plasma panels for large-diagonal
"It is not a question of producing displays.
The Japanese also want to make
such panels, but of producing them
using low-cost materials for a low LCD panels. Matsushita Ltd. and
Seiko Denki Co., as well as Hitachi,
selling price."
Lucitron bases its optimism on its have made experimental LCD panels
Probing the news

Big picture. Largest ac plasma panel has 24-in.-diagonal picture and can display over
21,000 characters. It was developed by Photonics Technology with Science Applications Inc.
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for portable TVs. Matsushita, for
example, has demonstrated an LCD
panel about 1.4 by 1.9 in. with about
240 by 240 picture elements. Hitachi
has shown a 3-in. diagonal LCD
panel with 240 by 380 picture
elements.
The two biggest drawbacks to LCD
panels are the material's slow
response, particularly in cold temperatures, and its limited color capability. At least in the area of
limited-color capability, LCD panels
for portable TVS can prove to be
acceptable.
American researchers have not
neglected LCD panels. Westinghouse
Electric Co. in Pittsburgh and
Hughes Aircraft Co. in Carlsbad,
Calif., have also developed flat LCD
panels, the former using thin-film
transistors for the drive circuitry. In
addition, among other companies
that market LCDS with a limited
number of characters, Kylex Inc. of
Mountain View, Calif., recently succeeded in developing a 40-character
LCD with a patented multiplexing
scheme [Electronics, Jan. 3, p. 151]
that significantly advances LCD multiplexing state of the art. Multiplexing is a major problem, particularly
for large numbers of characters.
One U. S. firm that is bullish on
LCD technology for panel displays is
Integrated Display Systems of
Montgomeryville, Pa. It is developing dichroic LCD panels that require
no polarizers, making them less
expensive than conventional LcDs
that require polarizers. The largest
one developed is a 4-by-9-in. panel
with densities on the order of 40
dots/in. A 3-by-7-in. LCD prototype
panel is currently being used in
Volkswagen automobiles and, says
IDS president Thomas Saldi, will be
in U. S. automobile dashboards by
1983.
In addition to all the technologies
on the market, every major U. S.
laboratory is working on thin-film
electroluminescent ac panels. Sharp
Electric Co.'s U. S. subsidiary, Hycom Inc. in Irvine, Calif., is also
developing such panels. Hycom is
sampling a 240-by-320-element dotmatrix display made from ac thinfilm electroluminescent technology.
The sample panel is rated at 1,000
foot-lamberts and a 10-year lifetime
to half-brightness levels.
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Probing the news
Letter from Dallas

Companies plug in to Texas
Lower housing costs, availability of labor, and high esteem
for the work ethic combine to make Lone Star State attractive
by Wesley R. Iversen, Dallas bureau manager
Nobody wants to sound like a bragCorp. In addition to TI, Mostek
gart. But in Texas these days it's not
Corp. also processes silicon at Carhard to find engineers and managers
rollton and is currently bringing up
who are willing to talk pretty tall
its fifth wafer-fabricating line there.
about the Lone Star State's future as
Capital investment. In Austin, the
a premier electronics center during
state capital and another budding
the 1980s. Not that Texas is going to
electronics center, with a population
overtake California's Silicon Valley
of about 350,000, Data General
in terms of sheer concentration of
Corp. and Advanced Micro Devices
sem¡conductor companies. The "siliInc. are among the most recent to
con prairie"—as some are beginning
bring major operations to town. The
to call it—is much too spread out.
city's three largest industrial emBut the availability of land is one
ployers—in order, IBM, Texas Inof the attractions that Texas touters
struments, and Motorola—plan macite. Also, labor shortages and high
jor expansions. Motorola completed
housing costs in Santa Clara Counan additional 230,000-square-foot
try have taken some of the glow off
facility last year, bringing total
California. Bay Area firms, when
space occupied in Austin to more
they expand, are beginning to seek
than 500,000 ft', including two
out other locales. Computer makers
wafer-fabricating lines. Ground was
and other electronics manufacturers,
broken recently in Austin for two
too, are beginning to spread out
more Motorola wafer-fabricating
geographically. With all this dispermodules. And AMD — in its new
sion going on, a lot of folks figure
100,000-ft' Austin facility—is bringthat Texas cities such as Dallas and
ing up a wafer-fabrication line with
Austin are likely to benefit the most,
plans to produce 16-K randomgiven their own already growing
access memories initially, augmentmomentum.
ing the current Texas position as the
Texas Instruments Inc., of course,
leading producer of high-volume
makes more semiconductor devices
mOs memory.
than anybody else in the world and
The growing electronics activity is
runs wafer-fabrication lines in Housmaking Texas much more attractive
ton, Lubbock, and Sherman, as well
to career-conscious engineers. "It's
as at its Dallas headquarters. But
just so easy to talk to people now
there is a growing recognition here
about moving in this direction,"
that TI is no longer the only electronbeams one TI recruiter. "We get a
ic game around. According to 4.
lot of comments about the quality of
figures supplied by the Texas Emhomes and the amount of floor space
ployment Commission, "electrical existing manufacturers, that figure for the dollar. And best of all, we're
and electronics" companies account
looks likely to keep growing. IBM still viewed as having a work ethic
for the largest number of manufac- Corp. recently bought abig chunk of here that's very desirable. People
turing jobs in the 11-county Dallas- land, and other firms that have want to come to Texas to raise their
Fort Worth area, employing 50,000 started operations in the area recent- families."
CI
as of last October.
ly include Hitachi Ltd., NEC AmeriBased on the number of new firms ca, and Boeing Electronics Inc., a This Is the first in a continuing series of reports from
Electronics bureaus relaying the talk of the electronics
moving in and pace of expansion by new subsidiary of Boeing Aerospace industries in their regions.
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Probing the news

Computers

1980 could be year of the consumer
Personal computers for the home expected to quadruple sales
even as industry sees some makers fall by the wayside
by Bruce LeBoss, San Francisco region bureau manager

The personal computer industry is
less than five years old, but already
it seems to be entering adolescence.
With retail sales of personal computers expected almost to double this
year, and the consumer segment
forecast to quadruple and make
1980 the long-awaited year of the
consumer, it appears that the industry has nothing but a bright future.
However, while some suppliers are
targeting one or more market segments to exploit, others are expected
to become industry dropouts.
The picture for the personal computer industry, in particular for
those serving the consumer market,
was notably brightened at the Winter Consumer Electronics Show in
Las Vegas earlier this month, where
conferees heard projections that

Upswing.

retail sales of personal computers
will reach $950 million and 600,000
units this year, up from $500 million
and 350,000 units in 1979. That
forecast, made by Bill Meserve, a
member of the Information Systems
Group of Arthur D. Little Inc.,
Cambridge, Mass., further points
out that the consumer segment of
the market will show the most significant gains. Sales to consumers, he
says, will rise from $30 million and
50,000 units last year to $120
million and 200,000 units in 1980.
Oddly, the projection is not far
from the one made ayear earlier for
1979 when, according to Meserve,
the consumer market "did not take
off, as many industry observers had
predicted." What happened, he explains, were "production difficulties

This forecast shows uninterrupted growth in personal computer market, both home

and small business. Consumer segment (top line) could reach $950 million in 1980.
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caused by a lack of chips. Many
units were not shipped around June,
when expected, but closer to the
November-December time frame."
However, "the industry as awhole
did well, showing a 67% increase in
sales over 1978," Meserve says,
"thanks to a strong showing from
the other major segments—the very
small-business users and the traditional technology-based segment."
Spurring the overall growth last
year, he adds, were several factors,
including the appearance of new
suppliers, among them Digital
Equipment Corp., Texas Instruments Inc., and Atari Inc. Also,
distribution channels expanded with
the introduction of factory-owned
stores, most importantly DEC's chain
of stores aimed at the small-business
user. Furthermore, mass retailers
such as Sears, Roebuck and Co.,
J. C. Penney Co., and Montgomery
Ward & Co. also came into the
picture. That, coupled with ahost of
new products, prodded industry
growth and laid the groundwork for
1980, says Meserve.
Dropping out. Although the personal computer industry is "alive
and well and continuing dynamic
growth of better than 50% a year,"
he projects ashakeout among industry participants that is still a few
months out. Last year saw some of
the first casualties when firms such
as Imsai, Polymorphic, and Xitan
dropped out of the personal computer business for a number of reasons,
one of them being the inability to
make the transition from the hobbyist market to the small-business or
high-technology segments. Others,
such as MITS/Altair —purchased by
Pertec Computer Corp., which was
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itself bought by a West German
affiliate of Volkswagen AG —are disappearing from the market, he notes.
Those storm clouds, coupled with
Meserve's projections that the industry in 1983 will be "consuming some
2million units worth $2 billion," did
not dampen the enthusiasm of
personal computer suppliers at the
Las Vegas show. This was particularly true of vendors to the consumer
market, which the market research
and consulting firm says will reach
1.3 million units worth $330 million
in 1983. According to Sy Lipper,
president of APF Electronics Inc.,
New York, "the personal computer
in the home will start mushrooming
this year." He cites one research
organization's forecast of a$5 billion
personal computer market in 1985.
But while the home market is
expected to boom this year, at least
one personal computer supplier,
Hewlett-Packard Co.'s Corvallis
(Ore.) division, is shying away from
the home market. Instead, HP is
targeting its new HP-85 personal
computer [Electronics, Jan. 17, p. 46]
primarily at business and technical
professionals, such as engineers,
scientists, accountants, and investment analysts.
No place like home. But Apple
Computer Inc., for example, believes
"the home is potentially the greatest
untapped market for personal microcomputers" and expects that "personal computers will be purchased
and used in the home as commonly
as Tv sets, stereo systems, or microwave ovens." However, the Cupertino, Calif., firm has shipped over
25,000 of its Apple personal computers to the business, scientific, and
professional marketplace, adds
Steven P. Jobs, vice president of
product marketing.
According to Jobs, Apple sees an
opportunity to contribute in the
scientific-industrial and businessprofessional marketplaces by making
hardware and software offerings
that perform, for example, word
processing, general ledger, accounts
payable, and accounts receivable
applications. And these markets, he
adds, "are gobbling up" the firm's
personal computers for other than
home use. Apple's apparent success
has come even though the firm "just
kicked off aconcerted thrust in these
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Market aid. Apple's Stock Quote Reporter shows current prices, permits bid to be made,
ascertains closing price, high and low price for the day, and current volume of astock.

markets last October," notes A. C.
(Mike) Markkula, chairman and
marketing vice president.
Also making an apparent bid for
the market is Commodore Business
Machines Inc., the Santa Clara,
Calif., firm whose sales of Pet
personal computers perhaps make it
the No. 2supplier in the field behind
Radio Shack, suppliers of the
TRS-80. Commodore previewed at
Las Vegas a prototype of an 80character screen system, the 8032,
with 32 kilobytes of memory, that it
will make available after introduction at an office products show in
Atlanta in March. Also shown was a
prototype of one of four disk-based
systems Commodore reportedly is
developing. Designated the 8050, the
system is based on a Micropolis
1-megabyte disk. Both offerings "obviously are not aimed at the beginner," says Chuck Peddle, vice president for systems technology.
Looking up. Other suppliers of
personal computers for the home
market apparently have an eye on
the business and technical professional market segments, as well. For
example, Texas Instruments Inc.,
Dallas, which entered the personal
computer field at the summer consumer show in June 1979, took the
wraps off five peripherals that
expand the power and capability of
its TI-99/4 home computer. The
additions include: amini-floppy disk

system, which includes a controller
with up to three disk drives; an
RS-232 interface; an acoustic modem; aspeech synthesis module; and
a thermal printer. Although Ti's
thrust is the home market, according
to Rex Naden, manager of the product customer center, he expects
approximately 20% of the 99/4's
sales to be split between professional
and small-business applications.
Atari, in Sunnyvale, Calif., also is
making a move with its personal
computer line into the business
arena. The Warner Communications
Inc. division earlier this month
signed a licensing agreement with
Control Data Corp. to market eight
computer investment-applications
programs developed by CDC. The
programs, designed to help users
make financial investment decisions
with their Atari personal computers,
include: bond yield, bond price and
interest, bond switch, stock rate of
return, stock dividend analysis, stock
charting, mortgage analysis, and
portfolio analysis.
Similar accords are anticipated as
existing suppliers of personal computers look to broaden their base
into other than the hobbyist market,
which, says Greg. R. Leveille, director of the distributed-data-processing division of Creative Strategies
International, "has pretty much plateaued and might even be on a
decline."
El
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Electronics abroad

Italy seeks yet another solution
GNP may rise only 1.5% this year, although electronics
industries will do better as computers, communications lead
by Arthur Erikson, Managing Editor, International, and Jeff Ryser, McGraw-Hill World News
No matter how precarious the economic outlook for Italy has seemed
in recent years, the country has
always managed to find some sort of
"Italian solution," amix of make-do,
insouciance, and ingenuity that
would provoke disaster anywhere
else in Western Europe. Still another
"solution" will be needed this year,
and it is harder than ever to divine
whence it might come.
As before, the ruling coalition is
fragile. The minority ChristianDemocratic government of Prime
Minister Francesco Cossiga is hanging on mainly because neither the
Communist nor the Socialist Party—each for its own reasons—wants
to topple it at the moment. Meanwhile, Cossiga cannot get the legislation he needs to govern effectively
through the parliament.
Inflation continues to accelerate

while economic growth dwindles.
After a poor 1978, Italy's Gross
National Product rebounded to show
a reasonable 4.3% gain last year. It
now looks set to backslide to about
1.5% in 1980. Inflation by the end of
the year could top 20%.
To be sure, electronics markets
figure to fare better than the economy does overall—particularly in
communications and computers,
where pervasiveness is the goal. At
first glance, the figures in Electronics' forecast do not look too bad.
They predict equipment markets will
rise 11% this year to reach $4.58
billion. However, the estimates are
made at current prices and therefore
must be discounted for inflation.
What's more, they are based on a
survey that was made last fall,
before the latest round of oil-price
hikes sent forecasters back to their

ITALIAN ELECTRONICS MARKETS FORECAST
(IN MILLIONS OF DOLLARS)

Total assembled equipment
Consumer electronics
Communications equipment
Computers and related hardware

1978

1979

1980

3,621

4,131

4,584

1,326

1,477

1,605

502

575

633

1,226

1,435

1,605

394

456

529

Medical electronics

86

95

109

Test and measurement equipment

55

60

68

Power supplies

32

33

35

737
349

779
375

824
393

Industrial electronics

Total components
Passive and electromechanical
Discrete semiconductors

87

99

111

Integrated circuits

92

107

124

209

198

196

Tubes
(Exchange rate: Si = 830 lire)

Note: Estimates in this chart are consensus estimates of consumption of electronic equipment obtained
from asurvey made by Electronics in September and October 1979. Domestic hardware is valued
at factory sales prices and imports at landed costs.
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computers to adjust their growth
figures downward.
Computers. Whatever the adjustments, computers will rank as the
fastest-growing electronics hardware
market in 1980. The forecast: a
climb of 11.8% to $1.61 billion. The
heaviest push is likely to come from
the lower bands of the equipment
spectrum. Sizable numbers of small
firms remain that still have to
acquire their first data-processing
hardware, and they will obviously
start small. Also, many mediumsized companies are shifting to
distributed processing, and that
means minicomputers. Large Italian
companies for the most part have
what they need—large systems. The
same can be said for the central
administration of the Italian government. The upper bands of the
market, then, figure to lag behind.
As for word processing, "that is still
too advanced for Italian companies,"
according to a market researcher at
alarge-computer manufacturer.
The major mainframe makers like
Honeywell Information Systems
Italia, IBM Italia, and Sperry-Univac
will presumably keep a closer-thanusual watch this year on Ing. C.
Olivetti & Cie., the country's leading office-machine maker, with
headquarters at Ivrea, near Turin.
For one thing, the firm plans to get
back into the mainframe computer
business and has set up asubsidiary,
Olivetti Computer spA, to market
medium-sized and large systems
bought outside—possibly from a
Japanese producer.
For another, it wants to step up
automation at its major plants and
trim its work force in Italy by some
4,500, amove the unions are fighting
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to forestall. Its success—or lack of
it—at boosting productivity will give
other high-technology companies a
reading on what they might be able
to do to lower their production costs.
Finally, Olivetti figures to be a
candidate for a substantial chunk of
the government's $605 million package of loans and subsidies to boost
research and development in computers, telecommunications, and
semiconductors [Electronics, Aug. 3,
1978, p. 84]. The plan, funded nearly two years ago by the parliament,
is "now set to go," according to
Giancarlo Lizzeri, the Ministry of
Industry official who headed the
special commission that drew up the
plan. "All that is left to be done is
for the respective companies to enter
the maddening bureaucratic maze of
procedures laid down by the plan,"
Lizzeri maintains.
Communications. Additional government largess looks likely for telecommunications producers. They
had good news in mid-January from
Vittorino Colombo, the minister for
posts and telecommunications. He
announced then that because of
added income from a rise in telephone rates, the government-controlled telephone agency, Societá
Italiana per l'Esercizio Telefonica
PA (SIP), was preparing to spend
$400 million over the next three
years to upgrade the country's
network.
Part of the money will go for timedivision switching systems, the Proteo hardware developed by Società
Italiana Telecommunicaziono Italtel, like SIP a unit in the government's telecommunications holding
company, STET. Already, some 8,000
lines of Proteo switching gear have
been installed in intercity trunk
exchanges. The figure is expected to
bounce up to 33,000 lines by 1982
and to 200,000 lines by 1985. Meanwhile, Italtel will be striving to sell
Proteo systems abroad. The most
likely market is Brazil.
Although the money SIP plans to
spend will not filter down this year
to suppliers like ItaRe' (better
known inside Italy as SIT-Siemens)
and Telettra SpA, asubsidiary of the
Italian auto maker Fiat, they can
expect to hold their own, according
to Electronics' survey. The communications sector will rise to $630

million this year, a 10.1% hike over
last year's estimated $575 million.
Discounted for inflationary price
rises, that translates as fiat.
Consumer. Tv set makers are
almost surely in for a poor year.
Household consumption in Italy
climbed some 3.8% in 1979 and this
year will edge up only 1.5%, according to Bruno Brovedani, an economist for amajor Italian bank. At the
same time that consumers' affluence
is on the wane, the market for colorTV sets is beset by aheavy inventory.
Although the Olympic Games thus
far triggered sales spurts in countries
where color receiver saturation was
low—the case for Italy at the
moment—the 1980 games (if they
are actually held) may not be
enough.
Electronics' survey predicts color
set sales of $900 million or a little
better this year, up just under 8%
over the 1979 level. And as goes
color Tv, so goes the consumer electronics business: a comparable percentage rise to $1.605 billion from
the 1979 level of $1.477 billion.
Components. As for components
markets, the total figures are hardly
inspiring—a rise of 6.3% this year to
$824 million. Passive component
suppliers cannot even count on that
much—the rise forecast for them is
less than 5%. For tube suppliers, the
heavy inventory of color-Tv sets
means a low-growth year and a
tough market for picture-tube
people. To make matters worse, Italian passive-component suppliers will
not be able to offset slower sales in
their home market by boosting
exports, as they have in past years.
The semiconductor sector, though,
is something else. According to the
forecast, integrated-circuit sales will
surge nearly 16% to $124 million,
and discretes show a solid rise of
slightly better than 12% to $111
million. SGS ATES Componenti Elettronicci spA, the only major Italian
semiconductor house and still another company under STET's wings,
figures it can repeat this year the
30% rise in sales it managed for
1979. But SGS ATES' fortunes depend heavily on export markets—the
company does only a quarter of its
business in Italy.
Fourth in aseries examining European markets.

ELECTRICALLY CONDUCTIVE
ADHESIVES AND COATINGS
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ECCOAMP products offer high performance and savings for bonding, coating,
sealing electrical/electronic components
with conductive plastic. They include
"cold" solders, anti-static, reflective and
absorbtive coatings. Some have electrical and thermal conductivity equivalent
to metals.
Circle 71 on reader service card

NEW PRESENTATION
DIELECTRIC MATERIALS CHART

This colorful chart is a standard
reference for electronic engineers.
Shows Dielectric Constant (
n") and
Loss Tangent (tan u) for many E&C
products and common materials
plotted on 11" x 16 1
/ " graph. For
2
notebook or wall mounting.
Circle 72 on reader service card

RTV SILICONE RUBBER WITH
SUPERIOR THERMAL
CONDUCTIVITY

Ordonery
RTV Solecone

ECCOSIL
4032

Cas1
urethane

1401.10
Rub..

Comparative thermal conductivity graph
shows the superior heat dissipation properties of ECCOSIL' 4952 over other various elastomers. ECCOSIL 4952 cures at
room or elevated temperature to a flexible
silicone rubber capable of withstanding
500 °F (260 °C). Recommended for potting
and encapsulating components from which
heat is to be dissipated.
Circle 73 on reader service card

EMERSON &CUMIN
Dewey and Almy Chemical Division

W. R. Grace & Co.
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Telephone (617) 828-3300

Supercomponent technical manual, then
moves on. The job's done.
A systems designer wants to control aradar
telemetry system. There are special software
considerations, and real-time data is needed.
(Last year, adesign just like it.took him six
months.) He spends acotiple day. with
Supercomponent specifications an' moves on.
Th ob. nt:

A process-control engineer wants ahighspeed, low-cost computer to monitor and control afactory operation. He checks out the
Supercomponenr specs and moves on to the
next project. This job's done.
A systems engineer is designing ablood
analyzer on areally tight schedule. He needs
adigital controller to record, analyze, compare,
file and retrieve data. He reviews the
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Here come the
Supercomponents!

Advanced Micro Devices announces afamily
of LSI-intensive boards built to save the serious
systems designer awhole lot of time and
money. Supercomponents are changing the
make-or-buy rules. Here's why:
They're absolutely state of the art. They are
designed-in like components and they think
like VLSI. They save you aton of interface
design time. They're plug-in ready. All are
iSBC80* compatible and have aMultibusl'And,
of course, we have all the enclosures and power
supplies and card cages and back planes and
software you need to cut your costs and accelerate your project.
Now for the big reason: Supercomponents
are better because the parts are better. They're
made from the finest, freshest, most advanced
LSI in the business.
You picked aterrific time to be in this business. Supercomponents are here.

The Am95/4005.

Our single-board computer, The Monoboare
is very powerful. It has all the features

others in its class have, but —over and above
—it includes asophisticated arithmetic
processor, four DMA channels and speeds up
to 3megahertz!

The Am95/6110.
Our floppy disk controller has its own
built-in intelligence. It has its own Am8085A
CPU plus ahigh-speed buffer and its own
PROM-based firmware. A DMA is included.
There's much more. You'll have to read the full
specs to believe it.

The Am95/1128.
128K bytes of RAM on aboard plus parity
with its own built-in refresh. The RAM can
be dual-ported. Smaller capacities can be
achieved by depopulating the board. The
Am 95/1128 has twice the capacity of its
nearest competitor.
These are just afew members of our
Supercomponent family. Call or write us for the
facts on all of them.
'ISBC and Mult,bus ore trademarks of Intel Corp

Advanced Micro Devices CI
901 Thompson Place, Sunnyvale, CA 94086
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Probing the news

Communications

ITT off base, say chip makers
Semiconductor marketers say telecommunications giant has ignored
segments of market in calling estimates of potential overblown
by Harvey J. Hindin, Communications & Microwave Editor
International Telephone and Telegraph Co. may think that the makers
of integrated circuits for the telecommunications market have overestimated its size. But the semiconductor industry is sticking to its guns,
even casting some doubt on ITT's
credentials as adigital expert in this
area.
Most industry leaders concede
that ITT's figures [Electronics, Jan. 3,
p. 90] for the central office and
private branch exchange markets are
sound, although the number of lines
that will be "captive" is debated. On
the other hand, they feel that ITT has
underestimated or ignored the market for the chips in other segments of
the domestic communications market. And, they say, all aspects of the
foreign market have been wrongly

evaluated by the multinational telecommunications giant.
For instance, Robert W. Peters,
marketing manager of the Consumer
and Communications Products
Group of American Microsystems
Inc. in Santa Clara, Calif., says, "I
generally agree with [ITT's Tim]
Smith and [Will Riner that the
immediate domestic central office
market is limited." However, "they
did not cover the whole somewhat
more complicated story—there is a
far greater market for codecs and
associated pulse-code modulation
components in private branch exchanges and channel banks not only
in the U. S. but in Japan and
Europe."
More forcefully, Tom Reynolds,
industry business manager for tele-
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Both sides of the discussion about the market agree that as the network

becomes more digital, and stored program control the method of choice, chip usage will rise.
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communications of National Semiconductor Corp., also in Santa
Clara, believes that "the billiondollar market quoted by the two ITT
spokesmen is not that far off if you
look at total semiconductor utilization and do not try to relate the
figure to specific semiconductor circuits such as codecs and subscriberline interface circuits."
Always up. The fact is that the use
of chips in the transmission function,
as part of the connections between
switching offices, as well as in all
parts of the telephone system, is
constantly increasing. This is noted
by the semiconductor manufacturers
as a major segment of the market
ignored by ITT.
Another such segment they repeatedly mention is the growth of
memory and microprocessor consumption in network control and the
other control functions. As Reynolds
puts it: "This is massive—it is standard product and is not committed
to line cards only." Thus, the chip
makers evidently feel that the number of opportunities cannot be measured by the number of line interfaces
or even specific components.
Even ITT's estimate of just the
codec and filter market comes in for
its share of criticism. Tony Livingston, telecommunications marketing
manager for Intel Corp., Santa
Clara, believes that irr understates
the size of that market by 1985 "by
afactor of four or so."
Livingston bases his opinion on
the tremendous growth expected for
digital technology. Even Bell, which
has been a laggard in that area, has
by now started to move solidly in
that direction. It will have the ESS5—a small digital switch—ready by
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the early part of this decade. It is
also under tremendous pressure to
introduce a digital private branch
exchange in about the same time
because it is losing that market to
the independents. Furthermore, it
has gone so far as to qualify Canada's Northern Telecom as asupplier
of digital switches—at least one—
for Bell's operating companies.
Chances abound. These Bell moves
could mean more opportunity for the
semiconductor people if Bell proves
unable to supply its own needs. As
Dick Pieranunzi, strategic marketing
manager for telecommunications of
Motorola Inc.'s Semiconductor
Products Group in Phoenix, puts it,
"It will be somewhat like the shortage of memory right now in the
automotive market and IBM going
more and more to the outside
marketplace." He also adds, "Western Electric does not have offshore
facilities to bring the cost of its chips
down. So you have to ask if the
telephone companies will want some
outside supply for the components
they will be using. Ithink they will,
and while the total market won't be
in the billion-dollar range it may
well triple or quadruple within the
next five years."
This sentiment is echoed by Frank
Schneider, vice president and general manager of the Automotive and
Telecommunications division of Signetics Corp. in Sunnyvale, Calif.,
who says, "The demand is going up
very fast and Bell and ITT will not be
able to keep up with it. It will be like
what happened to the IBM market. I
get the impression that ITT'S figures
are only extensions of past trends
rather than estimates of what will
really happen."
Late start. Some semiconductor
marketing people also argue that as
ITT didn't address the digital switch
market until late in the game, it may
not have the best view of where the
industry is going. It certainly cannot
be considered to be an innovator in
the digital communications market,
whereas Northern Telecom is consistently singled out by the chip
marketers as the industry leader.
The Canadian company is called an
aggressive manufacturer and the
epitome of how growth can come
from early innovation in the use of
digital telecommunications.

