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Find Your Trimmer
Application Here...

Model 7102B

Model 7103C

Model 7104D

Model 7105A

Model 7125B

Model 7106B

Model 7126C

Model 7107C

And incorporate trimmers and resistors
in asingle MFT package!
All trimmer applications require a fixed resistor or
resistors to either divide avoltage or limit acurrent.
The revolutionary MFT trimmer/resistor package,
pioneered by Boums, combines cermet trimmers and
fixed resistors into a single JEDEC DIP package.
More than just a DIP trimmer, the MFT trimmer/
resistor contains the total trimmer circuit in one
DIP package.
Nine different MFT trimmer/resistor models,
available in a broad range of resistance values,
provide both multi-trimmer versions and various
combinations of fixed resistors and trimmers that
will satisfy almost any trimmer application.
Increased Reliability — Fewer PC board
connections and pre-tested circuitry provide increased
reliability. MFT trimmers/resistors are manufactured
simultaneously on a common substrate, resulting
in better temperature tracking than discrete
components. Standard tempco tracking is 5Oppm/°C
at —55°C to +125°C.

Saves Time, Space and Money — Auto- or
hand-insertion of one component instead of many;
less components to purchase, stock and handle;
simplified circuit design; and less PC board space
required. A multitude of advantages means
increased productivity and lower on-board cost.
Worldwide Availability — MFT trimmers/resistors
are now available throughout the world from Boums
authorized representatives, distributors and
international marketing affiliates.
For new applications, or your next generation of
design, join the growing number of engineers who
arE specifying MFT trimmers/resistors. Call or
write today for your MFT catalog. Or, see the EEM
directory (Volume 2, pages 3791 — 3801).
TRIMPOT PRODUCTS DIVISION, BOURNS, INC.,
1200 Columbia Avenue, Riverside, CA 92507.
Phone: 714 781-5204. TWX: 910 332-1252.
European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar,
Switzerland. Phone: 042 33 33 33. Telex: 78722.

SALES OFFICES. Anz 602 257.9015 •Calif. 213 582-6391, 408 377.5740 •Colo. 303 751-2600 •Fla. 305 771-6501 •
Ga. 404 393-9880 •III. 312 255-1903 •Ind. 317 844-8462 •Md. 301 247-0400 •Mass. 617 237.6730 •Mich. 313 8821717 •Minn. 612 835.2252 •Mo. 816 358-8100 •N.J. 609 933-2600 •N.M. 505 296-0749 •N.Y. 516 271-3500, 607
272.2187 •Obro 216 659.3131 •Tex. 214 233-5591 •Wash. 206 285-1300 •Canada 514 487-3434. 416 638-5511.

For Immediate Application—Circle 120

For Future Application—Circle 220

Model 7108P

TEKTRONIX
thinks your logic analyzer
should be as versatile
as you are
So ours let you see analog and digital displays at the same time.

Verify logic and
analog relationships
at aglance

Digital troubleshooting usually
involves two steps: First, logic
analysis to find where the
problem is located. Then
analog measurement to
pinpoint the source.
Tektronix 7000-Series
Plug-Ins give you both steps.
Presented together on the
same display: acomplete
picture of the analog/digital
relationship.
Many Tektronix 7000-Series
Mainframes allow the 7D01
Logic Analyzer plus vertical
amplifier and time base

plug-ins to all be housed in a
single mainframe. The same
configuration gives you full
analog and digital capability.
First, locate alogic problem
with the 7D01's timing display
and retain it on the screen
through memory. Next, make
the analog measurement and
put it up on the same display.
Both sides of the problem are
now revealed in a
single image.
Simultaneous analog/
digital display: it helps
make our Logic Analyzer

versatile. So you can do
today's job and tomorrow's.
So you can change
applications without
changing your logic
analyzer.
Contact Tektronix Inc., P.O. Box
500, Beaverton, OR 97077. In
Europe, Tektronix Ltd., PO. Box
36, St. Peter Port. Guernsey.
Channel Islands.

Tektronix

TEKTRONIX LOGIC ANALYZ -

THE VERSATILE ONES

For Technical Data circle It05 on Reader Service Card
For Demonstration circle II on Reader Service Card
For immediate action, dial our toll free
automatic answering service 1-800-547-1512

Now in volume production:
magnetic bubble memories.
From Texas Instruments.
TI's 92K bit TIB0203 magnetic
bubble memory is readily available
in quantity. Delivery 4 to 6 weeks
ARO.
Many design advantages
Volume availability is only one
good reason for designing-in the
TIB0203. There are many more:
•The interface and peripheral circuits you'll need to build a compact, high-density system around
the TIB0203 are ready now. Including the controller which
provides high level interface between the microprocessor and the
bubble memory. All from the

C) 1978 Texas Instruments Incorporated

Circle 2 on reader service card

same dependable source—Texas
Instruments.
•The TIB0203 offers an efficient,
modular approach to building any
size memory.
•Solid-state technology provides
inherently greater reliability.
•The TIB0203 incorporates an
asymmetric chevron geometry
chip for superior performance.
•An evaluation board, complete
with TIB0203, is available and
provides TTL interface to the
bubble memory via custom ICs.
•Already applications proven, the
TIB0203 is ideal as non-volatile,
small capacity storage for porta-

ble data entry terminals. Industrial controller systems. And
mini-floppy disk replacement.
Which assures the TIB0203 along
product life.
High volume, low price
In 100 pieces, the TIB0203 is
economically attractive for widespread use. Only $100.00.
Get your 92Ks today
For fast delivery on the 92K bubble
memory, call your nearest authorized TI distributor. Or write
Texas Instruments
Incorporated, P.O.
Box 225012, M/S 308,
Dallas, Texas 75265.

TEXAS I
NSTRUM ENTS
INCORPORATE I)
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Highlights
Cover: Off to language school, 105

High-level languages are growing in importance for microcomputer systems as programs become longer and more complex,
says this special report. It is the first article
in a series on using adaptations of these
languages to program microcomputers.
Cover is by Art Director Fred Sklenar.
Software protection gets thornier, 88

After more than a decade, the problem of
protecting software is becoming even harder. One complicating factor is the increased
use of "soft architecture" — hardware-software mixes that employ much microcode. A
spate of lawsuits is likely to be another.
How to ease microcomputer board testing, 113
Testing microcomputer-based systems can
be made much simpler by using the microcomputer's self-test capabilities, adopting
new diagnostic algorithms, and designing
the system for testability.
Interfacing videogame processors with TVs, 124

Large-scale integration is eliminating the
nightmare of designing an interface for a
video game or personal computer's microprocessor with a home TV set. A single
video-display generator can supply all the
brightness and color information necessary,
replacing hundreds of small- to mediumscale integrated circuits.
And in the next issue ...

A family of ECL bit-slice parts ...optimizing high-level languages for microprocessorbased system development: part 2 of a
series ... a small computer that uses
C-MOS-on-sapphire.
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Publisher's letter
That

programming microcomputers
has become a No. 1 engineering
task is by now well known. And the
situation is getting tougher as the
more complex systems built around
16-bit microprocessors emerge.
But high-level languages have
come to the •engineer's rescue,
although there are also disadvantages in using them. To sort out the
many complexities of this important
subject, we have begun a series of
articles. It starts with this issue's
cover story (p. 105), in which microsystems and software editor John
Posa has prepared an overview of
these languages.
The main advantage of a highlevel language over assembly language is that it makes better use of
the programmer's time, John remarks. On the other hand, the various types of high-level languages are
slow-running and use up a lot of
memory.
Another point he makes is that
there is a bewildering variety of
high-level languages available today.
In addition, many users are torn
between the need to use a new
language like Pascal and the desire
to preserve their libraries coded in
older Basic and Fortran.
"In some respects the microcomputer programming situation today
is like that of the mainframes some
15 years ago—there's a language
problem," John observes. "If everyone agreed on, say, one version of
Pascal, it would be fine. But it's
impossible to throw out the past and
no one is sure yet which version of
Pascal will work for the future.
That's why Pascal standardization is
such acharged issue."
January 18. 1979

Officers of McGraw.Hili Publications Company Gordon L Jones,
President, Paul F McPherson, Executive Vice-President, Group Vice
Gene W

A good example of how on-the-job
training works is William Meronek, senior circuit design engineer for
Western Digital Corp., who designed
the SD1933 communications controller chip described on page 137.
Originally an expert in logic design,
27-year-old Meronek was hired by
the Newport Beach, Calif., firm with
no direct experience in the idiosyncracies of large-scale integration.
And though he knew what had to be
done from a circuit standpoint, he
had to pick up a lot of know-how to
make acost-effective product.
"My boss had to spend a fair
amount of time with me," Bill
recalls. "First Ihad to learn how to
read all those drawings. Then Ihad
to learn about processing, FETS,
bipolar integrated circuits, and device physics—a lot of material Idid
not study at school."
He learned well enough to design
the SD1933, which is capable of
handling any of the new, bit-oriented
data-communications protocols.
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Nevertheless, structured programming like that possible with Pascal
seems to be the way to go because it
is easy to use.
Future parts of this series will
concentrate on the high-level languages discussed in the overview.
The next installment will cover
optimizing high-level languages with
assembly code to tighten up a
program for critical time or space
requirements.
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The KEPCO/TDK Series RMX, Size D Power Supply offers a lot of guts
neatly arranged in a compact, 270-cubic-inch box that will fit nicely into
your project. Ask your local Kepco man to let you try it on for size.
OUTPUT VOLT/AMPERE LOCUS

EFFICIENCY VS. LOAD CURRENT

MODEL
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RMX
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Typical for Model RMX 05-D. 5-Volt Switching Power Supply

® For complete specifications write Dept. BWF 14

KEPCO. INC. •131-38 SANFORD AVENUE •FLUSHING. N.Y. 11352 U.S.A. •(212) 461-7000 •TWX #710-582-2631 •Cable: KERGOPOWER NEWYORK
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Whether you test components,
with in-circuit or
in production

GenRad has theAutoma
In-Circuit Testers
Assembly and
process-related faults
account for 70% to
80% of PC-board
faults. By detecting and
repairing these faults
early in the production
cycle, troubleshooting
bottlenecks during
functional testing are
minimized and acost
saving increase in
production throughput
occurs. The GR 2270
In
Test System with
automatic program
generation software
keeps program costs
low. Identifies multiple
faults in a single pass
and prints a board
repair message in
simple English.
Eliminate subjective
visual inspection. Fast,
accurate and cost
effective.

The low cost,
computer-controlled,
bench-top GR 2230-1
provides automatic
high-volume in-circuit
testing of small PC
boards and modules.
English-language
macro-instruction

keyboard for easy user
programming. Rapid
testing with 64-pin
scanner, expandable
to 128. Flexible
interfacing to
bed-of-nails or probe
fixtures. Automatically
prints out faults.

Portable
Field Service Tester
Reduce your field
service costs. The GR
2225 digital PC-board
test system with
automatic guidedprobe diagnostics
provides your field
service engineer with
on-site test and repair
similar to that of your
factory's production
test department.
Language translators
convert your factory
board test system
programs to keep
programming costs
low. This shortening of
the repair pipeline results
in a dramatic reduction of
large spare board inventories.

6

11111GenRad

2270

IC Testers
Users find GenRad digital (1742, 1744)
and linear (1740) IC testers easy to setup
and operate to provide low-cost testing
with faster IC throughput. Complete
testing to vendor specifications assures
you of agood IC and vendor correlation.
The resultant reduction in board failures
will often pay for the tester in months.
Interfaces are also available to avariety of
popular handlers.
111111

01111//1111111111111111111

11111111111111111111111111

%Mt

1744

1742

1740
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circuits, modules, or PC boards...
functional testing...
or in the field...

ticTest Equipment for you!
Functional Testers
The GR 1796 Dynamic
Digital/Analog Test System
for parametric, high-speed
digital and analog testing is
designed to diagnose your
most complex state-of-the-art
PC boards. Like digital boards
using LSI chips such as
microprocessors, RAMs,
ROMs and UARTs. High
speed driver/sensors (dc to
over 1.5 MHz), sophisticated
analog stimulus and measure
ment modules, and aflexible
switching matrix and PCB
interface capability are just a
few technical highlights that
this verstile system provides.
The GR 1799 Digital/Analog
Test System is a fully
integrated system in the
medium-price range for
functional testing of digital,
analog and hybrid PC boards.

Composed of specially
designed and selected
modules and system
components, this
combination, integrated into
one total system, provides
faster testing and operation,
easier programming and
greater expandability.
The low cost GR 1795-HD and
-FD Logic-Circuit Test Systems
are ideal for the smaller
manufacturing operation or for
operations requiring
additional production capacity
for testing digital PC boards.
With automatic
program-generation and
complete diagnostic
capabilities, you can realize a
new cost effectiveness as
provided by this
computer-controlled,
simulator-based system.

Component Testers
The GR 2230 is afully
automated, user
programmable,
bench-top system
which reduces the time
and cost of testing
components, networks
and modules. Its
flexibility permits rapid
mixed measurements
on sequenced reeled
components and
circuits containing
resistors, capacitors,
inductors, and diodes
or transistors. The
performance of each
component can be
measured against
individually specified
test limits. The

versatility of the system
is being realized in a
broad range of
applications from
component
manufacturers in
production test to
component users in
incoming inspection
departments.

Electronics/January 18, 1979

Measuring impedance
of passive components
such as capacitors,
resistors and inductors
is fast and simple with a
low-cost, high
performance microprocessor-based
Digibridge TM .The GR
1657 and 1658 offer
measurement of R, L,
C, D and Q at test
frequencies of 1 KHz
and 120 Hz. The 1-MHz
GR 1687 measures Ls
& Q, Cs & D, Cs & Rs,
Cp & Gp. The 1658
and 1687 keyboard
models feature ten
automatic limit
comparison bins
for sorting and
selectable test
speeds plus an
optional IEEE
488 bus/handler
interface.

300 Baker Avenue, Concord, Massachusetts 01 742
• Atlanta 404 394-5380 • Boston 617 646-0550
• Chicago 312 884-6900 • Dallas 214 234-3357
• Dayton 513 294-1500 • Los Angeles 714 540-9830
• New York (NY) 212 964-2722, (NJ) 201 791-8990
• San Francisco 408 985-0662 • Washington, DC 301 948-7071
• Toronto 416 252-3395 • Bourne End (UK) (06285) 2 66 11

GenRad
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SIGNAL
GENERATOR
AMPLIFIER
Our Model 603L is the
ultimate in RF signal
generator amplifiers. Just
plug this low cost unit into
any signal or sweep
generator in its 0.8 to 1000
MHz range and this
completely solid state unit
will provide you with the
maximum in power
flexibility.
Mg_

moo'

o

J.
•

1.1."3"nneme"amaimpmc
V e.

With aflat frequency
response and 3watts of
linear Class A output (up
to 5watts saturated), the
603L will provide constant
forward power, making it
ideal for driving reactive or
resistive loads.
Priced at $1895*, the
versatility and usefulness
of this outstanding power
amplifier can best be
demonstrated in your own
applications.
For detailed specifications or ademonstration,
please contact:
ENI
3000 Winton Road South
Rochester, New York 14623
Call: 716-473-6900 or
Telex: 97-8283 ENI ROC
*USA

ENI

The World's Leader
in Power Amplifiers
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News update
IM Neutrinos—those elusive, highenergy, zero-mass particles, which
have been in the private domain of
the particle physicist—are generating a lot of action and controversy
for the communications specialist.
They have been proposed for such
uses as television carriers, interplanetary communications,
and
straight-through-the-earth links with
submerged submarines, because no
known material stops or even attenuates them [Electronics, Aug. 17,
1978, p. 73].
However, the question of their
practicality in terms of real-system
cost, modulation capabilities and
the like, are matters of dispute. The
latest round started when an outspoken proponent of neutrino communications, Peter Kotzer of Western Washington University in
Bellingham, Wash., took his neutrino detection gear to the Fermi
National Accelerator Laboratory in
Batavia, Ill., and detected neutrinos
5 kilometers from their high-energy
beam.
Kotzer's work won front page
coverage in the New York Times,
thus widening a rift between those
members of the high-energy-physics
community who support his theories
(or at least believe they should be
tried out) and those who believe his
proposals to be totally impractical.
The test was done without Fermi's
blessing and was conducted off the
lab's property. But Kotzer says it
was successful, and he "intends to go
on with my work with or without the
support of the Fermi lab" because it
is important for his long-range goals
in studying neutrino communications. The lab, for its part, considers
his work not important enough for it
to expend funds on.
The lab may not be able to stop
Kotzer's work, since he is off its
property and its neutrinos are just
flying around freely. However, its
new director, Joshua Lederman, says
"accelerator-generated neutrinos
have been used to communicate with
detectors since 1960 over everincreasing distances filled with steel
or earth. ...The results reported
in the New York Times teach us
nothing."
Haney Hindin

CABLE
TESTING
THE WAY IT
SHOULD BE
Tests 1to 50 conductors or more
with continuous readout. Locates
shorts, opens, reversals, continuity, ground shorts, shield shorts
and intermittent connections
instantly.
Adapters available for any
connector.

D-TECTOW 1200

corr•

MI

'MC

...

cost savers in electronics

11035 Harry f-lines Blvd. Suite 212
Dallas, Texas 75229
1214/ 350-6714 or 350-6829
Circle 206 on reader service card

SOLID STATE
TEMPERATURE
MONITORING DEVICES
MOXIE AND TFT

•TCR slopes from 4% to 300%/ °C
•Temperature range —20 C to + 140 C
•1% precision tolerance available
•High reliability, excellent lifetime stability
•Direct device to device interchangeability
•Fast thermal response Time (approx.
.5 sec)
•Standard TO-18 and TO-92 packages

CANADIAN THERMOSTATS AND
CONTROL DEVICES LTD.
2255 Dandurand St
TEL (514) 270-7135

Montreal P.O. H2G1Z6
TELEX 05-25277

Also manufacturing a complete line
of bi-metallic switching devices
CALLS From Indep. Reps Invited
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NEW

oLYPROCWORm

IMAGE ANALYSIS SYSTEM
WITH NOISE ELIMINATOR-ENHANCES DEFINITION OF LOW CONTRAST OBJECTS

C•1285

MICROSCOPE

Processed video image without calibrations. The field is
not uniform. The image center has considerable noise.
while objects at the corners are lost.

VIDEO CAMERA

MACROVIEWER

KEYBOARD

AM.
OPTIONAL
CONTROL
DEDICATED

CAMERA CONTROL

IMAGE
ANALYSIS
PROCESSOR
EXCLUSIVE
NOISE
WITH
ELIMINATOR
OPTIONAL PRINTER

!

After calibration, objects in the field are uniformly
extracted, but noise is still apparent. This noise tends
to mask the presence of small objects.