The rrr forecasters are called to
task also for their estimates of the
foreign market. As for the U. S.
market, however, specific opposing
figures were hard to come by.
National's Tom Reynolds puts it this
way: "The fact that only 30% of the
phone market is taken up in France
is a positive rather than a negative
factor. This can make a major
contribution to future industry
growth." He believes that none of
the industrialized countries can afford to leavè agap between itself and
the others, and he deduces that the
telecommunications market, insofar
as the central office line interface is
concerned, is therefore greater outside the U. S. than within.
As for ITT's claim that it is difficult, if not impossible, to sell to
foreign telephone companies, it is
worth noting that many U. S. semiconductor companies have crosslicensing agreements with foreign
companies to help them gain access
to those markets. Motorola's Pieranunzi asserts, too, that "if the product is right, they will buy. They buy
memories they need to be competitive on aworldwide basis, and if they
see they will end up behind in the
telecommunications market if they
don't, they'll buy more memories."
Moreover, Pieranunzi adds, countries like France and West Germany
are very concerned with their balance of payments. "They cannot
export a low-labor product. Nor can
they ship raw materials like oil. The
only thing left is high technology,
and a major factor here is telecommunications. The recent major contract for them to redo Egypt's telephones bears this out."
One last point that drew fire: ITT
said the chips on a line-interface
card cost $12, but the industry
consensus is that up to $20 is more
likely for the present.
If there is unanimous agreement
between ITT and the semiconductor
makers about anything, it is regarding the need for the chip suppliers to
equip themselves with personnel who
know telecommunications, the difficulty in obtaining specifications for
systems, and the need for special
hardware and software for design
and testing. However, no one views
any of those as insurmountable problems.
LI

Leaders in
Electronics

The only reference devoted solely
to biographies of the most
influential people in electronics
•corporate executives •technical
managers •designers/developers •
government and military officials •
academics •consultants •editors/
publishers •trade/professional
group directors •securities analysts
Plus an 80-page index of biographees by affiliation, including
independent consultants in every
electronics specialty.
Preparéd by the staff of Electronics
magazine. 5,240 biographies. 651
pages, clothbound. $39.50
-1

Electronics Magazine Books
PO. Box 669. Hightstown, NJ 08520
Send me...

copies of Leaders in Electronics @
$39.50 plus applicable sales tax. McGraw-Hill
pays regular shipping and handling charges on
pre-paid orders.
Imust be fully satisfied or you will refund full
payment if the book is returned after ten-day
trial examination.
'.__: Payment enclosed

Bill firm

Charge to my credit card:
Ii Diners Club
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Acct. No.
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Master Charge
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VAX Virtual. Memory
Ask any user.
"We were looking for large
program capacity. And VAX ran
circles around the competition."

Now the problems they had in doing large
data analysis and timesharing simultaneously are
athing of the past. Says Little, "We're able to
lock our biggest jobs—like synthetic seismogram
generation and fluid dynamical modelling —into
VAX's main memory, while other timesharing
users can be handled by the virtual memory
system."
And Little has found that program conversion is abreeze: "We've converted programs
from practically every kind of computer you can
imagine with great ease."

"With VAX's virtual memory,
there isn't aPC board around
that's too large for LASAR
to handle."
Skip Little,
Supervisor of Systems Analysis and
Systems Programming,
VAX Computer Group,
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts
Scientists at the Woods Hole
Oceanographic Institution gather
massive amounts of data about the
earth's oceans. But until recently the
only way they could analyze much of
that data was by sending magtapes to
and from agiant Cray 1computer
located 1800 miles away.
So the Institution decided to buy
its own VAX from Digital.
Here's what Skip Little, Supervisor
of Woods Hole's VAX Computer Group,
has to say about VAX program capacity: "Some of the smaller versions of
Cray modelling programs can actually
be run on VAX. That's remarkable
because the Cray 1computer is
the world's most powerful
commercially-available system."

Fred Grant,
LASAR Product Manager,
Teradyne, Inc.,
Boston, Massachusetts

"Without Digital's VAX, our
specialized design work just
wouldn't be as cost effective."
Stephen Tritter, Senior Principal Engineer,
Engineering Computer Facilities,
E-Systems, Inc., ECI-Division
St. Petersburg, Florida

Teradyne, Inc. makes awide range of automatic test equipment including computer-based
systems for testing printed circuit boards. To help
their customers program the most complex of
these PC board test systems, Teradyne developed
asophisticated software package called LASAR.'
But until Teradyne looked at Digital's VAX11/780, LASAR was only available to customers
through atimesharing service on alarge batchoriented mainframe. The software package was
just too big for anything less.
Now with LASAR running on VAX,
Teradyne will have the program capacity they
need, in asystem their customers can afford
to purchase.
"When you reach the limit of main memory,
VAX automatically puts the program into virtual
memory," Grant says. "That's akey factor in our
LASAR development work. Test programmers
can develop more complete programs without
being limited by memory size."
Has Teradyne sacrificed performance by
switching from the mainframe?
"Definitely not," says Grant. "In our benchmarks, VAX matched up one-to-one with the
mainframe. That really impressed us."
And VAX's interactive capability should be a
big plus for Teradyne's customers: "Several people can program on VAX simultaneously, and
they can monitor the progress of their programs
as they work.
"There's more programmer involvement
with VAX, and more efficiency too."

The ECI Division of E-Systems, Inc., designs
high-technology electronics and communications
equipment for the U.S. Government. And that
requires huge computer programming space.
So virtual memory capability was an important factor in the E-System decision to buy aVAX
"We're doing alot of work now that we
couldn't have done without Digital's VAX," says
Steve Tritter, Senior Principal Engineer.
"For example, we use the VAX to help us
design our own LSI integrated circuit chips. That
means keeping track of thousands of points, each
with several different characteristics. It's abig job
"And while that analysis is running, other
people are performing high-frequency radio
propagation studies using as many as 210,000
memory locations, or running Fast Fourier Transforms with up to 8,000 points."
Tritter says that ECI regularly has 10 to 12
engineers working interactively on VAX at a
given time.
"We're very happy with VAX system
performance," he adds. "We expect to add
more memory, and eventually service 50 to 60
simultaneous users."
Digital's VAX-11/780, with its 4billion bytes
of virtual memory, has set anew standard for
program capacity. This means you can run large
programs easily on VAX, with apotential for
growth that's unmatched in the industry.
But don't just listen to us. Send for our free
brochure.
And listen to our customers.

r

D Please send me the new "VAX — Ask Any User"
brochure and detailed Technical Summary.
D Please contact me.
Name

Title

Company
Address
City

State

Zip

Phone
My application is 0 Education D Medical D Laboratory
D Engineering O Government 0 Resale D Other
Send to: Digital Equipment Corporation, MR1-1/M55,
200 Forest St., Marlborough, MA 01752. Tel. 617481-9511,
Ext. 6885.
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HP: EXPERIENCE IN MICROWAVE TECHNOLOGY

7

When your RF network
measurement needs are large,
but your budget isn't.
IL.1

8754A Network Analyzer and 8502A
Transmission/Reflection Test Set CRT trace
has been stored in companion 8750A Storage,
Normalizer

HP'S New 1300 MHz
Network Analyzer.
It brings speed and
convenience to
RF measurements
for only $11,500.

Transmission Magnitude
and Phase.

Simultaneous
Transmission and
Reflection.

The HP 8754A consists of:
4-1300 MHz swept source
with +10 dBm leveled
output, calibrated sweeps
and crystal markers.
El Three channel receiver
to measure any two transmission/reflection parameters simultaneously with
>80 dB dynamic range.
o CRT display for rectilinear
and polar plots with resolution 0.25 dB and 2.5 0/major
division.
Just add the appropriate
test set and you can make
thorough and accurate
measurements quickly
and easily. Such as:
n

Measure loss, gain and phase
shift using the 11850 Power
Splitter 156(101. Completely
identify filter passhands and
skirt characteristics without
misleading harmonic or
spurious responses.

Impedance.

Use the 8502 Test Set 1$2000) and see
the trade offs between transmission
gain/loss and input match in asingle
setup. For two-port characteristics of
networks, including transistors. an
S-parameter test set is available.

Storage/Normalizer
increases
the 8754A's capabilities.
Add the 8750A and you can automatically
remove system frequency response variations also make comparison measurements easily. Digital storage permits
flicker-free displays even for measurements requiring slow sweep rates.

Measure and display
impedance in polar form,
with crystal markers to give
precise frequency data. Test
sets are available for both
50 and 750 systems.

A call to your nearby HP
field sales office is all you
have to do to get more information, or write 1507 Page
Mill Road, Palo Alto,
CA 94304.
Domestic US prices only.

45907A

HEWLETT
PACKARD
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Technical articles

Development system supports
today's processors and tomorrow's
Present hardware modules and software tools emulate 68000;
future enhancements will include amulti-user operating system
by Jack Kister and Irwin Robinson,*
El The EXORmacs development system is intended to aid
in the design of systems based on the MC68000 16-bit
microprocessor. But it is also compatible with previous
development tools and microprocessors and, more importantly, is designed to support future processor chips.
In readiness for those yet unannounced devices,
EXORmacs incorporates a new, 5-megahertz bus structure called vERsAbus that 32 address and 32 data lines
(see "A 32-bit bus system," p. 82). On this
bus reside the modules that constitute the system hard'Now with Graphtek Inc., Phoenix, Ariz.

Motorola Inc., Semiconductor Group, Phoenix, Ani.

ware. Besides the 68000, the central-processing-unit
board contains memory management logic to smooth
software development. A bus arbiter module allows
multiple processors to share the system bus. Portions of
these and other modules will be integrated into dedicated
peripheral chips at a later date in order to further boost
system performance.
The system is loaded with new software, too, including
a real-time, multitasking operating system, a resident
Pascal compiler, and a macro-assembler. A secondary
"memory map optionally provides unrestricted use of the
1. Thinking ahead. The EXORmacs development system is designed to support the
16-bit 68000 microprocessor, but its 32-bit
address

bus

and

32-bit

data

bus

are

intended for future versions of this and other
microprocessors. The system incorporates
memory management and bus arbitration
logic for multiprocessing and, later this year,
multiple users. The hardware and software
self-test their own integrity.
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A 32-bit bus system
VERSAbus is designed to serve as a comprehensive foundation for 8-bit to 32-bit microprocessor architectures
having 5-megahertz data transfer rates. It is specifically
intended to serve industrial control, communications, and
general-purpose business applications and to allow for
system architectures involving multiple processors. A final
objective of VERSAbus is to exploit to the fullest the latest
computer and semiconductor technologies but without
sacrificing ease of use.
To satisfy these objectives, the following features are
provided by VERSAbus:
D A very fast bus cycle time.
O Asynchronous, bidirectional operation.
• 8-, 16-, or 32-bit data transfers, with single-byte designation possible in 16- and 32-bit data transfers.
D 32 address lines for direct access to 4 billion words of
memory.
O Direct memory access and multiprocessor support.
• Seven-level priority interrupt control.
ID Five-level daisy-chained bus arbitration.
D Up to 50 peripheral input/output lines with mating
ground returns.
D Standard + 5-V and + 12-V power for logic as well as
+ 15 V for process control and standby power support.

D
•
•
D

Serial communications.
Distinct I/O mapping.
Bus error and retry signals.
Separate analog ground.
To accommodate the signal lines required for these
features, VERSAbus uses 260 pins in two connectors, as
shown in the diagram. Why should a microprocessor bus
be so large? First, as densities increase in semiconductor
devices, greater amounts of memory and peripherals will
be controlled from a microprocessor and wider data
widths will be required.
Secondly, since one of the goals of VERSAbus is to
provide a comprehensive basis for future microprocessor
systems, it must be capable of supporting the largest
envisioned applications and single-board designs. Because of the two distinct connectors, systems may be
designed using board sizes of 8 inches wide by 9.25
inches high. Such small-sized boards may be plugged into
full-width systems for development purposes, or they
could serve as a more economical means of providing
functions that do not occupy the full-sized module. Entire
16-bit, 16-megabyte systems with full priority interrupt
and bus arbitration could in fact be implemented on the
half-sized boards.

• 50 INPUT/OUTPUT CONTROL LINES
• 32-BIT EXPANSION (16 DATA AND 8ADDRESS LINES)

120 PINS

• SERIAL COMMUNICATIONS
• POWER

• 16-BIT DATA BUS
• 24 ADDRESS LINES
• ASYNCHRONOUS CONTROL
• 7-LEVEL PRIORITY INTERRUPT
• 5-LEVEL BUS ARBITRATION
• POWER
• FAULT DETECTION AND CONTROL

1

6.5 in.

n.

140 PINS

9.25 in.

mmu) module, debug module, 128-kilobyte dynamic
random-access memory module, 32-kilobyte static RAM
module, floppy-disk interface module, and 68000 user
system emulator (USE) module (Fig. 1).
The central intelligence of EXORmacs is provided by
the 68000 MPU-MMU module that, besides the 68000,
also contains a four-segment memory management unit
and diagnostic firmware. The memory management unit
A good start
allocates memory for tasks and allows the multitasking
operating system to protect user programs. The real-time
EXORmacs represents phase three of the 68000
support that began (before the 68000 chips) with across multitasking operating system speeds program developassembler and cross simulator in 1978. The second phase ment by allowing tasks to be run concurrently. For
started with the introduction of the 68000 device and the example, an assembly requires the printer but leaves the
display console free for editing other modules.
68000 design module [Electronics, Oct. 11, p. 118].
Designed to help the operating system execute concurThe introductory EXORmacs system consists of a
68000 microprocessor—memory management unit (mPu- rent tasks, the floppy-disk controller is itself driven by an

68000's supervisor and user modes. Moreover, to
enhance the reliability of the system, acomplete self-test
is executed at powerup and the operating system incorporates diagnostic routines. Later this year, the operating system will be upgraded and an intelligent communications controller and hard disk unit will be added to
support multiple users.
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MC6801 microcomputer. The operating system need
only request sectors of information from the controller,
and the 6801 will initiate a transfer, set up the direct
memory access controller, and provide error correction.
This distributed processing increases performance and
makes possible a standard input/output interface that
allows substitution of different types of storage devices
without software modifications.
Both the static and dynamic RAM modules increase
system performance by offering byte parity generation
and detection within a 500-nanosecond read cycle. The
boards can request re-execution of abus cycle to correct
soft errors or terminate bus cycles if hard errors occur.
For development on time-shared software systems,
EXORmacs provides two RS-232 serial ports. One would
be connected to the user's cathode-ray-tube terminal, the
other to the time-shared computer. The resident firmware, mAcsbug 2.0, provides atransparent mode whereby the terminal is connected directly to the time-shared
system for program development. Then, a down-load
command may be used to transfer the program into
EXORmacs for execution.

FFFFFF

FFFFFF

IN

SYSTEM

FF0000
SYSTEM
FIRMWARE
FE0000
AVAILABLE
FOR
USER
PROGRAMS
APPLICATION
PROGRAMS
(>15 MEGABYTES)

1

Supervisor and user maps
EXORmacs overcomes some unusual problems. At first
glance, it would seem that the 16-megabyte address
space of the 68000 processor would be more than
adequate for adevelopment tool; however, it was found
necessary to expand the address space of the system.
This requirement can be understood by examining the
68000. Within the processor there are two modes of
operation: supervisor and user. In the supervisor mode,
programs may perform any operation without restriction, whereas in the user mode certain privileged instructions are off limits. In atypical 68000 computer application, the operating system executes in the supervisor
mode and the user's applications programs execute in the
user mode.
Paradoxically, ExoRmacs cannot always restrict users
to executing in the user mode. A good example is a
designer who wishes to develop a general-purpose
computer. As such, the system should use the supervisor
mode for executive routines and 1/0 handlers, plus the
user mode for application programs.
In designing such asystem it is often necessary to test
the system at real-time speeds. This is especially important for interrupt handlers and ho routines. In order to
provide the user with adevelopment system and yet still
give unrestricted use of the 68000 processor, it was
necessary to duplicate the entire address space of the
processor (Fig. 2).
Users wishing to execute code without restriction at
full processor speed are assigned to asecondary memory
map. System software resides in the primary map,
completely separated from the user's programs. The
transfer of control from the secondary map is performed
by the execution of an "illegal" instruction. When this
occurs, the EXORmacs operating system is awakened
from its dormant state to service the user's program.
Not all the software on the EXORmacs development
system needs to use the primary and secondary map
scheme for program management, however. Assemblers,
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010000
OPERATING
SYSTEM
000000

000000
PRIMARY MAP

SECONDARY MAP

2. Two maps. In EXORmacs the entire 16-megabyte address space
has been duplicated. This allows the user to perform real-time emulations while continuing to provide complete support for the operating
system, which uses part of the primary map on the left.

compilers, and editors, as well as many user programs,
may not need the special environment of the secondary
map. Such programs execute in the primary map, using
the facilities of the operating system to manage interrupts, task swapping, and h/o.
In the primary map it is necessary to protect the
operating system from software failures that naturally
occur in adevelopment system environment. A common
error of this type might stem from an incorrect last
address, such as too large or too small an array subscript.
This can accidentally change operating system code or
device tables or even cause a device to perform an
unwanted function.
Memory management
In EXORmacs the operating system is protected by the
memory management unit. This arrangement is not used
like the memory management units of minicomputers to
expand the amount of available memory; rather, its
purpose is to enhance the usefulness of memory and to
ease the creation and execution of programs.
In addition to protecting the operating system from
inadvertent tampering, the unit also relocates programs
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3. Managing. With each memory management scheme, the upper 16 address lines are compared with each segment's beginning and ending
address register. If between the two, the physical address is generated by adding the processor's address to the physical offset register.

automatically, translating memory accesses from alogical or program address into a physical or hardware
address. The physical address may be located at a
completely different place in memory from the one the
logical address would imply. By translating the addresses
of user programs, the operating system and protected vo
can be removed completely from the address map seen
by the user. Any attempt to read or write memory
outside of the user's assigned address space causes the
processor to abort the user's program.
Through this address translation process the unit
provides another very important function. Since the
physical location of a user's program in memory is not
related to the program's internal addresses, all user
programs may be located anywhere in physical memory,
regardless of their origin. This enables the operating
system to utilize all the memory without the need to
relocate programs as they are loaded. That is, tasks that
execute under control of the operating system may be
moved or placed anywhere there is space available.
The EXORMaCS memory management unit has four
physical segments, each of which may represent up to
65,536 pages of 256 bytes. These segments each contain
a beginning and an ending address register, a physical
offset register, and a control register (Fig. 3). When a
program executing in the user mode performs amemory
access, the address generated by the processor is
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compared to the beginning and ending address of each
segment. If the processor's address falls between the
beginning and ending address registers, the address is
added to the physical offset register using 2's complement arithmetic. The resulting sum serves as the physical bus address.
Within the control register, segments may be designated read-only or disabled. Any attempt to write to a
protected segment or to select simultaneously two or
more segments flags a bus error and terminates the
cycle. However, memory accesses that are performed in
the supervisor mode bypass the memory management
unit; processor addresses are put directly on the bus
without translation.
Both DMA types
As the creation of amemory system is complicated by
the need for aversatile development tool, so also is the
process of performing DMA transfers. As shown in Fig. 4,
there are two basic methods for providing DMA in a
system: centralized and distributed. A centralized or
pooled DMA system uses one or more DMA controllers as
a common resource for many devices. When a device
needs to transfer data, a DMA controller is assigned
through software to the device. Upon completion of the
transfer, the DMA controller is freed and returned to the
central pool.
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4. Both. Rather than choose one type of direct memory access to support, the system supports both. In the centralized scheme (a), one
channel may perform I/O for several devices. With distributed DMA in (b), achannel is dedicated to each device.

In a distributed DMA system, controllers are permanently assigned to devices. With single-chip DMA
controllers the distributed approach has gained popularity because of its simplicity. However, the centralized
DMA scheme is still quite commonly used. Within the
EXORmaCs system, DMA controllers may be centralized
on one board or distributed. A set of control lines,
designated by the user, may be used to communicate to a
centralized DMA controller.
Closely associated with DMA control is the topic of
multiprocessor systems. To provide for the creation of a
multiprocessor system within EXORmacs, it was necessary to make afast and powerful bus arbitration scheme
available. In designing the bus it was concluded that
memory transfers are best accomplished in blocks to
avoid the excessive overhead in arbitrating for each
cycle. To complement this philosophy, asimple arbitration scheme using bus requests and chained bus grants is
employed, similar to that found in the 68000 processor.

hardware, it is sometimes necessary to interrupt the
system and regain control. Even in a nondevelopment
environment, certain events, such as apower failure, can
require the immediate attention of the system. To
provide for such necessities, another line—bus release—
is asserted by a device to command all bus masters to
relinquish the bus and turn over control to the host
processor. That allows the host processor to service pending interrupts regardless of the priorities of other pending bus masters.
State of suspense

Another important attribute of a multiprocessor
system is the ability to suspend the state of all the tasks
being executed. Through asystem-pause line, the system
may be single-stepped at a process level. When the
processors in the system—whether they be emulators or
user-designed hardware or both—recognize the system
pause line, they suspend their current processes and
release a line called system-pause acknowledge. When
Arbitration
all the processors have released the acknowledge line, the
Arbitration is performed on a highest-priority basis, system pauses and can be examined.
unlike many schemes that use a first-request algorithm.
To provide for testability, the system has been
That is done by delaying the issuance of abus grant until designed to perform acomplete self test. Upon powerup
the last cycle of the current bus master. In this way the processor, bus, memory, and 1/0 channels are funcdevices of the highest priority are serviced before devices tionally tested and their status displayed on the front
of lower priority, regardless of which device first panel. In the event of an error, a status condition is
requested the bus. Individual devices may also dynami- shown on the front panel and the processor is forced into
cally increase their priority by asserting higher-priority adiagnostic monitor for the user or field-service personbus requests if the occasion arises, as in the case of a nel. If the processor board or an wo channel fails the
pending data-late error on a disk drive. The arbiter test, alamp is lit on the faulty board.
generates a signal called bus clear to inform devices on
The I/O driver boards, called intelligent peripheral
the bus that ahigher-priority device needs servicing.
controllers (IPcs), utilize an on-board 6801 microcomBecause adevelopment system is used to test unproved
puter for test and diagnostics (Fig. 5). By choosing a

Electronics/January 31, 1980

85

RAM

ROM

FLOPPY DISK
CONTROLLER

6801
MICROCOMPUTER
IPC LOCAL BUS

INTERNAL
RANDOM-ACCESS
MEMORY
(128 BYTES)

INTERNAL
READ-ONLY
MEMORY
(2 KILOBYTES)

o
_i
cc
ce

uà
co,

TIMER

DIAGNOSTIC
PORT

PARALLEL
OUTPUT

SHARED MEMORY
(128 BYTES)
--I.

DMA
CONTROLLER
(4 MEGABYTES ,$)

TEST AND
DIAGNOSTIC
CONTROL

EXORMACS SYSTEM BUS

5. Smart I/O. EXORmacs I/O is controlled by intelligent peripheral controllers, or IPCs. On-board 6801 microcomputers process the
commands found in 128 bytes of shared memory. Data is transferred directly into main memory through a 4-megabyte/s DMA channel.

microcomputer with complete internal read-only and
random-access memory and input/output, the ability to
diagnose faults is retained with aminimum of parts.
Besides the power-up functional test, the IPC is capable of device-level fault isolation. This function is
provided through the serial and parallel ho ports of the
6801 microcomputer. Through the serial port, service
personnel may attach a terminal and interface to a
simple monitor through which memory may be examined and changed, programs executed, and breakpoints
set. The monitor also provides an interface to internal
signature analysis routines. The parallel ho ports of the
processor are used for factory testing as well as in the
signature analysis routines.
Advanced software
To complement the hardware of EXORmacs, atotally
new and advanced software system has been designed.
This system includes the real-time, multitasking operating system and a macro-assembler, a Pascal compiler,
and complete set of editors and debuggers. The package
is supported by both floppy-disk—based software and
resident firmware. The operating system and supporting
software are designed to allow expansion to amulti-user,
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hard-disk configuration, to be available later this year.
The macro-assembler and Pascal compiler generate
efficient and cost-effective code for the 68000. The
macro-assembler allows conditional assembly, complex
expressions, and position-independent code generation.
Pascal for the 68000 is a superset of the currently
proposed standard. Calls to executive directives, 1/0
routines, and assembly language routines ease its use in
EXORmacs. Pascal for the 68000 also supports absolute
addressing and interrupt handling. Finally, aset of cross
software, including the macro-assembler, Pascal compiler, and a68000 simulator, is available for the IBM 370,
PDP-11, and 6800 ExoRcisor.
The heart of the EXORmacs software is the multitasking operating system. This system is designed to
support sophisticated multiple-task systems through
resource sharing, intertask control, and communications.
Users may interface to the facilities of the operating
system interactively, as with batch jobs or with programs
using executive directives. The file and ho system of
EXORmacs can be controlled through simple deviceindependent commands. EXORmacs also provides the
ability to communicate to aremote computer for off-line
program creation and downloading.
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The operating system uses a layered approach that
allows the software to be modular and easily expandable.
A foundation, or kernel, contains the basic executive and
a set of executive extensions. This is surrounded by the
ho management system, the user-session management
system, and complete set of user interfaces that provide
for intertask communication and scheduling. The net
effect is somewhat like a target, with the executive
forming the bull's eye and with the user tasks occupying
the outermost ring.
The executive is the smallest unit of the operating
system and is designed to be completely self-sufficient.
Within the executive is a task controller, an intertask
communication facility, a memory management facility,
and an initialization section. The executive also has the
ability to load the remainder of the operating system.
This feature allows the basic executive to act as a
foundation for extended functions that are added later.
The majority of the executive is called the task
management system. This system is responsible for coordinating the scheduling of tasks and allocating memory.
In areal-time multitasking executive, provisions must be
made for intertask communication and dynamic task
scheduling. These facilities are provided through the use
of semaphore flags, asynchronous service queues, and
shared memory segments. Any task within the system
has the ability to affect the status of any other task
through the use of executive directives. These directives
can pass information, create tasks, suspend executing
tasks, and so on. Tasks may also be affected by interrupts, traps, and scheduled events.
In addition to task management, the executive is also
capable of dispatching interrupts and traps to the executive's simulators for floating-point operations and strings
as well as for special service routines. The operating
system's vo management system is also attached to the
dispatcher.

identified as privileged or restricted according to their
identification code.
To debug and maintain the ExoRmacs operating
system, a special set of diagnostic routines has been
built in. These routines provide for on-line error detection and status indication. Errors within the executive
hardware or software are detected through the use of
checksums and entry flags. Before the operating system
enters a routine, a status indicator is set on the
EXORmacs front panel. If an error is detected or if the
processor halts due to a failure, the status can aid in
diagnosing the problem.
To aid in the development of dedicated microprocessor
products, the kind that contain just enough performance
to satisfy the requirements of the system, EXORmacs
provides a series of pre-built development modules.
These contain vo devices such as parallel interface
adapters, serial communication adapters, timers, and
universal adapter modules. All come with a VERSAbus
interface and Wire-wrap space that allows the board to
be easily customized. In addition, an interface module is
available that adapts ExoRcisor development system
modules and micromodules to the vERsAbus. This
permits immediate availability of many additional
peripheral boards such as relay drivers, analog-to-digital
and d-a converters, arithmetic modules, and so on.
EXORmacs of the future

Phase four of the 68000 support is the multi-user
now in development to be introduced this
summer. The multi-user system will consist of the basic
EXORmacs plus an intelligent serial communications
controller, an intelligent hard-disk controller, and up to 1
megabyte of memory.
When introduced, the multi-user operating system will
support eight users. It utilizes the memory management
features of the hardware as well as software interlocks in
order to prevent unplanned interaction between the indiI/O management
vidual users.
The next level above the executive and its extensions is
Each task is uniquely identified to the executive by a
the vo management package. Its routines execute as a combination of session number and task name or ID. A
system task to process all vo requests. When a task task or agroup of related tasks that communicate do so
operating in the system wishes to perform an vo func- under a session number. A program with a task name
tion, the executive queues the v0 request for execution may be concurrently executing under multiple sessions;
by an v0 management task. This task then verifies the for instance, an assembler might be concurrently operatrequest and directs the appropriate intelligent peripheral ing for several users.
controller, or data control, to perform whatever has been
Session number assignment can be used to facilitate
requested. Upon completion of the uo transfer, the intertask communication or to provide security against
requesting task is resumed.
it. Multiple tasks executing with the same session
The v0 management system also automatically spools number need not know the session number; only the task
output files. When the file is completed it is then name is required to communicate. For tasks with differdespooled from the disk and printed. This procedure ent session numbers to communicate, the task name, as
allows several tasks to share the printer without unneces- well as the called task session number, must be known.
sarily delaying atask.
Session No. 0 has a unique property in that it can
The outermost level of the operating system is the user communicate with any session number, but it is
session management system. It interfaces aterminal user protected from communication from any and all other
to the operating system. Through the user session tasks. Thus, an on-line, real-time control may be totally
management system the user may initialize multiple, protected from software development.
concurrent batch processors yet remain in an interactive
Software is developed under the multi-user system by
mode, editing, compiling, or executing a user program. creating a session control task for each user after a
Each terminal may have the complete set of facilities request for service is initiated at a terminal. A new
normally associated with asystem console. Users may be session number is generated for each user to uniquely
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6. To come. EXORmacs is not just some temporary solution for the development of the 68000. Phase 4 of the project is the multi-user
system, which will feature ahard-disk controller and an intelligent serial controller that will link up several other development stations.

identify the concurrent usage of the software development and utility program (tasks) supplied. The session
control task acts as a monitor during the session and
until the session is terminated by the user by invoking a
LOGOFF command. Another function of the session
control task is to request commands, decode them, create
a task for the execution of the requested program,
initiate the execution, and take over when the requested
program aborts or terminates.
The multi-user file system provides protection and
isolation for files associated with agiven user. Normally,
all files are considered private and may not be accessed
by anyone other than the owner of the file. An optional
file password may be used to make a file available to
other users equipped with the password, or afile may be
marked as public to allow unrestricted read access to it.
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Figure 6 depicts multi-user EXORmacs in use as a
central software development system with additional
EXORcisors (or EXORmacs systems) being used for hardware development. The separate development chassis
provides each user with adedicated bus and full control
of his system and the resources of the host system. Each
remote chassis can support aparallel development activity on any of the wide range of microprocessors.
EXORmacs will complement the existing family of
support hardware by extending its range into the high
end of the performance market. Many new VLSI chips
will be introduced in the 1980s and EXORmacs will
support these advanced chips both before and after their
introduction. Additional advanced tools to aid the
designer in developing multiprocessing systems will also
be introduced in the future.
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Package piggybacks standard E-PROM
to emulate one-chip microcomputer
24-pin socket on processor's back accommodates 2716 or 2732 E-PROMs,
replaces external pc boards for better emulation of 3870 family
by Steve Gerson,

Mostek Corp, Carrollton, Texas

D "Why didn't Ithink of that myself?" is a question
engineers often ask themselves when they see aparticularly neat and simple solution to aproblem. The problem
for Mostek's integrated-circuit designers was emulating
a one-chip microcomputer. Using all existing components—a standard socket, substrate, and small printedcircuit board—they came up with an emulator (Fig. 1)
that is a 40-pin IC with an integral on-board 26-pin
socket allowing astandard family of ultraviolet-erasable
read-only memories to be plugged in.
In traditional methods, program storage, which in the
final microcomputer design is to be on chip in ROM,
must be emulated off chip on a circuit board as either
random-access memory or ROM plus extra circuitry. In
the new compact design, the 40-pin IC is replaced by the
actual single-chip microcomputer with amasked on-chip
ROM by simply plugging the microcomputer into the
emulator's position on the system pc board. The result,
trademarked the MK 3874 P-PROM emulator, is especially designed for its MK 3870, a single-chip 8-bit
microcomputer.
Before the new dual-in-line-package—sized emulator
appeared, three methods of microcomputer emulation
were in general use, each with weaknesses. One method
involves building a microprocessor system from a

compatible multichip family, if one exists. Emulation of
the MK 3870 was usually done in this manner. There
are, however, some difficulties with this approach.
Although the software can be fully verified, some characteristics of the emulated processor cannot be exactly
simulated with the multichip configuration. Also, the
physical size and power requirement differences between
the emulator board with its collection of DiPs and the
final single 40-pin DIP severely restrict field prototyping
of the final design.
A second general approach is used for single-chip
microcomputers that add memory with off-chip addressing capability. On these circuits, pins used in the final
design as input/output ports have address, data, and
control functions during emulation. This presents the
new problem of having to add circuitry on an emulator
board to replace those vo pins lost as a result of the
memory expansion. As in the previous case, the final
emulation product consists of apc card that is awkward
for field use in low-volume applications.
A third approach combines the microcomputer and
the E-PROM on the same chip—an example is the 8748
E-PROM version of Intel's 8048 one-chip microcomputer.
This solves problems caused by increased size and power
requirements, but it creates new ones. Specialized PROM
1. Double-DIP. Mostek's MK 3874 P-PROM has the following three
parts: a leaded ceramic substrate with a modified 3870 bonded onto
it, a small printed-circuit board that serves as an E-PROM socket,
and an E-PROM that plugs into this socket.
TABLE 1: 3874-COMPATIBLE PROGRAMMABLE

.

READ-ONLY MEMORIES
Programmable
read-only
memory
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Memory
size

3874
pinout
option

3870 series
device
emulated

2732

4 K z. 8

No. 2

3872

2532

4K X 8

No. 1

3872

2716

2K X 8

No. 1

3870, 3876

2758

1K x8

No. 1

—

82S2708

1K X 8

No. 1or No. 2

—
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TABLE 2: MK 3870 SERIES SINGLE-CHIP MICROCOMPUTERS
Read-only
memory

Scratchpad
random-access
memory

MK 3870

2,048 X 8

64 X 8

MK 3872

4,032 x 8

64 X 8

64 X 8

MK 3876

2,048 X 8

64 X 8

64 X 8

Part

MK 3874

up to 4,032
external

Executable
RAM

A7

Vcc

A6

Ao

A6

A9

A4
A3

Vcc

A4

GNU

A3

A1
Ao

64 X 8

64 X 8

up to 65 K
external

64 x 8

up to 65 K
external
RAM/ROM mix

A,

All
07

Ao

02

Do

Do

06

01

05

02

04
03

(al
Multichip
F8

A6
A5

Alo

Do

GNU

A7

MEMCLK

01

05

02

04

GNU

03

(b)

2. Socket variations. The 3874 P-PROM emulator accepts five
different MOS and bipolar E-PROMs. Pinouts for the 2716, a 2-K-byte
E-PROM, require socket option (a) on the 3874, while the 2732, a

programming equipment must be purchased, adding to
the cost of the final design. In addition, only amoderately sized E-PROM can be integrated onto amicrocomputer
circuit while still retaining a manufacturable die size.
For example, the die size of asingle-chip microcomputer
with 4-K bytes of E-PROM such as would be needed to
emulate Mostek's MK 3872—a device with 4,032 bytes
of ROM —would make the circuit unproducible with
today's technology.
Additionally, the E-PROM process with which the
entire chip is fabricated is not optimal for the processor
section of the die. Many dynamic circuit techniques
typically used in the processor circuitry must be avoided
for the device to function properly when exposed to
ambient light through the quartz lid needed for a uyprogrammable E-PROM.
Circuitry compatible with the E-PROM process can, of
course, be designed to perform the processor function,
but it requires significantly more area than the highperformance process, resulting in a still larger die.
Because it is not exactly like the high-performance
process on the ROM version, there will still be subtle dc
differences between the two versions.
Replacing the ROM
An optional approach to emulating a 40-pin singlechip microcomputer would consist of an integrated
circuit with pins for external addressing capability in
addition to the 40 original pins. Such a circuit, with
memory address and data lines to access an external
program, has been developed for the MK 3870. The MK
3874 was created by removing the ROM from the 3870
and placing address and data-bus buffers on the circuit
in its place. This allows the emulation of a 3870 series
device to be made using acircuit whose dc, timing, and
process characteristics will match those of the final
masked ROM parts.
Development of an external addressing 3870 would
not by itself eliminate the problems associated with
bulky pc cards now used for emulation purposes. To that
end, Mostek has designed anew type of package that can
house both the 3874 and astandard E-PROM.
The 3874 die is mounted on a40-pin ceramic motherboard, with asmall board of ceramic or phenolic board
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4-K-byte E-PROM, requires socket option (b).

on top of it. This small pc has a 24-pin socket that
accepts astandard E-PROM.
The entire module occupies the same board area as the
final ROM-based part, facilitating its use in field prototyping and low-volume applications. The E-PROM can be
removed for reprogramming and then reinserted as
many times as desired.
Mostek has apatent pending on two embodiments of
this packaging design—the two-piece package, capable
of surviving restricted environmental applications pictured in Fig. 1, and an industrially durable one-piece
application package containing socket pins plus the 3874
chip, to be commercially available in 1980. Mostek's
package will let the low-volume user enter into industrial
applications with an environmentally durable design.
The 3874 P-PROM is designed to interface with standard, single-supply E-PROMs (see Table 1). All E-PROM
timing- and single-level requirements are handled inside
the 3874 so that the designer has the flexibility to select
the PROM size that is correct for his application.
Some E-PROM signals, like address and data lines,
must come from signals on the 3874 die, whereas others
like power-supply inputs can come directly from the
power-supply input pins on the 40-pin package. For the
2716 2-K-byte E-PROM (Fig. 2a), the output enable
signal, pin 20, is tied to ground (pin 12) and the V,
input (pin 21) is tied to Vœ (pin 24). The chip enable
input, which could be tied to ground since this is astatic
part, is instead tied to A11 from the 3874 to allow
insertion of a 2532 4-K-by-8-bit E-PROM. The 2716 will
thus reside in the lower 2-K 3874 memory space, which is
where it should be for 3870 emulation.
To interface the 3874 with the 2732 4-K-by-8-bit
E-PROM (Fig. 2b), a revision of the socket board was
required because of a change in pinout from the 2716.
Pin 21 now becomes the signal All and pin 18 becomes a
memory clock signal generated within the 3874. The two
different socket board pinouts are shown in Figs. 2c and
2d and a list of 3874-compatible E-PROMs is given in
Table 1.
Table 2 shows the memory configuration of each
device in the 3870 family. The 3876, like the 3870, has
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3. ROM-less. A block diagram of the 3874 shows address and data-bus buffers in place of the normal internal ROM of the 3870. This
modification lets pluggable E-PROMs emulate ROM's program and dc characteristics, eliminating the need for large pc board emulators.

2-K bytes of ROM at locations 0-7FF 16 .The 3872 has
4,032 bytes of ROM at locations 0-FBF 16 .All parts have
64 bytes of scratchpad RAM, while the 3872 and 3876
each have an additional 64 bytes of RAM located at
RCO-FFF 16 .A mask option is available to give this extra
RAM low-voltage standby power capability at the
expense of two port pins. The 3874 contains this RAM
and will be available with either the standard or the
standby power option.
The socketed PROM of the 3874 P-PROM is addressed
by either of two internal registers (Fig. 3). The program
counter accesses op codes and immediate operands while
the data counter is used to address data. Both of these
registers are 12 bits wide on the 3874 and can address
4,096 bytes of memory. However, any access attempted
from the upper 64 bytes of this memory space will
address the internal RAM, not the external PROM.
The 3874 contains 32 lines (or 30 with the standby
RAM option) of bidirectional input/output organized as
four 8-bit ports. This chip has a built-in timer with a
programmable prescaler, and vectored interrupts are
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provided for both the timer and external interrupt pin.
The master clock can be derived from an external
source, a crystal, a resistor, or an inductor. In addition,
the 3870 architecture permits very efficient use of the
scratchpad RAM and arithmetic and logic unit.
More available memory
The special capability of addressing up to 4-K bytes of
program storage enables the 3874 to support avariety of
applications that require more memory than is available
on any other single-chip microcomputer. The large
pluggable E-PROM is suitable for a variety of data table
functions in place of computing an f(x) by aslow recursive algorithm. Also, requirements for mass data storage
in character generation and display applications can now
be met with this augmented program storage.
The standby-power option that was discussed
previously is very useful in many applications where
certain variables are to be saved when the main power
supply is removed. Because the standby voltage ranges
between 3.2 and 5.5 volts, only three nickel-cadmium
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5. On-board emulation. With the 3874, emulation can be done on
the system printed-circuit board. For low volume, the system can be
shipped with the 3874 in place. In production, the actual microcomputer in a40-pin dual in-line package can replace its emulator.

card is an exact functional emulation of the MK 3870, it
may be directly cabled to the 3870 socket in the target
system (Fig. 4).
The program under development is stored in RAM on
the AIM card where it can be examined and modified.
Other debugging features are breakpoint insertion, register display and modification, and single stepping.
Storage convenience
The next phase of system design begins when the
software is developed enough to facilitate the programming of specific E-PROMs. With one of these, the 3874
the board by a software development system and an application
can be inserted into awire-wrapped configuration of the
interface module (a printed-circuit board providing an in-circuit
microcomputer system for more extensive hardware and
emulation of the microcomputer chip). The application interface
software debugging and system characterization as
module is cabled into the actual microcomputer socket.
shown in Fig. 5. The small size of the 3874 permits field
prototyping of the system in its final package configuracells (typically 3.7 v) in series are needed.
Software development begins on a machine such as tion. For low-volume, quick-turnaround applications, the
Mostek's Matrix, afloppy-disk—based computer used for 3874 with PROM can be shipped as part of the final
software development. This system provides tools for system. For high-volume applications, the final code,
program development such as a text editor, assembler, developed with the aid of the 3874, would then of course
and relocating linking loader, as well as asophisticated be integrated into amask-ROM 3870.
Multiple program alternatives can be examined in the
peripheral management program.
Complete hardware/software debugging capability is field without the limitations of bulky emulation boards.
obtained through the addition of an application interface In addition, applications where the final volume does not
module (AIM) to the Matrix development-system emula- justify mask-Rom parts are solved by using the MK
tor instruments designed by Mostek. The AIM card is a 3874 with astandard MOS E-PROM or bipolar PROM. In
pc board providing a real-time, in-circuit emulation of fact, the MK 3874 gives the low-volume microcomputer
the 3870 family of microcomputers. Because the AIM user an inexpensive method of building a4-K system.

4. Off-the-board emulation. This microcomputer circuitry on a
wire-wrapped integrated-circuit socket panel is being emulated off
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Peripheral controller
turns to 1
2L
Four chips and aZ80 microprocessor
make controller programmable for avariety of peripherals
by Jeffrey M. Wisted and David E. Tetzlaff, Microcircuits division,
and Fred B. McAleer, Peripheral Products Co., Control Data Corp., Minneapolis,
0 What's good for the goose is good for the goslings,
makers of computer peripherals are discovering. Just as
central processors have dwindled in size under the
influence of large-scale integration, so too are peripheral
controllers. Peripheral manufacturers are right behind
the computer companies in bringing component counts
down through increased use of custom LSI chips.
coc was the first peripheral maker to design and even
fabricate its own custom LSI logic for a peripheral
controller. Earlier controllers occupied several printedcircuit boards or an entire cabinet. But thanks to coc's
four custom integrated-injection-logic chips and a Zilog
Z80 microprocessor, the CDC Series/1 controller resides
on asingle 7-by-9-inch board.
This early entry to the growing single-board programmable controller market is compatible with International
Business Machines Corp.'s Series/1 minicomputers. It

Minn.

plugs into aslot in the minicomputer .chassis to control a
variety of peripherals.
The microprocessor's programmability makes it possible to tailor the board to control avariety of devices with
only minor modifications. It can handle low-speed
devices such as flexible-disk drives, cathode-ray-tube
terminals, and line printers and high-speed devices such
as hard-disk drives.
The various peripheral types are connected to the
controller through a device-dependent peripheral
input/output channel (Fig. 1). The peripheral control
logic, made up of standard -Fa, small- and medium-scale
integrated circuits, is the portion of the board that must
be adapted to the various peripheral devices.
The 8-bit Z80 microprocessor controls the peripheral
using programs stored in read-only memory. Between 4
and 10 kilobytes of Rom can be mounted on the board,

SERIES/1 81-LINE INPUT/OUTPUT CHANNEL,

CUSTOM
ADDRESS
CHIP

CUSTOM
DATA
CHIP

CUSTOM
STATUS
CHIP

CUSTOM
POLL
CHIP

8-BIT MICROPROCESSOR BUS

RANDOM.ACCESS
MEMORY
11 TO 3KILOBYTES)

READ-ONLY
MEMORY
14 TO 10 KILOBYTES)

PERIPHERAL
I/O
LOGIC

K

Z80
MICROPROCESSOR

CDC DEVICEDEPENDENT
PERIPHERAL
I/O CHANNEL

PERIPHERAL
DEVICE

1. Versatile I/O. The four custom integrated-injection-logic chips, working with aZ80 microprocessor, make aone-board controller that can
be tailored to avariety of peripheral devices. Only the peripheral control logic and peripheral input/output channel need be modified.
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using 2-K-by-8-bit Intel 2716 chips. The microprocessor
also uses between 1 and 3 kilobytes of random-access
memory. The Z80's 8-bit bidirectional bus is the central
path for exchanging of instructions and data with the
rest of the board.
The four custom chips interface the peripheral
controller to the 81 lines of the input/output channel on
the IBM Series/1 minicomputer. These chips allow the
controller to emulate completely, and hence replace,
IBM's input/output attachment feature. This allows a
system designer to purchase a complete peripheral
subsystem from one vendor and have it plug directly into
the IBM Series/1 cabinet.
Space limitations

2. Compact. The high levels of integration achieved on the custom
FL chip set make it possible to squeeze the entire controller onto a
7-by-9-inch board. Flat packs were used for the custom chips to save
space; they are located close to the Series/ 1bus connector.

In order to plug directly into the IBM cabinet and
backplane, it was necessary that the controller fit onto a
7-by-9-in. board. LSI circuits and a six-layer printedcircuit board were used to accomplish this. To pack the
devices tightly on the board, fine 5-mil line widths with
7.5-mil spacing were used on the board.
The four custom chips, mounted in ceramic flat packs,
are placed next to the IBM channel connector because
most of the 81 channel pins are connected to these chips
(Fig. 2). Next to them are the Z80 microprocessor and
its associated RAM and ROM. The lower third of the
board contains over 75% of the total logic in the controller and is common to all peripheral applications.
The custom chip set performs four general control
functions—address and data control, status indication,
and polling—that essentially give the controller its IBMcompatible personality. The operations of the four chips
are controlled by the Z80 according to the firmware
stored in ROM.
The custom chip set contains atotal of approximately
2,600 gates. Integrated injection logic was used to

ADDRESS CHIP

ADDRESS-BUS OUTPUT BUFFER

ADDRESS-BUS INPUT BUFFER

DEVICE ADDRESS
COMPARATOR

DIRECT-PROGRAMCONTROL DECODER

16-BIT ADDRESS
COUNTER

OPC DECODER REGISTER

if

168 MULTIPLEXER

CONTROL TO REST OF CHIP
MICROPROCESSOR OATAOUTPUT BUFFER

CONTROL REGISTER

MICROPROCESSOR DATAINPUT BUFFER

MICROPROCESSOR BUS

3. Microprocessor support. A counter on the address chip helps the Z80 perform direct memory access in the cycle-stealing mode by
keeping track of addresses. When the peripheral is under direct program control by the minicomputer, this chip decodes instructions.
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Immunizing PL
The custom large-scale integrated circuits designed and
fabricated by CDC for its Series/1 peripheral controller
use integrated injection logic for the sake of its speed,
density, and low power dissipation. But because the I
2L
circuitry operates at such low voltages, it is rather susceptible to noise interference. Furthermore, it is not compatible with the TTL voltage levels used by the Z80 microprocessor and the rest of the controller's circuitry. To solve
the noise problem and make interconnection easier, all
inputs and outputs of the custom chips were buffered to
make them TTL-compatible.
For the input buffer (a), the basic current mirror
approach was used because it meets several needed
performance parameters. First, the current source for the
buffer's switch has voltage compensation built in. As the
supply voltage (Vœ) varies, R I has a relatively constant
voltage maintained across it to provide 1.5 milliamperes.
The reference is simple yet may connect to several current
sources. The main switch is compatible with the 1.4-volt
threshold of TTL, as the current will change its path when
the voltage at the emitter of Q1 reaches 2.1 V, which is one
diode drop above the input level.
In the high state, the pnp input allows only leakage
currents to flow, so it is a high-impedance load. In the low

state, the current drawn is a function of transistor QI's
beta and its collector current. Typically, input current in
the low state is 100 to 150 microamperes. Thus it is ideally
suited for applications requiring a heavy fanout. 03 is the
first I
2Ltransistor in the circuit. It is a special case in that it
requires no injector current source: it gets its drive from
the buffer-switch network.
The output buffer (b) is designed as an open-collector
translator with an external pull-up to allow connection to a
common bus. Where necessary, an internal pull-up was
added to avoid extra external components. This design
also provides bidirectional buffer capability because the
output can be directly coupled to the pnp input transistor
of an input buffer. A two-collector I
2L device directly drives
the final isolated npn transistor with the base drive coming
from arelatively simple biasing network.
The requirements of the output driving device called for
a collector-emitter saturation voltage of less than 0.4 V at
6.0 mA, a collector-base breakdown voltage of 20 V, a
collector-emitter latch voltage of 7 V, and beta ranges
from 60 to 150 at a 4-mA collector current. To provide
additional noise immunity, the buffer's ground connections are made to a bus that is separate from the I
2L
circuits' ground line.