IlenVIDE"ISPLAY

OPTIONAL
INTERFACE
WITH YOUR
COMPUTER

CALL OR WRITE
FOR BROCHURE
The Noise Eliminator has reduced random noise, enhancing the definition of small or low contrast objects.

HAMAMATSU
Hamamatsu Systems. Inc.. 332 Second Avenue. Waltham. Massachusetts 02154 •617/890-3440
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ADVANCED MICRO
DEvicEs ANNOUNCES
THE AMZ8000.
We tested every 16-bit microprocessor family around, and
Zilog's Z8000 came out first.
By amile.
It has what it takes to become
the industry standard: Ahighly
flexible, advanced architecture.
Apowerful instruction set.
Large memory addressing capability. Ease of programming.
High throughput.
And now it has something
more: Us.

Get an Ain your next design.
Ask for Advanced Micro Devices'
AmZ8000.
Advanced Micro Devices
901 Thompson Place
Sunnyvale, California 94086

1/18/79E

Give me an A. Imean give me an AmZ8000
Brochure.
Name
Title
Mail Stop
Company
Address
City

State

Zip

Advanced
Micro Devices
Multiple technologies. One product: excellence.
901 Thompson Place, Sunnyvale, California 94086
Telephone (408) 732-2400

BEFORE YOU MOVE UP TO 16-BIT
MICROCOMPUTER HARDWARE. FIND OUT
WHERE THE SOFTWARE WILL LEAD YOU.
Digital's 16-bit microcomputers.
A software investment you'll never lose.
Giving your products 16-bit power opens up awhole new range of
possibilities.
But unless you're careful about the software you choose, you could
be limiting your own marketing options.
Digital's 16-bit LSI-11/2 board microcomputer and PDP-11/03
box microcomputer not only give you the world's most advanced
micro technology; they give you software that's compatible
throughout our whole PDP-11 line —the industry's widest
range of minicomputers. Which means you can grow your
products in whatever direction your market and competition demand. Without ever losing your original software investment.

Software so reliable we'll even
warranty it.
Our 16-bit microcomputer software is
the most widely-used micro software in the
industry. The basic bugs were worked out
long ago —which means they're not
likely to turn up on your system.
In fact, we're so sure of our
reliability that we offer a90-Day
Software Warranty with the purchase of our operating systems.
No other micro manufacturer
makes this kind of offer. Because
nobody else has the support
to back it up.
We also offer the
world's lowest-cost floppybased development system, which includes

eqbek.4.1

eelgt!
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two powerful editors, three debuggers, and achoice of languages.
And with Digital, you get a1400-person worldwide software service team —
trained to solve any software problem —whether it takes aphone call or an on-site
visit. You also have the resources of DECUS (Digital Equipment Computer
Users Society), anetwork of Digital training centers, and our unmatched
technical documentation. All because we think the best way to make you a
better customer is to make you asmarter customer. In fact, we want you to
become asoftware expert in your own right.

itge

Learn more about PDP 11 software at home.

We've got aunique software manual, "Introduction to RT-11"
which tells how to use Digital software tools to write, debug, and
execute your own programs.
For alimited time only, this award-winning manual is
yours for the asking. Just write on your letterhead, specifying your interest in LSI-11/2 boards or PDP-11/03 boxes,
to: Digital Equipment Corporation, One Iron Way,
Marlborough, MA 01752.
If you'd like to receive our new booklet, "The
Systems Approach to Microcomputer Systems," contact
your local Digital sales office or Hamilton /Avnet distributor,
or call toll-free 800-225-9220 (in Massachusetts and
Canada 617-481-7400, Ext. 5144).
Digital's 16-bit microcomputers.
When it comes to 16-bit software, they're
the only way to grow.

111111
WW1% \N£ N

The PDP-11/03 box microcomputer
and the LSI-11/2 component
¡
board microcomputer.
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People
West and Nichols count on
servicing microprocessors

ZIP DIP ll

SOCKET/RECEPTACLE
SERIES
IMPROVED TEXTOOL SERIES
INCREASES VERSATILITY
AT COMPETITIVE PRICES
The ZIP DIP II socket/receptacle series offers
all the advantages of TEXTOOL's original
zero insertion dual-in-line package models
plus increased socket versatility and reduced
receptacle pricing.
The ZIP DIP II socket features an enlarged entry for use with an even wider range
of devices and aflat top plate for easier entry
and extraction. Contacts are on even 100 mil
spacing (300-400-600 mil) for more convenient mounting on standard hardware.
A built-in -stop" insures that the ZIP
DIP II handle can't be easily over-stressed.
Top mounted assembly screws facilitate the
replacement of damaged or worn internal
parts. TEXTOOL has strengthened both
hardware and plastic for increased reliability
and screw mounting of the socket to the ZIP
DIP II receptacle makes possible a more
positive locking system.
The ZIP DIP II receptacle (left) has all the features of previous ZIP DIP
receptacles, yet at alower
price. It virtually eliminates
mechanical rejects, is a
disposable plug-in unit requiring no soldering and has atypical life of
25,000-50,000 insertions. The receptacle is
ideal for high volume hand testing and, since
replacement time is eliminated, atest station
can process literally millions of devices before it must be replaced.
Detailed information on these and
other products from TEXTOOL
.IC, MS!
and LSI sockets and carriers, power
semiconductor test sockets, and custom
versions
.is available from your
nearest TEX TOOL
.
sales representative or
the factory direct.

TEXT10101

PRODUCTS, INC.
1410

14

W. Pioneer Drive •Irving, Texas 75061
214/259-2676
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Though the market is still small,
David G. West and A. J. Nichols
believe the need for instruments
designed exclusively for troubleshooting microprocessor-based products will grow rapidly in the 1980s.
They believe it enough to have
recently gone to work for Millennium Systems Inc., Cupertino, Calif., the only company now making
the service instruments. West is
director of marketing; Nichols is vice
president of engineering.
Prospects. "From nothing in 1977
to between $3 and $4 million in
1978, the market for this kind of
instrument is definitely not a sleeper," says West, 32 years old and with
a Ph.D. in electrical engineering
from Stanford University. He should
know: he has just spent about ayear
and a half managing efforts in
microprocessor development systems
and microcomputer systems and
board products at Zilog Inc.
"Right now, most engineers are
grappling with designing microprocessors into their new systems. The
aftershock of keeping the systems
working hasn't hit them yet, but it
will," he says.
Four-year-old Millennium hit the
jackpot last year when it won a
contract to build a microprocessor
development system of its own
design exclusively for Tektronix Inc.,
the giant instrument maker. Now it
is the only company making the new
service instruments, because Intel
Corp. stopped producing its Microscope 820 in December.
Millennium is in a good position
to pick up Intel's customers. Indeed,
next month, it is introducing a
5-megahertz emulator for the Intel
8085 microprocessor that works with
its troubleshooting Micro System
Analyzer.
"Intel simply could not wait," says
"Nick" Nichols, 43, also holder of a
Stanford Ph.D. in electrical engineering. Like West, he should know
whereof he speaks: he was manager
of Intel's instruments and test
systems engineering before joining
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Upturn. Millenium's A. J. Nichols, left, and
David G. West, expect sales of instruments
for servicing microprocessors to rise.

Millennium. His group was disbanded when Intel dropped the 820,
and, he says, "I could have stayed,
but Ibelieve in this market."
West predicts the market will
total between $6 million and $7
million in 1979—too small for a
giant like Intel, Nichols points out.
But for Millennium, those numbers
have appeal. Both men expect that
by 1982 as much as 75% of electronic products in development will be
built around microprocessors; today
that figure is only 25%.

Yockey ready to roll
at Rockwell Electronics
The rationale for the changes that in
two years have swept away most of
its top executives and largely restructured Rockwell International
Corp.'s Electronics Operations
might not be apparent to outside
observers, its new president concedes. But management was too
busy making the changes work to do
much explaining, says Donald R.
Yockey, named last month to head
the $1.3 billion operation.
The new organization pulls together similar product lines from
formerly independent divisions. In
the process, such familiar industry
names as Autonetics and Collins
were downgraded in favor of the
Rockwell name.
Previously president of one of its
major groups, Electronic Systems,
the 57-year-old Yockey played akey
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Still the world's smallest
RF relay
...and the stingiest

When we first told you about the inherently low inter-contact
capacitance and low contact circuit losses of our TO-5 relays,
you agreed that they were ideal for RF switching. And you began
designing them in immediately. They provided high isolation
and low I.L. up through UHF (typical performance 45 db isolation
and 0.1 db I.L. at 100 MHz).
Then you discovered another benefit — particularly for handheld transceivers where battery drain is critical. The TO-5 is
very stingy on coil power; the sensitive versions draw only 210mV
at rated voltage.
So if you're looking for asubminiature RF switch, don't
settle for anything less than TO-5 technology. It's available in
commercial/industrial as well as MIL qualified types. Write or
call us today for full technical information.

Aaovr TELEDYNE

RELAYS

12525 Daphne Avenue, Hawthorne, California 90250 •(213) 777-0077
Circle 15 on reader service card

People

Chief. Donald Yockey is spearheading Rockwell's realigned Electronics Operations.

Our New Spectrum Analyzer MS62C/D
does only what it's told.
Some spectrum analyzers give you a pretty picture of their
own noise and internally generated spurious signals. Not ours.
With a dynamic range of 70 dB and noise of less than
—122 dBm, our new MS62C and MS62D come pretty close
to showing you only what you put into it. Even with a
—30 dBm input signal, spurious components are kept to
—100 dBm or less. A wide frequency range from 50 Hz all
the way to 1.7 GHz means this is one spectrum analyzer
you can use for a wide range of applications: base band,
video, radio, or mobile. Controls have been simplified for
quick pushbutton operation, and overall size and weight
have been reduced for ease in carrying. Operates on a.c.,
d.c., or battery power. MS62C comes with a normal persistence-type CRT (P7 phosphor), while MS62D comes with
astorage-type (P31 phosphor) display screen.

For comprehensive literature on Anritsu's
Spectrum Analyzer, contact—

Anritsu

ANRITSU ELECTRIC CO.. LTD
12 20,

., •
Po,

1(1
• U.K.
.
• Italy
H
'.
,• Belgium
• Singapore
• Malaysia

16

l.
•
SALES DE
'VEST
4
•
•.
VO 106. Japan
.03 , 446 1111' Tele• 0 242 2353
.t1T1F1‘..11iITSL
1• West Germany ' ,1E ktroink Grribit Iii: (08178)
• France • •
Almon. Tel: II/ 946-96-48
I :242 52 04 • Holland C N Rood
• Sweden Telvinstrieliont AB Tel:
• Australia Nl C Aiearafid Pty. Ltd. T.4:
" • `, • Brazil AiurIsti Eletremica
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role in helping plan and carry out the
changes for his predecessor, Donald
R. Beall, now Rockwell International president and chief operating officer. Yockey is now ready to roll.
"Things are about where they
should be in products, organization,
and people," he observes. Especially
promising, he feels, is the Rockwell
Commercial Telecommunications
group, based in Dallas, as is he.
Essentially the former Collins Radio
Co., acquired in 1972-73, it holds a
strong position in computer-based
switching communications.
Electronics Operations includes
two other groups, Rockwell Electronic Systems and Rockwell Avionics and Missiles, and a division,
Rockwell Electronic Devices.
Sharing. The Collins side of the
Rockwell business had such a good
record that spreading its people and
expertise throughout Electronics Operations was a paramount objective
of the reorganization, says Yockey.
"In particular, we wanted to use
successful commercial telecommunications products from Collins to
strengthen the Rockwell Government-business side."
Accordingly, two former Collins
divisions selling to Government and
military customers are now part of
the Electronics Systems group,
based in Anaheim, Calif., which is
itself largely made up of the old
Autonetics division.
Yockey also is high on his Electronic Devices division, which has
emerged as a prime manufacturer of
n-channel integrated circuits. Also,
he shares the Rockwell enthusiasm
for the bubble memory's future.

Electronics/January 18, 1979

The fireworks have just begun!

MAI N
Zilog rockets
out in front again
to launch a
new generation.
For the first time, the architectural
sophistication and data processing
capabilities of large, main-frame
computers has been captured in the
cost-effective, easy to use format
of the microprocessor. Now you can
have the freedom to create entirely
new, innovative systems, unhindered
by the primitive architectures of
previous microprocessors.

A revolution
in sophistication.
The Z8000 has been designed from
the ground up with options
to fit your application needs
exactly. For the full 8 MB
addressing capability,
choose the 48 Pin DIP

Flexibility soars
to new heights.

version. Its companion
device, the Memory
Management Unit,
opens the way to dynamic relocation, memory protection and
multi-tasking applications.

STATUS

7

IS

4

The Z8000 allows you to directly
address up to 8 MB of memory. All 16
registers are afull 16 bits wide and
are completely general purpose.The
powerful, problem-solving instruction

BUS
set supports 7different
CONTROL
data types from bits to 32 bit
words, has 8addressing modes and
CPU
418 usable opcode combinations.
CONTROL mine
The general register architecture
INTERRUPTS
3
helps avoid the well-known bottleNaiMAI1
necks inherent in dedicated register
MULTI /
MICRO
mime
designs. When this architecture is
CONTROL
maw/
combined with the powerful instruction set, the Z8000 system throughput
is an explosive 50% greater than any
•Sv
other 16 bit microprocessor available
today.

ADDRESS/
DATA BUS

'Nam
SEGMENTATION

GND

CLK

RESET
SUBSTRATE
DECOUPLING
CAPACITOR

A REVOLUTIONARY NEW WAY TO
THINK ABOUT MICROPROrr«OR
SYSTEM! INTRODUCING ZILOG'S Z8000.
For smaller, less memoryintensive applications, select the 40
Pin version of the Z8000. It's software compatible with the 48 Pin
Z8000 but addressing is limited to
64KB in each of its six address
spaces. It comes in astandard 40
Pin package.

780
8080

'72

Wait 'till you meet
the family.
We're starting off this new microprocessor era with abang, but it's just
the beginning. Soon to come are the
Memory Management Unit, peripheral
interfaces, FIFO buffer elements,
universal peripheral controller and
memories for any application you
might have.
And, all the new I/O chips,
memories and, of course, the companion Z8, take advantage of the flexible Z-BUS architecture to maximize
performance, ease of interconnection
and minimize PC board area.

literature package; in the U.S. order
directly from Zilog, elsewhere
from your Zilog distributor.

PERFORMANCE/PRICE
RATIO

'73

'74

'75

'76

'79

'80

TIME

of products, it has the built-in
growth potential to carry your product
development efforts out to totally
new and unexplored horizons.

Imagine
the possibilities,
then light
your own fuse!
10460 Bubb Road, Cupertino, CA 95014
(408) 446-4666 TWX 910-338-7621
EASTERN REGION: (617) 667-2179
MIDWESTERN REGION: (312) 885-8080
SO. WESTERN REGION: (714) 549-2891
NO. WESTERN REGION: (408) 446-4666
EUROPE (ENGLAND): (0628) 36131/2/3

Zilog delivers
on the
next generation
of microprocessors.
Again!
With the introduction of the Z8000,
microprocessor technology explodes
to new heights. Bursting with arich
and sophisticated architecture, the
Z8000 not only opens the way to
revolutionizing your next generation

WEST GERMANY: (08106) 4035
JAPAN: 03-476-3010

0

Sound exciting? It is. Get your own
fireworks blazing by placing your
order today with your nearest Zilog
distributor.
In the meanwhile, give your
engineering staff aheadstart on the
fireworks by ordering the Z8000

An affiliate of
E)KON ENTERPRISES INC.

Zilog
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MAI
The Z8 will
make you do a
double-take.
Zilogs' new Z8 takes advantage of
the same, powerful, general register
architecture as the
revolutionary Z8000.
It's the unprecedented, new micro
that gives you the
best of both worlds:
a highly integrated microcomputer system on
asingle chip plus a
fully expandable microprocessor for your
more I/O and
memory-intensive
applications.

Pick
the fireworks
you need.
Used as asingle chip microcomputer
the Z8 delivers 2K bytes of internal
ROM, 124 bytes of RAM, 4 I/O ports
(8-bit), 2counter/timers and a
true asynchronous serial communication, interface.
Prefer to use it as afully
expandable microprocessor? In that
role the Z8 can address up to 62KB
of external program memory and
62KB of data memory. Plus, an

almost unlimited amount of I/O is
available to you by using amemorymapped technique.

Frustrated with
primitive instruction
sets that fizzle?
You'll be delighted with the Z8
instruction set. It contains the same

type of power as found in
advanced microprocessors
such as Zilog's Z80 and Z8000.
As aresult, the Z8 can manipulate bits, bytes and words
(16-bit) with ease. Combined
with 9 powerful addressing
modes, it can provide your programmers with aproblemsolving tool of near-unlimited
flexibility.

A SINGLE CHIP MICROCOMPUTER
THAT EXPANDS WITH
YOUR NEEDS& ZILOG'S Z8.
Explosive Performance.
The Zilog Z8 makes no compromises
with speed. It is specified to operate
off its own internal clock generator
circuit at 4MHz.That's the same
XTAL

ADDRESSi j
OR 1/0
4
t —

e

144
REGisrues

ear
ADDRESS/DATA
OR I/O

2X BYTES
ROM
I/O

2

COUNTER

TIMERS

3
CONTROL

ASYNOI PORT

+5v

GND

With the Z8 problem-solving i
nstruction set, high-speed, and almost
limitless expandability your products
could easily become incredible not
just excellent.
To help develop and debug
these exciting ideas, Zilog has a
complete set of tools for you.The
software development package contains aZ8 Assembler and Simulator
that runs on Zilogs' Z80-based MCZ
or ZDS Systems.
In addition there's also aspecial
64 Pin version of the Z8 that
uses external PROM for hardware
simulation to permit thorough
debugging and testing prior to committing to mask-programmed
ROM 40 pin Z8's.
Additional development tools
soon to come include aprototyping board and asophisticated
systems analyzer.

Get your
own fireworks
going today.
Join the excitement. Place your
order today with your nearest Zilog
distributor.
In the meanwhile, give your
development staff a headstart by
ordering the Z8 product manual set;
order directly from Zilog in the U.S.
Elsewhere contact your Zilog distributor.

RESET

speed as the famous Zilog Z80A!
Instruction execution times typically
range from 1.5 to 2.5 microseconds
—fast enough for even your toughest
application requirements!

Imagine how your
products can sparkle
with new
ideas.

10460 Bubb Road, Cupertino, CA 95014
(408) 446-4666 TWX 910-338-7621

Zilog introduces
the
next generation
with
a bang!