VCC

VCC

TO
INTEGRATED
INJECTION
LOGIC
INPUT

(b)

achieve this high circuit density, as well as for its low
power dissipation and high speed. But to increase the
custom PCs noise immunity and to make chip interconnection easier, all the chips' inputs and outputs are
buffered to be fully compatible with low-power Schottky
TTL signal levels (see "Immunizing 12L," above).
So that the controller may fully emulate the IBM
input/output attachment feature, the custom chip set
allows operation in either of the two data-transfer modes
used by IBM in the Series/1 minicomputer: direct
program control (DPc) or the cycle-stealing mode. When
a peripheral is under direct program control, the
Series/1 central processing unit controls the peripheral
device directly and must be interrupted to conduct the
ho operation. In cycle-stealing operation, the controller's microprocessor handles the hip operation and sets
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up a direct-memory-access channel to the minicomputer's main memory. Instead of interrupting the CPU to
complete the data transfer, the controller steals memory
cycles to perform the DM A and only signals the central
processor when the operation is complete.
Self-diagnostics
The custom chips include self-diagnostics that check
out all major sections of the controller when the system
is powered up without affecting the Series/1. All registers on the chips can be written into and then read back
out for diagnostic purposes. These self-diagnostic
features also simplify system debugging and wafer testing considerably.
Communication between the custom chips and the
microprocessor via the microprocessor's 8-bit bidirec-
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DMA CHIP
DATABUFFER
OUTPUT
INTERRUPT(16)
..+1 REGISTER

SERIES/1 CHANNEL
DATABUFFER
INPUT
DATA INPUT(16)
REGISTER

DEVICEIDENTIFICATION
REGISTER (16)
..L
OATA
OUTPUT116)
REGISTER
MICROPROCESSOR
DATA-INPUT
BUFFER

PARITY
GENERATOR/
CHECKER

MICROPROCESSOR
DATA-OUTPUT
BUFFER
L
MICROPROCESSOR BUS

4. Store and forward. The data-circuit chip holds data on route from
the central processing unit to the peripheral in an input register, and
the other three registers store interrupt information from the Z80 for
the CPU. A parity generator and checker maintains data integrity.

tional bus does not require any additional interfacing
chips. This helps hold down the number of pins on the
custom circuits—an important design concern (see "One
chip or four?" p. 97). Eliminating interface circuits also
reduces the number of interconnection paths on the
circuit board.
The first and largest of the four chips is the address
circuit that assists in controlling the flow of data from
the cPu's memory to the peripheral. Of several functional logic blocks on this LSI chip, four—the microprocessor
data-bus input and output buffers and the Series/1
system address-bus input and output buffers (Fig. 3)—
interface the internal Pi. circuitry to the external TTL at
its higher voltage levels.
The control register receives instructions from the Z80
and in turn determines the direction of flow on the chip's
internal buses. Related to the cPu's address bus are the
device-address comparator and the DPC decoder and
register. The DPC decoder is used in the direct-programcontrol mode to execute simple instructions that do not
require the use of the microprocessor. In this way the
Series/1 CPU maintains control of information flow at all
times during this mode of operation. The comparator
looks for the address of the peripheral device that is
attached to the controller and determines when the CPU
is sending it data or instructions.
Address counter
The largest single portion of this circuit is the 16-bit
synchronous storage-address counter. Its main purpose is
to allow for sequential accessing of the Series/1 CPU's
memory under control of the microprocessor during the
cycle-stealing mode. Designed for either byte- or wordsequential transfer, the counter employs a parallel load
feature as well as look-ahead carry in the counter stages.
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The primary function of the data-circuit chip (Fig. 4)
is to hold data temporarily and then transfer it either to
and from the cu memory or to and from the microprocessor bus. Four 16-bit registers hold the information for
transmission. The input register receives 16 bits of data
from the CPU. It then forwards the information 8bits at
atime to the output register that is connected to the Z80
microprocessor's bidirectional bus. Associated with this
data register is a parity generator and checker to verify
data integrity.
Registers report to CPU
The other three registers report to the CPU. An interrupt register reports with an interrupt information word
upon completion of an operation. The device-identification register transmits a 16-bit word during arequest for
identification by the CPU. The data-output register is
used for programmed DMA writing to the Series/1
memory under control of the microprocessor in the
cycle-stealing mode. Containing about 800 gates, the
data-circuit chip measures 170 by 190 mils.
The microprocessor uses the status chip to relay information concerning the condition of the peripheral
subsystem to and from the minicomputer. Some of these
reports are interrupt-condition codes that indicate the
nature of the interrupt, such as normal or abnormal end
of operation. An associated interrupt mask bit allows the
interrupt mechanism to be turned on or off.
There are also several read-only status reports that
indicate the state of the CPU and are obtained from the
IBM channel. A 4-bit status-bus register is continuously
monitored for information on the current CPU state; it
indicates such conditions as power-on reset, system reset,
and halt/machine check for proper operation on the
Series/1 channel. The status chip measures 160 by 160
mils and contains 450 gates.
The final chip of the four is the poll circuit, which has
primary responsibility for obtaining the CPU's attention
to service the peripheral (Fig. 5). It also keeps track of
the CPU's response to such requests so that the microprocessor can tell if the CPU is ready for data transfer.
Requests and responses
There are four diagnostic registers on this chip that
the microprocessor may read from or write into. These
registers hold multiple-byte data-transfer requests like
cycle-stealing or burst requests and an interrupt request,
which is generally used to simplify the start or completion of adata-transfer operation.
The poll chip also contains four status registers that
are loaded by the CPU and are only read by the microprocessor. They report the current state of the CPU with
bits indicating bad status, cycle-steal capture, and
cycle-steal enable. These registers provide information
about the status of cycle-stealing operation to the microprocessor. The poll chip measures 155 by 185 mils.
The largest of the four chips, the address chip, is a
good example of the levels of integration achieved.
Measuring 180 by 190 mils, it contains some 800 gates.
The buffers that make the PL. circuitry TTL-compatible
are located on the chip's periphery. Two layers of metalization are used, with all the power buses on the second
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One chip or four?
The custom logic used in the CDC Series/1 peripheral
controller contains only 2,600 gates, a number suggesting
single-chip integration. This level of integration has been
achieved in other applications, but the nature of integrated
controllers precludes a one-chip implementation given the
current state of the packaging art.
A peripheral controller must retain as much information
as possible concerning the current status of all system
components. This typically requires many data inputs and
control outputs. In the case of the Series/ 1input/output
controllers, the required lines include 81 for communication with the minicomputer channel, 33 for communication

layer and 95% of the logic interconnections on the first
layer. Extensive use of resistive underpasses for logic
interconnections was asignificant factor in achieving the
chip's density.

with the microprocessor system, and 27 for communication with the peripheral itself, atotal of 141 lines.
This high pin count prohibits implementing the entire
system on one chip; the largest commercially available
package at the time of design had an insufficient number
of pins. Of course, in a partitioned system, more pins are
required to interface the separate chips. Thus the system
required about 250 pins in the final four-chip version. The
chips are mounted on 64-pin ceramic flat packs, which
were chosen primarily because of the limited real estate
on the board. Four dual in-line packages would never have
fit, nor would other package types that require sockets.

-POLL CHIP

4

Compact I
2L layout
The 1
21.. section is implemented with four-collector
gates with standard bar geometry. Generally, the structure for this internal switch is two gates fed by a
common lateral pnp injector. The position of the base
contact is completely flexible, as are the collector positions, allowing a custom interconnection pattern. This
flexibility makes possible a more compact layout than a
gate-array structure with fixed collector and base positions. The minimum feature size is 2.5 micrometers on
the 1
2Lcollector contacts and the underpass interconnection contacts.
The n+ collar surrounding the gates improves beta
readings for higher yields over process variations.
Although the circuits operate at 150-microampere injector currents in this application, successful operation of
test switches in the lab have been demonstrated in the
/-nanoampere range. Gate delay is in the 18- to 202
1
nanosecond range at 150 µA.
The basic transistor structure of the 1
21.. device is built
upon a p-type substrate. An n+ buried layer provides a
low-resistivity common-emitter region, and n-type
epitaxial layer is the foundation for the transistor. The
deep n+ ring also serves as an excellent ground bus
connection. The base p+ diffusion has aresistivity of 100
ohms per square. An n+ collector diffusion finishes the
device profile. Collector latch voltages of the npn transistor are typically in the 5.0-volt range with i'L beta up in
the range of 3 to 10. The change in beta from the
collector nearest abase contact to the collector farthest
from the base contact is typically 10% to 15%.
Computer-aided design
A very important part of the design process was the
use of computer aids at various stages. While the buffer
interfaces were being designed, for example, extensive
simulation was performed to ensure that all design
parameters were being met over specified voltage and
temperature ranges. The program used the Ebers-Moll
mathematical transistor models and allowed variations
in component values to home in on the best design.
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5. Hey, CPU! The poll-circuit chip gets the CPU's attention to service
the peripheral. Its four diagnostic registers are either read from or
written into by the microprocessor; the four status registers are read
by the microprocessor and written into by the minicomputer.

The i'L truth table was verified by another computer
program, which simultaneously produced a logic-design
simulation. Given the characteristic i'L parameters of
gate delay versus loading or collector position, this
program picks out any flaws in the logic design or truth
table before the design is implemented. The layout
design rules were enforced and checked using various
options in the automated layout system. These checks
helped to minimize problems when the completed wafer
was probed and helped avoid the costly redesign cycle.
Computer-operated wafer testing using the previously
verified truth table allows a final check to find the
functional dice quickly.
The end result was asavings in both time and money.
In only 10 months, all four custom circuits were taken
from initial design to completely functioning chips
satisfying the original specifications.
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Designer's casebook
Foldback limiter protects
high-current regulators
by A. D. V. N. Kularatna
Ratmatana, Sri Lanka

This circuit provides foldback protection for a seriesregulated source that has to deliver high current.
Because it requires no current-monitoring resistor, the
circuit achieves wide dynamic response at good efficiency. It draws only 2% of maximum load current and its
cost is reasonable.
Here, a low-current shunt-regulated module (a)
provides the overload protection. This module is configSERIES
TRANSISTOR

UNREGULATED
POWER
SUPPLY

IL
•

Vote
OUTPUT.
VOLTAGE
SAMPLING
CIRCUIT
SHUNTREGULATED
CONTROL
MODULE

(a)

ured into the conventional regulator system to work as a
switch, in which role it quickly turns off a series-pass
transistor when the load current exceeds some predetermined value.
The circuit details are explained with the aid of the
diagram (b) for a representative regulator designed to
deliver 12 volts at 4 amperes. Transistors Q1 and Q2
form a differential amplifier, which compares a 6.2-v
reference to a potential derived from the 12-V output
through potentiometer R. Shunt elements Q5—Q6 act to
maintain the potential at the base of Q constant for any
load condition by taking up the difference between the
set and the actual base drive.
It is necessary that the current source Q3-Q4 be set to
IL/hrefor proper tracking, where IL is the maximum load
current and hre is the current gain of Q. The value of the
constant current, I, is hre Q4(VZ5 Vbe Q3)/R7, so that the
current is most easily set by adjusting resistor R7.
The module requires a current of 70 to 80 milliamperes under maximum load conditions. The short-circuit
output current is less than 200 MA, because the drop in
High handling. Low-current shunt regulator (a) provides foldback
limiting for high-current power sources at good efficiency and
reasonable cost. Circuit (b) for 12-V regulator uses differential pair
0,-0 2 for detecting differences in reference and output voltage.
03-0 6 for maintaining output potential by suitably controlling base
drive to series pass transistor Q. 2, -- Z3 minimize output ripple.

V,„ (UNREGULATED)

you ,

21-25 V
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—0 3:8C549
06: 2SB415
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"
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output voltage switches transistor Q2 off. The voltage
across zener diode Z5 is then reduced to avery low value,
and this action in turn lowers the voltage at Q6 and cuts
down the base drive to Q.
Zener diodes Z1—Z 3 were added to improve the ripple

characteristics of the supply. As configured, the source
has an output ripple of 6mv peak to peak.
The shunt regulator module can be easily configured
for any output voltage mainly by selecting the appropriate zener-diode values.

field-effect transistor varies with input voltage Vin ,and
so the gain of the 741 operational amplifier, which
amplifies the rectified 60-hertz power-line input, is
controlled accordingly.
When the instantaneous output of the op amp is
greater than the motor's counter electromotive-force
voltage, diode D2 conducts and thus the silicon controlled
rectifier is switched on. Power is thereby applied to the
motor. The greater the difference between the op amp's
output and the counter emf voltage at any instant, which
indicates motor speed is lower than programmed, the
earlier in the cycle the trigger pulse to the SCR occurs.
Diode DI and resistors RI and R2 have been selected
so that the circuit will withstand areverse voltage of 200
v. If atransformer-based input circuit (b) is substituted,
however, it is only necessary for DI to have a reversebreakdown value of 20 V.

Remote controller sets
universal motor's speed
by Hari Herscovici
Gordis Corp., Miami, Ra.

The speed of an ac-dc motor is easily set with this
circuit. Millivolt-level input voltages drive its variablespeed control amplifier through an optocoupler that is
isolated from the rest of the circuit to permit its use in
remotely controlled applications.
Control signals in the range of 0 to 3volts are applied
to the optoisolator (GE H 11F2) as shown (a). The
resistance between the drain and source of the device's

1N2070

+Vcc

2.5 M

0,

R5

R6

1N2070

50 n

1ki2

741
115V
60 Hz .<

Vcc

R2
11(12

(a)

R3
1ksz

HIIF2

R4
500 ksz

Da
1N2070
UNIVERSAL
MOTOR

CONTROL SIGNAL

R,

250 kR

R2

1kit

Universal. Simple controller (a) sets speed of ac-dc motors. Use of
milliampere-level control signals and optocoupled input makes circuit
attractive for remotely controlled applications. The circuit provides

(b)

1.500-V isolation between control and power stages; 10: 1transformer input (b) permits the employment of components that need
withstand only afraction of the power-line voltage.
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Low-leakage, tantalum-like
performance at 40% off
the cost. With extremely
fast delivery.

-

We go to extremes for you.
Quality performance at way below the
cost of tantalum capacitors?
Not only does Nichicon deliver it, but
we go astep further.
Now Nichicon has developed an
exclusive advanced etching technology
for its Low Leakage LL Miniature
Aluminum Electrolytic Series to give
you more capacitance and lower
leakage. In other words, tantalum-like
performance for critical applications —
with up to 40% savings.
So why continue to live with long lead
times and pay the extra money for
tantalum or film capacitors?
Especially when we can give you
prompt delivery of axial and radial lead

•.•

mc

icon

space-saving designs in acapacitance
range of 0.1 µFto 100 µE
Especially when you can now get
performance like amaximum leakage
of .002CV or 0.4A (whichever is
greater) over the recommended
operating temperature range of —40°C
through +85°C.
And why wait for tantalum capacitors
when we give you that kind of
performance in both axial and radial
lead styles.
Instead, call your local Nichicon
representative or distributor. Or write
us for data sheet NAC-LL038.
And start saving an extremely sizable
amount of money.

goes to extremes for you.
Nichicon (America) Corporation • 927 East State Parkway • Schaumburg, IL 60195 • (312) 843-7500
Division of Nichicon Capacitor Ltd., Kyoto, Japan
Miniature and can-type aluminum electrolytics. Ceramic. Reduced titanite. Polyester and metalhzed polyester film capacitors.
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High-voltage regulator
is immune to burnout
by Michael Maida
National Semiconductor Corp., Santa Clara, Calif.

The floating-mode operation of adjustable three-terminal regulators in the LM117 family make them ideal for
high-voltage service. Because the regulator sees only the
input-output differential-40 volts for the LM117 — its
voltage rating will not be exceeded for outputs in the
hundreds of volts. But the device may break down if the
output is shorted unless a circuit can be developed for
withstanding the high voltage typically encountered and
the output current is limited to asafe value in the event
of adead short.
The circuit surrounding the regulator will serve to
solve the problem. Zener diode DI maintains a5-v input
output differential over the entire range of output voltages from 1.2 to 160 V. Because high-voltage transistors
inherently have arelatively low (3, aDarlington arrange-

ment is used to stand off the high input potentials.
The zener diode's impedance will be low, so that no
bypass capacitor is required directly at the regulator's
input. In fact, no capacitor should be used if the circuit is
to survive a short at the output. Resistor R3 limits the
short-circuit current to 100 milliamperes. The RC
network at the output improves the circuit's transient
response, as does bypassing the adjustment pin. R4 and
D2 protect the adjustment input from breakdown, if
there should be ashort circuit at the output.
The approach shown in (b) will serve well in precision
regulator applications. Here a LM329B 6.9-v zener
reference has been stacked in series with the LM317's
internal reference to improve temperature stability and
regulation.
These techniques can be employed for higher output
voltages and/or currents by either using better highvoltage transistors or cascoded or paralleled transistors.
In any event, the output short-circuit current determined
by R2 must be within Q2's safe area of operations so that
secondary breakdown cannot occur.
CI
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.

Skirting shorts. Three-terminal regulator (a), configured for high-voltage duties as a consequence of operating in the floating mode, is
protected by appropriate circuitry against burnout due to shorts. LM3298 zener (b) and minor changes improve stability and regulation.
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Software makes
abig talker
out of the 2920
microcomputer
One-chip device's analog I/O and
high speed suit it for avariety
of speech-synthesis techniques
by M. E. Hoff and Wallace Li, Intel Corp., Santa Clara, Calif.

El The continuing advances of solid-state technology,
coupled with the development of software analogs of
human speech, have made possible the handful of
speech-synthesis integrated circuits now incorporated or
being designed into several consumer products. As a
result, interest in such a capability has boomed, but so
far only specialized chips could do the job.
The recently introduced model 2920 microcomputer,
however, designed for signal-processing applications
[Electronics, March 1, 1979, p. 105], readily lends itself
to speech synthesis because of its analog input and
output and its high speed. Through the use of appropriate software algorithms, it can implement avariety of
speech-synthesis techniques.
A detailed explanation of all the useful algorithms
would be out of place here. The software information
that is provided, however, can be used as building blocks
and developed further by users of the 2920. The primary
emphasis of this information is on the modeling of formants, the characteristic components of speech sound.
Memory limitations

1. Glottal pulse. The human vocal tract's glottal-pulse response can
be synthesized by a piece-wise linear approximation of a nonlinear
transfer function. The resulting triangular waveform contains the
desired nonlinear characteristics, caused by overflow saturation.
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Speech-synthesis circuits depend heavily on the use of
memory, because every part of human speech, right
down to the smallest inflection, requires corresponding
memory, whether that part is synthesized from the
ground up or called up from storage. For example, the
Speak & Spell teaching aid from Texas Instruments
[Electronics, June 22, 1978, p. 39] requires a 128-K
memory for avocabulary of about 200 words. Obviousfy,
the greater the number of points processed to approximate speech, the faster must bits be transferred out of
memory and hence the more memory needed.
As aresult, amajor design goal for synthesis software
is areduction in the rate memory bits are transferred by
the microprocessor from memory storage to the synthesis
circuit. On the other hand, too low abit-transfer rate can
result in unnatural-sounding speech. The lowest rate
practical therefore minimizes the amount of memory
needed while still allowing continuous natural-sounding
simulation of human speech.
Although direct recording of telephone-quality speech
generally requires approximately 64 kilobits per second,
that rate is too high to be of any practical use in
speech-synthesis circuits. Fortunately, other techniques
have been developed, like linear predictive voice encoders
(vocoders), that can provide synthesized speech of
adequate quality at 1,200 to 2,400 b/s. There are even
formant-modeling methods being investigated that
might some day make it possible to synthesize acceptable-quality speech at 600 b/s.
Most approaches to synthesizing speech using a low
bit rate involve modeling of the human speech tract. In
human speech, there are two basic sound sources, a
buzzing tone produced by the vibrations of the vocal
cords and noise produced by air turbulence. These basic
sounds are modified by the characteristics of the human
speech tract—the throat, mouth, and nasal cavities. To
reduce the bit rate, the bandwidth is compressed in
modeling so that the rate of change of the filters and
generators used is relatively slow when compared with
the rate of change of the bandwidth of the resulting
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TABLE 1: GLOTTAL PULSE GENERATOR
Oscillator to produce sawtooth waveform. Frequency = PV +sample rate/32.
SUB

OSC,

PV,

R05

Update sample of oscillator.

LDA

DAR,

OSC,

ROO

Move to DAR to test sign.

ADD

OSC,

KP4,

L01,

CNDS

Restore to positive value if negative.

Modify waveform as follows:
LDA

GPE,

KM6,

ROO

Initialize dc value.

ADD

GPE,

OSC,

LO1

Add 2x0SC value.

ADD

GPE,

GPE,

LO2

Multiply value by 5to produce saturation.

SUB

GPE,

OSC,

LO1

ADD

GPE,

KP4,

RO1

Correct for dc and clip top.

sound. Instead of samples of the sound waveform as in
synthesis based on recording and storing actual speech,
samples of the parameters of the model are saved for
later delivery to the synthesizer.
There are three basic ways to model the human speech
tract for synthesized speed. All three simulate the pulse
periods of the vocal cords and the noiselike sound
produced by air turbulence in the vocal tract.
Viewing the human speech tract in terms of aphysical
model provides a better understanding of how these
techniques simulate human speech. An extremely simple
one is that of a tube with varying widths. These variations in width cause deflections of the air passing
through the tube, resulting in the production of several
resonant frequencies.
Three basic synthesis methods
In one method, the tube is approximated by a lattice
filter containing aseries of fixed-delay elements wired in
cascade, with a reflection coefficient defined for each
stage. Because the filter coefficients may be derived by
linear-prediction techniques, this synthesis structure is
often referred to as alinear-predictive vocoder.
A second approach uses an array of narrow band
filters that cover the speech spectrum. The gain of each
filter is controlled in such a manner as to imitate the
transmission properties of the human speech tract. This
technique is used in channel vocoders.
A third method consists of modeling the speech tract
as avariable filter, typically as aCascade of second-order
recursive sections. Each filter section's center frequency
(and in some cases bandwidth) is varied. Such filters are
used to simulate the resonances (formants) observed in
the human speech tract, which carry the primary information content of speech. Despite the fact that the
extraction of formant data from sampled speech is
extremely difficult to do, this method has the potential
for using the lowest memory bit rate.
Speech excitation
The main source of speech excitation is a series of
glottal pulses produced by variable constrictions in the
speaker's throat. These pulses can be modeled as somewhat asymmetrical triangular pulses, each lasting
approximately one half the pulse period.
The pulse rate for male speakers is roughly 100/s; for
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2. Lattice filters. These lattice-filter structures simulate human
speech-tract behavior. Their parameters must vary with time to
properly model the changes in frequency response of the tract. Each
filter stage may require one (a) or two (b) multiplications.

female speakers, it is about 200/s. Although these rates
can be synthesized by the use of an impulse-train generator driving a filter whose impulse response resembles
that of the glottal pulse it is trying to reproduce, this
technique could produce some alias distortion.
Because an impulse train is a wideband signal, if it is
not exactly a submultiple of the speech sample rate, its
components may interact with the speech sample rate
and produce undesirable audible beat notes.
Another approach is to take anonlinear transfer function and linearize it by piece-wise approximation. The
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TABLE 2 NOISE GENERATOR ROUTINE
Random-noise generator using feedback shift register. Register length is 17 bits. Firsttest for all Os condition — ensure proper start.
TEMP is atemporarily used variable, and NGEN is the generator output.
LDA

TEMP,

NGEN,

L1

SUB

TEMP,

KP1,

R13

LDA
LDA

DAR,
TEMP,

TEMP
KP4,

CNDS

Test subtraction. Negative result implies need for initialization.
Move to DAR for sign test.
Initialize if DAR is negative.

Next, fetch the 17th bit, test, and move to DAR as follows:
LDA
AND
SUB
LIM

TEMP,
TEMP,
TEMP,
DAR,

KP1,
NGEN,
KP1,
TEMP

R13
Li
R13

Test subtraction to convert bit to sign.
Set DAR = +1.0 for 1, —1.0 for O.

Next bit of shift register is XOR of bit 17 and bit 5. Generate in DAR as follows:
XOR

DAR.