EASTERN REGION: (617) 667-2179
MIDWESTERN REGION: (312) 885-8080
SO WESTERN REGION: (714) 549-2891
NO WESTERN REGION: (408) 446-4666
EUROPE (ENGLAND): (0628) 36131/2/3
WEST GERMANY: (08106) 4035
JAPAN: 03-476-3010

The revolution in microprocessor
technology that began with the Z80
and its supporting family of products,
blazes on. Now its asoaring jump in
architectural sophistication to the
unprecedented Z8 and the incredibly
powerful Z8000. And, there's awhole
family of support products to come.
It's what you expected from Zilog,
the company that's pledged to stay
"a generation ahead:'

An affiliate of
E&ON ENTERPRISES INC.

Zilog
Circle 21 on reader service card
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How Intel's
codec cut PCM
The switchover to an all digital telephone network just took agreat leap
forward. Introducing Intel's 2912 transmit/receive filter. It's the first and only
one-chip LS! filter. And it's the only filter with acompanion one-chip codec,
our 2910 (µ, Law) and 2911 (A Law).
Since we introduced the 2910/2911, line card designers have had the
capability to code and decode digital signals with asingle, reliable component.
Now our 2912 goes astep further. Like our codec, the 2912 replaces multiple
devices with amonolithic solution. And it meets the stringent digital Class 5
Central Office requirements for both D3/D4 and CCITT Transmission
Standards, with necessary voiceband flatness and stop band rejection. The
2912 also has a50-60 Hz notch to filter AC line noise, and permits gain
adjustments of voice signals.
We designed our codec and filter to work together. And neither one
requires precision external
Digital Switching System
Line Card
components. The 2912 proé
1
Microprocessors
Codec
vides adirect interface to
2910/2911
I
line or trunk circuits that
Control Memory
Filter
2912
use either transformers
Switching Memory
or electronic hybrids.
Line or Trunk Interface
8080 8085 8086
8048 8748

0

2104A/2117 2118/27162316/2332

1

2364/2114

2142/3604k 3605A

2115A 2125A 2141 2147

Meeting in the middle
of the digital highway
For the first time, line card design can dramatically reduce
PCM switching costs in most TDM systems. That's because our codec has
abuilt-in microcomputer interface that allows switching directly on the PCM
highway, eliminating or greatly reducing the size of the time-slot interchange
memory and allowing greater flexibility in the level of blocking selected
for the system.
So when line card designers select Intel's filter and codec, the systems savings
and design simplicity extend beyond the entrance to the digital highway. System
I

Peripherals

1

8251A/8253/8255/8259A 8271
8273 8275 8279,8041/8741
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new filter and
system costs.
7

engineers benefit, too, with important
economies in hardware and common
control overhead.
How Intel gives you ahead start in
digital technology
We've long been asupplier to the
telecommunications industry, at the
forefront of each new step in the
evolving digital network. Today we
supply microprocessors, memory components and peripheral support circuits,
as well as our codec and filter.
All our telecommunications
products use the same NMOS process
we use to manufacture tens of
millions of semiconductor components each year. And every Intel
telecommunications product
undergoes extensive testing
before it's shipped.
Best of all, the 2912 filter,
as well as our codec, is in volume
production and available for delivery now. To order, or to obtain additional
information, contact: Intel Corporation, 3065 Bowers Avenue, Santa Clara,
CA 95051, or telephone (408) 987-6475.
Europe: Intel International, Rue du Moulin aPapier, 51 Boite 1, B-1160,
Brussels, Belgium. Tel: (32-2) 660 30 10

intel® delivers.
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Editorial

The trial in the marketplace
Software is devouring more and more
development dollars at the same time that
computers are becoming less and less dissimilar
in their physical characteristics. Some
manufacturers estimate that programing
accounts for 75% to 80% of their development
cost, and they hint that they would not be
surprised to see that figure reach 90% before
too long. It is against this background that
apair of lawsuits filed by semiconductor
makers against producers of minicomputers
is drawing agreat deal of attention and
causing not alittle bit of worry in both camps.
The suits were filed by Fairchild Camera
and Instrument Corp., the semiconductor
house, against Data General Corp. and by
National Semiconductor Corp. against Digital
Equipment Corp. Fairchild claims that Data
General's software licenses violate the antitrust
laws, and National maintains that four of
DEC's PDP-1 1patents are invalid. The two
suits have this in common: they are designed
to free software developed by the computer
makers, so that the semiconductor houses
can use the programs in the machines they
have built.
The question is ahighly complex one that
could spend the next few years grinding its
way through the courts. The semiconductor
people make the point that their rivals ha‘ e
wrongly sought to head off competition by
surrounding software with aprotective thicket
of legalities and "threats" to customers. The

24

computer makers, on the other hand, maintain
that they have put many years and many
dollars into development of their programs
and that the courts should protect them and
their investment from what they see as a
predatory attempt by others to enjoy afree
ride. Complicating the whole matter is the
fact that the manufacture of hardware that
emulates another company's computer is
becoming an increasingly popular method
of diversifying into other markets.
Meanwhile, in the real world, users must
continue to function no matter how long the
legal disputes drag on. That's why, for the
time being, at least, the most important trial
is going to take place in the marketplace with
the customer as judge and jury. Only the
difference here is that the issue will be
cost/performance, with the user selecting
the machine that runs longest between
breakdowns, does the fastest job, demands
the least power, and carries the most attractive
price tag. In short, disputes involving technology
may in fact be settled first in the market
place, and not in the courts.
The courts should be keenly aware of that
winnowing-out process, one that could mean
the death of companies even as the litigation
proceeds with all deliberate speed. A little
judicious haste would be welcome here, in
order to avoid the irony of acompany expiring
before legal help arrives in the form of a
favorable ruling.
Electronics/January 18. 1979

Ooopefree PROM programming
with the
CMOS buffered programmer.

Use it with or without
the buffer. Two-socket
personality modules
guard your master
PROMs.
With the buffer switched out,
the M900B gives you direct
PROM to PROM copying. We
use two sockets, one for the
master PROM, one for the
copy PROM. Operator error
can't alter aPROM in our
master socket because that
socket contains no programming voltages.

Avoid lost or altered
data, misprogrammed
PROMs, ruined master
PROMs with the M900B,
the only programmer
with built-in CMOS
buffer.
Our new M900B has abuffer
of 2048 8-bit words with
capacity to 4096 words. It's
CMOS with power-backup so
you can shut off or lose AC
power for up to 60 seconds
and not lose data. That's
plenty of time to replace one
PROM personality module with
another. Thus you can transfer
data from one PROM type to
an entirely different PROM
type (UV eraseable to bipolar.
for instance) or transfer from
several small PROMs to a
single large one. AData-Shift
feature lets you change data
locations when transferring
data between PROM and
memory.

The M900B, like all our control units and PROM personality modules, comes
U.L. listed, designed and
built to U.L. electrical safety
standards.

Helps prevent
misprogramming.
The M900B lets you check,
correct and verify your data
in the buffer before you commit it to aPROM.
CMOS technology with
power-backup guards
against transients that can
alter data stored in acheaper but volatile bipolar RAM.

The M900B with standard
2K buffer costs only $2,100.
With full 4K buffer, it costs
only $2,400.

Write for our PROM
User's Information
Package.
Pro-Log Corporation,
2411 Garden Road,
Monterey, CA 93940,
phone (408) 372-4593.

PRO-LOG
CORPORATION

Microprocessors at your fingertips.
Electronics/January 18, 1979
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You have your own
calculator.
Why not aDMM?

Meetings
Communication Networks Conference and Exposition, The Conference
Co. (Newton, Mass.), Sheraton Park
Hotel, Washington, D. C., Jan.
30-Feb. I.
Second Annual Defense Market
Forecast Conference, American Institute of Aeronautics and Astronautics (Los Angeles section),
Hyatt-L. A. International Hotel, Los
Angeles, Feb. 5-6.
Microelectronics Measurement
Technology Seminar and Exhibit,
Benwill Publishing Corp. (Boston),
Hyatt House, San Jose, Calif., Feb.
6-7.
Wincon—Aerospace and Electronic
Systems Winter Conference, IEEE,
Sheraton Universal Hotel, Los Angeles, Feb. 6-8.
Phase-Locked Loops Seminar,
George Washington University,
Washington, D. C., Feb. 12-13.
International Solid-State Circuits
Conference, IEEE, Sheraton Hotel,
Philadelphia, Feb. 14-16.
1979 SAE Congress and Exposition,
Society of Automotive Engineers
(Warrendale, Pa.), Cobo Hall, Detroit, Feb. 25-March 2.

Finally, adigital multimeter that's
yours, just like your pocket calculator,
and more useful. Only $169.
You pack only 13 ozs. in your pocket
or service kit, but size is deceptive. The
8020A has more useful features than
any other multimeter available—at
any price! Features like 26 ranges and
seven functions, including conductance. 2000-count resolution. Hi/lo power ohms.
And it's rugged. The high-impact
case protects a minimum number of
component parts (47 in all), and they're
all readily available from any of the
worldwide Fluke service centers. Your
8020A is factory calibrated by NBS
traceable equipment. And we guaran-

tee it'll live up to published specs for a
full year.
The 8020A is atrue field instrument,
designed with ahighly readable LCD
display, and inexpensive 9V transistor
battery power for continuous use up
to 200 hours. Reliability, quality and
value: that's Fluke tradition.
To get your hands on one, call (800)
426-0361*, toll free. We'll tell you the
location of the closest Fluke office or
distributor for a personal hands-on
feel for the best value in DMMs going.
Price U.S. only.

*Alaska, Hawaii and Washington
residents — please call (206) 774-2481.

Command Performance: Demand the Fluke 8020A.

FLUKE

Sixth Energy Technology Conference
and Exposition, Electric Power Research Institute (Palo Alto, Calif.),
Sheraton Park Hotel, Washington,
D. C., Feb. 26-28.
Recent Advances in High-Frequency
Communications, Institute of Electrical Engineers (London), Savoy
Place, London, Feb. 26-28.
Compcon Spring '79-18th IEEE
Computer Society International Conference, IEEE, Jack Tar Hotel, San
Francisco, Feb. 26-March 1.
Digital Microwave Transmission
Seminar, IEEE and Princeton University, at Princeton University, Princeton, N. J., Feb. 27.
Digital Encoding and Processing of

2519-8020
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MOSTEK 3870
Because it takes 32 1/0 lines
to keep her contented.
"Dairy management is becoming more and more scientific.
In our automated milking system,
Mostek's 3870 controls three displays,
numerous solenoids, akeyboard, a
switchbank, valves and motors, and
also provides acommunications link
to alarger computer." Mike Wingert,
Vice-President Engineering, Dairy Systems, Inc.
Hewlett-Packard: "We use two 3870s in our
7225A Graphics Plotter because of their low cost, 2K
ROM memory and interfacing ease. The result is an economical and highly versatile graphics plotter."
John Fenoglio, R&D Project Manager
John Fluke: "The unique timer on Mostek's 3870
provides the one microsecond resolution our 2180A/2190A
Digital Thermometer needs. The 3870 also replaces
all digital IC's while allowing more features."
John Lund, Senior Design Engineer
There are hundreds of applications
using Mostek's 3870 single-chip microcomputer. Get information for your
design by contacting Mostek, 1215 West
Crosby Road, Carrollton, Texas 75006;
phone 214/242-0444. In Europe, contact
Mostek Brussels; phone
(32)02/660.25.68.

MOSTEK

0 1979 Mostek Corp
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Meetings
Voice and Video Seminar, George
Washington University, Washington, D. C., Feb. 27—March 1.

add the
personal touch
to your
terminal or
CRT system

The true Touch Screen has finally
become a reality—no more light
pens or cumbersome input devices, just touch the screen with a
finger to access data.

Consisting of a glass screen and
a separate controller board, the
Touch Screen "Digitizer" can easily be incorporated in your terminal
or CRT system during the manufacturing process. It provides a new dimension in man/machine interaction, arid it provides your system with greater operational simplicity and
flexibility.
As to special features—here are just a few!
•
Ill
•
•
•
•

Operator uses a finger to select data directly on the display
No operator training required
Fewer operator errors—the operator's eyes never leave the screen
Extremely high stability, resolution, and reliability
Screen matches the curvature of many CRT's
Eliminates the keyboard in many data retrieval applications

Touch base with us about improving the competitive edge of your terminal
and CRT system. And why not also inquire about our extensive line of
Display Monitors.
'Shaded area shows electronics with covers removed.

(TSD) TSD DISPLAY PRODUCTS, INC.
Manufacturing
302 Loggot Drive •Kanata K2K1Y5, Canada/Tel. 613-839-5219
....
Sales/Service
35 Orville Drive •Bohemia, New York 11716/Tel. 516-589-6652•Telex 14-4659
Circle 28 on reader service card

The magazine
you're reading now,
could be your own.
Drop off the routing list. Get your own fresh, unclipped copy mailed
to your home or office. Turn to the subscription card in the back of
the magazine. If somebody has beat you to it, write: Electronics,
P.O. Box 430, Hightstown, N.J. 08520.
28

Nepcon West '79, Industrial and
Scientific Conference Management
Inc. (Chicago), Anaheim Convention Center, Anaheim, Calif., Feb.
27—March 1.
ICE '79 — International Computer
Exposition, Marcom International
Inc. (Tokyo) and Golden Gate
Enterprises Inc. (Sunnyvale, Calif.),
Tokyo Harumi Fairgrounds, Tokyo,
Feb. 28—March 2.
Optical Fiber Communication Meeting, IEEE and Optical Society of
America, Shoreham Americana Hotel, Washington, D. C., March 6-8.
Mid-Atlantic Computer Exposition,
The Caravan Group (Newton,
Mass.), New York Coliseum, New
York, March 13-15.
12th Annual Simulation Symposium,
IEEE, Causeway Inn, Tampa, Fla.,
March 14-16.
Fifth Annual Conference and Exhibit
on Industrial and Control Applications of Microprocessors, Information Gatekeepers Inc. (Brookline,
Mass.), Sheraton Hotel, Philadelphia, March 19-21.
IECI '79—Industrial and Control Ap-

plications of Microprocessors, IEEE,
Sheraton Hotel, Philadelphia,
March 19-21.
Eighth Annual Programmable Controllers Conference and Equipment
Display, Engineering Society of Detroit, to be held at the society's headquarters, March 20-22.
Trends in On-Line Computer Control
Systems, Institute of Electrical Engineers (London), University of Sheffield, UK, March 27-29.
Technical Symposium East '79, Society of Photo-Optical Instrumentation Engineers (Bellingham, Wash.),
Hyatt Regency Hotel, Washington,
D. C., April 2-5.
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Telecommunications,
memories and microcomputers...

The Mostek System Solution
Only Mostek offers a
complete system for your telecommunication applications.
Innovative design techniques
give Mostek the edge in telecommunication product features. High density RAMs,
ROMs, PROMs and versatile
microcomputers complete the
picture. lbtal compatibility
from asingle source—that's
why we call it the system solution.

2-4 Wire Converter

Tone Receiver

CODEC/Filter

Tone Dialer

Memory

Tone Dialer

Pulse Dialer

Microcomputer

Pulse Dialer

CODEC/Filter

Designed by the leader
Mostek made its commitment to telecommunication products in 1974 when we
built our first tone dialer. During the past year,
we've shipped over three million circuits and
earned areputation as industry's most dependable source for reliable products. Products
like tone receivers, tone dialers, pulse dialers,
repertory dialers and CODECs are available
in volume now. Monolithic filters are
coming soon, followed by 2-4 wire
converters.

2-4 Wire Converter

Designed for tough applications
The Mostek System Solution will meet
your toughest specifications. Whether you're
designing central office switching systems,
key telephone systems, PABX, remote concentrators, channel banks, or automatic call distributors, contact Mostek for the solution, 1215
West Crosby Road, Carrollton, 'Ibxas 75006;
phone 214/242-0444. In Europe, contact
Mostek Brussels; phone
(32)02/660.25.68.

MOSTEK,
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"There iLE
than ai

"At Intersil, we think CMOS analog
switching technology is one such Hear
Intersil 1967-

LEADERSHIP IN
ANALOG SWITCHING.
Intersil has offered anumber of "firsts" in analog
switching:
•First, with virtual ground switches
•First, with ultra low power CMOS monolithic
analog gate technology
•First, with monolithic CMOS latch proof
technology
•First, with Varafet technology
Today we offer over 150 analog switching devices
...tomorrow, we'll be introducing new devices
that reduce component count, reduce overall
system cost and increase reliability. We think cost
effective solutions to your design problems are
an idea whose time has come.

VIRTUAL GROUND SWITCHES.
The IH5009 series of analog switches was designed to fill the need as an easy-to-use, inexpensive switch for virtual ground switching into

operational amplifiers. This family is primarily
intended for constant impedance switching multiplexing and interfaces with 5V or 15V logic.
Switching accuracy is increased through a built
in compensating FET for use in the gain feedback
loop of the op amp.

ULTRA LOW POWER CMOS GATES.
The IH5040 family of monolithic analog gates
was designed using an improved, high volta_ge
CMOS technology. The advantages are T1L,
DTL, CMOS and DMOS compatibility...combined with ultra low power operation. The
technology provides input overvoltage capability
to ±-25V. Diode protected inputs eliminate the
need for special handling techniques associated
with other CMOS analog gates. Destructive
latchup has been totally eliminated. And, there is
no need for external logic to prevent channelto channel shorting. Power requirements of the
IH5040 family of CMOS gates, up to 30 times
lower than previously available state-of-art devices, open up new low power applications in

aothing more powerful
idea whose time has come."
Victor Hugo, 1802-1885

portable and battery operated equipment.

HIGH PERFORMANCE
VARAFET CMOS GATES.
Intersil was first with afamily of low power, high
level Analog Gates: The IH181 Series. The Family
incorporates two of our leading technologies:
CMOS and VARAFET.
The result is aseries of latch proof CMOS gates
which draw extremely low quiescent current
from power supplies...reducing system power
dissipation from milliwatts to nanowatts with no
sacrifice in switch performance. The IH181 family
is pin for pin compatible with the DG181 family.

LOW COST VARAFET SWITCHES.
The IH401 Quad J-FET Switch varactor diodes integrated into the gates of the FETS
provides high speed, easy to use switches while
eliminating the need for external capacitors,
diodes and resistors. That means high performance analog switches at lowest possible cost.

INTERSIL SALES OFFICES:
CALIFORNIA: Sunnyvale (408) 744-0618, Long Beach (213)
436-9261 •COLORADO: Aurora (303) 750-7004 •FLORIDA:
Fort Lauderdale (305) 772-4122 •ILLINOIS: Hinsdale (312)
986-5303 •MASSACHUSETTS: Lexington (617) 861-6220 •
MINNESOTA: Minneapolis (612) 925-1844 •NEW JERSEY:
Englewood Cliffs (201) 567-5585 •OHIO: Dayton (513) 8667328 •TEXAS: Dallas (214) 387-0539 •CANADA: Brampton,
Ontario (416) 457-1014
E11879

Analog Products — Hybrids/Gates
10710 North Tantau Ave., Cupertino, CA 95014
Tel: (408) 996-5000 TWX: 910-338-0171
(800) 538-7930 (outside California)

Gentlemen, Send me your literature on:
IH401
IH5040
IH181

IH5009

Send me Intersil's New 20 x24 Victor Hugo poster.
Name
Company
Address
City
Country

State..