NGEN

Shift register right and fill in new value as follows:
LDA

NGEN,

NGEN,

R1

ADD

NGEN,

KP4,

CNDS

Shift right

3. Recursive filter. A basic second-order recursive filter can also
model the human speech tract. The filter's frequency characteristics
are varied by variables instead of constants. When combined with a
single 2920 microcomputer, a formant synthesizer results.

linearized function is then used to convert a sawtooth
waveform to the desired glottal waveform. The harmonic
content of such a synthesized waveform is much lower
than that of an impulse-train synthesized signal. That
means that distortion due to interaction with the speech
sample rate is sufficiently suppressed to render the undesirable components negligible.
Writing the 2920's programs
The 2920 contains an erasable programmable readonly memory capable of storing up to 192 instructions of
24 bits each. It executes all of the instructions
in sequence—the only jump allowed is from the
program's end to the beginning. These programs usually
consist of aseries of sections each simulating the behavior of some analog circuit. All of the programs are
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executed repeatedly at arate that establishes the 2920's
system sampling rate.
Each of the programs shown here makes use of assembly language. Each program line or statement consists of
an operation code, adestination location, asource location, asource-scaling code, and an optional condition or
input/output code, in that order. Source and destination
codes rate symbolic names that refer to random-access
memory locations or to certain special registers. RAM
locations are automatically assigned by the assembler to
symbols defined by the user.
RAM locations consist of 25-bit 2's complement binary
numbers. These numbers have an imaginary binary point
just to the right of the sign bit. Any variable X can thus
fall in the range — 1.0 ≤ X < + 1.0, with aresolution of 1
part in 224 .The largest positive value for any variable is
+1.0— 2-24 = 0.99999994, which is equal to +1.0 for all
practical purposes.
Operation codes and meanings are:
ADD
add scaled source to destination
SUB
subtract scaled source from destination
LDA
load scaled source to destination
ABS
load scaled absolute magnitude of source to
destination
ABA
add scaled absolute magnitude of source to
destination
LIM
load limited value of source to destination
XOR
exclusive-OR scaled source with destination
AND
AND scaled source with destination
The operand LIM produces avalue of +1.0 if the source
operand is greater than or equal to 0. Otherwise, it
produces avalue of — 1.0.
Scaling codes are designated 12, LI, RO, RI_ RI3, for
binary shifts of left 2, left I, and so on, through right 13
and correspond to amultiplication of the source operand
by 4, 2, 1, 1/2, etc., through 2-'
3.
Special register codes include DAR for the I/O register
that communicates with the analog-to-digital conversion
circuitry and an array of constants KM8, KM7,... KMI,
DPO, KPI,
KP9, that correspond to values
— 1,
— Ye, 0, + 1/
8,
+'/8, respectively.

Electronics/January 31, 1980

If the operand is ADD or LDA and the vo field
contains a code of the form CNDS, CND7,
CNDO, the
arithmetic operation is executed on the condition that
the DAR bit of the ho register is tested. lf the selected
bit is 0(CNDS selects the sign bit, CND7 the next higherorder bit, and so on), no operation takes place. If it is a 1,
the designated operation occurs. The conditional SUB
command is used for division. Other tic) field codes
control input sampling, analog-to-digital conversion, and
the output.
It starts with atriangular wave
The first portion of the glottal pulse-train synthesis
routine is a triangular-wave oscillator-that is, a
program that computes at each pass a value equivalent
to asample of asawtooth waveform at the pulse frequency. Each sawtooth wave sample is passed through a
nonlinear transformation for conversion into a series of
asymmetrical triangular pulses. The program for the
glottal pulse synthesizer is shown in Table I.
The first portion of the program is the sawtooth oscillator. PV (standing for "pitch variable") is a randomaccess memory location that controls speech pitch, or
frequency, and osc is a RAM location where samples of
the sawtooth oscillator are computed. The oscillator
produces a sawtooth waveform having a peak value of
+1.0 and aminimum value of O.
At each pass of the program, or sample interval, the
value representing the frequency (designated by the variable Pv) is subtracted from the contents of osc and
scaled down such that when PV = 1.0 and the sample
rate is 8 kilohertz, the oscillator runs at 250 hertz. The
oscillator sample is passed to the DAR register and tested
for a sign. If subtraction of PV produces a negative
result, the osc sample is restored to apositive result by
the addition of + 1.0 by the conditional ADD instruction.
The second portion of the program is for nonlinear
transformation. This transformation is accomplished by
taking the sample value from the oscillator and convert-

TABLE 3: PROGRAM FOR LATTICE FILTER
Inputs are designated XI, VI, and outputs are XO, YO.
Control parameter is KI.
Input to delay stage is designated YID.
Delay realization is accomplished by:
LOA

YO,

YID

Set up multiplier. TMP1 and TMP2 are temporary locations.
LOA
ADD

TMP1, XI
TMP1, VI

Generate RI + VI in TMP1.

LOA
LOA

DAR, KI
TMP2, KPO

Load multiplier into DAR.
Clear product area.

Execute multiplication sequence, 9-bit KI resolution,
in 4 quadrants as follows:
ADD

TMP2, TMP1, R1,

CND7

ADD

TMP2, TMP1, R2,

CND6

ADD
ADD
ADD

TMP2, TMP1, R3,
TMP2, TMP1, R4,
TMP2, TMP1, R5,

CND5
CND4
CND3

ADD
ADD

TMP2, TMP1, R6,
TMP2, TMP1, R7,

CND2
CND1

ADD

TMP2, TMP1, R8,

CNDO

SUB
ADD

TMP1, TMP1, R1,
TMP2, TMP1, RO,

CNDS

Optional if KI is positive.

Compute outputs as follows:
LOA

XO,

XI,

ADD

XO,

TMP2,

LOA

YID,

Y1

SUB

YID,

TMP2

ing it to a new value (represented by the variable GPE)
that approximates the glottal pulse excitation. The transformation, which is represented by the transfer characteristics shown in Fig. 1, is made possible by overflow
saturation that produces the desired nonlinearities.
Because the oscillator sawtooth waveform runs from
+1.0 to 0, the transform of Fig. 1appears to be amirror
image of the glottal pulse waveform as it would appear
4. Cascade. When a cascaded second-order
recursive-filter structure is used to model the
human speech tract, the filter's pole positions may also influence the system's overall
gain. As a result, a gain-compensation stage
(dotted line) may be necessary.
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TABLE 4: VARIABLE-FREQUENCY FILTER STAGE
Program for variable frequency filter.
Input is XI, output is YO, intermediate values are Y1 and Y2.
BI coefficient is an 8-bit positive variable, stored as half
value in location designated HB1.
B2 is realized by successive additions/subtractions and has the value
—0.9375,corresponding to abandwidth of approximately 82 Hz,
when the sample rate is 8 kHz.
Propagate through delay stages as follows:
LDA

Y2,

Y1,

ROO

LDA

Y1,

YO

ROO

Generate 62 ÷ Y2 in 40 as follows:
LDA

YO,

Y2

R4

SUB

YO,

Y2

RO

+ 1/16 Y2 in YOI

Set up for multiplication as follows:

first few stages of the lattice filter and the second to
make up the remaining stages of the lattice filter. The
results from the first stage must be passed to the second
stage by transmitting analog or digital data between
each of the 2920's analog ports.
Although a lattice filter usually requires two 2920s, a
formant synthesizer may be made with a single 2920.
Here, the speech tract is modeled by a cascade of
second-order recursive sections, whose basic configuration is shown in Fig. 3. The frequency characteristics of
this filter are varied by the use of variables instead of
constants for one or more of the coefficients B1 and B2. If
the format bandwidth remains fixed, only coefficient 131
is varied. For adequate synthesis, at least three stages
must generally be cascaded; in other words, at least three
formants must be realized.
Cascaded

LDA

DAR

HB1

RO

Perform multiplication and add to YO as follows:
ADD
ADD

YO,
YO,

1
11,
Y1,

RO, CND7
R1, CND6

ADD
ADD

YO,
YO,

Y1,
Y1,

R2, CND5
R3, CND4

ADD
ADD

YO,
YO,

1
,1,
Vi,

R4, CND3
R5, CND2

ADD
ADD

YO,
YO,

Vi,
1
11,

R6, CND1
R7, CNDO

Add input to filter, scaled to prevent overflow
for setting above 300 Hz, as follows:
ADD

YO,

l'1,

R7

Filter range is 0 to 2,000 Hz. Center frequency resolution is
5 Hz at 2,000 and 22 Hz at 300 Hz.

on an oscilloscope displaying the sawtooth.
The noise generator may be simulated by a pseudorandom number generator. Its software program, listed
in Table 2, is implemented by a feedback shift register
that uses only one variable location. The exclusive-OR
operation (xoR) is used to generate the bit that is
entered into the shift register.
Modeling the response with filters
The outputs of both the noise generator and the glottal-pulse generator are modified by filters whose parameters must vary in time to model the changes in frequency response of the speech tract. Two filter types that
have been used to model speech-tract behavior are lattice
and time-variable recursive filters.
Figure 2is ablock diagram of two lattice filters. Each
filter stage may require one or two multiplications of the
input values by a variable coefficient. Since adequate
speech synthesis typically requires about 10 lattice-filter
stages, asingle 2920 microprocessor may not suffice for
an entire synthesis structure.
Table 3 shows a typical program for a single latticefilter stage equivalent to that of Fig. 2b. The variable KI
represents the control parameter, which is different for
each stage. A typical speech synthesizer would require
two 2920s, the first for the excitation generator and the
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When acascade structure such as that shown in Fig. 4
is used to model the speech tract, the position of the
poles of the filters may influence not only the frequency
response but also the overall gain of the filter system.
Gain compensation may therefore be necessary. One
approximation for such compensation involves measuring the difference between the B1 coefficients for the first
and second stages of the filter and generating the factor
KC, which is proportional to this difference.
Table 4 shows the program for one stage of a fixedbandwidth variable-frequency filter. As can be seen,
resolution is limited at 300 Hz to 22 Hz per step. Finer
resolution could be obtained by reducing the control
range of the filter or by extending the multiplication
precision. To reduce the control range, the coefficient BI
may be separated into fixed and variable components,
with the variable component scaled down to cover a
smaller range.
For each of the filter structures discussed, one or more
variables were used as control parameters for asynthetic-speech output. As previously noted, these control
parameters must be provided to the speech-synthesis
circuit at a rate that is adequate to model the physical
changes of the vocal tract during speech. Shifting digital
data into a2920 input port at 1or 2bits per sample time
is adequate if the data is properly distributed into the
various random-access memory locations where it is
required. The program shown in Table 5 allows 10
parameters of 8 bits each to be delivered 100 times per
second when an 8-kHz sample rate is used. During each
pass through the sample program, 1bit is entered and
shifted into a holding register, designated SR. A portion
of the program is used to produce two oscillators, one of
which divides the sample rate by eight to produce the
word rate for data entry.
Two ways to transfer
Two methods are shown in Table 5for distributing the
data assembled in the input shift register SR to the final
parameter locations. One method provides simultaneous
transfer of all parameters; the other behaves more like a
commutator. The latter technique uses aring counter for
the second oscillator.
Part (a) of Table 5 shows the input program, and
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TABLE 5: SERIAL DIGITAL DATA INPUT AND DISTRIBUTION
(a) Serial data input routine

(c) Data distribution-sequential transfer

Serial data input routine -low-order bits first.

Program for distribution of 10 values at 8 bits each. If nonsimultaneous
transfer is acceptable, asequential data-distribution technique can be used.
One oscillator, CTR1, runs at 1/8 sample rate. A second oscillator, CTR2,
operates with acirculating 1. Divide-by-8 oscillator is as follows:

Part 1is asingle-bit a-d conversion, which
may be overlapped with filter or transformation
processing.
INO

Sample input - 6 INs used here.

ADD
LDA
LDA

CTR1, KM1
DAR, CTR1
CTR1, KP7

CNDS

NO
Set up mask area to all is if oscillator cycles. Otherwise set to all Os.

INO
INO
LDA

DAR,

KP4,

NO

Set input threshold.

LDA
LDA

MASK, KPO
MASK, KP4,

L1,

CNDS

IWO
Ring counter oscillator; cycle length is 10 instructions.

NOP
CVT7 Set bit 7of DAR to reflect input value.
Next, transfer the tested bit into the input shift register.
SR is the variable allocated to the shift register.
LDA

SR,

SR,

R1

Move data in register to right.

ADD

SR,

KP4,

CND7

Add tested bit.

(b) Data distribution - simultaneous transfer
Program to route data from shift register SR-10 values at 8 bits
each. Oscillator set at 1/8 sample rate-designated CTR1.
ADD

CTR1, KM1

LDA

DAR,

LDA

CTR1, KP7,

CTR1
CNDS

A set of delay stages to hold input words is defined in locations
THO, TH1, ... TH9. Transfer takes place each time oscillator
CTR1 cycles.
LDA

TH9,

TH8,

CNDS

LDA

TH8,

TH7,

CNDS

LDA

TH7,

TH6,

CNDS

LDA

TH6,

TH5,

CNDS

LDA

TI-IS,

TH4,

CNDS

LDA

TH4,

TH3,

CNDS

LDA

TH3,

TH2,

CNDS

LOA

TH2,

TH1,

CNDS

LDA

TH1,

THO,

CNDS

Data assembled in the input shift register JR is loaded, and then
SR is cleared for the next input.
LDA

THO,

SR,

CNDS

LDA

SR,

KPO,

CNDS

A second oscillator runs at 1/80 of the sample rate
(1/10 the word rate).
ADD

CTR2, KM3,

LDA

DAR,

LOA

DTR2, KP7,

R2,

CNDS

DTR2
CNDS

This oscillator controls transfer of data from the
holding register to the first control parameter
locations (designated CPO, CP1, ... CP9).
LDA

CP9,

TH9,

CNDS

LDA

CP8,

TH8,

CNDS

etc.
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LDA
LDA
SUB
LDA

CTR2,
DAR,
DAR,
CTR2,

CTR2, RI
CTR2, L2
KP4,
R7
KP4,

Shift right.
Test for shift past 10th bit.
CNDS

Combine ring counter and mask to generate control mask.
AND

MASK, CTR2,

Move to DAR to test first 8 bits.
LDA

DAR,

MASK

Using mask in DAR, conditionally load control parameters.
LDA
LDA
LDA
LDA
LDA
LDA
LDA
LDA

CPO,
CP1,
CP2,
CP3,
CP4,
CPS,
CP6,
CP7,

SR,
SR,
SR,
SR,
SR,
SR,
SR,
SR,

CND7
CND6
CNDS
CND4
CND3
CND2
CND1
CNDO

Now, shift remaining 2 mask bits to the left and test. Prevent overflow by
first clearing all but the remaining 2 bits.
AND
LDA

MASK, CP3,
R7
DAR, MASK, L2

Finish transfer of last two values.
LDA
LDA

CP8,
CP9,

SR,
SR,

CND1
CNDO

parts (b) and (c) show the two distribution programs. An
output signal should be provided for either distribution
method to externally synchronize data transfer to the
2920. Generation of such an output is not shown.
Many of the instructions listed in part (a) contain no
arithmetic operation. These instructions might be
combined with some other portion of the program that
does not use any ho field instructions. In this way, the
number of instruction words used can be reduced. Both
of these input routines require data at a continuous
8-kHz rate. A conventional single-chip microcomputer
may be used to accept commands from ahost computer
at a lower rate and generate the data stream for the
2920's input.
Bear in mind that even though the 8-kHz data rate
used here is high for aformant vocoder synthesis circuit,
the use of amicroprocessor allows afurther reduction in
the data rate. The software program presented here is
only afirst cut. Interpolation techniques can be applied
between data sample sets and the 2920's program modified accordingly to make the rate reduction possible.
El
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Engineer's notebook
8085 performs PSK modulation
for data-line transmission

CODING TABLE

by F. B. Chawdhury and J. Das
Indian Statistical Institute, Calcutta, india

BIT
PAIR

PHASE

00
01
10
11

0"
90°
180`'
270"

START

INITIALIZE

ENABLE INTERRUPT

HALT

A reliable and flexible four-phase phase-shift -keyed
modulator can be built using an Intel 8085 microprocessor. The quality of the modulation produced by this
system is sufficient to send data over a voice-grade
telephone channel.
The modulation process has two steps. First, the
nonreturn-to-zero input data stream used to modulate
the carrier is sampled. In the second step, 8 bits corresponding to the sample value of the carrier are transmitted, their phase defined by acoding table.
Use of the 8085 makes it possible to build amodulator
with minimum hardware. In this particular case, several
peripheral-interface units can be eliminated. Only one
1. Processor phasing.

8085

NO

YES
DISABLE INTERRUPT. READ SERIAL INPUT
(RIM), ROTATE LEFT AND MASK OUT SERIAL BIT

STORE IN REGISTER B

microprocessor needs little support

SENO OUT FIRST FOUR SAMPLES OF CARRIER
WITH PHASE CORRESPONDING TO LAST BIT PAIR

circuitry to perform four-phase phase-shift- keyed modulation. Using
only one interface chip, ad-a converter, and afilter, system executes
a short program to produce a 2,400-baud PSK data stream of

DETERMINE STARTING ADDRESS

sufficient quality for telephone-line transmission.

STORE IN REGISTER B 1

L

SEND OUT NEXT FOUR SAMPLES OF CARRIER
WITH PHASE CORRESPONDING TO LAST BIT PAIR

V CC

Vcc

CE

X,
RESET IN
RESET

PORT 13

+V

8755

8085
1kil

A0 0 -AD )

511(52

+v

pF
SERIAL DATA IN

SID

(NRZ)
470 S2

RD

RD

WR

WR

ICIS1

10/M

ALE

ALE

RESET
DATA CLOCK IN

RESTART

CLK

RESET

PORT A

V

DAC0800
GROUND

LOW.
PASS
FILTER

MODULATED
CARRIER
OUTPUT

CLK

Vss
470 S2
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2. Response. System pulses (top) clock in
serial data (second trace) that is to modulate
2.4-kilohertz carrier signal. Digital-to-analog
converter

provides

sampled-data

output

(third trace); the signal is suitable for transmission after passing through the low-pass
filter (bottom).

support chip, the 8755, is needed. The 8755 is a 16-K
erasable programmable read-only memory with two
bidirectional input/output ports; it stores the modulation
routine.
The software is designed to handle 4,800 bits per
second, as the modulator operates at a 2,400-baud rate
for a 2,400-hertz carrier signal. This is well within the
capabilities of the 8085, which has a cycle time of 1.2
microseconds. The typical instruction will require two to
four machine cycles.
The program begins with asequence that sets up the
coding table and the 1/0-port direction and initializes the
stack pointer and the interrupt-mask register (see flow
chart). On receiving an interrupt, the processor reads the
serial-input-data (sio) line by executing the read-interrupt-mask (Rim) instruction, and the data is latched at
bit 7of the accumulator. This data bit is then masked,
rotated, and temporarily moved to register B of the
8085.
The 8085 now executes adata-output routine in which

data obtained from the table is transmitted. The starting
address is determined by the last bit pair received and is
preserved in aworking register. After sending out the 4
low-order bits corresponding to the carrier phase of the
sample processed, the microprocessor waits for another
interrupt.
On receiving the interrupt, the 8085 performs asimilar operation on the sampled data. First, the data is
rotated and logically oRed with the earlier data set
stored in register B. This result is then added to 80 to
yield the starting address of the table that stores the
sample values. The microprocessor next executes the
data output routine and sends out the 4 high-order bits
of the sample before returning to the interrupt routine
once again.
Thus 8-bit samples are continuously generated at port
A. After digital-to-analog conversion and adequate lowpass filtering, the output becomes a PSK waveform. The
filter's output is shown in the photograph (see bottom
trace).

Calculator notes

Tl-59 solves fifth-order
differential equations
by Andrzej Nafalski and Jan Guz
Lublin Technical University, Lublin, Poland
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The large memory of the TI-59 calculator, which enables
storage of this 278-instruction program, and the use of
Heun's numerical method (recognized as asecond-order
Runge-Kutta approximation) combine here to solve
linear or nonlinear differential equations of up to the
fifth order in a relatively short time. When given the
differential function expressed as aset of state equations
(Cauchy form):
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TI-59 PROGRAM FOR HIGH-ORDER DIFFERENTIAL EQUATIONS

Keys

Locations
000 — 005

Keys

Locations

'LBL EE 'A x RCL 13

140 — 142

RCL 13 =
SUM 04 INV if fig 2

006 — 011

=STO 03 INV if fig 1

143 — 147

012 — 017

STO 'Et' X RCL 13 .=

148 — 153

RCL 'C' X RCL 13 =

018 — 022

STO 04 INV if fig 2

154 — 158

SUM 05 INV if fig 3

023 — 028

STO 'C' X RCL 13

159 — 164

RCL '0' X RCL 13 =

029 — 033

STO 05 INV if fig 3

165 — 169

SUM 06 INV if fig 4

034 — 039

STO 'D' X RCL 13

170 — 175

RCL 'E' X RCL 13 =

040 — 044

STO 06 INV if fig 4

176 — 181

SUM 07

LBL RCL RCL

045 — 050

STO 'E x RCL 13 =

182 — 187

051 — 056

STO 07 LBL STO RCL 13

188 — 193

STO 15 INV if fig 1=

+ RCL 08 =

057 — 062

SUM 14 RCL 15 STO 08

194 — 198

RCL 04 + 2 +

063 — 068

+ RCL 03 =STO 15

199 — 204

RCL 09 =STO 16

069 — 074

INV if fig 1SUM RCL 16

205 — 210

if fig 2= RCL 05 +

075 — 080

STO 09 + RCL 04 =

211 — 215

2 + RCL 10 =

081 — 086

STO 16 INV if fig 2 SUM

216 — 221

STO 17 INV if fig 3 =

087 — 091

RCL 17 STO 10 +

222 — 226

RCL 06 ÷ 2 +

092 — 096

RCL 05 =STO 17

227 — 232

RCL 11 = STO 18 INV

097 — 102

INV if fig 3SUM RCL 18

233 — 238

if fig 4 = RCL 07 +

103 — 108

STO 11 + RCL 06 =

239 — 243

2 + RCL 12 =

109 — 113

STO 18 INV if flg 4

244 — 249

STO 19 'LBL = dsz 1

114 — 119

SUM RCL 19 STO 12

250 — 255

EE RCL 14 R/S GTO EE

120 — 125

RCL 07 = STO 19 'LBL

256 — 260

'LBL A (CE —

126 — 131

SUM •A X RCL 13 =

261 — 266

x

132 — 136

SUM 03 INV if fig 1

267 — 272

st fig st fig IND 02 dsz 2

137 — 139

RCL 'B' X

273 — 277

st fig x

t1)STO 02

LBL

tR/S GTO EE

Instructions
• Key in program
• Enter state equations corresponding to the nth-order
differential equation, beginning at location 278

Registers
RI

m

R2

N

83 -812

in use

A'1 55 equation

R13

h

B'e d equation

R14

tj

C'e equation

R15

Xi i

D'4 th equation

8

16

X2j

E'5 Ih equation

R17

X3,

R18

X4,

R19

X5,

• Clear all data memories
Press 'CMs
• Enter initial conditions, incremental value of time
for which equations step to determine new values
(r), STO 14, (x, 0 ), STO 15, (x 20 ), STO 16, (xx,), STO 17
(x4 0), STO 18, (x50), STO 18, (h), STO 13
• Initialize the program
(N), A
The program will display N, the number of state equations
representing the nth-order differential equation
• Press R/S to execute program
The state equations will be evaluated for agiven t,.
The values of each x, variable, as well as all desired
circuit variables, may be displayed by addressing
their appropriate register or user-defined memory
location (user key).

Keys
A initialize

• Press R/S as required to update variables
if m has been entered into register Ri,the calculation
will proceed through the execution of m steps before
the program is halted
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NONLINEAR NETWORK PROGRAMMING
Locations

Keys

278 — 283

•LBL

284 —,289

RCL 16

290 — 295

RAD (112X

296 — 300

Ir X

301 — 306

1.26 ISIN

307 — 312

X 3.84 +

I10 X
INV SBR "LBL •B'

RCL 14 —

313 — 317

IRCL 16 x2 +

318 — 323

4 + .2 )X

324 — 329

RCL 16 +1— — RCL 15

330 — 336

)X 6.41 )

337 — 342

INV SBR *LBL B (RCL 16

343 — 347

x2 X RCL 16 X

348 — 354

.25 )R/S GTO EE

As an example of the program's usefulness, consider
the simple second-order circuit shown in the figure. Load
resistor R has aknown nonlinear voltage-current characteristic of i= 0.250. Finding i
R, however, is normally a
very tedious procedure in circuits of this nature, and a
quick method of solution is desirable.
The required state equations are first written:
di tidt = e/L
(3)
de/dt = —iL/C —e/(CR 1)—e/(CR.)+i/(CR I) (4)
where xl = i
1,x2 = e, and R. = e/i R = e/0.250.
Substituting for L, R, and C and simplifying where
necessary results in:
diL/dt = 10e
de/dt = Usin(22rt — 1.26)3.84 —
(e 2/4 +0.2)e —i
1}6.41]

(
5)
(6)

The right side of Eqs. 5and 6are now entered into the
memory at location 278, following the main program
Stated solution. TI-59 solves differential equations of up to the fifth
(see programming box). Note that each equation is
order, either linear or nonlinear, in order to find any branch current or
separated by an appropriate label (A' for xl, B' for x2,
voltage. When supplied with state equations of typical network,
etc.) and partitioned by the instruction INV SBR. The
program provides point-by-point plot of the desired variable.
desired variable to be monitored (in this case, iR) is
retrieved by calling out i
R =
0.25e' starting at location
dx,/dt = f(tlx,,x2 •••xi)
(1)
338.
where mas corresponds to the order of the equation and f,
Initializing the calculation with t
o = 0, h = 0.02, and
is an algebraic collection of terms, the program yields a xio to x50 = 0 as per the program instructions and
point-to-point solution of any desired circuit variable executing the routine yields the curve as shown in the
with an accuracy sufficient for all but the most demand- figure. Calculation time for each point is approximately
ing applications.
14 seconds. Current i
R is found by addressing label B
after each program halt. Displayed initially after each
The algorithm utilized is:
halt is the time, t, that corresponds to that current. The
value of all other variables are found in their assigned
x(t. +h) = x(t.)+ '/2{h f[x(t.),t o]+
registers A' to E'.
hf[x(t.)+ fiat. +h)))
(2)
If the value of aparticular variable is required for only
where f„ = hf[x(t.), t.], t
0 is the initial time at which the
one specific time, the calculation can be made to proceed
function x is defined, and h is the increment that tis through the execution of m steps before a program halt
stepped to so that x(t. +h) can be evaluated. Equation 2 by entering the number m in register I. The program
is stepped from t
0 to t., where t„, = t
o+ mh and m is the
will step in increments of hthereafter.
required number of plotted points. Note that with
Heun's method only the initial conditions are required 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
to evaluate t,; aknowledge of t,_, is not needed.
saving engineering time or cost. We'll pay $50 for each item published.
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New products
40-column printers for instrumentation, testing, and production," he
says. Although MPI has been pushing
more and more into the 80-column
market, its commitment to the lowcost 40-column variety is apparent in
its intention to introduce one in the
$380 range this year.
As if in agreement with MPI, most
of the manufacturers of the new
small printers featured here did not
restrict their product to the personal
computer marketplace. The focus is
on instrumentation, as it has been
for several years. Even those companies such as LRC and Interface Electronics that have aimed at the small
computer are enjoying good business
in instrumentation applications.
Convenient. The 21-column model 0533
Major printer manufacturers like
from Sodeco has a snap-in ribbon cartridge.
Anadex Inc., Axiom Corp., CentronIt prints line segments from a drum—what
ics, and MPI have all had underSodeco calls bar-matrix impact printing.
40-column stand-alones for a while
Corp.'s 80-column nonimpact print- and some are adding more models:
Datel/Intersil recently expanded its
ers sells for under $600, and
printer line to include a panelComputer Printers International Inc.
mounted thermal printer of 20(Comprint) is now offering an
optional interface that will make its column width [Electronics, Oct. 25,
1979, p. 317], and United Systems
80-column model 912 compatible
with most home and small-business Corp., also known as Digitec, has a
new stand-alone [Electronics, Jan. 3,
computers.
p. 218].
The competition with 80-column
Newcomers. Coming on the marprinters for the home computer
market does not scare Ernie Camp- ket now are the following:
bell, director of marketing at MPI in • The LRC model 7000+ is a 40Salt Lake City, Utah, who sees a column dot-matrix impact printer
bright future for small printers. that sells for $389. The stand-alone
"There will always be a need for unit prints 1.25 lines/s unidirectionally. Although the unit is designed
for small business and home computRugged. The Century System 6070 32er systems, the manufacturer says
column printer has been built by Durant Digithat the housing for the printer will
tal Instruments to industrial specifications.
withstand an industrial environment.
The printer also self-tests.
It is 6.5 in. in height by 10 in. in
width by 12.5 in. in depth.
The interfaces of the 7000 +
include TRS-80 and Apple parallel,
RS-232-C, IEEE-488, and current
loop, so it can be readily interfaced
to any home computer or instrument
system. The 7000+ accepts the full
ASCII character set and can print in
both asingle- and double-width font.
Among the options available are a
120-character buffer and a version
that prints 64, 40, 32, or 20 characters per line, selectable under software control.
• Model 0533 from Sodeco Indus-
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Feet. Interface Electronic's Model 100 dotmatrix impact printer puts out 27 columns
per line at 2.4 lines/s.