Mailing Code

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

/ Switch to No.1

CUTLER-HAMMER
SPECIALTY PRODUCTS GROUP, Milwaukee, Wis. 53201
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Electronics newsletter
GM robot sorts,
places objects
on moving conveyor

Motorola widens
processor family
with n-MOS, C-MOS

Hughes prepares
development system

A robot equipped with camera "eyes" is being touted by General Motors
Corp., its developer, as the first that can sort and place objects on amoving
conveyor belt. Previous versions could work only on stationary surfaces. In
the unit, called Consight, a charge-coupled-device camera from Reticon
Inc. with asingle line of 100 picture elements, is linked to apair of Digital
Equipment Corp. PDP-11s and a huge Cincinnati Milacron arm. The
result is a robot that can lift hundreds of pounds and can identify and
track a variety of casting parts for palletizing or other sorting tasks. A
streamlined version, hardened to withstand ametal foundry environment,
will be installed on aproduction line next year, says GM.

Samples will be out in a few months of Motorola's new single-chip
microcomputer, the 6805. A scaled-down version of the 6801, the nchannel 6805 will be the core of alow-end microcontroller family that will
eventually offer many on-chip features like analog-to-digital conversion.
Housed in a 28-pin package, the chip will sport 1kilobyte of 'read-only
memory, 64 bytes of random-access memory, 20 input/output lines, clock,
timer, and acentral processing unit using 6800-family instructions.
Following shortly after the 6805 will be a sister part from another of
Motorola's operational groups, a complementary-mos pin-for-pincompatible version of the one-chipper. First versions out will use 5-µm
channel lengths to give the 14-6805 a 1-m Hz clock frequency. But when
the silicon-gate c-mos process gets its first design-rule reduction to 3-µm,
the part will speed up and have a density almost equivalent to that of
Motorola's high-performance H-MOS n-channel devices.

Readying its entry into the microcomputer development systems business
is Hughes Aircraft Co.'s Solid State Products division. The Hughes system
is intended as a design and software aid for Hughes' 1800 series of

for C-MOS devices

complementary-mos devices, manufactured under license from RCA's
Solid State Products division. The full development system will be available within months, priced at about $10,000. It will also accommodate
mos processors having 8080-type architecture.

Swiss come up

Microminiaturization is the battle cry in the latest Swiss parry of the
digital watch onslaught. Ebauches SA, Switzerland's leading producer of
watch movements, is introducing in the U. S. a$4,400 analog wristwatch
with what the firm says are the world's smallest quartz tuning fork,
stepping motor, and battery for a total thickness of only 1.98 mm. The
circuitry also includes a complementary-MOs integrated circuit for electronic timesetting, plus other microminiaturized components. The technology is adaptable to less expensive models, although the firm has not said
when they will be along.

with smaller
analog watch

CBS to test

Télédiffusion de France, the government agency that handles the broad-

French Antiope

casting chores for the national radio and television networks, is pushing
hard to have its Antiope teletext system adopted by the Federal Communications Commission as a U. S. standard. As part of its campaign, TDF's
overseas sales unit, Sofratev, will supply hardware to the Columbia
Broadcasting System for a trial scheduled to start in early April.

videotext system
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Electronics newsletter
Panel to seek
sta
for
ndards
bubble memories

New bipolar group
at National plans
ECL thrust

Harris lists
bi-FET Innovations

Addenda
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As 256-K and 1-megabit magnetic-bubble memories begin to rise above
the commercial horizon, a task force of the Joint Electronic Devi
ce
Engineering Council's JC-42 committee will meet at next month's International Solid State Circuits Conference in Philadelphia to try and hammer
out standards for such things as nomenclature, architecture, pin locations,
and electrical characteristics. But don't expect much progress, and even if
there is some, it will be too late, declares one insider. "There's much less
cooperation [among companies] than there was in 4-K RAMS," he says,
because some companies insist on their own designs.

Looking for the bipolar memory market in high-end mainframe computers
to take off by 1981, National Semiconductor Corp.'s new bipolar memory
operation plans to contest such leaders as Fairchild and Motorola in the
emitter-coupled-logic end of the business. On tap are 1,024-bit and
4,096-bit random-access memories with target access times from 10 to 25
ns to complement 1-K ECL RAMS coming out. National also will testmarket the market in ECL programmable Roms this summer with a
256-by-4-bit device expected to have an access time of under 10 ns. The
director of the bipolar operation, formed this month, is Frank Barone.

Harris Semiconductor in Melbourne, Fla., is about to introduce an innovative linear device: a bipolar-field-effect-transistor (bi-FET) operational
amplifier with dielectric isolation in two models, that exhibit gainbandwidth products of 60 and 120 MHz. The HA-5150 and -5160 are
twofold improvements over the -5100 and -5110 introduced several
months ago. The new devices exhibit 50-v/µs and 120-v/µs slew rates,
respectively and are packaged in TO-99 cans. The next step is to halve the
9,000-mil 2die size and to place an n-channel FET at the front end, thereby
doubling or tripling the speed of the devices.

Carm Santoro, who left American Microsystems Inc. to become vice
president of Monolithic Memories Inc. for four months [Electronics, Jan.
4, p. 14], has returned to AMI as group vice president for microprocessors
and memory products. ...To help it meet orders expected to reach $1
billion for computational products alone, Hewlett-Packard Co. will build
plants in Vancouver, Wash., and Roseville, Calif.. ..Even as RCA Corp.
prepares to enter the video-disk player market (p. 50), it is pushing its
video-cassette recorders with a $2 million promotion campaign for the
first quarter.. ..Hitachi Ltd. is negotiating with General Motors to
supply the 6800 microprocessor it produces under license from Motorola.
The deal would involve up to 1million or 2 million chips a year. ...
Texas Instruments is increasing the speed of its 16-bit microprocessors to
4 mllz. ...Robert B. Heikes, who resigned his No. 2slot at Motorola
Semiconductor Group [Electronics, Nov. 9, 1978, p. 46], is becoming
National Semiconductor Corp.'s international vice president, stationed in
Munich. ...Concerned that U. S. patent laws don't adequately shield
their big investments in new chip designs from unauthorized copying,
Silicon Valley semiconductor makers are pushing for anew law that would
amend the Copyright Act of 1976 and permit them to copyright chips.
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"At MCT, We Take 1
The Sweat Out of
- Buying a
Hot Handler...
fr

•
•
•With Our Series 2608E"
Considering elevated temperature DIP testing? Our Series 2608E Elevated
Temperature Handler provides accurate (± 1° C) hot handling at temperatures
up to 125°C and eliminates the installation, performance and maintenance
worries of other handlers, no sweat.
We install every Series 2608E, and we train your operators and service
personnel at the time of installation. Our selection of universal logic interfaces
and our comprehensive library of tester interfaces assure you that the Series
2608E will be easily integrated into your testing operation.

Series 2608M
8.500 DPH
Expanded Input
Ambient Handler

Key performance features like 7000 DPH speed . .13-track input and 8
programmable output categories ... the ability to handle .3, .4, and .6-inch wide
devices and devices with 8to 40 leads ... all combine to make the Series 2608E
the ideal handler for incoming inspection.
Durable mechanical assemblies; five-million cycle contact life, and 'leads up'
cycling of devices assure that the Series 2608E will be up and running so you
won't be running to call your serviceman.
Series 2608
10,000 DPH
Ambient Temperature
Handler

Series 2604
5000 DPH
Ambient Temperature
Handler

Electronics/January 18, 1979

When you purchase an MCT Series 2608E from us, you benefit from our
expertise as the major supplier of elevated temperature handlers to the
semiconductor industry worldwide. With our strong support programs in the
areas of installation, service and operator training, we can give you top-notch
hot handling ...no sweat.
For more information on the Series
2608E and our other handlers, contact, MCT, Inc. P.O. Box 43013, St. Paul,
MN 55164 or call (612) 482-5170.

/7h/CPO
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SURPI II E!
Learn the latest in: Fiber Optics!
Optocoupler CTR Degradation! Optical Scanning!
Back Lighting! And much, much more.

Here's akey seminar for engineers
on optoelectronic applications. You'll
learn in one day, knowledge that
took years of research to develop. Be
part of the group that will share,
first-hand, the techniques leading to
the solution of optoelectronic
design problems.
COURSE DESCRIPTIONS:
Fiber Optics
From the fundamental basics of theory to advanced
applications of fiber optic technology, the seminar
attendee will be shown detailed schematics and learn
point-by-point the methods of lightwave communications and data transmission systems.

Optocouplers
Fiber optics is one form of digital transmission.
A detailed discussion on optocouplers for digital
transmission will expand the designer's realm of
possible choices in system implementations.

CTR Degradation
Of special interest to experienced designers is
HP'S treatment of CTR degradation, acontroversial
and frequently misunderstood subject among
users of optocouplers. Intensive research has been
undertaken by Hewlett-Packard in the past two
years to compile adetailed report about CTR
degradation. Hewlett-Packard will now share this
same information with you in the seminar.

Optical Scanning
The discussion on optical scanning and encoding
systems will cover theory and techniques. Applications of this technology are: computerized
checkpoints, inventory control, computer and micro
peripherals.

Contrast Enhancement
LED displays can now be viewed in direct incident
sunlight. This technology has recently been refined,

36

complementing LED display products available in
the marketplace. Learn the implementations of such
adisplay based on designs incorporating the concepts of both luminance and chrominance contrast.

Backlighting
Solid state LED products are now available for
use in backlighting applications. What are the
illumination requirements for backlighting? How
can light bar modules be used? What are some
design considerations? These questions are answered
in the discussion of backlighting. Applications
of this technology include illuminating legends,
indicators, bar graphs, and lighted switches.

Alphanumeric Display Systems
Over the past two years, the need for alphanumeric
displays has grown rapidly due to the extensive use
of microprocessors in new system designs. The
presence of the microprocessor in such systems substantially simplifies the traditionally difficult task of
designing an alphanumeric display into asystem.
Learn how an alphanumeric microprocessor-based
display support unit may act as an interface between
akeyboard, adisplay, and ahost processor. Basic
interface concepts as well as applications of smart
interfaces will be discussed as the concluding seminar
topic.
You will receive all of this valuable optoelectronic
instruction by attending one of the scheduled
seminars. You will also receive ahardbound copy of
the McGraw-Hill published Hewlett-Packard Optoelectronics Applications Manual (retails at S22.50),
plus an additional 100 page addendum specifically
prepared for this seminar. The Manual and
Addendum will serve as reference material for your
use after the seminar.
The six authors, who are also the Hewlett-Packard
Applications Engineers, will be the instructors.
Each seminar will be conducted by two of the
Applications Engineers. Over 200 35-mm color slides
will be used to present the material. A follow-along
detailed outline of the seminar talks will be available. The authoritative presentations should give you
agood understanding of optoelectronics today.
This is aone-day seminar (8:30-5:00 p.m.) and lunch
will be included.
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HP'S New Fiber Optic/
Opto electronic Applications
Seminar is coming!
•MARCH 26, 1979: Palo Alto, CA •MARCH 28,1979: Portland (
Wilsonville), OR
•MARCH 27.1979: Concord, CA

•MARCH 29, 1979: Seattle (Bellevue), WA

OTHER LOCATIONS WORLDWIDE
Sweden, Finland, Norway, Denmark, Germany, Austria, Switzerland, Italy, Spain,
APRIL:
Netherlands, Belgium, France, United Kingdom
MAY:

Colorado, Canada, Illinois, Indiana

JUNE:

Ohio, Michigan, Minnesota, Missouri, Kansas, Texas, North Carolina, Florida

SEPTEMBER: New York, Connecticut, Maryland, Washington D.C., New Jersey, Pennsylvania,
New Hampshire, Maine, Arizona, Southern California
OCTOBER:

Singapore, Australia, New Zealand, Israel

NOVEMBER: Brazil
• Fee —The total fee for attending the seminar is 5125. Full payment must be
made in advance by check, money order, or purchase order. The fee
includes the cost of both the HP Optoelectronies Manual and Addendum.
all handout materials, lunch and coffee breaks.
•Accommodations—Registrants desiring local overnight accommodations
should make their own reservations.
•Schedule — This is aone-day seminar with scheduled hours from 8:30 a.m.
to 5:00 p.m. with aluncheon break from 12:00 p.m. to 1:30 p.m. One
break each is scheduled in the morning and in the afternoon.

HEWLETT it PACKARD

•Cancellations, Substitutions—Cancellations made less than two 12) weeks
before asession date are subject to the entire seminar fee. Transfers
or substitutions may he made at any time.

r-SIGN

ME IT:

1507 Page MW Road, Palo Alto, California 94304

COMPLETE THIS REGISTRATION CARD AND RETURN IT TO:
HEWLETT-PACKARD
Neely Sales Region
3003 Scott Blvd.
Santa Clara. CA 95050

IN EUROPE: HEWLETT-PACKARD GMBH
Components Marketing Europe
Postfach 1430
D-7030 Boeblinjjen. Germany

I. Please register me for the following Fiber Optic/Optoelectronic Applications Seminar:
D MARCH 26,1979: Rickey's Hyatt House
4219 El Camino Real, Palo Alto, CA 94306

NAME

MARCH 27,1979: Sheraton Inn Airport
45 John Glenn Dr., Concord, CA 94524

COMPANY

0 MARCH 28,1979: Holiday Inn South
25425 SW Boones Ferry Rd.. Portland (Wilsonville).
OR 97070

CITY

STATE

D MARCH 29.1979: Greenwood Inn
625 116th N.E., Seattle (Bellevue), WA 98004

TELEPHONE

ZIP

2. Enclosed is my D PURCHASE ORDER
• HEWLETT-PACKARD—SEMINAR, 1979

ADDRESS

DMONEY ORDER

D CHECK for $125 made payable to:

3. El Please send me additional information on future seminars in my area.
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MANY
CUSTOM IC COMPANIES
CLAIM LEADERSHIR
ONE ACHIEVES IT.
Quote: "Silicon Systems is the largest and best independent
design company." —Gnostics Concepts. (1)
Quote: "Silicon Systems is believed to be the independent design
firm with the largest sales revenue."— Anderson/Bogart. (2)
Quote: "Both the Development program and production of
hundreds of thousands of chips have gone absolutely smoothly."
—Linear Corp. (3)
Quote: "Silicon Systems chips not only work, but exceed most
specifications, including the 140 MHz speed requirement, by a
factor of two."—NRAO. (4)
Both independent analysts and customers agree:
SSi leads the field in custom IC's. No wonder-we
specialize in custom IC's and only custom IC's. We offer
all the capabilities required to produce custom IC
circuits from initial design through small runs or large
volume production. What's more, we've maintained the
flexibility to work quickly and cost-effectively in any of
the processes -TTL, Schottky TTL, ECL, I
2L, Bipolar Linear,
PMOS, CMOS, NMOS- whatever is right for you.
You'll find the full story of our in-depth experience
in designing and producing custom IC's in our new

capabilities brochure. Read the case histories. See how
our custom circuits have helped Linear Corp. develop a
better garage door opener, how two SSi circuits were
developed for the National Radio Astronomy Observatory
to process antenna information, how acustom SSi IC
made feasible aportable battery-operated Edit Code
Generator for EECO, how we reduced acomplex
electronic requirement into acost-effective production
IC for Lear Siegler, etc. Don't take our word for it. Read
the case histories and talk to the people who know us
best -our customers.
If you haven't taken the custom IC step yet but
have been thinking about it, call Jim Meyer for personal
answers to your questions, or send for the brochure
today.
Silicon Systems incorporated, 16692 Hale Avenue,
Irvine, California 92714. Phone: (714) 979-0941.
(I) Gnostic Concepts, Inc., VLSI Technological Market Forecast, 1978,
Palo Alto, California.
(2) Anderson/Bogart, Vertical Dis -Integration 1978, Los Altos, California.
(3) Linear Corp., Bill Schanbacher, President, Inglewood California.
(4) National Radio Astronomy Observatory (NRAO), Ray Escoffier,
Program Manager, Socorro, New Mexico.

Silicon Systems
incorporated
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C-MOS op amp offsets
errors with continuous
sampling technique
Within frequency limits of
dc to 10 Hz, new design
has maximum input offset
voltage of ± 5microvolts
Ideally, when the difference between
the voltages on an operational amplifier's inverting and noninverting
inputs is zero, the output voltage
should be zero, too. In reality,
however, circuit imperfections upset
this balance and the degree of upset
is described in terms of error voltages and currents. Intersil Inc.,
Cupertino, Calif., has come up with
a technique called commutating autozero (CAZ) to markedly reduce
these offset errors. What's more, it is
amodel of simplicity.
Working in complementarymetal-oxide-semiconductor technology, which is inherently noisy and
prone to offset error, designer David

Bingham devised a way to continuously sample these errors, store
them on acapacitor, and then insert
them, in reverse, in series with the
input, thereby canceling the errors.
The key word is continuously
because methods for doing the same
thing periodically are used in most
dual-slope-integration analog-to-digital converters. In contrast, Bingham's CAZ amplifier scheme, shown
in the figure below, provides signal
processing and autozeroing at all
times except for a momentary
switchover mode.
Without this technique, typical
offset errors of a c-mos op amp
would render it useless for lowsignal-level applications. But with it,
the op amp becomes useful at the
level of the low tens of microvolts. It
dissipates only 20 milliwatts at most,
operating from ±5-volt supplies.
Two for one. "The method is so
straightforward that I continue to
marvel that it has not been done

before," says Bingham. Instead of
one op amp, he put two of them on
the semiconductor substrate, along
with a clock oscillator, a digital
divider network, and adozen analog
switches—six on each op amp to
switch among input and output pins,
internal resistor, and external capacitor.
"While one op amp is sampling
and storing its errors, the other is
connected in series with its capacitor
to the input signal to be processed,"
he explains. Then, after a nominal
6.25 milliseconds, a clock pulse
toggles the analog switches and the
op amps switch over and reverse
roles. The external capacitors are
about 1microfarad each.
The CAZ amp's application is
limited to frequencies 1/10 or less
than the commutation rate because
of noise introduced at the switching
frequency and its harmonics. Consequently, the first Intersil product to
use the new technique, the ¡CL 7600

Here it is. With op amps in the ICL 7600 (a), one processes an input signal (op amp 1), and the second stores the offset errors on an external
capacitor (op amp 2). When the op amps change roles, the error on

C2

is in series with op amp 2's input (b), canceling offset errors.

+INPUT

+INPUT

AUTOZERO

AUTOZERO

-INPUT
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More complex. By switching C3 and C4 between the differential input and the input of a CAZ operational amplifier (left), Intersil effectively
converts the differential input in its ICL 7605 instrumentation amplifier into asingle-ended kind (right) suitable for the CAZ amp.
CAZ operational amplifier, is optimized for applications with signal
frequencies between dc and 10 hertz
and gains of no more than 100,
according to Skip Osgood, marketing manager for data-acquisition
products. Its commutation frequency
is a nominal 160 Hz, and he says it
will compete for sockets with modular chopper amplifiers, as well as
with precision bipolar op amps.
Within optimal frequency limits
of dc to 10 Hz, the ICL 7600 has a
maximum input offset voltage, V.,
of only ±5 microvolts. Even more
impressive is the temperature coefficient of V«,„ which is guaranteed to
be less than 0.1 etY/°C. "We're
measuring tempcos at 0.005 µY/°C,
typically," Osgood claims. Longterm temperature stability is a low
0.2 1.1Y per year and minimum openloop gain is 90 decibels, he says.
The difference. For instrumentation applicatibns, Intersil modifies
the CAZ op-amp technique to function as adifferential rather than an
operational amplifier, as shown in
the figure above. The differential
signal is stored on acapacitor, which
is then switched to a CAZ op amp's
single-ended input. At the same
time, asecond capacitor is switched
from the CAZ amp's input back to
the differential input—a variation on
the technique.
By combining aCAZ op amp with
extra analog switches and two addi-

40

tional capacitors, Intersil created a
second product, the ICL 7605
instrumentation amplifier. Its common-mode rejection ratio is 100 dB
at 0.3 V above the positive supply
and 0.3 y below the negative supply.
Moreover, it shows a power-supply
rejection ratio of 110 dB, according
to Osgood. Also, it eliminates the
need for precision-tracking resistors
like those found in typical instrumentation-amplifier circuits, which
use three op amps.
Intersil is providing samples of
both the 14-pin ICL 7600 and 18-pin
ICL 7605 now and expects to be in
full production by late February.
The 7600 costs $6.50 apiece and the
7605 $15 each for 100 units.

Instruments

Dual-trace scope
acts like dual beam
An $845 dual-trace oscilloscope that
behaves almost as if its inputs come
from two independent writing
beams, rather than from one, is
about to bow at Ballantine Laboratories Inc. The dc-to-20-megahertz
scope is, in fact, aimed right at the
job that the more expensive dualbeam instruments do so well: presenting a stable display simultaneously of two signals that are not

quite synchronous.
What distinguishes the model
1032A portable scope is a clever
twist in its circuitry, separating the
triggering function from the dclevel-positioning function by providing an electronic switch for each
circuit. Thus the dc-level signal no
longer distorts the trigger signal as
in other single-beam, dual-trace
scopes. "The trigger sees the timebase signal exactly," says Fred L.
Katzmann, president of the Boonton,
N. J., firm.
The standard setup in single-beam
dual-trace scopes (part a of the
figure on p. 41) runs each of the two
input channels through its own attenuator, preamplifier, and a position
control, which adds the dc level set
by the operator. Both channels then
feed into one electronic switch,
Katzmann explains.
Dual purpose. The switch performs two functions. It alternately
feeds the two input signals with their
position-determining dc offsets to
the display circuitry. It also alternately feeds the channels' signals to
what is called a composite trigger
that contains a high-pass filter, as
well as the Schmitt trigger that
starts the beam's sweep when the
incoming signal reaches the voltage
level specified by the operator.
In Ballantine's 1032A, each channel's preamplifier has two outputs
(part bof the diagram). Orie output
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sive, far-flung telecommunications
service to asmall population."
The $1.75 million installation has
1.2 kilometers of graded-index fiberoptic feeder cable, plus about 200
meters of graded-index entrance
cable for each of the subscribers.
Using light-emitting diodes, the
beams of light that carry the information will pulse along on hair-thin
strands of glass that run under the
streets much like conventional cable.
In addition, the fiber actually goes to
the customer's telephone.
Not ideal. The system is incomplete in the sense that it is not fully
Fiber optics
digital. However, it was not difficult
to provide telephony and datasignaling capabilities using available
analog components and techniques,
Stinson explains. Bell Canada found
that single telephone-channel sysIn the world's first field trial of a tems with an analog subscriber
carrier could be interconnected with
fiber-optic system for home telephones, Bell Canada has started a the optical system after only minor
two-year test of a voice, video, and changes. These modifications indata service to 35 homes in Toronto. cluded a slight shift in the carrier
frequency and some changes in the
"The purpose is to integrate all traffic, whether it be voice, video, or signal level.
The optical system is made with
data, in a common mode and on a
common base in an effort to maxi- off-the-shelf components. For example, the 840-nanometer LEDs for the
mize productivity," says Jack F.
Stinson, Bell Canada's vice-presi- transmitters are not perfect for this
dent—operations staff. "This will sort of system, but such LEDs are
make it possible to ease the per- readily available and adequate for
capita burden of providing expen- this first test.
In fact, Bell Canada did not want
to wait for all aspects of an integrated fiber system to be available.
_0
HORIZONTAL
INPUT
HIGH-PASS
PREdc LEVEL
TRIGGER
FILTER
POSITIONER
AMPLIFIER
The telephone company preferred to
get information on the interaction of
TO CATHODE
new techniques, on cable technology,
ELECTRONIC
RAY TUBE
SWITCH
and on the electro-optic and operational aspects of the setup as soon as
INPUT
PREpossible.
dc LEVEL
VERTICAL
AMPLIFIER
POSITIONER
The best subscriber installation
(a)
would use fiber in the loop plant (the
first switching center connection to
HORIZONTAL
INPUT
the residence), employ digital transmission, and make use of integratedTO CRT
circuit technology. This will come in
1985 or thereabouts. For now Bell is
ELECTRONIC
o VERTICAL
satisfied
with having taken a giant
SWITCH
INPUT
step in gaining practical experience,
dc LEVEL r
according to Stinson.
POSITIONER
Voice and video. Each individual
connection is designed to carry one
telephone channel, together with the
Add a switch. Instead of one electronic switch (a), Ballantine's new scope has two (b),
capability of a centrally switched,
separating the circuits for triggering and for dc-level positioning.

feeds adc-level position control and
then goes to an electronic switch.
The other output goes directly to a
separate electronic switch that feeds
the trigger.
No high-pass filter is necessary,
because there now is no verticalposition signal to remove from the
trigger signal. In the composite trigger, the filter serves exactly that
role, but this filter has problems of
its own.
Problems. "The filter will only
maintain a constant output so long
as its input is constant," says Katzmann. A major problem occurs with
such equipment as computers, where
peripherals frequently have mechanically controlled time signals rather
than crystal-controlled. Thus the
signal is likely to be slightly asynchronous, and its constantly changing frequency means a constantly
changing dc-level signal, and consequently atrigger signal with jitter.
Not only is the filter eliminated,
but the second electronic switch can
be optimized for the triggering function, Katzmann says. "You get a
clear jump from channel to channel."
It is because of this clear jump
that Ballantine calls its new trigger
mode "independent dual triggering."
"There is less interrelationship between the signals as the trigger sees

I

them," says Katzmann. "There is
less modulation of one by the other."
To be available beginning March
1, the 1032A features nine other
trigger modes, a full 3-decibel passband of dc to 20 MHz, and a rise
time of 17.5 nanoseconds. It offers
calibrated vertical sensitivities of 5
millivolts per division to 20 volts/division and calibrated sweep speeds of
1 microsecond/division to 0.5 second/division. All calibrated vertical
and horizontal range steps are accurate to within ±3%.

Bell Canada tests
home fiber optics

1

I
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MESFETS and SAW
improve uhf tuner
The Federal Communications Commission may soon grant Texas
Instruments as much as $120,000 for
further development of an unusual
high-performance ultrahigh-frequency television receiver. This possibility arose when the FCC, perIn the plant. A typical fiber-optic terminal at the switching plant has an optical transmitter
suaded by a TI prototype it received
(left) and an optical receiver (right). Bell Canada is using analog transmission technologies.
early last year [Electronics, March
16, 1978, p. 57], launched a major
one-way video channel from the
and the rest will use unidirection
inquiry late last month aimed at
central office to the subscriber. It
transmission over two fibers.
improved uhf receiver design and
can also carry the associated lowIn various phases of the tests not
transmission standards, as well as to
speed data-signaling channel from
only will basic telephone service be
expand the number of channels
the subscriber to the central office demonstrated, but customers will be
permitted in ageographic area.
for video channel selection. This will
able to take advantage of such
"We haven't negotiated [the addienable cable television or other video services as conference television,
tional contract] with TI yet, but
services to be tapped as required.
remote video surveillance, and a we're certainly looking toward that,"
Four of the residences will operate video library. Later trials will
reports Paul Fox, an engineer in the
on one fiber only in a duplex mode
include interactive graphics such as
Fcc's Office of Plans and Policies.
for both transmission and reception, videotext.
The additional money would be
available as part of a $750,000
surplus congressional appropriation
Laser refines optical-fiber quality control
that is being set aside for improving
uhf reception.
Corning Glass Works has developed a new way to keep close tabs on the
Ws unusual approach uses a
characteristics of fiber-optic cable during manufacture. The company is
mixer and amplifiers made of
concerned about the refractive index of the glass-fiber core, which must vary
Schottky metal-semiconductor fieldparabolically with radius for wideband, multimode propagation. This relationeffect transistors (mEsFErs) to boost
ship ensures that light-propagating modes travel over the same optical
lengths and experience identical time delays. If they do not, transmitted data
television frequencies up to 346
suffers from pulse broadening or decreased bandwidth.
megahertz. This is some eight times
The technique, developed by staff member Robert Olshansky at the
higher than the 45-MHz intermecorporate research laboratories in Corning, N. Y., is called a differentialdiate frequency of conventional uhf
mode delay measurement. It uses a mode-locked krypton gas laser providing
tuners, which is usually converted
a spot 10 micrometers in diameter. The laser's pulsed output scans radially
down for signal processing.
outward from the center of one end of a length of glass fiber. At the other
Enter SAWS. At 346 MHz, TI
end, an avalanche diode detects the emerging light, which is displayed on a
brings into play a pair of highly
sampling oscilloscope.
selective surface acoustic-wave filAs the spot scans, measurements are made of the arrival times for each
pulse peak, performance that can be predicted mathematically. The times
ters to reject unwanted interfering
are correlated with the refractive-index profile in the fiber. Thus the quality of
signals. These SAW filters can be
the fiber is determined, and the manufacturing process can be adjusted
made very small and with extremely
accordingly.
narrow bandwidths. Moreover, since
Olshansky points out that positioning of the fiber and obtaining the data
they are fabricated photolithographare computer-controlled and require less than five minutes. Moreover, the
ically, they can be made cheaply, the
data is highly sensitive to very small profile changes, he says.
firm believes.
This technique is a more valuable aid to the manufacturing process than
Though additional development
older profile-taking methods, he claims, because it represents an average
work needed on the tuner has not
over the length of the cable. Other profile measurements involve only small
been spelled out, the FCC •has
cable lengths.
"The Corning technique is quite suitable for a manufacturing environexpressed an interest in possible
ment," Olshansky concludes. "Ultimately a small injection laser will be used.
design changes that would reduce
It is no more difficult than other routine quality-control measurements."
both the receiver's noise figure and
its cost. Possible cost-saving steps
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Introducing FAST.
The quick way to make
tired logic feel young again.
Fairchild introduces the most revolutionary thing to happen to bipolar logic since
TTL: Fairchild Advanced Schottky TTL. Soon to be known the world over as FAST.
FAST is awhole new Schottky TTL logic family that delivers up to 75% more
speed than Low Power Schottky, up to 20% more speed than Schottky, but
at only 25% the power of Schottky. So now you can drive more circuits with less
power. And put the power you save to work
somewhere else.
The thing that makes this performance
possible is our time-proven Isoplanar process.

Give your TTL aboost.

If you're running with aSchottky/Low
Power Schottky logic combination and you need
more speed, you no longer have
to go to ECL school to get there.
FAST cuts the speed difference
between Schottky and 10K ECL
to almost nothing. This gives you
another generation of TTL logic.
It drastically cuts design time.
And it gives you more years
out of your existing equipment and logic designs.

Strengthen your specs.

FAST gives you external gate delays of 4-4.5 ns over
the full commercial and military temperature and voltage
ranges while driving 50 pF load capacitance. Internal gate
delays are 1.5 ns and power consumption is typically
4mW per gate function. Input thresholds are 1.5 Vand
output drive is identical to 20 mA Schottky.
To find out how to cost-effectively rejuvenate your TTL
systems, just contact your Fairchild sales office, distributor
or representative today. Or use the direct line at the bottom
of this ad to reach our Digital Division. Fairchild Camera
and Instrument Corporation, P.O. Box 880A, Mountain
View, CA 94042. Tel: (800) 227-8158, (800) 982-5805
(in California). TWX: 910-379-6435.
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include development of techniques device to about 10 dB maximum in
for using only one SAW filter instead
the redesigned version, Ash notes,
of the two in the present device, says
thus exceeding the original FCC goal
Darrell Ash, senior communications of 12 dB.
engineer at 'Ws Central Research
Since delivery of the prototype, TI
Laboratories.
has also reduced the unit to asingle
Another possibility is development
5-by-I 1'/2-inch printed-circuit
of an integrated circuit that could
board, in contrast to the two 5-byhouse up to 16 active components in
6-in, boards of the original design.
the i
-f portion of the receiver on a
The prototype was developed unsingle chip. Such application of der a $200,000 FCC contract
large-scale integration techniques
awarded in August 1976. TI procould reduce the cost of the tuner
posed its own set of performance
even further than projected in Ti's goals for the contract after arequest
original report to the FCC, Ash says.
for proposals based on the FCC's own
According to that report, the first
specifications attracted no bidders.
1.5 million production-line units
As Fox notes, there has been little
could be made for about $9 more market incentive for TV manufacturapiece than conventional receivers, ers—already squeezed by tight inwhich the Dallas firm estimates dustry profit margins—to spend
would translate to an increase of $27
money developing a tuner with the
to $35 per unit in the retail price of a improved interference-rejection
TV set.
characteristics desired by the comMore improvements. Since delivermission.
ing the final prototype version to the
Though Ti had been working on
FCC last January, TI has already
an improved TV tuner with its own
made several improvements in the
funds for several years before the
device, Ash says. Among other
FCC contract, Ash says that work
things, an ic has been developed that
has now stopped pending additional
houses on a single chip all four
FCC funding or increased interest
MESFETs used in the receiver's
from TV set manufacturers. An addibalanced silicon MESFET mixer. This
tional 18 months of work would be
has reduced system noise from 14
necessary to get the tuner ready for
decibels maximum in the prototype
production, he says.

Manufacturers Association (CBEMA) says ACS clearly involves dataprocessing functions like manipulation and retrieval, while minicomputer maker Digital Equipment
Corp., Maynard, Mass., says that
ACS "clearly is a communications
service and not a data-processing
service" and will enhance computer
industry competition.
Tymnet Inc., the Cupertino, Calif., value-added carrier subsidiary of
Tymshare Inc., comes down on
CBEMA's side and for the first time
injects the issue of AT&T's "character" into acommon-carrier hearing.
Tymnet argues that FCC rules "unequivocably require the commission
to consider an applicant's character"
in granting radio broadcast licenses
and notes that AT&T has radio
licenses for microwave channels.
Tymnet says it does not want the
FCC to revoke AT&T's radio licenses,
but is insistent that the commission's broadcast rules require it "to
consider AT&T's past conduct in
evaluating this application"—a conduct that Tymnet charges shows "a
pattern of persistent and willful
violations" of FCC rules by using
Bell's "monopoly power in an unlawful attempt to restrict competition."
After extensive legal research on
the question of restricting competiCommunications
tion, costing in excess of $100,000,
Tymnet president J. Robert Harcharik in an interview says he is
"outraged" by AT&T's actions and
will appeal in court if the present "defective and incomplete" ACS petition
is approved.
Where does data communications controversy. Directly opposed conOther charges. Two other quesend and data processing begin? The clusions were reflected in the comtions are raised by Tymnet and other
Federal Communications Commis- ments, and at least one value-added
competitors of ACS regarding excession may be obliged to make that common carrier threatens a court
sive delays in getting digital lines
Solomon-like judgment this year. appeal unless the commission rejects
and local exchange facilities from
The immediate issue forcing the FCC
the AT&T petition and instead invesAT&T. A decline in AT&T's ability to
to take adefinitive look is ACS— the tigates the communications compameet the 23-day timetable for instalAdvanced Communications Service ny's "character" as part of further
lation of new lines—down to 60% to
of the American Telephone & Teleproceedings.
65% today from 90% to 95% a year
graph Co., which wants adeclaratoOf those companies and trade
ago, Tymnet says—is attributed by
ry ruling in order to begin the service associations responding, 13 were
AT&T to ashortage of skilled craftsthis year [Electronics, Aug. 3, 1978, opposed to the ACS petition, 3 were
men that runs as high as 50% in
p. 79].
in favor, 2straddled the fence, and 1 some areas.
Meanwhile, ahost of comments to reserved the right to comment later.
Tymnet asks the FCC: "Should
the FCC earlier this month by both
The split. Reflecting the division
AT&T be offering a new competitive
the communications and computer
within the computer industry, the
service when it is unable to meet its
industries heightened the developing
Computer and Business Equipment
current obligation? What priority

ACS controversy flares at FCC

over AT&T's computer services
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DIGITAL MULTIMETIR

If we told you right up front how
affordable our DMMs are, you
might question quality. So we think
it's more important to impress you
with performance first, and save the
best for last.
Take our new Model 191 for example. This 51
/ -digit
2
DMM is capable of ±200,000 count resolution, 0.004% accuracy and
1µV/1m52 sensitivity. It has six standard features no other 51
/ -digit DMM can
2
offer you: 1.1.413 design of the 191 delivers unsurpassed accuracy faster, because
firmware in the 6802-based µcomputer has replaced slower, less precise analog circuitry
The ¡AP combines both charge-balance and single-slope A/D techniques. Every displayed reading is
automatically corrected for zero and gain drift. 2. Displayed data is updated at the rate of 4conversions
per second—the fastest rate of digit change readable by the human eye. Settling time is 0.5 seconds.
3. The 191 automatically suppresses low-level noise by means of anon-linear digital filter free of dielectric
absorption and leakage problems associated with analog techniques. 4. Pushbutton arithmetical correction
of residual error is faster and easier than potentiometer
zeroing. The nearest competitive units offering pushbutton null standard cost thousands of dollars more than
.
the 191. 5. The 191 is capable of 2 d4-terminal measurements
1mQ to 20MQ across 6ranges. Simply adding two more sense
and
leads automatically enables Kelvin measurements. No changing
input terminals or pushbutton settings.
•••••10.