It contains a C.

ltoh/Epson model 210 printing mechanism.

trial Products division of Landis &
Gyr Inc., prints 21 columns of alphanumeric information using the company's bar-matrix, impact-print
mechanism. The bar-matrix impact
printer is like a drum printer, but
instead of having complete characters on the drum, it has line
segments that are put together to
construct individual characters. A
snap-in ribbon cartridge permits
easy ribbon replacement.
The stand-alone unit measures
13.5 by 1.5 by 6.9 in. and contains a
power supply and an AscII-compatible interface controller to perform
all printer functions. Printing at 90
lines per minute (approximately 1.5
lines/s), the unit also slews paper up
to 10 lines/s. The unit sells for $495
in single-piece quantities, but discounts for original-equipment manufacturers are available. Delivery is 8
to 10 weeks.
• From Durant Digital Instruments
comes the Century System 6070
printer, which the company says has
been built to industrial specifications
for long life in rugged environments.
The 32-column stand-alone unit
prints the standard 64-character
ASCII set. Logic-controlled printing
produces the characters within a
five-by-seven-dot matrix, averaging
40 characters/s—about 1.25 lines/s.
The unit prints on conventional
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adding-machine paper.
The 6070 features serial asynchronous interfaces compatible with either the teletypewriter or EIA RS232-C standards offered by most
computer manufacturers. It also provides parallel 7-bit ASCII and binarycoded decimal interfaces. The serial
interfaces can sustain a continuous
300-baud data rate. The printer has
a self-test print capability to test
basic logic, electrical, and mechanical functions.
The list price of the 6-by-10.5by-14-in. printer is $645, with quantity discounts available. The unit is
available for immediate shipment
from stock.
• The dot-matrix impact printer
model number 100 from ccc's Interface Electronics division prints 27
columns per line at 2.4 lines/s. The
stand-alone unit incorporates a C.
Itoh/Epson model 210 printer, a
microprocessor-based single-board
printer controller, and a modular
power supply. It measures 6 by 6.5
by 11 in. The model 100 can print
the 96-character ASCII upper- and
lower-case set under software control, in either black or red.
The parallel input is TTL/Centronics-compatible, and the serial
input accepts 20-mA current loop or
RS-232-C signals at selectable rates
of 110 to 9,600 bauds. The printer
sells for $545. Delivery is from stock.
• Rank Numbering Machines Inc.
is introducing to the U. S. an electrosensitive matrix printer made by
English Numbering Machines Ltd.
that can operate on a 12-v dc
battery supply, making the printer

suitable for mobile applications. The
4.2-by-8.2-by-8.4-in. unit prints 40
columns per line at 1.3 lines/s. Since
it has options for other printing
fonts, the speed varies according to
what column width is specified, but
the printing rate usually approximates 80 full lines/min. The ESP40
printer produces the 96-character
ASCII set, generating a nine-by-fivedot matrix.
The unit's interface is bit-parallel
character serial, and it has serial
inputs available to suit both RS-232
and current-loop connection. Besides
being used with a battery, the unit
can be optionally supplied with an
integral transformer for direct connection to a 100-to-200-v or 210to-250-v supply. Other options include aself-test unit and akeyboard
input port. The ESP40 printer sells
for $500 a unit in lots of 100; the
housing is extra.
• The SP308 ticket printer from
Syntest Corp. prints on flat stock—
such as credit-card receipts and
automatic-testing forms. The dotmatrix impact unit prints 1.5 lines/s
using the ASCII character set, printing 40 characters per line. The printer has RS-232 or 20-mA loop interfaces or a parallel interface. The
11.75-by-7.25-by-9.25-in. device
runs on 115 or 230 v at 50 or 60 Hz.
It hooks up to amicrocomputer or to
a point-of-sale terminal. The SP308
sells for $678 each in quantities of
one to nine printers. It is available
from stock within 30 days.
LRC, Eaton Corp., Technical Research Park,
Riverton, Wyo. 82501. Phone Daniel Mitchell
at (307) 856-4821 [341]
Sodeco Div. of Landis & Gyr Inc., 4 West-

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

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

chester Plaza, Elmsford, N. J. 10523. Phone
R. M. Banzaca at (914) 592-4400 [342)
Durant Digital Instruments, Eaton Corp., 901
South

12th St.,

Watertown,

Phone Thomas Ackerman at

Wis.

53094.

(414) 261-

4070 [343]
Interface

Electronics

Division

of Capitol

Circuits Corp., 24 Denby Rd., Allston, Mass.
02134. Phone Dick Hubbell at (617) 7872030 [344]
Rank Numbering Machines Inc., 411 East
Portable. The ESP40 is an electrosensitive

Yes, please send me
1979 EGG.

D

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

El I've enclosed $52 for air delivery
elsewhere. Address: EGG, Shoppenhangers
Road, Maidenhead, Berkshire S16,
201 England.
Name
Company

Jarvis Ave., Des Plaines, Ill. 60018. Phone

dot-matrix printer just introduced into the

J. M. Campbell at (312) 297-7720 [345]

U. S. by Rank Numbering Machines Inc. The

Syntest Corp., 169G Millham St., Marlboro,

unit operates on a 12-V dc supply.

Mass. 01752. Phone (617) 481-7827 [346]

Street
City
State
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14-bit smci converter gets smaller
Synchro-to-digital converter uses two custom LSI chips and four standard
ICs in adouble-width dual in-line package to miniaturize hybrid design
by Pamela Hamilton, New York bureau manager
conditions are harsh.
Making smaller converters for the
Monolithic design. Key to the size
synchro/resolver-to-digital marketplace is ILC Data Device Corp.'s and performance of the 8915 are two
latest engineering direction. Already custom-designed monolithic circuits,
which greatly reduce the parts count
a major supplier of high performance hybrid s/r-d converters, the in the hybrid package. The complementary-mos LSI chips were decompany is branching out with a 14bit s/r-d converter housed in a signed in house at DDC and are the
beginnings of a Monobrid series of
single, 36-pin double-width dual inline package [Electronics, Dec. 6, s-d, d-s, analog-to-digital, and digi1979, p. 36]. Processed to MIL STD tal-to-analog converters the company hopes to introduce in the upcom883, the 8915 promises to be most
ing months. "We're designing the
useful in places where environmental

kind of chips we can't buy," says
Stephen A. Muth, director of marketing. The hybrid circuit also uses
four standard chips as well as several
thin-film resistor networks.
The 8915 is available with amaximum error of ±4 minutes, ±0.9
least significant bit (equivalent to
± 4 LSB in 14 bits), or ±2.6 minutes
(±2 LSB in 14 bits). This inaccuracy
includes the quantizing error and is
maintained under static and dynamic conditions at speeds of up to
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Data
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Standards
Presents all 89 relevant
data communications
standards promulgated by:
•ANSI

•CCITT
•EIA

•ISO
•FISC

Mus ... descriptions of each
of the standards groups
;Ind... relational charts of
similar interfacing standards
produced by each group
± 2revolutions/second. The converter will accept broadband inputs of
either 360 to 1,000 Hz (400 Hz
nominal) or 47 to 1,000 Hz (60 Hz
nominal). The accuracy is not
affected by carrier amplitude variation because the conversion is ratiometric.
The digital output of the converter
is through a transparent latch that
allows the converter to keep tracking
while an inhibit command is being
applied. The three-state output is in
2 words, one 8-bit and the other 6bit. "The latches and three-state
outputs have been designed into the
custom chips," notes Seymour S.
Lanton, R&D manager for synchro
conversion products. "It's flexible as
to how the digital interface is configured." The output angle is in natural
binary code, with parallel positive
logic. The output is compatible with
diode transistor logic, TTL, and
complementary MOS. Analog outputs include angular velocity and
also error voltages.
Low power. A single + 15-v power
supply is all that is required for the
converter, and the voltage may vary
from + 11 to 16.5v with no degradation in performance. All logic inputs
and outputs are buffered to handle
any external TTL or c-mos signals
between ±4.5 v and the +15-v
supply level. Lanton also notes that
the converter's reliability has been
greatly enhanced over earlier models. "It's about 4'/2 times more reliable than the [two-package] I-ISDC
14 that it's replacing," he says. The
8915 also consumes less power—

about 0.5 w vs the 0.75 to 1w other
models needed—which will open up
new applications for synchro converters, speculates Lanton.
Among those applications are satellites, where low power is essential.
"Another application is in oil drilling," notes Lanton, "where the
farther down you go, the hotter it
gets." More mundane applications
might include bus multiplexing and
areas where an interface between
synchros and microprocessors is required. The 8915 is also well suited
for harsh industrial, military, and
avionics environments.
Operating between —55 ° and
+ 125° C, the 8915 has no lag error
for speeds up to 2 rps. For a 179 °
step change at 400 Hz, the settling
time is 200 ms typically to 1ise, or
250 ms maximum to final value. At
60 Hz, with a 179 ° step change, the
converter has a settling time of
350 ms typically to 1 LSB and 400
ms maximum to final value.
Lanton also notes that the 8915
has a maximum differential nonlinearity of 1 LSB, making it monotonic. The converter is also jitterfree. The company has a patented
algorithm for the control-transformer circuitry used in the converter,
which also contributes to the accuracy of the output; the total algorithmic error is 0.03 s.
The 8915 will sell for about $450
is single quantities with delivery
from stock to six weeks.
ILC Data Device Corp., Airport International
Plaza, Bohemia, N. Y.,

11716. Phone Ken

Baker at (516) 567-5600 [339]

1133 pages
Edited by .
Harold C. Folts
Ind
Harry R. Karp

Order today using this coupon!
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Computers & peripherals

32-bit computer
aimed at OEMs
OEM and end-user versions
use microcode and have
80-ns bipolar cache memories
Although they exist, 32-bit computers for the original-equipment manufacturer are rare. Feeling that there
was more than enough room in the
world for another entry, especially
one with a low price-performance
ratio, Prime Computer Inc. has
introduced its model 150—a 50series machine with such throughput-boosting features as extensive
use of microcode and a high-speed
cache memory. At the same time,
the Wellesley Hills, Mass., firm is
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announcing a new computer aimed
at end users—the model 250.
Architecturally, both machines
are similar to Prime's flagship model, the 750. Common characteristics
include hardware-stack—oriented organization and the throughputboosting features mentioned earlier.
The 50 series also includes relatively
large error-correcting mos main
memory; segmented and paged virtual-memory management; hardware-controlled memory protection;
the Primos embedded time-sharing
operating system; firmware-resident
business and floating-point instruction sets; multichannel direct memory access, control, and transfer; and
burst mode input/output capability
with data rates to 8 megabits per
second in some machines.
Within this description, the 150
has abasic 256-kilobyte main memory, an 80-ns bipolar cache, avirtual
control panel with remote diagnostics capability, a 32-megabyte Winchester disk system, and an eightline asynchronous controller.
Five units is the minimum order
Prime will accept on the 150,
according to Russell C. Planitzer,
vice president for marketing development. In small lots, he says, the 150
goes for $49,000. But Planitzer adds
that "aggressive discounting" brings
this price well down well below
$40,000 at a 25-unit-per-year order
rate.
Planitzer says that the 150 is
aimed at mainframe-oriented customers with evolved software capabilities who want to develop and
implement dedicated or distributed
processing systems, but with the ante
raised to 32 bits. Prime's approach
to this market, he says, is not simply
to make longer words and larger
memories available to OEMs, but to
emphasize upgradable hardware as
well. Prime's market research tells it
that more than 50% of systems
builders upgrade their systems within two years by going to more capable mainframes. This makes software compatibility within a product
line a major plus, he feels, noting
that all other machines in the 50
series—six of them at present—are
software-compatible. Thus, pro-

grams for smaller machines like the
150 and 250 are subsets of programs
used on the Prime 750, a machine
now competing in the market with
Digital Equipment Corp.'s VAX11/780.
So Prime's strategy is to cut the
entry price to its line, according to
Planitzer, and to reap the benefits of
the upgrading trend. For some, it
will not even be necessary to buy a
new mainframe to upgrade; users of
the 150 will be able to boost computer power to that of the model 450
through a central-processing-unit
board swap. While this will cost
roughly $20,000, it should be a
bargain as the 150 is only about 60%
as powerful as the 450.
Prime had formerly tried to
address the OEM sector with the
more powerful, more costly 450, but
found it was selling into other
markets. Still, says Planitzer, experience with the 450 showed Prime that
there was more to the OEM market
than price; "communications and
networking capabilities, good implementation languages, indexed sequential file management, and query
language software were frequent
necessities for systems builders."
Plantizer says that the 150 offers all
that, plus software compatibility,
and at a price which brings it into
competition with less powerful 16-bit
minicomputers.
The 250 is end-user—oriented.
Like the 150, it can run 32-megabyte programs; it also can support up
to 16 users simultaneously through
its embedded Primos operating system. The smallest 250 has a 512kilobyte main memory, Primos,
floating-point and business firmware, 2 kilobytes of 80-ns cache,
virtual control panel, 32-megabyte
Winchester disk, CRT terminal, and
eight-line asynchronous controller.
Priced at $59,500 and up, the 250
is specifically aimed at two user
classes: first, network customers that
want highly capable nodes of preprocessors, but at relatively low cost;
second, the small-company end of
Prime's traditional market, the technically sophisticated end user. Planitzer figures that the 250 has just
about the right price-performance
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ratio to attract companies that are
computer-bound with available 16bit machines, but which find it hard
to justify the outlay needed for a
typical, large mainframe.
Most of the advantages claimed
for the 150 apply to the 250, he says,
including software compatibility,
and upgradability. Prime will also
offer aCPU board swap for the 250,
upgrading it to the level of the 40%more-powerful 550.
Prime supports all its 50-series
computers with software like the
Primnet communications and networking system. Primnet is compatible with a variety of protocols
including X.25, CDC 20OUT, Univac
1004, Ia. 7020, and IBM Bisync for
HASP and 2780. There also are the
more typical offerings such as Fortran and Cobol packages; plus, Planitzer adds, any user-developed program for one 50-series machine
operates on any other with the necessary memory and peripherals.
Deliveries of the 150 and 250 will
begin in June.
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and modified mfm encoding. Prices
of single units for evaluation by original-equipment manufacturers will
be $450 for the model 91 and $550
for the 92.
Micro Peripherals Inc., 9754 Deering Ave.,
Chatsworth, Calif. 91311. Phone (213) 7094202 [363]
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SMD controller is
compatible with PDP-11

Dataram Corp.'s S33/A is a singleboard controller that is softwarecompatible with storage-module
drives used with Digital Equipment
Corp.'s PDP-11 minicomputers. The
S33/A is completely software-compatible with DEC'S RM02 input/output drives, so it can operate with
DEC's RSTS/E and RSX11-M operating systems and RM02 diagnostics. The microprocessor-based unit
will also operate with Control Data
Corp.'s 9762 SMD drive and other
such drives like those from Ampex,
Prime Computer Inc., 40 Walnut St., WellesBall, and Century Data Systems. It
ley Hills, Mass., 02181. Phone: (617) 879also offers media compatibility with
2960 [361]
the RM02 storage-module drive supplied by DEC.
The S33/A can drive up to four
80-megabyte
SmDs to provide a
96-track/in, floppy-disk
maximum storage capacity of 320
drives store 480 kilobytes
megabytes, unformatted. Internal
self-test is a standard feature. A 2Two floppy-disk drives that read or kilobyte (four-sector) bipolar buffer
write 96 tracks/in, can store 480 eliminates data-late errors. The
kilobytes on each side of a 5.25-in. S33/A has a 32-bit error-correction
disk and have atrack-to-track access code for data, so asingle 11-bit error
time of 5 ms. The model 91 is a burst can be corrected. It also has a
single-sided disk drive, and the 16-bit cyclic redundancy checking
model 92 is double-sided. The drives for header error detection.
have a proprietary split-band headIn single quantities, the S33/A is
positioning device that is driven $4,900. Delivery is 30 days after the
directly by a stepper motor. The receipt of an order. The unit has a
head assembly for the model 92 one-year warranty.
consists of a fixed bottom head with Dataram Corp., Princeton-Hightstown Road,
agimbaled top head.
Cranbury, N. J. 08512. Phone John Gilligan
Both drives have an automatic at (609) 799-0071 [365]
disk positioning and ejector mechanism to preposition the disk over a
spindle hub before the clutch-centering device is engaged. The mechanism also partially ejects the disk for
easy removal when the door is
opened. The drives accommodate
frequency-modulation, modified fm,
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THE DESIGN AND DRAFTING OF
PRINTED CIRCUITS. By D. Lindsey. 196
pp.. 100 illus. For everything you need to know
and understand about design phases that PC
artworks go through, from schematics to the
finished PC. your best all-around guide is this
fully illustrated new teaching tool.
054/304
Pub. Pr., $26.95
Club Pr., $21.00
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ELECTRONICS DESIGNERS' HANDBOOK. Edited by L. J. Giacoledo, 2nd Ed.
2.344 pp., 1,686 illus. Now doubled in size and
with 90 0.xof its material new, this famous classic
(first edition by Landee, Davis, Albrecht) has
been thoroughly revised and updated to give
you not only the how and the why of all your
design work but also the how much of every
design step you take!
231/494
Pub. Pr., $56.50
Club Pr.. $41.50
STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS, 11/e. By D. G. Fink
and H. W. Beaty. 448 pp.. 1,414 illus. A giant in
every sense of the word, today's most widely
used source of electrical engineering information and data serves you as no other single
work available anywhere when you need detailed. accurate, timely, and reliable facts and
how-to on the generation. transmission. distribution, control, conversion, and application
of electric power.
209/74X
Pub. Pr., $49.50
Club Pr., $38.00

BE SURE TO CONSIDER THESE IMPORTANT TITLES AS WELL:
LOGIC DESIGNERS MANUAL. By J D Lenk
784/671
Pub. Pr., $18.95
Club Pr., $15.75
CRYSTAL OSCILLATOR DESIGN AND TEMPERATURE COMPENSATION. By M E Frerking
784/973
Pub. Pr., $16.95
Club Pr., $13.50
MINICOMPUTER SYSTEMS, 2/e. By R H Eck
house. Jr
787/026
Pub. Pr., $21.95
Club Pr., $17.75
UNDERSTANDING OSCILLOSCOPES AND DISPLAY WAVEFORMS. By K W Sessions & W A
Fischer
787/786
Pub. Pr., $17.95
Club Pr.. $14.50
THE SEMICONDUCTOR MEMORY BOOK. By Intel
Marketing Communications
788/391
Pub. Pr., $14.95
Club Pr.. $12.70

MICROPROCESSOR APPLICATIONS MANUAL.
By Motorola Semiconductor Products. Inc
435/278
Pub. Pr.. $38.00
Club Pr.. $26.50
NATIONAL ELECTRICAL CODE HANDBOOK,
16/e. By J FMcPartland
456/909
Pub. Pr.. $19.95
Club Pr., $14.50
SOURCEBOOK OF PROGRAMMABLE CALCULATORS. By Texas Instruments. Inc
637/466
Pub. Pr., $16.50
Club Pr., $12.50
OSCILLOSCOPES. By R Van Erk
670/501
Pub. Pr.. $19.50

Club Pr., $14.50

NOISE REDUCTION TECHNIQUES IN ELECTRONIC SYSTEMS. By H Ott
769/63X
Pub. Pr., $21.25
Club Pr., $15.50

ELECTRONICS DICTIONARY. Edited by J
Markus 4th Ed .768 pp, 1,173 illus.. 17.090
terms With the new edition of this worldrenowned dictionary you'll be able to quickly
find the meaning and correct usage of any
electronics term, no matter how obscure!
404/313
Pub. Pr., $24.50
Club Pr., $19.50
HANDBOOK OF OPERATIONAL
AMPLIFIER CIRCUIT DESIGN. By D. F.
Stout. Edited by M. Kaufman. 434 pp., 223
illus. Compact, concise, highly concentrated.
and containing a storehouse of information.
this one-stop volume will help you solve any op
amp circuit problem!
617/97X
Pub. Pr., $29.65
Club Pr.. $17.50
ELECTRONIC DISPLAYS. By E. G Bylander, Texas Instruments Incorporated, 172 pp,
i//us The book describes current electronic
displays by family types. discussing all aspects of their operation, application, and circuit requirements. You cover photometry and
contrast enhancement, together with the fundamentals of such critical components as
mounts and drives, interface requirements.
and other necessary engineering information.
095/108
Pub. Pr., $19.50
Club Pr., $15.95
DIGITAL FILTERS. By A Antoniou. 524 pp
illus This all-inclusive, up-to-date treatment
guarantees your thorough understanding of
today's digital filters and the theories, techniques. and procedures you'll be using in
their analysis. design. and implementation.
The book gives you many design examples.
together with the numerous possible approaches and engineering tradeoffs relating
to their hardware implementation.
021/171
Pub. Pr., $23.95
Club Pr., $18.50
BUCHSBAUM'S COMPLETE HANDBOOK OF PRACTICAL ELECTRONIC
REFERENCE DATA. By W H Buchsbaum.
2nd Ed.. 645 pp .371 illus., 70 tables. It gives
you all the technical electronic information you
need - from the factual foundations of electronics to the latest technical advances in optoelectronics. large scale integrated circuits.
digital logic, microprocessors. and computers Hundreds of formulas, graphs, charts.
and tables
786/550
Pub Pr.. $19.95
Club Pr., $16.95
RADIO HANDBOOK. By W I. Orr, 21st Ed..
1.135 pp., 1,364 i//us Now completely updated, expanded. and more deserving than
ever this profusely illustrated reference gives
you everything you need to know to understand. design, use, and experiment with every
circuit and piece of equipment. (All recent
technological breakthroughs are covered).
772/630
Pub. Pr.. $21.50
Club Pr., $16.60
TRANSFORMER AND INDUCTOR DESIGN HANDBOOK. By W T McLyman. 428
pp
User-oriented throughout, it covers
everything from transformer design and inductor design with dc, power inductor design,
designing for regulation, inductor design
without dc. constant voltage transformer, current and three-phase transformer, to application of magnetic components in power electronics
786/755
Pub. Pr., $35.00
Club Pr., $26.50
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3ffer to new members of the
mid Control Engineers' Book Club
HANDBOOK OF ELECTRONICS CALCULATIONS FOR ENGINEERS AND
TECHNICIANS. Edited by M. Kaufman and
A. H. Seidman. 653 pp., 725 illus. This first
comprehensive tool of its kind includes hundreds of worked-out problems in analog and
digital circuits. Includes more than 700 diagrams, curves, tables, and graphs.
333/920
Pub. Pr., $24.50
Club Pr., $18.95

INTRODUCTION TO RADAR SYSTEMS,
2/e. By M. I. Skolnik. 698 pp.. 244 thlus. This
new edition of awidely used text on radar from
the systems engineer's point of view brings
you full discussions of the many major
changes that have occurred in the field recently.
579/091
Pub. Pr., $34.95
Club Pr., $27.95

MICROCOMPUTER-BASED DESIGN By
J. B. Peatman. Expanded 4th printing, 604
pp., over 400 photos and other illustrations Do
all your best day-to-day designs, as well as
your supercreative and special designs,
around the new microcomputers and the specific "how-to" help you get here!
491/380
Pub. Pr., $26.95
Club Pr., $18.95

ENGINEERING MATHEMATICS HANDBOOK Definitions, Theorems, Formulas, Tables. By J. J. Tuma. 2nd Ed., 394
pp.. 226 illus. Now you can use even the most
difficult formulas on your pocket calculator for
input and/or storage! Literally thousands of
formulas were remodeled to facilitate their application to today's pocket calculator operations.
654/298
Pub, Pr.. 521.95
Club Pr., $17.50

MICROELECTRONICS
Digital and Analog Circuits and
Systems By J. Millman. 881 pp., 700 illus.
This giant book takes you step by step from a
qualitative knowledge of a semi-conductor, to
an understanding of the operation of devices,
and finally, to an appreciation of how these are
combined to form micro-electronic chips.
423/27X
Pub. Pr., $24.50
Club Pr., $19.50
MIN VMICROCOMPUTER HARDWARE
DESIGN. By G. D. Kraft and W. N. Toy. 5/4
pp., 250 photos, diagrams. figures. The swing
is more to designing and using small-scale
computers as computing components, this is
your guide to doing just that! With what you
already know, plus the skills you'll gain here,
you'll be way ahead as the whole field of computing moves towards distributed processing
element systems!
788/26X
Pub. Pr., $19.95
Club Pr., $16.95
DIGITAL INTEGRATED CIRCUITS AND
OPERATIONAL AMPLIFIER AND OPTOELECTRONIC CIRCUIT DESIGN.
Edited by B. Norris. 206 pp., 400 illus. Having
this vast amount of case-tested data, proven
shortcuts, worked-out circuit designs, and circuit diagrams handy saves you valuable time for
your other, more vital, areas of creative design—and cuts down costs in all areas!
637/539

Pub. Pr., $21.50

Club Pr., $15.95

ELECTRONICS ENGINEER'S HANDBOOK. Editor-in-Chief, D. G. Fink. 2,104 pp.,
2,026 illus. Huge in every sense, this instantreference volume gives you every latest essential in the field, 2,100 formulas and equations, a
2,500-item bibliography, and every illustration
you need to clarify all of modern electronics!
209/804
Pub. Pr., $52.50
Club Pr., $337.50
PRINTED CIRCUITS HANDBOOK, 2/e.
By C. F. Coombs, Jr. 256 pp.. 327 illus. Blueprints every important phase of printed circuitry.
Provides the information you need to establish a
production facility and control the processes. A
virtual encyclopedia in the field, five major sections cover engineering, fabrication, assembly,
soldering, and testing.
126/089
Pub. Pr. ,$32.50
Club Pr., $24.50
ENGINEERING FUNDAMENTALS FOR
PROFESSIONAL ENGINEERS' EXAMINATIONS, Second Edition, By L M
Polentz, 416 pp., 326 illus. Here— in this single
volume— you'll find all the latest, most essential material you need to prepare for and pass
your state's engineering registration exam.
Hundreds of examples and practice problems
are all drawn from actual PE. exams, and were
selected because they are representative of
the problems that will appear on your exam.
503/80X
Pub. Pr., $23.50
Club Pr., $16.95

Why YOU should join now!
selected from awide range of
publishers by expert editors and consultants to give you continuing access to
t
he latest books in your field.