We don'tprice un_
youre hooke

6. Then
Price of the 191 is $499.
anutshell, Keithley Instruments has made
the 191 and every one of our DMMs the finest performance/value in its class. Tell us what you need.
Once you see how well we meet that need, we think you'll be sold on aKeithley DMM.
For information on any Keithley DMM, call (800) 321-0560/Telex: 98-5469.
In Ohio, call (216) 248-0400.

KEITH LEY
Keithley Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44139
12161248-0400
Telex: 98-5469

Keithley Instruments GmbH
Heiglhofstrasse 5
D-8000 München 70
(089) 714-40-65
Telex: 521 21 60

Keithley Instruments, Ltd.
1, Boulton Road
GB-Reading, Berkshire RG2 ONL
10734) 86 12 87

Keithley Instruments SARL
44, Rue Anatole France
F-91121 Palaiseau Cedex
01-014-22-06
Telex: 18421 204188

Circle #209 for demonstration
Circle #45 for literature
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will AT&T assign to requests for
circuits when it has requests for
circuits for Acs?"
On the other side of the coin, Digital Equipment Corp. told the commission that it favors ACS, since "usOlt
ers will be able to select computer
equipment based upon the individual
features of the equipment, rather
than being forced to make decisions
based primarily upon the need to
assure compatibility with existing
systems," an obvious reference to
IBM's market position.
However, a key feature of DEC's
Sitting pretty. SMC Corp.'s president, Paul
Growing. Solid State Scientific's president,
pro-Acs stance, that the service will
Richman, looks for more than royalties from
Leonard P. Kedson, sees the acquisition of
resolve the problem of computer agreement with Solid State Scientific.
n-channel expertise as akey to growth.
equipment incompatibility, "is not a
valid basis on which to base policy,
to his firm's anticipated 40% to 50%
floppy-disk and tape drives, the deal
even though it is a highly desirable growth in the current year. Apparis more than just another royalty
goal," believes one FCC staff memently so, because in addition to
check (see "Two small firms with
ber.
royalties for smc's patents, SSS has
international horizons"). "We've
paid the company an undisclosed
had lots of licensees before," exBusiness
lump sum of cash in advance.
plains Paul Richman, president of
It expects immediate benefit from
smc, "but with sss we're looking for
the first part of the agreement.
a more intimate relationship." He
According to Kedson, it will first put
adds that though it is not part of the
its newly gained knowledge to use
agreement, his company is interested
to aid in the development of a new
in obtaining a foothold in c-mos
high-performance c-mos process it
technology.
Not long after Solid State Scientific
calls HC-MOS, although he declined
The second part of the agreement
Inc., Montgomeryville, Pa., apto say just how.
is more clearly bilateral: each party
proached smc Corp. in Hauppauge,
Other rewards. For smc, a $12
can choose to second-source the
N. Y., to secure asecond supplier for
million company specializing in conn-channel parts of the other, paying
some of its custom parts, the two
troller chips for video displays and
due royalties. Solid State will first
semiconductor manufacturers have
struck a two-pronged agreement:
they will exchange know-how and
Two small firms with international horizons
cross-license one another's patents in
The agreement signed by SMC Corp. and Solid State Scientific Inc. further
n-channel mos processing, and they
enhances what appears to be a bright future for the two firms, each of which
will second-source some of each
has succeeded in attracting worldwide interest in its technology.
other's current and future products.
SMC is in the enviable position of owning basic patents in n-channel
For both, the pact, signed earlier
metal-oxide-semiconductor processing that have resulted in royalties from
this month, seems a natural one—it
several large companies, including General Motors, Texas Instruments, and
will broaden the technology base
ITT, and a cross-licensing agreement with IBM Corp. Late last year the
both of these specialized companies
Hauppauge, N. Y., firm and EFCIS, the jointly owned subsidiary of Thomsonneed to secure a niche amid the
CSF and CEA, the French atomic energy agency, signed an agreement by
commodity business of major chip
which SMC second-sources the French firm's video controller chips. That
makers.
agreement provides SMC with a full line of controllers and extends its reach
into European markets for its own product line.
To sss, a company whose $28
Solid State is active on the international scene as well—in fact, it does
million in sales last year was
40%
of its business overseas. The Montgomeryville, Pa., company recently
obtained mainly from complementaagreed to supply the Soviet Union with liquid-crystal-display technology.
ry-metal-oxide-semiconductor cirThough still subject to U. S. government approval, the agreement should net
cuits, the deal gives a Berlitz course
Solid State royalties within the year. SSS also has similar agreements with
in n-channel technology. "We need
Italy and Yugoslavia.
n-channel to broaden our customer
Solid State's agreement with RCA Corp. to second-source the 1800
base," explains Leonard P. Kedson,
complementary-MOS microprocessor family gives it access to some of
president.
RCA's know-how and the option to make RCA's silicon-on-sapphire parts.
He regards the agreement as key
.11•11•1

SMC and SSS ink

multiple agreement
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Data acquisition
device:
DATA
ACOUISMON
HANDBOOK
NATIONAL
SF MICONDUCP

$4.

Introducing, just probably,
the most inexpensive data
acquisition component in
the country.
And, without adoubt, the most important one.
National Semiconductor's Everythingyou've-always-needed-to-know-about-dataacquisition-systems-but-couldn't-find-in-oneplace handbook.
It indudes data sheets on transducers,
analog to digital converters and everything
in between. In addition to application notes,
cross-references, selector guides and gobs of
other information on information gathering.
We've got the broadest line in the business. And it's all available through your local
National distributor.
Take our words for it.
Send for the Data Acquisition Handbook.
It may be cheap, but if you've got data
acquisition problems, it's priceless.
r National Semiconductor Corporation
2900 Semiconductor Drive M/S 520
Santa Clara, CA 95051

Boy, can you guys save me time and money! Send me
your Data Acquisition device today. I've enclosed a$4
check for each handbook
Name
Title
Company
Address
City_

_

State _

Zip E In88.A)3

J

M National Semiconductor
Electronics/January 18, 1979

47

Electronics review
whip up its n-channel process by
building three of smc's standard
products: the CRT5027 video timing
and control chip, the COM5025
multiple-protocol universal synchronous receiver-transmitter, and the
CRT8002 video-display-attributes
controller.
It will also build floppy-disk and
cassette-cartridge controller chips
currently under development at smc
that the two firms hope to introduce
jointly later this year. For its part,
smc can look at future n-channel
products Solid State develops and
expect to second-source as many as
it gives SSS.
Where exactly Solid State will
take n-mos on its own is not yet
clear. But Jay Litus, the firm's mos
marketing manager, alludes to one
possibility: telecommunications.
"We plan a definite entry into the
telecom market, but .we are waiting for the dust to settle," he says.
"It's not clear which technology —n-,
p-, or c-mos—will be the best solution for those parts, but we'll feel a
lot better having all three."
Since sss already second-sources
the 1800 family of c-mos processors
produced by RCA Corp. and Hughes
Corp., will it pursue an n-channel
microprocessor family? "It's apossibility," Litus says.

1979: better forecast for semiconductors
While many sectors in the electronics marketplace are expecting a slowdown this year, that's not the case for the semiconductor companies.
Buoyed by the strongest fourth quarter in their history, U. S. semiconductor
companies are entering 1979 booked solid through the first quarter and most
of the second, according to Thomas D. Hinkelman, executive director of the
Semiconductor Industry Assocation.
"We look forward to agood 1979 based on avery strong first half, with the
possibility of the year's growth being better than the 9% we previously
forecast [Electronics, Oct. 12, 1978, p. 88], if the market remains strong
through the third and fourth quarters this year," he says. Hinkelman explains
that the SIA's 9% figure was made last fall when it assumed asoftening in the
middle two quarters, but "we now are looking at a softening, if it occurs,
beginning sometime in the second half."
Preliminary 1978 tabulations show that total worldwide semiconductor
sales of U. S. companies were $4.8 billion, up almost 25% over 1977. The
total was paced by a$1.325 billion fourth quarter, up 29% over the same
period in 1977. The U. S. market grew 20.4% to about $3.1 billion, and the
international market by one third to $1.7 billion. Hinkelman notes, for
example, that the Japanese market for U. S. stand-alone companies—those
not selling to their own subsidiaries—grew 40%, but much of that was due to
the dollar's decline against the yen.

computer effects in the movie "Star random-access memory, and proviWars." Called Grafix, the self- sions exist for adding memory accesteaching, user-expandable language sories later, according to Wiles.
is to be a major feature of Bally's
Grafix was developed by ateam of
Level III home computer when it programming engineers led by Tom
hits the market during the third
DeFanti, professor of computer
quarter. The firm previously intro- sciences at the University of Illinois,
duced a Level Icomputer that oper- who created the software for "Star
ates with read-only memory carWars." The language is loaded into
tridges containing video games.
Level III from a software cassette.
Creative. Basic's mnemonics and
Whereas Bally's Z80-based comtypical programming-like syntax,
puter can interface to a black-andConsumer
such as HLIN for horizontal line and
white television set or monitor, it is
VLIN for vertical line, could confuse
best to attach it to a color set in
potential users. Instead, the Level
order to make full use of its 256III program allows users to create color capability.
graphics by using words like "circle"
A Level III computer is built by
and "box," according to Robert
adding the special programming
Wiles, general manager of the
keyboard and Grafix software to
Fearing that few people will actively
Franklin Park, Ill., company's ConBally's Level I video console. The
want to program their home comput- sumer Products division.
$300 video console is available now,
ers, the makers of these machines
When a user is uncertain how to
and the $650 keyboard and software
are turning to simpler software pack- specify a figure, its position, or its
cassettes will be ready during the
ages. But whereas many personal color, he or she can type in "help,"
summer, Wiles says.
computers use some form of Basic, and the computer will begin a
Bally Corp. is coming out with a sequence of directives that show the
Computers
custom language that uses words proper method.
instead of letter-number combinaUsers add new words to the Grafix
tions to make it seem friendlier.
vocabulary simply by programming
Introduced at this month's Con- graphics subroutines and then namsumer Electronics Show in Las ing them. In this way, the language
Vegas, the new language also has a can be expanded to the limits of
more glamorous pedigree than most available memory. At present, the
Although not unique in the marketsoftware, being an offshoot of the system contains 32 kilobytes of readplace, the new single-board Series/1
language used to create special only memory and 20 kilobytes of
model 4952 computer unveiled ear-

Bally computer

uses plain language

IBM introduces

one-board computer
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Adac System1000
handles aton of I/O functions.
In its simplest form, the System 1000 functions as alow cost peripheral expander to
minicomputers. When incorporating aDEC LSI-11 microcomputer, it acts as astand-alone
data acquisition and control system or as aremote intelligent terminal.
No other data acquisition system comes close to offering so many analog and digital input
and output modules. Functional analog cards communicate directly with thermocouples, load
cells, strain gauges, isolation amplifiers, transmitters and strip chart recorders to name afew.
Discrete cards communicate with switch contacts, relays, thumb wheel switches, pumps, motors
and many other devices.
Asingle System 1000 provides up to 700 high level analog input
channels, or 128 analog low level input channels, or 700 digital I/O
r
,4
functions. For even greater capacity, abus repeater card allows
additional System 1000s to accommodate as many modules as
* System 1000 in the stand-alone configuration can be supplied with up to 32K of memory and DEC RT-11 software.
If you are interested in an extraordinary data acquisition
system, you must check out the System 1000. Nothing compares
with it.
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BI-DIRECTIONAL
OCTAL BUS
TRANSCEIVERS
WITH 3-STATE
OUTPUT DRIVERS
MITEL 's ISO-CMOS- 54C245/74C245
vs
THE TTL 54LS245/74LS245
SAVE on Power Supply Requirements

•Wider operating voltage range3V to 65V VS 5V ±-10%
•Lower current drain —
1mA VS 100 mA
REDUCE Generated Noise
•Controlled output rise and fall times
-->15nS VS <15nS
REDUCE dc Loading of Bus Lines
•Lower Input/Output leakages-10µA VS 100/IA
NO LOSS in System Performance
• Propagation delays —
15nS VS 12nS
SAME 20-Pin Packages

Contact the leader in CMOS technology
for more information
1745 JEFFERSON DAVIS HVVY
SUITE 611
ARLINGTON, VA 22202
TEL 703-243-1600

MITEL

Semiconductor
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Video disk players lining up
By the end of the year, consumers in some U. S. cities may have a choice of
three video-disk players, now that RCA Corp. has announced it will enter the
market and the U. S. Pioneer Electronics Corp. is readying its own player.
They will join Magnavox Consumer Electronics Co., which began test marketing its Magnavision last month [Electronics, Dec. 21, 1978, p. 33]. Both firms
should announce initial marketing plans around October. The simpler capacitive pickup technology involved means that RCA's Selectavision VideoDisc
player will retail for around $400, some $300 less than Magnavision. Both
Pioneer's and Magnavox's laser-pickup units are based on technology from
Magnavox parent, Philips' Industries of Holland. As for selection, RCA says
only that its initial catalog will contain 250 titles, ranging from feature movies
to how-to shows. The entertainment conglomerate MCA Inc. is already out
with an initial catalog of 200 Discovision titles that can be played on the
Magnavision player and the forthcoming Pioneer unit. MCA has a Japanese
joint venture with the Pioneer Electronics Corp. of Japan, which has just
begun production of an industrial video-disk player [Electronics, Dec. 21,
1978, p. 55] that will be the basis of the U. S. Pioneer subsidiary's home
player.
New products bow at winter consumer show
While the just-ended Winter Consumer Electronics Show in Las Vegas wasn't
distinguished by exciting product announcements, some new devices were
introduced. Texas Instruments Inc. showed the first vocabulary expansion of
its speech-synthesizing learning aid, Speak & Spell. The $15 module, called
Vowel Power, plugs into the rear of the unit. It stores 140 words in one 128-K
read-only memory ...Among microprocessor-based board games, Fidelity Electronics Ltd. showed a chess computer that narrates each move.
Called the Model VCC Chess Challenger, it will retail for $325 upon availability in June and uses a multichip speech synthesizer ...Also shown was an
accessory for auto stereo receivers that transfers the music's vibrations to
the lower back of the driver or passenger. Pioneer Electronics of America's
Bodysonic is acushion containing two proprietary moving coil transducers; it
fits between one's back and the seat.

lier this month by IBM Corp.'s
General Systems division is the
latest sign that the industry giant is
aggressively pursuing the minicomputer market.
It is also a continuation of the
firm's recent memory price cutting
[Electronics, Dec. 21, p. 38]: memory
for the new unit has a dramatically
low price of $450 per 32-kilobyte
increment —equivalent to $14,400
per megabyte and although slower is
about 89% less than the previous
Series/1 memory price. That is
much less than the $32,000 HewlettPackard charges per megabyte of
minicomputer memory—the industry low till now—or the $2,200 Data
General charges for 32-kilobyte increments for its new Nova 4computer [Electronics, Jan. 4, 1979, p. 206].
Using new 36-K random-access
metal-oxide-semiconductor memory

chips made at the General Technology division, Burlington, Vt., IBM
packs eight chips into a 1-inchsquare module for atotal of 32 kilobytes. With this density, the system's
main memory of 128 kilobytes fits
on the 4952's 7-by-9-in. board.
Fewer boards. The Atlanta, Ga.,
division's previous entry-level Series/1 model, the 4953, needs six
boards and supports at most 64 kilobytes of main memory. The new
4952 processor with cabinet, power
supply, and 32 kilobytes of memory
sells for $4,600, some 14% less than
a 4953 with comparable memory.
But IBM notes that the 4952 offers
only 80% the 4953's performance.
Although comparable in performance to the low end of competitive
machines, IBM's Series/1 processor
carries higher price tags—and no
quantity discounts are offered.
[11
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"BEEP! 53
BEEP!
IBM
DATA 1/0 ,

System 19

CID

Data I/O's System 19 PROM programmer talks
back to save you time and money.
It's astate of the art programmer that tells
you when things are right, or if they're wrong, it
tells you why.
Switch it on and the System 19 checks all
its components: I/O port, microprocessor, RAM,
bus, front panel and even its own software.
During the programming sequence, the
System 19 conducts an illegal bit check, blank
check, sum check on the newly programmed
device and data verification at high, low and
mid point voltages as required to make sure
the device meets manufacturer's operating
specifications.
The System 19 gently warns the operator
when asimple procedural error is made and
locks up before the operator can make a
serious error and waste adevice.

If something goes wrong during operations, the System 19 flashes one of 27 error
codes on the readout to lead you to the specific
problem quickly.
With aSystem 19, you can program every
type of programmable logic device including
FPLA. And with its unique gang module, you
can program up to eight MOS devices at once.
Best of all, Data I/O's System 19 is priced
within just about everyone's budget.
You haven't shopped around until you've
looked at Data I/O. Let us show you the difference. Circle the reader service number or
contact Data I/O, PO, Box 308, Issaquah, WA
98027 For answers fast, call toll free:
800-426-9016.

Programming systems for tomorrow...today
Electronics/January 18, 1979
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NOW THERE'S A
MICRONOVA COMPUTER SYSTEM
FOR EVERY DUE° BROTHER.
There were five DiFazio
brothers who all happened to
be OEMs. One of the few
things they agreed on completely was Data General
microNOVA'systems. Each
brother had no trouble choos-

52

ing the perfect system for his
particular needs. Brother Bob
was putting together amedical
patient billing system; Mario,
apoint-of-sale system; Joe,
awarehouse inventory control
system; Tony, alaboratory

instrumentation system; and
John, afactory data acquisition
and control system.
All of the DiFazio brothers
found that their system design
was made alot easier because
Data General also offers the
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industry's widest range of
microcomputer system software and peripherals... such
as disc and diskette operating
systems, single and multiuser
Extended Basic, Business
Basic, Fortran IV, and Communications (2780, 3780,
Hasp II) and sensor I/O software packages. The wide
range of peripherals include
dual diskette and 10Mb cartridge disc systems, 180 cps
DASHER LP2' printers and
DASHER' tenninal printers

and displays.
Now their present needs
are taken care of and the
DiFazios are looking forward
to the future. Anytime they
want to expand their systems,
they know they can keep it all
in the microNOVA family. If
you'd like to get better acquainted with our family, just
send the oupon for the new
microNOVA systems brochure:The microNOVA Cookbook -ATaste of Success"
or call 617-366-8911, ext. 4735.

rD

El 1

I'd like to have your new microNOVA brochure.
Ijust can't wait any longer. Have someone get
in touch today.

NAME

TITLE

COMPANY
TEL. NO.

Apekbxs CITY
STATE
ZIP
Data Creneral Commas'''. Westboro. MA 01581. 161713638911. Data General
1Canadat Ltd.. 411 Horner Avr.. kgarin. Data (amend F:oropr. 61 rue de CtIllferlit. ,
Pans. France. 76631.78. Data General Ausiraia. «KO 89.0bM.. Data General Ltda
'it" Paulo. Brad
Data General Malt& East. Athern. (km, 9524Z157.
Data I.
.eneral Corporation. 1978.
ONOVA. DASHER LP2 and DASHER are
tnakynaras (41 tau I'<mend l•
wax

543•1113s.
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I• Data General

We make computers that make sense.
Circle 53 on reader service card

TWELVE REASONS
WHY THE 1.135 15 THE
MOST PRODUCTIVE
131 BOARD TEST SYSTEM
YOU CAN OWN.
To compare productivity in LSI board testers, take
their three common operations: diagnosing, testing, and
programming. Now, to each operation apply the basic
measures of productivity: cost, throughput, and quality
of testing.

The L135 has the highest diagnostic
throughput, the lowest operating cost.
No other test system comes even close.

1. The L135 finds bad LSI devices
on long buses.
The Electronic Knife does it. It takes just afew more
probes after regular guided probing finds the failing bus.
Without the Electronic Knife, you're faced with trial and
error replacement of LSI chips. Or skilled technicians
tying up the system for an hour or more per bad IC.

2. The L135 makes fewer diagnostic
probes— by an order of magnitude.

State-sensitive trace does it. Most LSI boards are loaded
with multi-input LSI chips linked through "wired-and"
bidirectional buses. These often require hundreds of
diagnostic probes per fault. State-sensitive trace cuts the
number dramatically.

3. The L135 produces immediate
probe commands.
The on-line circuit model with alarge random-access
memory does it. With circuit structure immediately
accessible, the operator does not wait for commands
between probes. Other test systems that use fault dictionaries often delay each command several seconds,
adding minutes to each diagnosis.

4. The L135 mechanizes probing.
The M150 Automatic Prober does it. Seven to ten times
faster than ahuman operator, the M150 speeds up board
diagnosis even more because its operation is both errorfree and fatigue-free.

See the full line of Teradyne test equipment at
NEPCON WEST in Anaheim (Booth 449-450).
54
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The L135 delivers the highest qualib,of
testing, thereby slashing costs for diagnosis
later at systems test and service out in the field.

5. The L135 emulates LSI-board
operating environments.
5-MHz clock-rate testing does it. To ensure adequate
board quality, you usually have to run LSI boards at clock
rates as the last step in testing. Only the L135 provides
test rates of up to 5-MHz, the speed of many microprocessors seen in today's products.

6. The L135 emulates and tests
CPU sets.
Multiple drive/compare phase control does it. During
clock-rate testing, the test system must first replace the
CPU set and then test it at speed. The associated microprocessors usually receive multi-phase inputs and generate multi-phase outputs. The L135 provides the necessary, easy-to-program, precise phase controls over
driver inputs and comparator strobing.

7. The L135 tests and diagnoses
analog circuits.

10. The L135 cuts total
programming time.

The P400 Automatw Prograrnming System does it.
The P400 automatically generates all the dc patterns and
diagnostic data for the toughest part of most LSI boards:
the jungle of random digital logic, as well as those portions containing modeled LSI devices. Total programming time is shorter. The best of the so-called "automated test generation" techniques offered by other
systems still require manual pattern-writing. That takes
longer and costs much more.

The L135 cuts the time needed
to get products into the production line and
out to the marketplace.

Integrated ac-dc-Parametric capability does it. The L135
offers many analog force-and-measure functions through
matrix connections, all completely integrated into system 11. The L135 cuts system time
hardware and software. If these capabilities aren't intefor debugging.
grated into the test system, they must often be added to
Immediate-response
debug software does it. During testaccommodate the increasing analog content of LSI boards.
plan
debugging,
the
L135
responds to the test engineer's
That prolongs test time and slows diagnosis considerably.
commands and displays results immediately. Total
8. The L135 tests at dc and clock-rate debugging time is cut to afraction because the test
engineer is not distracted by system delays; he can conon the same channel.
centrate on his circuit and his test plan.
All-speed Pin compatibility does it. In clock-rate testing,
high-speed tests are usually applied on the same pins
12. The L135 readily assembles
tested earlier with dc. The L135 allows you to apply both
the many parts of LSI test plans.
types of tests at the same system channel, eliminating
the need for awkward switching or extra channel capacity. Structure-merge Programming does it. Test plans originate in many places: manual patterns and circuit models,
9. The L135 has enough clock-rate
learned data from known good boards, circuit and device
simulators, automatic pattern generators, etc. The
channel capacity for the big jobs.
L135's structure-merge software and its straightforward
432
pins does it. Big LSI boards have upwards of
protocol
assembles them all into acoherent package,
250 edge-connector pins, all active. In addition, you need
saving
your
engineers hours of tedious and costly work.
simultaneous access to dozens of internal test points and
devices invisible to the edge connector. The L135 offers
the highest clock-rate channel capacity, enough for all
foreseeable LSI boards.

For more information on these and other L135 features,
contact your local Teradyne Sales Office or call any of the
numbers listed below.

CHICAGO (312) 298-8610/BOSTON (617) 969-6300/SUNNYVALE (408) 732-8770
LONDON WEYBRIDGE 932-51431/MUNICH (089) 33 50 61/PARIS 073 1698/99/TOKYO (03) 406-4021
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The 2114 from the
Royal Family. •
it saves
power,
naturally
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Most members of the Royal Family of Static

In addition to low power, the SEMI 2114

RAMs know all about power and how to save
it. That's an inherited trait, and the L2114 is

features a common I/O structure with TTL
compatible three-state outputs, and more than

no exception. It draws only 240 mw which is

adequate speed for second generation
microprocessor applications.

about what you have come to expect from the
leading supplier of static RAMs. But, that's
not all. We also have a "Power Down Part"
that operates on 2.5 volts and draws less than
100 mw. That's real power saving from the
company that has been delivering 18-pin 1K x 4
static RAMs for at least a year longer than
anyone else. And not only that, but we have a
new MIL version on the way.

You can learn more about the SEMI L2114 —
or any other members of the Royal Family of
Static RAMs — by simply calling your local
EMM SEMI rep or distributor, or contacting us
directly at the address below.

Memory at Work

EMI SEMI, INC.

A Subsidiary of Electronic Memories & Magnetics Corp., 2000 West 14th St., Tempe, AZ 85281 •(602) 968-4431
EASTERN REGIONAL OFFICE (516) 423-5800 • WESTERN REGIONAL OFFICE (415) 692-4250 • NEW ENGLAND (617) 272-8163
• UPSTATE NEW YORK (518) 489-4777 • LONG ISLAND AND NORTHERN NEW JERSEY (516) 466-2300 • SOUTHERN NEW
JERSEY (609) 795-4200 • PENNSYLVANIA, MARYLAND, DELAWARE, VIRGINIA, WEST VIRGINIA (800) 257-8210 • ILLINOIS
(312) 345-4245 • OHIO (614) 457-2242 • MINNESOTA (612) 884-8291 • TEXAS (214) 341-2900 • OREGON (503) 620-5800 •
WASHINGTON (206) 455-9180 • SOUTHERN CALIFORNIA (213) 322-1120
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Washington newsletter
Nippon Electric wins
SBS award for five
Domsat terminals

Japan's Nippon Electric Co. has made a major advance into the U. S.
domestic satellite earth station market by winning acontract for five rf
terminals to be used in the 12-to-14-GHz tracking, telemetry, and
command network of Satellite Business Systems Inc. The dollar value of
the award was not disclosed. SBS, the jointly owned venture of Comsat,
IBM, and Aetna Casualty & Life, is scheduled to begin operations in 1981,
with two digital satellites to be launched into geosynchronous orbit late
next year. Two terminals, each with two 7.6-m, limited-motion antennas
and a 12.5-m, fully steerable antenna, will be installed by NEC next year at
the sBs's Castle Rock, Colo., beacon station. Two other terminals, with
limited-motion antenna terminals only and associated electronics, will be
used at acontrol station near SBS headquarters in McLean, Va., outside
Washington, D. C.

The Department of Energy's first in-depth study of solar power satellites,
to be issued before month's end, estimates it will cost up to $12 billion to
satellites to cost build and orbit each system if two are launched per year. The study draws
$12 billion each ... heavily on National Aeronautics and Space Administration data using
satellite models capable of delivering 5-G w net power output on the
ground, about four times the capacity of the average public utility power
plant [Electronics, April 27, 1978, pp. 60, 96]. However, that estimate
"could move up or down by a considerable amount," says Jerry Grey,
public administrator for the American Institute of Aeronautics and Astronautics. The AIAA, in a new position paper, says it favors a $30 million
annual effort over five years in ground-based research before any development or demonstrations are undertaken.
Solar power

...as NASA
seeks frequency
for the craft

Addenda
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The National Aeronautics and Space Administration is sparking adomestic and international controversy by asking that a solar power satellite
transmission frequency be set aside for future use. For one, the Federal
Communications Commission has not yet developed aposition on the issue
for the U. S. negotiating team for the World Administrative Radio
Conference that convenes later this year in Geneva. For another, Britain
and anumber of less developed nations reportedly oppose NASA strongly
on the allocation in view of the incomplete studies on possible ionospheric
heating and related environmental concerns. The favored solar satellite
frequency for microwave transmission of solar electric power to a large
earth rectifying antenna is 2.45 GHz, midpoint of the 100-MHz-wide band
used for industrial, scientific, and medical purposes.

Equipment market potential for Message Toll and Wide Area Telephone
Services, known as MTh and WATS, was significantly expanded early this
month with the Federal Communications Commission's decision to let an
International Telephone & Telegraph Co. subsidiary, ITT Corporate
Communications Services, into the competitive fray. The firm is expected
to provide stiff competition for AT&T. . . But AT&T won another battle
when the FCC refused to force it to make advance disclosure of its plans
for use of the Comstar domestic satellite that it shares with CTE Satellite
Corp. A three-year moratorium on AT&T'S offering of non-Government
private-line service on Comstar expires July 23.
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Washington commentary
AT&T throws the book at the Government
The American Telephone & Telegraph Co. has
literally thrown a book at the Justice Department's antitrust charges against the communications giant. If you count the book's 38-page
index, it is ahefty 552-page rebuttal of monopoly charges that comes on at least as strong as the
Government's detailed charges late last year
[Electronics, Nov. 23, 1978, p. 98]. Like International Business Machines Corp., AT&T is fighting mad and makes clear it intends to do battle
with the Government in the courts with an army
of lawyers equipped with an endless supply of
documentation.
Bigness by itself is neither bad nor evidence of
monopoly, says AT&T in its "defendants' first
statement of contentions and proof" filed in
mid-January with the District of Columbia's
U. S. district court. Moreover, bigness is virtually mandated by telecommunications technology
and its need for a large and "complex, interdependent switched network" to guarantee efficient operation and reliable parts. These are
"fundamental industry principles" not considered by the Justice Department, AT&T adds.
Regulation precludes monopoly
Also ignored, in AT&T's view, is the fact that
the Bell System is regulated by the Federal
Communications Commission and its state
counterparts who control market entry and set
rates. Under the applicable regulatory statutes,
"the Bell System cannot be held to have control
over entry or prices in any market as amatter of
law," AT&T asserts, although the Government
must prove the opposite in order to show monopoly power.
AT&T'S lawyers also call on economist Alfred
Kahn, now chairman of the President's Council
on Wage and Price Stability, to rebut the
Government's demand that the corporation
divest itself of equipment manufacturer Western Electric Co. Citing a 1976 FCC judgment
opposing a Western Electric spinoff at that
time, AT&T quotes a statement by the thenchairman of the New York Public Service
Commission that divestment would be "a plunge
into the unknown" that might prove economically unwise and undesirable. Such integration
is critical to successful operation of its network,
AT&T claims, adding "it cannot be maintained if
the telecommunications industry is balkanized,
as the Government insists it should be." That
wording—indicating that the phrases "telecommunications industry" and "Bell System network" are interchangeable—is puzzling a number of industry executives who note that AT&T's
filing elsewhere cites the existence of 1,600
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U. S. telephone companies as evidence that it is
not amonopolist.
One long-time AT&T competitor attributes
such slips in the filing to "hysteria" on the
company's part and in support of that claim
cites the filing's final statement: "There is and
can be no justification for such wanton destruction of a valuable national asset, and, for that
reason alone, there is and can be no justification
for the remedy sought by the Government here.
The Government's request that the Bell System
should be fragmented should, therefore, be
rejected for reasons independent of the court's
views with respect to the merit of the Government's charges." That is translated by the
competitor to read that the Bell System "is
above and beyond the reach of the law."
Unfair competition
What bugs AT&T at least as much is the issue
of competition, which it refers to throughout as
"cream-skimming" of its most profitable markets in away that imposes "increased communications costs upon the American public."
Increasingly pro-competitive regulatory rulings
have put Bell in the "untenable position" of
adjusting services and rates to respond to
competition in selected fields, the company
charges, "without in any way modifying Bell's
common-carrier obligation to serve all classes of
customers with all types of services." The
Government, it says, has overlooked that issue,
too. It is competitors, the defendants argue, who
have manipulated the regulatory process "at the
expense of Bell and the public."
On the hardware side, AT&T totally rejects
charges that it foreclosed competition with
Western Electric Co. by refusing to let operating companies buy technologically superior and
sometimes cheaper products from industry.
Citing the Government's charge that its first
large electronic switching system, the No. 1ESS,
was "an expensive failure" and that IBM might
have built it faster and better, AT&T angrily
replies that it undertook electronic switching
research and development in 1954, years before
IBM approached it in 1961, and that the No. 1
ESS "is almost without exception recognized by
the scientific and business communities as a
monumental technological achievement." Moreover, all the Government's statements about
IBM "are inaccurate," AT&T says, asserting that
IBM at that time had "almost no know-how or
experience in real-time data processing, which is
essential in telephone switching," a fact IBM
personnel are said to have acknowledged.

Ray Connolly
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NEW ACE IN THE
INTERFACE RACE
SPRAGUE SERIES ULN-2800A
HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAYS

Now...8 drivers in one package switch up to
4amps at 50 volts or 3.2 amps at 95 volts
Designed for interfacing between low level
digital logic circuitry and high-power peripheral
loads, Sprague Series ULN-2800A Darlington
transistor arrays feature peak load current
ratings of 600 mA for each of the eight drivers
in every device. Typical loads include relays,
solenoids, stepping motors, and multiplexed LED
and incandescent displays.

For application engineering assistance on these or other
interface circuits, standard or custom, write or call George
Tully or Paul Emerald, Semiconductor Division, Sprague
Electric Co., 115 Northeast Cutoff, Worcester, Mass. 01606.
Telephone 617/853-5000.
For Engineering Bulletin 29304.3 and a 'Quick Guide to
Interface Circuits', write to: Technical Literature Service,
Sprague Electric Co., 35 Marshall St., North Adams, Mass.
01247.
For the name of your nearest Sprague Semiconductor
Distributor, write or call Roger Lemere, Sprague Products
Co., North Adams, Mass. 01247. Telephone 413/664-4481.

FOR FAST INFORMAT I
ON ,CALL YOUR NEAREST SPRAGUE SALES OFFICE :
,
Sprague Erect,.
:05 883 0520 •ARIZONA. Sprague Electro Co. 602. 279.5435 •CALIFORNIA. Sprague Electro Co

All devices have open collector outputs and integral diodes for inductive load transient suppression. Outputs may be paralleled for higher
load current capability. Furnished in 18-pin dual
in-line plastic packages, similar Darlington transistor arrays can also be supplied in a hermetic
or ceramic DIP for use in military and industrial
applications.
15 DIFFERENT DEVICES TO MEET YOUR EXACT NEEDS
VCE(MAX) =
I
C(MAX)

50 V
600 mA

95 V
500 mA

Type Number
General Purpose
PMOS, CMOS

ULN-2801A

ULN-2811A

ULN-2821A

14-25 V
PMOS

ULN-2802A

ULN-2812A

ULN-2822A

5V
TTL, CMOS

ULN-2803A

ULN-2813A

ULN-2823A

6-15 V
CMOS, PMOS

ULN-2804A

ULN-2814A

ULN-2824A

High Output
TTL

ULN-2805A

ULN-2815A

ULN-2825A

213/649-2600
Wm J Purdy Co 415 347
SCE Corp 114 278 7640 •COLORADO, Wm J Poly Co 303 777 1411 •CONNECTICUT, Swage Electro Co
203 ,261 2551 •01ST. OF COLUMBIA, Sprague Electro Co Goo sales only? 202/337 7820 •FLORIDA, Sprague E«MC Co 305 831 3636 •ILLINOIS,
Sprague Electro Co 312 2% 6620 0 floras Sales 312 286 6200 •INDIANA. Sprague Electro Co 317 253 4247 •MASSACHUSETTS, Sprague
Electnc Co 617 899 9100 Sprague ElecInc Co 413/564 4411 •MICHIGAN. Sprague Electro Co 517 787 3934 •MINNESOTA HMR Inc 612 ,831
7400 • MISSOURI Sprague Electro Co 314'781-2420 • NEW JERSEY %vague Electnc Co %I 896 8200 Sprague Electro Co 609 ,795 2299
Tnnkie Sales Inc 609'795 4200 •NEW MEXICO, An, J Purdy Co 505 266 7959 •NEW YORE, Sprague Electro Co 516 549-4141 Wm Run. Inc ,
914,698 8600 Sprague Electro Co 315 437 7311, Mar-Corn Assocdtes 315 437 2843 •NORTH CAROLINA, Demme MarketIng Assomates 919/
722.5151 *MO, Sprague Electro Co 513/866-2170. Electrono Salesmasters Inc 800'362 2616 .PENNSYLVANIA, Sprague Electnc Co 215/467-5252.
lnnkle Sales Inc 215 922 2080 •TEXAS. Sprague Electro Co 214 235 1256 •VERMONT, Ray Perron dCo Inc 617 162 8114 •VIRGINIA, Sprague
Electro Co 703463 9161 •WASHINGTON, Sprague Electro Co 206 632 7761 •WISCONSIN, D Dolan Sales 414 482.1111 • CANADA. SD,KNe
Electro of Canaria t.ta 416.766.6123 or 613/238-2542
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50 V
500 mA

4058 12.. 0,

SPRAGUE°

THE MARK OF RELIABILITY

General

blev

Sllb9dary

... and you thought we only make great capacitors.
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When you need electronic equipment w thout waiting,
Leasametric can have it on its way to you in minutes.
i

Standards and every piece is thoroughly
There's no reason to call every one in the
calibrated before it goes out the door. Test
book when you need electronic test equipment or
and maintenance facilities are also maintained at
terminals. One phone call to Leasametric can solve
most
of our dozens of local offices across the
your equipment problems in minutes. You can
country.
When you rent it from Leasametric it
relax knowing your equipment is on its way to you.
works!
AUTEX, Leasametric's nationwide comRenting from Leasametric also makes good
puterized inventory system, pinpoints the nearest
economic sense. There's no capital investment. For
regional inventory center that has the equipment
amodest monthly payment you can be using
you need. Within minutes, your order is being
equipment
that could never fit in your budget if
processed and, in most cases, your equipment will
you had to purchase it.
be in your hands in 24 hours.
If its worth having, you know AUTAE)
Lieasametric
i
ni antivcoenzerumsisve.
Internal approvals are shortened, too,
you can rent it from Leasametric.
equipment availability and
because you can usually rent what you
starts your order on its way
need without major corporate approval
Our continuously expanding invencycles. And, of course, renting
tory includes a$35,000,000 rental
gives you achance to use the very
pool of over 23,000 items from the
latest models. You don't have to
top 500 electronic manufacturers—
watch amajor investment in
including most of the items in the
equipment become gradually
Hewlett-Packard and Tektronix
obsolete.
You can take advantage
catalogs.
of
the
latest
technologies—check
Plus, we're the first to get delivery on the
out costly gear without committing
latest equipment. And, with our enormous buying
to one manufacturer's hardware.
power and resources, chances are good that even if
When you need it now, don't wait and don't
it isn't yet in stock we can locate it for you and let
take on the time-wasteful burden of trying to locate
you relax!
it yourself. To order, or for our latest rental catalog,
No small point, the Leasametric name
call one of the relaxing toll free Leasametric
means the equipment you rent is in working order
numbers shown below. Let us get the equipment
when we ship it. Our regional maintenance
you need on its way to you in minutes!
laboratories are traceable to the National Bureau of

Leasametric

In the West

In the Central U.S.

In the East

Call 800-227-0280

Call 800-323-2513

Call 800-638-4009

In California, call (
415) 574-4441

In Illinois, call (312) 595-2700

In Maryland, call (301) 948-9700

A Trans Union Company

1164 Triton Drive, Foster City, CA 94404
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RCA. Newsmaker in Linear.
The 3240 Dual. New proof
BiMOS is the answer in op amps.
First RCA introduced the BiMOS
3140, most useful op amp since
the 741. Now, in volume, the
3240—dual version of the 3140.
It brings BiMOS benefits to
users of the 747, Bifet TL082,
and the often hard-to-get 1458.
Better than 1458 on
performance. The 3240, like the
3140, delivers the benefits of
MOS/FET input. Such as ultrahigh input impedance and very
low input current. It also gives
you bipolar speed and high supDuel of the Duals
ply voltage operating capability:
4to 44 V, dual or single supply.
And much more.
BiMOS CA3240E 0to (V+-3V) 1to (V'-3V)
50 pA
9V, µsec
Yes
Available now. In volume.
Bifet TL082CP
5to (V+-5V) 5to (V-5V) 400 pA
12 V/µsec
No
CA1458E
3to (\r-3V
5to (V'-5V) 500K pA 0.5 V/µsec
—
Just afew months after its introMC1458SP
3to (V-3V) 5to (V' -5V) 500K pA 16 V/µsec
—
duction, we're making the 3240
in volume.., more proof of BiMOS ease of manufacture. So you can get as
many as you want. Now.
TYPO
with single supply)

Input
Common-Mode
Voltage Range

V,.

I

Slew
Rate

Gate Input
Protection
Diode

For more information, contact your local RCA Solid State distributor.
Or contact RCA Solid State headquarters in Somerville, NJ; 1130 Brussels,
Belgium; Sunbury-on-Thames, Middlesex, England; Quickborn 2085, W.
Germany; Ste.-Anne-de-Bellevue, Quebec, Canada; Sao Paulo, Brazil;
Tokyo, Japan.

RCA Linear K experience is working for you.
Circle 62 on reader service card

International newsletter
Japanese tab
$235 million for
software, peripherals

West German
satellite would beam
TV into homes

With the government-supported VLSI program to begin its last fiscal year
in April 1979, the Japanese cabinet is bringing its scheme for sharing the
cost of research and development to a different sector of the electronics
industries. It has approved a $235 million, five-year plan in which
mainframe manufacturers would develop basic software for the next
generation of computers and would also join with peripheral makers to
develop new peripherals [Electronics, Oct. 26, 1978, p. 63]. The government would cover half the cost, the companies the other half. If approved
by the Japanese parliament, the budget for the first year will be $17
million, with the government supplying half.

Under a $3 million contract from Bonn's Ministry for Research and
Technology, aconsortium of West German aerospace and electronics firms
has worked out a detailed concept for a nationally operated television
satellite that would beam TV programs directly to peoples' homes. According to consortium leader Messerschmitt-Bolkow-Blohm GmbH, the satellite could be readied by the end of 1982 and operational a year later. It
would send out three TV programs initially, an additional two by 1986.
Participating in the concept phase were aerospace firms Dornier System
and Erno GmbH and electronics companies AEG-Telefunken and ITT
subsidiary Standard Elektrik Lorenz AG.

Israel lands

Israel Aircraft Industries, the government-owned conglomerate that
includes seven electronics companies, has worked out agreements in princialrcraft deal ple worth tens of millions of dollars with Australia. The deal involves
with Australia ... refitting and renovation of the Australian air force's 300 U. S.-made
Skyhawk and French-made Mirage warplanes. IAI will install sophisticated systems to make the planes flight-worthy well into the 1980s. Also,
IAI will sell technology to Australian firms as well as aWestind executive
jet specially fitted for naval reconnaissance.

...and gets a shot
at Pentagon deals

Ferranti, Sperry
to build laser-gyro
for UK aircraft
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Israeli sources say that the Pentagon may soon cancel all limitations
preventing Israeli firms from participating in its public tenders. If it does,
and the Carter Administration gives final approval, Israeli firms will be
allowed to bid on equal footing with American companies for Pentagon
contracts. At present, Israeli firms can be awarded contracts only if their
proposals are at least 40% below those of American firms. Also, a
minimum percentage of U. S. parts must now be used. Most likely to
benefit are the country's electronics firms, which comprise Israel's second
largest export sector: Elta, subsidiary of government-owned Israel Aircraft
Industries, Elbit Co., Tadiran Co., Astro Co., and AEL Electronics Co.
Exports are expected to increase $50 million to $60 million the first year
and thereafter by even more. The Department of Defense had no comment.

The UK Ministry of Defence has awarded two three-year contracts to
develop a laser-gyro inertial navigation system for combat aircraft to
Ferranti Ltd., Edinburgh, and Sperry Gyroscope, Bracknell, adivision of
Sperry Rand Ltd. Sperry says it delivered a British-designed and -built
laser gyro to the Royal Aircraft Establishment, Farnborough, back in
1976. Both laser gyros have athree-legged triangular pathway, formed by
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International newsletter
drilling a temperature-stable vitreous ceramic block that accommodates
the lasing helium gas-neon gas, reflecting mirrors, and interference fringe
detectors. Last month, Boeing Commercial Airplane Co. awarded the first
civil contract for such a system to Honeywell Inc. [Electronics, Dec. 21,
1978, p. 36].

Swedish cop cops
fine f
or copping
data on ex-cop

Automated
information, please

comm

Philips
u contracts
ng p
all over

Addenda
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The first culprit to be prosecuted under Sweden's data law, which sets
strict regulations on the use of data banks, is apolicem an. Th e perpetrator
used a terminal in his police station to access data about a former
policeman from the central data bank, which holds data on 400,000
individuals-5% of Sweden's population. The ex-cop had been much in
the news after publicly admitting having seen police beat up some youths,
so the data thief posted personal information about him on the station
bulletin board. The victim complained to the data inspection board, and a
court fined the policeman 40 days' pay.

The telecommunications directorate of the French post office plans to start
trials of an automated telephone directory in early 1981. In the Illeet-Vilaine department in northwest France, subscribers will get special
handsets having an alphanumeric readout and keypad. Dialing information
will access acomputer-based directory on which they will punch in their
requests. The PTT says that handset suppliers have projected that a
directory terminal that would also serve as a telephone could be massproduced for less than $100; a prototype will be on display at the
audio-visual and communication exhibition in Paris, Jan. 22 to 27.

The way Philips Telecommunicatie Industrie BY in the Netherlands has
been picking up contracts, they might be growing on trees .Th e fi rm has
received a $29 million order for the traffic control system of Mexico
City, including acentral control system of several computers, 25 computerized substations, several thousand traffic detectors, and 1,000 electronic
crossing controls. Philips is also working with SIRTI, a unit of the Italian
telecommunications group STET, to upgrade a 1,400-km 12-MHz backbone trunk route in Saudi Arabia by adding a 60-MHz link. The $40
million link between Taif, in the southwest of the country, and Damman
on the Arabian Gulf, will be the first 60-MHz trunk for combined
telephone and color TV transmission, Philips claims. And in Norway,
Philips will use 18-m Hz hardware to upgrade an existing 4-m Hz line.

IT1's Semiconductors Group plans to have samples of its 64-k RAM by
mid-1979 from its Footscray, Kent, plant. Footscray will be the subject of
a$20 million development program with $4 million to come from the UK
government. ...French Tv-makers' trade association SCART has
worked out specifications for a 20-pin connector for linking household
sets to external systems like videotext and TV games. The connector,
which provides stereo and monaural audio, composite and red-green-blue
video, remote control, and clock functions, could turn up late this year on
French-made sets. ...General Instrument Corp. is eyeing Plessey
Ltd.'s semiconductor operations with aview to purchase either outright or
as ajoint venture. GEC Ltd. has already made an offer of purchase.
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THE COOL ONE
DOES EVERYTHING
THE 21q7 RAM DOES
BUT ON 1/5TH THE POWER!

The Cool One is the industry standard HM6147LP.
This high-speed static CMOS RAM offers total function compatibility with the standard 2147, 4K x1, 18 pin
RAM, but with one very important advantage ... it
operates on one-fifth the power. Just 75mW active
10µ,W standby to be exact. It runs cooler to let your
system run cooler.
You get TTL compatibility in all areas. Including input, output and operation on asingle +5V power supply.

Cycle times equal access times — 55ns/70ns
maximum. Plus automatic power down and completely
static operation.
The Cool One, the HM6147, is ready for immediate
delivery in either plastic or ceramic package. If lowpower consumption is one of your system needs ...
invest in asure thing. Call us and start cutting your
cooling and power supply costs today.
For further information call, (800) 323-6713

Hitachi. The sure thing.
Hitachi America, Ltd., Electronic Devices, Sales and Service Division
707 W. Algonquin Road •Arlington Heights, IL 60005 •(312) 593-7660 •TLx 20-6825
Representatives: CA, San Diego, Littlefield & Smith, (714) 455-0055 •
CA, Santa Ana, Ricol, (714) 557-6543 •CA, Sunnyvalle, Quadrep, (408)
733-7300 • IA, Cedar Rapids, PMA Corporation, (319) 362-9177 • IL,
Rolling Meadows, Sumer, (312) 991-8500 •IN, Indianapolis, Electronic
Sales & Engineering, (317) 849-4260 •KS, Overland Park, PMA Corporation, (913) 381-0004 •KS, Wichita, PMA Corporation, (316) 264-2662 •
MA, Burlington, Mil-Bern, (617) 273-1313 • MD, Cockeysville, Robert
Electronics, (301) 766-6374 •MO, Maryland Heights, PMA Corporation,
(314) 569-1220 • NJ, Tenafly, ABC Electronics, (201) 568-2354 • NY,
Fayetteville, S.F. Foster, (315) 637-5427 • NY, Webster, S.F. Foster,
(716) 265-2072 •NY, Williston Park, ABC Electronics, (516) 747-6610 •
OH, Cleveland, Bear Marketing, (216) 659-3131 •PA, South Hampton,
Campbell, (215) 322-6630 •TX, Dallas, Data Components, (214) 3584288 • TX, Houston, Delta Components, (713) 783-6848 • WI, Milwaukee, Sumer, (414) 259-9060 •Canada: Ontario, RFQ, Ltd., (416)
627-1445 •Quebec, RFO, Ltd., (514) 694-5724.
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Distributors: CA, Chatsworth, Jaco, (213) 998-2200 •CA, Gardena, Bell,
(213) 515-1800 • CA, Mountain View, Time, (415) 965-8000 • CA,
Mountain View, Jaco, (415) 969-5101 • CA, San Diego, Jaco, (714)
565-7515 •CA, Torrance, Time, (213) 320-0880 •FL, Fort Lauderdale,
Time, (305) 974-4800 •IL, Chicago, Bell, (312) 982-9210 •MA, Natick,
Future, (617) 879-0860 •MA, Woburn, Time, (617) 935-8080 •NY (LI),
Hauppauge, Jaco, (516) 273-5500 • NY (LI), Hauppauge, Time, (516)
273-0100 •PA, Clifton Heights, Time, (215) 622-2500 •WA, Bellvue, Bell,
(206) 747-1515 • Canada: Ontario, Future, (416) 663-5563 •Ontario,
Future, (613) 820-9471 •Quebec, Future, (514) 735-5775.
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The Industry's First 25-M
From the company that was first to introduce 10-MHz LSI
test systems comes the industry's first all-new 25-MHz memory
tester- the Macrodata M-1.
With the advent of high-speed MOS Static RAM's and
16K/64K Dynamic RAM's with complex timing requirements,
the need for anew high-speed memory tester is obvious and
urgent. Looking ahead, Macrodata foresaw that need and
developed its new 25-MHz M-1 Memory Test System.
But there's more to the new M-1 than just speed. Here is a
brief run-down of some of the outstanding features:
True 25-MHz Device Testing Speed
•tests 4K (and larger) fast Static MOS
RAM's up to 25-MHz (40 nanosecond
period) speeds
•tests 16K and 64K Dynamic MOS
RAM's up to 20-MHz (50 nanosecond
period) speeds with full split-cycle timing
•tests both bipolar and ECL RAM's at
speeds up to 25-MHz

emoryTest System
System Timing Accuracy
•skew specification guaranteed over 20% to
80% of waveforms, not restricted to a
single midpoint measurement
•fully automatic software calibration
without the use of pots -many times faster
than any other system
Designed for Reliability
•efficiently designed with
advanced IC technology to reduce
hardware complexity and parts count
•design rule of 10 watts per double
board maximum allowable power
dissipation to eliminate heat problems
•maintenance by card replacement
with guaranteed interchangeability to
eliminate pots and minimize downtime

9

Unique Device Interface
•special hybrid comparator
packaging allows measurement and
error processing at end of cable
•small lightweight test head
provides easy interface to commercial
probers and handlers

Cost Advantages
•provides the highest performance per
dollar investment, resulting in the
"lowest-cost-per-hertz" in the industry
•single rack console minimizes floor space
•simplicity of
design maximizes
system utilization

Full Computer Control
•full stand-alone software capability
based upon DEC LSI-11 system, providing program generation, datalog,
shmoo plot, edit, bin summaries, etc.
.4.e •standard video terminal
"I‘
plus hard-copy
print-out

Get the Facts
The new Macrodata M-1 is not only the
industry's fastest memory tester, but
it is the precursor of awhole new
generation of test systems. For more
information on this advanced
new system, send for acopy of the
M-1 brochure or call us directly.
Also ask about Macrodata's
complete family of memory board
and other LSI device testers.

A CUTLER-HAMMER COMPANY
Macrodata Corporation, P.O. Box 1900, Woodland Hills, California 91365, Phone: (213) 887-5550, Telex 69-8489
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Solid-state approach
to electrochromic displays
holds promise
as it does so, it turns a deepening
during read-write operations.
Starting point for the solid-state blue. "A complete gray scale' is
electrochromic display is anew class possible" says Green.
color change in new ceramic
of ceramics developed initially for
An electrochromic cell is formed
material; passive display can
by radio-frequency sputtering a 1use in high-energy-density sodiumsulphur batteries. Called super-ionic to-3-micrometer-thick tungsten
be read in bright sunlight
trioxide layer onto the top and
conductors, these hot-pressed cerambottom surfaces of the ceramic
ics are used in batteries to separate
Most research into electrochromics the reactants while at the same time substrate. Connection to the chromic
has aimed at liquid displays, but this supporting a current flow between surface electrode is made through an
once-promising technology has "hit them by the motion of sodium ions indium-tin-oxide layer sputtered
long-term chemical degradation through the separator wall. Ceramic onto the surface which yields a
problems that appear to have no is ideal in the battery because it is transparent conductive coating and
solution," according to Mino Green, chemically inert, and that is what assures uniform coloration.
The display is written into by
who heads up work on alternative, makes it so attractive for electroapplying a negative-bias voltage besolid-state electrochromic displays at chromic displays.
tween the display-surface working
Test cell. In his first-generation
London's Imperial College. Now a
solid-state technology looks set to display, Green uses asodium-alumi- electrode and the counterelectrode.
steal the limelight, thanks to the na substrate in which sodium ions The resulting current flow transfers
development of a new class of support an electric current. The sodium ions from the ceramic subceramic compounds—called super- chromic compound is tungsten triox- strate into the tungsten trioxide
layer, where they are chemically
ionic conductors—and a broad, in- ide. This normally colorless compound can absorb sodium ions, and absorbed, causing adeepening color
terdisciplinary attack on the subject.
Work with test cells has been
encouraging, and, says Green, the
REFERENCE
WORKING
first experimental solid-state elecELECTRODE
ELECTRODE
INDIUM TIN
trochromic display, in which deepOXIDE
blue seven-segment numeric characCONTACT2
ters will be chemically formed on a
C2
white ceramic background, could be
working within twelve months at the
Imperial College Department of
Electrical Engineering.
SODIUM -,i -ALUMINA
Unlike other technologies, the
electrochromic display operates by
producing a chemical color change.
"We are shifting atoms around and
not electrons," says Green. Consequently the displays are passive and
cannot be washed out by bright
sunlight, as are light-emitting diode
displays. This factor, plus an "aesDIOXIDE
COUNTER
ELECTRODE
thetically pleasing appearance," may
make them useful in such applications as car dashboards, he adds. In Bright future. Test cell produces blue display on white background. Colorless tungsten
addition, they only consume power trioxide darkens as it absorbs sodium ions from sodium-alumina substrate.

Chemical reaction produces

••••MMIL
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change as the charge flow continues.
"It's a lovely contrast, dark blue
against white" comments Green.
The process is reversible, and there
are no long-term degradation effects
if the display is not overdriven.
Some like it hot. Work on first test
cells has produced attractive display
qualities, but has also pointed up
problems common to many chemical
reactions. In particular, the
read/write time is extremely temperature-sensitive and can vary from 1
second at room temperature to Vio a
second at 55°C. "One nice thing
about these displays is that they like
to be hot," comments