• BEST BOOKS IN YOUB FIELD — Books ate

• BIG SAVINGS— Build your library and save money too! 11i guarantee sayings of at least 15% off publishers' list prices on every book. Usually 20%, 25% or
even higher!
• BONUS BOOKS — You will immediately begin to participate in outBonus Book Plan that allows you savings between 70-80% off the
publisher's price of many books.
• CONVENIENCE —14 times ayear vou receive the Club Bulletin FREE, fully
describing the Main Selection and alternate selections, together with adated
reply card. If you want the Main Selection, you simply do nothing — it will be
shipped automatically. If you want an alternate selection—or no book at
all —you simply indicate it on the regular reply card and return it by the date
specified. You will have at least 10 days to decide, If, because of late mail
delivery of the Bulletin you should receive abook you do not want, just return
it at the Club's expense.
As amember, you agree only to the purchase of four books (including your
first selectionl.over atwo-year period.
Electronics/January 31, 1980

any one
of these great
professional books
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for ee
only
values up
to $56.50

Special $1.89 premium
book comes to you
with your first
club selection

MAIL THIS COUPON TODAY
Electronics and Control

Book Club

Engineers'

PO. Box 582, II ightstown, New Jersey 08520
Please enroll me as amember and send me the two books
indicated, billing me for my first selection only at the
discounted member's price, plus local tax, postage and
handling. If not satisfied. Imay return the books within 10
days and my membership will be canceled. Iagree to
purchase a minimum of 3 additional books during the
next 2years as outlined under the club plan described in
this ad. Membership in the club is continuous but cancelable by me at any time after the four book purchase
requirement has been fulfilled.
Write Code # of
PREMIUM selection here

VVrite Code it of
FIRST selection here

Orders from outside the US, must be prepaid with international money orders in U.S. dollars.
Signature
Naine
Address
City
State

Zip

This order subject to acceptance by McGraw-Hill. All
prices subject to change without notice. Offer good only
to new members. A postage and handling charge is
added to all shipments.
E 33408

Circle 123 on reader service card
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New products
complementary-MOs circuitry operating from 5 to 15 V dc and works
with TTL and DTL as well.
Although part of the unit's low
power consumption is due to its
c-mos design, part comes from its
lack of an on-board reference and an
output op amp. The current-output
Fast 16-bit d-a unit
converter requires either a + 10-v or
a — 10-v reference supply and, for
fits in aDIP, yet offers
voltage-output applications, an opertrue 16-bit linearity
ational amplifier. Over its 0°-to-70 °C
operating range, both its temperaAlthough there are more than a ture coefficient of gain and its
dozen 16-bit digital-to-analog con- nonlinearity tempco are 1ppm/ °C.
There are two primary reasons for
verters on the market, not all of
them provide true 16-bit perform- the 9331-16's attractive price-perance. The ones that do have full 16- formance ratio, according to G.
bit linearity tend to be the bulky James Estep, Hybrid's director of
board or module types, which are advanced development. First, he
costly and power-demanding as well explains, it is built around a custom
as large. Typically, the converters monolithic chip, which includes the
available in dual in-line packages storage registers and the switch set.
Second, it uses an extremely rugged
have no better than 14-bit linearity.
Now Hybrid Systems Inc. is but inexpensive package made of
attempting to change the picture glass-filled epoxy.
The chip will not be used only for
with its 9331-16—a two-chip hybrid
device in adouble-width 24-pin DIP. the 9331-16, so its development cost
This d-a converter is guaranteed can be spread over a number of
linear to within half a least-signifi- products, lowering the unit cost. The
cant bit (0.008% of full scale), circuit can be configured to contain
consumes a maximum of 50 mw 4 to 16 decoders, 18 exclusive-OR
(typically 20 to 30 mw), settles to gates, 29 latches, 29 drivers, 29 dual
within 1
/
2 LSB in 1
1.ts, and sells for FET switches, and a variety of other
$99 each in lots of 100 or more circuits. Its 65-pad pinott gives an
idea of its complexity. For the pres($169 in small quantities).
Graceful interfacing. Input storage ent application, the chip is overderegisters in selectable 8- or 16-bit signed; according to Estep, its speci,
.
tit it to 18-bit applicasegments allow the 9331-16 to inter- fications s
face gracefully with most micropro- tions.
The p : •
,tic package is claimed to
cessors. Also, it is compatible with

Data acquisition

Small converter
has big specs

withstand environmental extremes
usually associated with military-type
hermetic housings, but at much
lower cost. Hybrid is patenting the
package. Meanwhile, Hybrid engineers are loading various circuits
into the package and cooking them
in a pressure cooker. Almost all of
the circuits last two hours, says
Estep, and most of them manage to
last four [Electronics, Sept. 27, 1979,
p. 168].
The 9331-16 has both two- and
four-quadrant multiplier capability,
making it suitable for precision
synchro applications as well as use in
medical electronics, sonobuoys, radiosondes, and other power-sensitive
areas.
Delivery time for the converter is
stock to two weeks.
Hybrid Systems Corp., Crosby Drive, Bedford, Mass. 01730. Phone (617) 275-1570
[381]

Scott Ttransformer is
less than 0.3 in. high
A Scott T transformer for converting
synchro signals into resolver signals
to be used in synchro to digital
conversion has amaximum height of
0.3 in. The low profile of the model
13530 is comparable to that of other
printed-circuit board components,
making close board-to-board spacing
possible. The total size of the 13530
is 0.63 by 1.25 by 0.3 in. With a
three-wire synchronous input of 11.8
V rms, 400 HZ, the unit will provide
an output of 1 V rms sine and 1 V

H9brid Seele,
DAC 9331-16

11111111111111111111
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rms cosine. Accuracy is to within 1
arc minute. The unit operates over
the full temperature range of — 55 °
to +125°C. The manufacturer says
that since toroidal construction is
used, interference and pickup are
minimized.
The 13530 is priced at $27 apiece
in 1,000-unit quantities. Delivery is
12 weeks, but samples can be delivered in two to four weeks for evaluation reports and customer drawings.
Magnetico Inc., 182 Morris Ave., Holtsville,
N. Y.

11742.

Phone Harold G.

Eicher at

(516) 654-1166 [383]

12-bit integrating a-d board
is LSI-11, -11/2—compatible
A I2-bit integrating analog-to-digital converter that is compatible with
Digital Equipment Corp.'s LSI-11,
LSI-11/2, and PDP-11/03/23 series
of microcomputers gives acommonmode rejection of 126 dB and
handles common-mode voltages of
up to 250 v rms. This board—the
model ST-LSI-RLY —has an overall
system throughput time of 36 ms,
sample to sample (28 samples/s).
The low speed is especially useful in
industrial environments, where low
voltages from sensors have to be
carefully sought lest they be obscured by high-voltage commonmode noise.
Analog input signals ranging from
± 10 mv to ± 1.0 v or 10 mv to 2.0
V full-scale are processed by a
programmable-gain amplifier. A diagnostic program on paper tape
checks out system performance. A-d
conversion is accomplished by the
company's 12-bit ADC-EK12, a
complementary-mos integrated circuit. The programmable-gain amplifier, whose circuit is autozeroed, is
controlled by a 2-bit program word
for gains of 1, 2, 5, and 10 times.
The ST-LSI-RLY board fits
DEC's half quad spacing. Operating
temperature is from 0° to 70°C, and
power requirements are + 5y dc at
1.5 A maximum; +12 v dc ±5% at
70 mA maximum. The boards sell
for $695 apiece and are available
four to eight weeks after an order is

Electronics /January

31, 1980

Logical
Deduction.

received. Large-quantity discounts
are available.
Datel

Intersil,

11

Cabot Blvd.,

Mansfield,

Mass. 02048. Phone Ted Petit at (617) 3399341 [384]

Sensor input/output
subsystem sells for $2,000
A $2,000 analog signal converter
complements Data General Corp.'s
Nova and Eclipse computers and
controls laboratory and industrial
processes. The Analog Data Subsystem (ADS) is a 15-in, board with 32
single-ended or 16 differential analog inputs, two analog outputs, and a
Z-pulse for oscilloscope control.
Data transfers through each of the
two independent interfaces can be
made with either programmed input/output or data channel (direct
memory access). The resolution is 12
bits in four different voltage ranges,
and analog-to-digital throughput is
22 kHz.
Software support is provided by a
Sensor Access Manager (sAm),
which runs under the company's own
real-time disk operating system
(RDOS). SAM allows sensor input/output applications to be programmed in the Fortran IV, Fortran

Are bills turning
your life story into "The
Case of the Disappearing
Paycheck"? Does all
your hard-earned money
seem to vanish without a
trace left to save?
Then perhaps you
should investigate United
States Savings Bonds.
Because saving with
Bonds is so simple, it's
elementary. Especially'
if you join the Payroll
Savings Plan.
Once you sign up,
you see, asmall part of
each paycheck is automatically set aside to buy
Bonds.
Which means as soon
as you're paid, you save.
Before you're left trying
to deduce where it all
went.
Buy U.S. Savings
Bonds through the
Payroll Savings Plan.
And take the mystery
out of saving.

Take
stock
''America.

5, and Assembler languages with a
minimum effort.
The subsystem may be delivered
90 days after the receipt of an order,
and discounts for large-quantity purchases are available.
Data General Corp., Rte. 9, Westboro, Mass.
01581. Phone (617) 366-8911 [388]

MI

A public service of this publication
and The Advertising Council.
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impressive, considering the low price
of $299 each in single quantities.
Each sampling a-d converter features a 20-kHz throughput rate that
includes both sampling and conversion time, a maximum differential
nonlinearity of ±0.002% of full
scale (± 0.003% for the ADAMFully integrated 14- and 15-bit
824) at 25 °C, and a low differential
nonlinearity temperature coefficient
analog-to-digital converters
of ± 0.002 ppm/ °C of full scale
include asample-and-hold unit (± 0.003% for the ADAM-824).
Each unit contains aprogrammableUntil the introduction of Analogic gain amplifier and bus-controllable
Corp.'s ADAM-824 and ADAM- three-state outputs with latched registers.
825 14- and 15-bit sampling analogHigh performance is ensured by a
to-digital converters, designers had
- noise
specification of
essentially two choices: buying inex- low, ± 3 o
pensive sampling a-d converters with
50 etv for the a-d converter (75 1.4.v
for both the converter and the
accompanying low performance levels or paying premium prices for sample-and-hold amplifier). Each
high-performance units that more unit is guaranteed to be monotonic
than likely had features that were and includes all of the signal-conditoo fancy for the application intioning and support circuitry needed
for operation. These include a precitended. Now, thanks to Analogic's
new units, the designer's choice is sion reference supply, a trimming
potentiometer, bypass capacitors,
wider, as the ADAM-824 and -825
are optimized for performance at and timing circuitry. A single start
moderate frequency ranges, yet are pulse is all that is required to control
the entire data-acquisition and -conlow in price.
Each 2-by-4-by-0.44-in. module version process.
Each of the sampling converters
combines an a-d converter with a
sample-and-hold amplifier, eliminat- dissipates approximately 1 w of
ing interface problems that frequent- power and requires ± 15- and + 5-v
ly arise when separate converters supply lines for operation. Pinand sample-and-hold amplifiers are programmable input ranges of 0 to
5, 0 to 10, ±5, and ± 10 v are
integrated.
The performance of each unit is available. The input impedance is

Industrial

A-d converters
sample for $299

MODULE
INPUT

ANALOG IN
ANALOG
RETURN

ANALOG OUT

SAMPLE
., AND-HOLD
"
4

RANGESELECTION
NETWORK

IN 2
IN 3

14/15-BIT
SUCCESSIVEAPPROXIMATION
ANALOG-TO-DIGITAL
CONVERTER

I

THREE-STATE
BUS-COMPATIBLE
BUFFERS

r
}

PARALLEL
14 OR 15
OUTPUT
DATA BITS

END-OFCONVERSION
+15 V

+10 V
REFERENCE
SUPPLY

BYTE-ENABLE LINES

Mass. 01880. Phone (617) 246-0300 (371]

FINE OFFSET
ADJUSTMENT

+10 V REFERENCE -4

TRIGGER

Analogic Corp., Audubon Road, Wakefield,

-

IN 1

SAMPLE-AND-HOLD
MODE CONTROL

100 rs.412 in parallel with 5 pF. A
choice of digital outputs includes
unipolar binary, offset binary, and
2's complement.
Additional specifications include
an input bias current of 1nA maximum (at 25 °C), calibrated absolute
accuracy within ±0.006% of full
scale (traceable to the National
Bureau of Standards), quantizing
error of ± 1
/ least significant bit,
2
and again temperature coefficient of
8 ppm/ °C. The sample-and-hold
aperture delay time is 50 nanoseconds, and the aperture uncertainty
time is ± 1ns.
Feedthrough rejection is — 90 dB
(measured with a 20-v peak-to-peak
10-kHz sine wave across the input
terminals). The droop rate for the
sample-and-hold amplifier is
0.2 µvile (at 25 °C). Power-supply
sensitivity is ±0.001% for every 1%
change in the supply voltage.
The ADAM-824 and -825 are
designed for operation from 0° to
70 °C and are electrostatically
shielded against electromagnetic interference.
Applications include precision
data-acquisition systems, automatic
test equipment, portable seismic
instrumentation, materials testing,
and process control. Availability is
from stock, so the sampling converters can be delivered in two weeks.

FINE RANGE
ADJUSTMENT

OPTIONAL CONNECTION FOR SINGLE-LINE CON TROL

2

ANALOG
RETURN
- 5V
+5V
DIGITAL
RETURN

•
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0.2-in. 2 accelerometer has
7-mV/g sensitivity
The model 811A Picotron miniature
accelerometer measures 0.2 in. 2 and
weighs less than 0.5 gram. The unit
has a flat upper frequency response
of 25 kHz at the +5% point and a
sensitivity of 7my/standard gravity.
This output from such asmall package makes the Picotron useful where
small size and weight and high resolution and frequency response are
important. Patented low-impedance
integrated circuits should eliminate
the need for special low-noise cables,
the maker says. The unit's temperature range extends from -195° to
+ 135 °C.
The Picotron 811A sells for $410
each. Delivery is made from stock or
takes four weeks.
Kistler Instrument Corp., 75 John Glenn Dr.,
Amherst.

N. Y.

14120.

Phone

Ronald

F.

Lochocki at (716) 691-5100 [356]

Power-factor motor control
is based on semiconductors
The ES-1 line of power controllers
for industrial single-phase ac induction motors uses semiconductor technology to reduce voltage whenever
the motor is operating at less than
full load. The voltage is cut to maintain the motor's rated speed, at the
same time reducing power consumption and therefore operating costs.
Actual savings depend upon the
motor's design, the power requirements of the application, operational
on-time compared with load time,
and the cost of electrical energy.
However, the maker reports typical
savings of 25% to 45% for motors
that are oversized or operate lightly
loaded.
Six models of the ES-1 are offered
for direct wiring with 120- and
240-v single-phase motors. They
cover apower range of 0.33 to 3.0 hp
and 7.5 to 20 A. Motors do not need
to be modified. The 4-by-6-by-4-in.
units have a cast-aluminum wallmountable enclosure.

Options include an integral cord
set for direct wall receptacle use and
a pilot light that indicates voltage
variations. List prices range from
$127 to $154 for each basic unit.
Delivery is from stock to two weeks.
Nordic Controls Co.,

155 N. Van Nortwick

Ave., Batavia, III. 60510. Phone (312) 565-

Electronics
Magazine
Book Series.
Zero-risk
trial offer.
1. Microprocessors
What you must know about
available microprocessor
technology, devices,
information. 4th printing. $8.95

1200 [359]

Ncieitc%riNG

Hand-held tachometer
measures 0.25 to 50,000 rpm
Computak, a microprocessor-based
digital hand-held tachometer, can be
programmed to compute any of 13
standard units of measurement
across awide range of speeds-from
0.25 to 50,000 rpm. The ranges of
the device are: 0.25 to 200 ± 0.01,
200 to 2,000 ± 0.10, 2,000 to 20,000
± 1.00, and 20,000 to 50,000 ±
10.00 rpm. Computak is available
with either an English measuringsystem program (model CT2000) or
a metric system program (CT2100).
In the English system, the tachometer computes revolutions, inches, feet,
yards, or miles per minute, second,
or hour. In the metric system, it
computes either revolutions or meters per time unit. The device
features a liquid-crystal digital display, memory recall, and quartzcrystal accuracy. The CT2000 sells
for $265, the CT2100 for $275. Both
are in stock.
Jones Instrument Corp., 430 Fairfield Ave.,
Stamford, Conn. 06904. Phone John Walsh
at (203) 327-6440; [358]

WIT
New hordwcre
sortwore and
appkxdfons

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

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

OF
Se(mluni
F
COTTONS

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

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

Electronics Book Series
P.O. Box 669, Hightstown, N.J. 08520
1. Send me
copies of "Microprocessors"
at $8.95 per copy.
2. Send me
copies of "Applying Microprocessors" at $9.95 per copy.
3. Send me
copies of "Large Scale Integration" at $9.95 per copy.
4. Send me
copies of "Basics of Data
Communications" at $12.50 per copy.
5. Send me
copies of "Circuits for Electronics Engineers" at $15.95 per copy.
Discounts of 40% on orders of 10 or more copies.
must be fully satisfied or you will refund
lull payment if the book is returned after tenday trial examination.
DI Payment enclosed
0 Bill firm
D Bill me
Charge to my credit card:
0 American Express 0 Diners Club
BankAmericard D Master Charge
Acc't No
Date exp.
On Master Charge only,
first numbers above name
Name

Title

Company
Street
City

State

Zp

Signature
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A New Year, aNew Age, aSmaller Machine.
Series features the Gang EPROM Programmer PKW-8000
with its own built-in power supply, automatic self-check

Also featured is the PKW-5000, a smart, easily portable
EPROM Programmer and older brother of the PKW-8000.
So if you missed him before you can meet him now.

functions and at 382W x 3150 x 55 Hm/m is still only
1/4 the size of the nearest competitor.

Both these fine machines are complete in themselves
and require nothing extra.

The compact, complete portable EPROM Programmer

INTERTEK,

7-2-8, Nishi-Shinjuku-ku, Tokyo, 160 Japan
Telephone: (03) 363-6649 Telex: J28497
Why not ring up and find out more:

DENMARK Semicap, Gemmel Kongevej 1485, DK-1850 Copenhagen V. Tel: (01) 22 15 10

FINLAND Nabla Elektroniikka Oy, Espoo, 10 Tel: 90-46 28 29 FRANCE A.K. Electronique, 75015 Paris Tel: (1 )575.53.53 ITALY
Elind, 20063 Cernusco, Milan. Tel: (02) 9.041.319-9.043.983 NETHERLANDS Auriema Netherland By, 5611 CC Eindhoven Tel:
040-444470 SWITZERLAND Altrac, AG.CH-8953 Dietikon Tel: 01/741 46 44 WEST GERMANY Electronica GmbH,2000 Hamburg11.
Tel: 040-33 88 62 UNITED KINGDOM Stag Electronic Designs, Ltd.Welwyn Garden City,Tel: 070 73 32148 U.S.A. Wes-Con Products,
Inc. Palo Alto, CA 94301 Tel: (415) 327-4051
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describes Electronics editorial
reprints, services, books...
•More than 70 article reprints in 15 subject
categories
•Handy wall charts

I.

•Custom-made reprint services
NEW ADDRESS

•Books especially for Electronics' readers

Name

•Convenient postage-paid order cards
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State/Province

Zip/Postcode
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(609) 448-1700, ext. 5494.
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Products newsletter

National selling
sample 256 -kilobit
bubble memory

Fast d-a converters
t
o debut in April

National Semiconductor Corp. has begun selling sample quantities of a
256-kb bubble-memory device, the NBM2256. At an operating f
requenc y
of 100 kHz, the new memory has adata rate of 100 kb/s and an average
access time to the first bit of a random block of 7 ms. Typical power
dissipation is 750 mw.
The memory, which has a 1.1-by-1.1-in. footprint, will be supported by
four additional circuits: the INS82851 controller, the DS3615 function
driver, the DS3616 coil driver, and the DS3617 sense amplifier. The three
DS-series circuits are scheduled to be available this summer, but the INS
device will not be ready until late in the year. Until the complete set of
support circuits is available, National will be selling an evaluation board
that performs all the basic functions, using standard integrated circuits
where necessary.
Unit-quantity pricing on the NBM2256 memory is $500. The NBS100
evaluation board, which will be offered in the second quarter, will be priced
at $1,300 in units. All the bubble-memory products are available through
National's Santa Clara, Calif., factory.

ILC

Data Device Corp. in Bohemia, N. Y., is designing amonolithic 14-bit

digital-to-analog
that will be available
converter
in sample
to incorporate
quantities by
into
thetwo
middle
s
up
er
of
f
as
April
thybthis
rid year.
units
One unit is an extremely low-glitch emitter-coupled-logic device that
settles within 30 ns. The other is aTTL converter that has little glitch and
settles in less than 100 ns. Both units are current-output converters with
on-board references.
DDC is also developing a 14-bit multispeed and multichannel synchro/resolver-to-digital converter system based on Texas Instruments' 9900
16-bit microprocessor. The unit will have wide operating flexibility and
will use DDC'S model 8585 analog-to-digital converter.

SPI to supply
SD5000 quads

Modicon upgrades
programming panel

Electronics/January 31, 1980

Semi Processes Inc., Santa Clara, Calif., kicks off its recent secondsourcing agreement with Signetics Corp.'s Analog division [Electronics,
Dec. 6, 1979, p. 50] by making the SD5000 quad analog switch array
family available from stock. SPI will make, and eventually market, the
Sunnyvale, Calif.—based division's entire double-diffused mos product
line, including the new 60-v SD220 series. SPI also intends to develop
higher-power (above 300 NO switching applications for the D-MOS technology. Single and 100-piece prices for the SD5000N, in aplastic package,
are $4.40 and $3.60 apiece, respectively.

Gould Inc.'s Modicon division in Andover, Mass., has upgraded its P180
programming panel to offer an optional ladder-listing feature and to
make it compatible with many RS-232-C or current-loop display terminals and printers. The option in the Deluxe P180 provides hard-copy
listings of relay ladder programs resident in any Modicon 484 industrial
process controller. The Deluxe version is priced at $1,895; the basic P180
can be updated in the field to offer the Deluxe's features.
129
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ENGINEERING/TECHNICAL EMPLOYMENT

CLASSIFIED SALES REPRESENTATIVES

OPPORTUNITIES

Sales Manager—Mary Ellen Kearn•-212/997-3301

Chicago ..
Atlanta Maggie McClelland 404/892-2868 Cleveland .
Boston . Jim McClure
617/262-1160 Dallas
Chicago Bill Higgens
312/751-3733 Denver

Linda Nocella 312/751-3770
Mac Huestie, 216/781-7000
Mike Taylor .214/742-1747
Shirley Klotz 303/837-1010

Detroit
Houston
Los Angeles .
New York ...

Mac Mueslis 313/873-7410
Mike Taylor 713/659-8381
Ana Galaz
213/487-1160
Larry Kelly .212/997-3594

Philadelphia .
Pittsburgh...
San Francisco
Stamford .. .

Dan Ferro . 215/568-6161
Jack Gardner 412/227-3658
Peter McGraw 415/362-4600
William Eydt .203/359-2860

GRADUATE

ENGINEERS
FREEDOM,
ADVENTURE,
CHALLENGE
YOU DON'T WORK IN AN OFFICE!
That's right and you don't have to work in an office to get a great start in
pursuing career objectives! Many success stories have NOT started with
soft desk jobs, but in the field with people willing to be their own boss and
meeting the exciting technical challeriges it takes to become one of the best.
Schlumberger has the responsibility, as world leader in Electronic Well
Logging, of the search for tomorrow's energy. To assist us in this search, we
need career minded individuals with a 4 year degree in Electrical or
Mechanical Engineering or Physics, 0-3 years work experience and
outstanding scholastic record. Must be U.S. citizen. Candidates will be faced
with the challenges of: decision making, long hours, taking charge, working
outdoors, operation of sophisticated electronic equipment and the recording
and interpretation of oil and gas well information.
In addition to our excellent company benefits, the experience you gain from
this unique opportunity will provide invaluable rewards.
IMMEDIATE POSITIONS AVAILABLE NOW
In the "Sunbelt" states throughout Texas and Louisiana
(additional openings in 24 other states)

Please Call Collect
(713) 658-9223 Ext. 34
4-YEAR DEGREE REQUIRED!

Schlumberger
SCHLUMBERGER WELL SERVICES
Two Allen Center. Suite 2900
1200 Smith St .Houston. Texas 77002
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all positions

taco-paid

ENGINEERS
ELECTRONICS ENGINEERS,
$18,000-$45,000. For the electronics engineer, New England offers the widest diversity
of
piaziCons
available
anywhere. As one of the largest,
long
established
(15
years)
technical
placement
organizations in the area, we
can represent you with a wide
variety of clients, large and
small, for positions ranging
from entry level to senior
management. Nationwide representation is also part of our
service. Contact Bob McNamara, E. P. REARDON ASSOCIATES. 888 Washington St.,
Dedham, MA 02026 (617/3292660).
ELECTRONICS ENGINEERS,
$18,000450,000. Choice entry
revel to management positions immediately available in
Pennsylvania & national locations. Reply in strict confidence to J. G. Weir, President.
WEIR PERSONNEL SERVICES,
535 Court St., Reading, PA
19603 (215/376-8486).
ELECTRONICS ENGINEERS,
$18,000-$40,000. Suburban
New Jersey and Nationwide.
Numerous choice positions in
co's utilizing the latest State
of Art methods & equipment.
Reply in confidence to James
E. Mann. VP/Eng., ARTHUR
PERSONNEL. Suite D6, 8 Forest Ave.. Caldwell, NJ 07006
(201/226-4556).
ELECTRONICS ENGINEERS,
$18,000440,000.
Nationwide
positions in digital, analog.
microprocessor, microwave &
instrumentation
technology.
For immediate confidential response,
send
resume
w/
salary history to Glenn Eng,
lish, President. GLENN ENGLISH AGENCY. 7840 Mission
Center Ct., San Diego, CA
92108 (714/291-9220).
ENGINEERS to $408. Get results from the oldest private
employment service (est. 1946)
in the heart of New England with the best clients in
the industry. Contact LANE
EMPLOYMENT SERVICE, 405
Main Street, Worcester, MA
01608 (617/757-5678).
DESIGN ENGINEERS to $388.
Central Penna & nationwide.
Design connectors/terminals.
microprocessors. controls. Reply in confidence to Z. A. Gonglewski, MECK ASSOC. PERSONNEL,
1517 Cedar Cliff.
Camp Hill. PA 17011 (717/
761-4777).

Electronic
Engineers
Every facet of state-of-the-art design centered in one facility (not
spread out among divisions) awaits you at Burroughs Small
Systems Group.
We provide the stability of an international leader in the computer
industry. Combined with a"small company" environment that
stimulates and rewards individual achievement. No engineering
''bullpens"—just comfortable two-person offices.
And we have openings right now for Electronic Engineers at our
Coral Springs, Florida facility.
These positions require 2-3 years' experience in digital and
logic design.

The Burroughs salary and benefits package is excellent. And the
Florida lifestyle is ideal.
For prompt consideration, please forward your resume and salary
history to:
Manager, Professional Employment
Burroughs Corporation—Small Systems Group
4000 Coral Ridge Drive
Coral Springs, Florida 33065
An Equal Opportunity Employer

Burroughs

NATIONAL
PERSONNEL
II
CONSULTANTS

INDUSTRIAL ROBOT
DEVELOPMENT

Small, high technology manutactur
ing company seeks exceptional
microprocessor software engineer.
Position includes hands-on development of inpustrial robots and CNC
machine tool control systems. Successful candidate will have 3-5 years
assembly programming experience
with Z80 experience desirable. BSEE
or equivalent. Good salary and
fringes with excellent opportunity for
advancement. Send resume in confidence to:
Thermwood Corp.
P.O. Box 436
Dale, IN 47523
Ait: Chief Engineer
SOUTH d. SOUTHWEST POSITIONS
and Management positions
throughout
the
South.
Southwest and U.S. Employers pay
all fees. Send resume in confidence
to Bob Hogue

1
.:ngineenng

Souteleut 7e/uuca!
P.O. Box 33070,
San Antonio, Texas 78233
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WHERE DO YOU FIT?
In today's job market, that is. One way to see if you're in demand
is to check the employment opportunities contained in
ELECTRONICS' Classified Section.
Another way to get a reading is to place a blind (box number)
Position Wanted ad there. The cost is low (only $1.80 per line)
and the results are often rewarding.
For more information call or write:

ELECTRONICS
Post Office Box 900
New York, N.Y. 10020 • Phone: 212/997-2556
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Plug into the 1980's
with our clients'
new and exciting
programs
irwolving
advanced
technology.
This dynamic company
offers along tradition
of excellence in
engineering skills and
al the same time always
has its eyes and ears in the
future Ideal candidates will
hold an earned degree in
Electronic Engineering

Salary to $40,000
Background and experience should
include

• UNIT MANAGER -Circuit
Switching Systems
Systems 8 Logic Design of Space Division and lime Division Circuit Switching Systems

• UNIT MANAGERCommunications
Advanced Systems Applications/New Business

• SYSTEM ENGINEERS -

• SYSTEMS ENGINEERS Communications
UNIT MANAGER -SENIOR ENGINEER
J
DU
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tal R
siE
gN
na
GlI
p
Nro
Eces
ER s
De
ne sn
yste
of r
Çlc
sim
(m
put
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ros
/Base
and
High Speed "Hardwire" Logic)

Switching Systems
UNIT MANAGER -SENIOR ENGINEER JUNIOR ENGINEER Real Time Communications
and Logic Design Design of Digital Computers
Peripheral Controllers Interfaces and Protocols
and Microprogrammers

• SENIOR DESIGN
ENGINEERS Switching Systems
Switching Systems. Circuit Switching, Packet
Switching or Signal Prninpcsing

CALL COLLECT TODAY
BRUCE PALMER, VP. 201-7T7-6900

FACULTY POSITIONS VACANT

Assistant/Associate Professor of
Engineering Technology. Full time
tenure track position in Electronic
Engineering Technology and Chairperson, Department of Engineering
Technology, subject to the terms of
the Agreement between State
University Board and the InterFaculty Organization/Kinnesota
State Education Association. Assignment will involve teaching Electronic
Engineering Technology courses,
induding digital systems and computers. The Department Chairperson
shall he to exercise academic and
administrative leadership for the Department and well have the responsibility for internship program,
maintaining astrong alliance with industry, advisement of majors, and
recruitment of faculty and students.
Masters degree in Electrical
Engineering, current background in
digital electronics and computer
design, teaching and/or administrative experience in Bachelor Degree
Engineering Technology Program required. Doctorate, professional registration, and industrial experience
preferred. Appointment date February or August 1980. Applications
due by January 15, 1980. Reply to
Mr. Robert J. O'Brien, Chairperson,
Engineering Technology Department.
Southwest
State
University,
Marshall, MN 56258. Southwest
State University is an affirmative action/equal opportunity institution.

Or send resumes in confidence to
Bruce Palmer , VP
Eastern Executive negociases
881 Allwood Road
Clifton New Jersey 07012

EASTERN EXECUTIVE ASSOCIATES
ASSOCIATES

"Professionals Placing Professionals"

POSITIONS VACANT

Electronics And Engineering Professionals —Explore employment opportunities in various disciplines. For
a complete and confidential investigation at no cost to you. send
resume to Gerald E Bell. Independent Recruiters. 550 Pinetown
Rd.. Ft Washington, PA 19034.

BUSINESS OPPORTUNITIES

STILL LOOKING
FOR YOUR DREAM JOB?

1
lan?

How To Earn Money As A Considtaid
(Including specimen contracts). Special systems recently adopted by
major consultancies. $25. Business
Psychology Intl, 890/44 National
Press Bldg.. Washington, D.C.
20045

Then be sure to check out the employment opportunities contained in
ELECTRONICS' Classified Section.
Or, why not consider placing a Position Wanted ad? The cost is low
(only $1.80 per line) and the results are often rewarding. For more information call or write:

ELECTRONICS
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Post Office Box 900
New York, N.Y. 10020 • Phone: 212/997-2556
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The Intel Notebook
Careers and Technology at Intel

Microprocessor Technology:
A Components and
Systems Approach
That the microprocessor was the single most important innovation in
electronics during the 1970's is not disputable. The challenges that
lie ahead of us will be to continue those efforts of design and applications of the microprocessor for greater achievements in the 1980's.
Intel contributes to the success of this revolution because our engineering and technical marketing professionals solve complex problems using unique solutions. In short, we do it better than anyone
else. That's our approach. So if you would like to add your individual
success to our collective achievements, consider the following opportunities.
COMPONENT DESIGN ENGINEERS will participate with technical
management in the planning and design of new microprocessor architecture.
SOFTWARE SYSTEMS DESIGN ENGINEERS will design microprocessor-based operating systems and/or network communications.
Knowledge of avariety of high level languages preferred.
TECHNICAL MARKETING ENGINEERS will develop new applications and markets for processor technology or microprocessor-based
systems.
PRODUCT MARKETING ENGINEERS will implement sales and
marketing strategy, and serve customers and field sales personnel for
their product groups. Component or systems marketing experience
preferred.
We invite you to participate in the Intel Approach. If you are an assertive individual with a BSEE or equivalent and at least 2 years' related experience, we'd like to talk with you. Please send your resume
to Janet Clark, Intel Corporation, Dept. 5BD, P.O. Box 3078, Santa
Clara, CA 95051. An equal opportunity employer m/f/h.

intel
Electronics/January 31, 1980
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COMPONENT QUALIFICATION
AND TESTING ENGINEERS
(U DINE)
We are looking for top-notch electronic engineers having an advanced
degree and more than 4year's experience in one or more of the following areas:
—Test and Diagnostics of digital IC's (MS1. LSO.
—Qualification and Characterization of LSI IC's.
—Failure Analysis of digital IC's.
—Manufacturing of IC's.
—Test and Diagnostics of linear IC's.
Successful candidates will join dynamic teams operating in the following areas:
•LSI Reliability
•Test and Qualification
•Failure Analysis
Our laboratory is equipped with the most sophisticated equipment and
works very closely with many European companies.

GROUP LEADER—
CUSTOM INTEGRATED CIRCUITS
(UDINE)
To satisfy our needs for specialized integrated circuits ZELTRON is
creating an in-house design centre. The centre will be responsible for
the specification, design and layout of integrated circuits to be
produced by third parties.
As manager of this centre the successful candidate will have the
following responsibilities:
• Co-operate with the Director of Microprocessor Applications in
setting up the centre and in selection of appropriate capital equip•
•

ment.
Technical control of all operations within the centre.
Negotiation with suppliers and product managers.

Suitable applicants will have several years experience in the design of
integrated circuits (preferably both analogue and digital) and will have
a good working knowledge of mainstream semiconductor
technologies. Preference will be given to candidates having both
experience on computer aided graphics systems and well established
contacts within the semiconductor industry.

Electronic Engineers...
We Invite You To
Discuss Your Careers...
...with consultants who understand your
particular qualifications and goals. Since
F-O-R-T-U-N-E is staffed with specialists in
every aspect of the electronics industry, this is
an opportunity to take advantage of.
R.S.V.P. by calling or by sending your
resume, in confidence, to:
Manager, Electronics Division
Personnel Agency, Inc

0-R-T-U-N-E
A Nationwide Service

(212) 557-1000 — 505 Fifth Ave., NYC 10017
"CORPORATE INQUIRIES WELCOME"

Why not an editorial career?
Electronics magazine has available challenging editorial
positions for electronics engineers with a bent for
journalism. We need editors to observe and write or edit
articles on the latest trends in the software and the
consumer and industrial electronics fields. The beats
range over many electronic technologies so you won't be
kept to the engineer's usual narrow area of specialization.
We'd like you to have a bachelor's degree and some
design experience. Excellent salary and benefits. Write
and tell us about yourself.
Managing Editor, Technical
Electronics
1221 Avenue of the Americas. New York. N. Y. 10020
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We also require senior design engineers for this area
of activity.

SENIOR SOFTWARE DESIGNER
(MILAN)
We require an advanced degree in Computer Sciences or equivalent
and at least 4 year's experience in compiler design and implementation, preferably for microprocessor-based systems.
The successful candidate will lead a design team involved in implementation of high-level languages for state-of-the-art microprocessor
systems. The software development group is based in Milan.
For the above positions we offer either renewable, fixed length (2-3
year). contracts or permanent positions.
English is spoken at ZELTRON and therefore knowledge of the Italian
language is not a prerequisite. Salary is open and a function solely of
qualifications and experience.
Our company is atotally owned subsidiary of INDUSTRIE ZANUSSI. a
leading European manufacturer of appliances and electronic
consumer goods (1979 sales: 1.2 billion USS). The ZANUSSI Corp. employs 33.000 people and has 41 plants in Italy and Spain and divisions
in 12 countries.
Udine is a lovely. small (population of 100.000) city in Northern Italy.
Your week-ends and holidays (4 weeks per year) will be far from boring as Udine is only 80 miles from Venice and very close to Austria and
Yugoslavia and beach and mountain resorts are within an hour's drive.

Give it all athought and contact us at:

ZELTRON
Istituto Zanussi per l'Elettronica SpA
Via Principe Di Udine 66
33030—CAM POF0 RMIDO—Udine—ltaly

HIRE NEXT YEAR'S
GRADUATING ENGINEERS
—THIS SUMMER!—
First, it's in our industry's
By filling out and returning
best interest to provide
the coupon below, your orgacareer-conscious
undernization will be included in
graduate engineering stusummer job listings to be
dents with meaningful sumfeatured in the Spring 1980
mer job experience in their
issue of McGraw-Hill's new
future profession.
GRADUATING ENGINEER.
Second, since there'll alThis edition, edited espeways be more anxious applicially for next year's graducants than openings, you'll
ates, will be distributed on
be able to select the cream
approximately 450 campuses by engineering departof the crop, then evaluate
them under "game-condiment heads, directors of
tions" with an eye towards
computer centers, placehiring them next year, when
ment officers, and minority
as coveted graduates, the
advisors. Students will then
job market may well be in
contact you directly.
their favor.

Free summer job listing
MAIL TO- ELECTRONICS/POST OFFICE BOX 900 NEW YORK NY 10020
NAME/TITLE ,
of individual to be contacted ,
ADDRESS: r
Mailing address of your personnel office.
ORGANIZATION: ,Firm, Company, Government Agency or Institution
TYPE AND NUMBER OF STUDENTS SOUGHT: Electronics
Technician

Computer Science

Avionics

'e r
e

Other: Draftsperson, etc.

Note Last date coupons can be accepted for thls year ssummer lob hsbngs s 3/3/80
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Electronic Engineers

General Electric-Television
The right company for the 80's

The right location anytime

•TV technological and business
innovators for over 50 years.
•Producers of high-quality, highperformance consumer products.
•Leader in electronics.
•Steadily expanding division of the
General Electric Company.
•Excellent opportunities for growth

•Near ocean and mountain resorts.
•Mild climate, year round.
•Full range of cultural attractions
(theatres, museums, art, music).
•Excellent educational facilities
at all levels.
•No traffic headaches.
•Reasonable taxes and cost of living.

On the job, off the job, you'll find all the advantages you want at GE Television.
We're moving aggressively into the 80's. Building our future on apast that includes
afirst home television receiver (1928) ... the first in-line color tube system.. .the
first color portable... Emmy Award winning VIR ... and the first self-contained
Widescreen 1000 color.
Get more details on the career you can have with us. Immediate openings are for
BSEE's with experience in one of the following areas:
• Signal Processing • Chroma • Video • Microprocessors
• High Frequency • Servo Systems • IF • Video Disc •Tuners
• Deflection and other appropriate technologies.
Apply by sending your resume and salary history to Robert N. Shapiro, Ref. 78,
General Electric, Television Business Department, P.O. Box 64875,
Virginia Beach, VA 23464. An equal opportunity employer m/f.

We bring good things to life.

GENERAL
Electronics/January 31, 1980
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Consider

ESL ...

STATE OF THE
ART TECHNOLOGY, CAREER
ORIENTED OPPORTUNITIES,
FLORIDA LIVING

a creative environment
for creative people!
CHECK OUT our

qualifications — we are an
acknowledged leader in the fields of communications,
reconnaissance, and data processing systems on the
SAN FRANCISCO PENINSULA.

THINK

Frank Leonard Personnel knows what% important to you.

ABOUT our environment — we are a
company that is uniquely informal, creative and professional.

Yes, the proper experience and capabilities are
important, but Frank Leonard Personnel places people,

LOOK AT our full range of benefits including Company

personalities, individual gnats, families — all the

paid Medical/Dental/Life insurance, Credit Union, Profit Sharing,
100% Retirement vesting after 5years, 11 paid Holidays, Tuition
Reimbursement, Relocation Assistance ... and more!

CONSIDER

where you are now — and where you
could be. CONSIDER ESL. After all, don't you deserve better?

Hardware Design Engineers

not paper. Our work with people means working with
things your resume can't tell us. We know our client
companies very well, now we'd like to know you.
Design Engineers: BSEE/MSEE at least 2 years
experience, Digital Design TTL, ECL, CMOS. To work in
circuit design, high speed digital modems.
Continuation Engineers: Person to follow new and
custom designs from engineering to production. Test digital
systems to chip level and solve hardware/software
problems.
Test Engineers: Person to work in production test, ATE
Design and instrument calibration.

You will be responsible for the design and implementation of
hardware in receiving, digital data processing, digital signal processing or special purpose communications systems using
minicomputer systems and microprocessors. BSEE with related
experience required.

1813) 872-1853

frank leonard personnel
Suite 100-C, 1200 North Westshore Blvd ,Tampa, FL 33607

Software Systems Engineers

NAVAL RESEARCH LABORATORY
SPACE SCIENCE DIVISION

You will be responsible for real time software design and development utilizing minicomputer systems and microprocessors
BSEE/CS and related experience required with background in
data base management, Computer Graphics and operating
systems desirable

Systems Engineers

ELECTRONIC ENGINEER POSITION
GS-12 ($24,703 — $32,110 per annum)

Positions require 2-10 years experience in areas relating to
technical intelligence analysis, ELINT, radar, telemetry, guidance

Grade and salary dependent on qualifications.

and control and signal analysis. A hardware background with
analysis skills helpful. BS/MSEE, Math or Physics.

Serves as Project Manager for the development of

EMC/Tempest Engineer
In this position, you will be responsible for the design and
analysis of electromagnetic interference phenomena. You will
also conduct and supervise EMI and TEMPEST test programs.
Position requires min. 3 yrs. exp.; BSEE preferred.

Configuration Administrators
We seek competent individuals with text data and configuration
management background to MIL-STD 483 and MIL-STD 1679,
combined with knowledge of baseline concepts, specification application, engineering release, CCB's for hardware, software,
ECP's deviations and waivers. You should be familiar with CDRL
management and computer usage, including software configuration management and requirements.

specialized state-of-the-art rocket and satellite borne
instrumentation

in

the

field

of

Solar

Physics

Research. Immediate tasks will concentrate on the
preparation of solar physics instrumentation to be
flown on the Space Shuttle/Spacelab 2 Mission.
Expertise desired in electronics design and project
management cf personnel, budgets and schedules.
This is a career Civil Service position with all the
normal fringe benefits.
Interested
Form

171,

applicants
Personal

should

submit

Qualifications

a Standard

Statement

or

detailed resume by: 29 February 1980 to:
Naval Research Laboratory

Please send resume to Professional Employment, ESL Inc., 1330
Geneva Drive, Sunnyvale, CA 94086. (408) 734-2244. An equal opportunity employer. U.S. Citizenship required.

Civilian Personnel Office
Attn: Code 71-002-17
4555 Overlook Avenue, S.W.
Washington, D.C. 20375
Telephone: (202) 767-3030

ESL Incorporated

C
I% R

a subsidiary of TRW
An Equal Opportunity Employer
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1. Microprocessors What you must know about available microprocessor
technology, devices, information, 4th printing. $8.95
2. Applying Microprocessors 2nd and 3rd generation technology. 26 detailed
applications from data networks to video games. $9.95
3. Large Scale Integration Covers the basic technology, new LSI devices, LSI
testing procedures, plus system design and applications. $9.95
4. Basics of Data Communications Includes 47 articles from Data
Communications magazine covering more than 11 key areas. $12.95
5. Circuits for Electronics Engineers Contains 306 circuits arranged by 51
functions from Amplifiers to Voltage Regulating Circuits. Saves design
drudgery. $15.95
6. Design Techniques for Electronics Engineers Nearly 300 articles drawn
from "Engineer's Notebook." A storehouse of design problem solutions. $15.95
7. Memory Design: Microcomputers to Mainframes The technology,
devices, and applications that link memory components and system design. $12.95
8. Personal Computing: Hardware and Software Basics More than 50
articles from leading publications, including specifications, helpful hints, subject
index. $11.95
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The Power Elite
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ENI truly is the Power Elite. In
fact, when you want the ultimate
in power flexibility. there's simply
nothing finer in all the world.
And our instrumentation can meet
all your application needs, for RF
signal generator amplification.
RFI /EMI testing, signal distribution. RF or data transmission.
NMR/ENDOR, ultrasonics and
more.
ENI's selection of Class A
power amplifiers is unsurpassed.
combining afrequency'spectrum

41\

of 10 kHz to 1GHz with power
outputs that range from 300
milliwatts to over 4,000 watts.
Rugged. compact and versatile,
these power amplifiers can
be driven by virtually any signal
source. They're completely
broadband and untuned. amplifying inputs of AM, FM, TV. SSB
and pulse modulations with
minimum distortion. The unconditional stability and failsafe
design make them impervious to
severe load conditions (open or

The Worlds Leader in Power Amplifiers
Circle 901 on reader service card

short circuit), delivering their
rated power to any load, regardless of match.
Clearly, when it comes to
meeting your power amplification
needs. ENI is in aclass by itself.
For detailed technical specifications, ademonstration or our
latest full-line catalog. write:
ENI. 3000 Winton Road South,
Rochester, New York 14623.
Call (716) 473-6900. or Telex
97-8283 ENI ROC.

•
Conductive Plastic performance
at aMolded Carbon price.

We've combined the superior performance of conductive plastic elements with asimplified three-piece design to
give you the many advantages of conductive
plastic at molded carbon prices. It's the Boums
Model 91/92 family of 5/8" modular pots. An all new modular pot on the board — or the panel — for under adollar*.
Performance? It's no contest! The conductive plastic element outperforms molded carbon with longer rotational life ( 100,000 cycle life at
2% max. CRV), tighter linearity ( 5%), lower CRV (1% or better), and essentially
infinite resolution. And, fewer parts mean added reliability.
Flexibility? You've got it! Terminals are in-line PC style on .100-inch centers. Position
them forward, back, or down for vertical or horizontal PC board mounting. Or, mate them with
in-line connectors designed for .025 square pins. Solder lugs are formed from PC pins to accept
three '22 AWG wires. They're available in two bushing sizes, six tapers and three standard shaft
lengths up to 7/8" long. Resistance values range from 250 ohms to 5 megohms.
Need a high quality, industrial grade modular pot for under a dollar? It's simple! Send today for your new 32page PC-1 Panel Control catalog and details on the amazing Model 91/92 family.
CONTROLS DMSION, BOURNS, INC., 1200 Columbia Ave., Riverside, CA 92507. Phone: 714 781-5212. TWX: 910 332-1252.
European Headquarters: Boums AG, Zugerstrasse 74 6340 Baar, Switzerland. Phone: 042 33 33 33. Telex: 78722.
'Single cup quantities over 5,000. Domestic U.SA. price only.
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For Immediate Application—Circle 120

For Future Application—Circle 220

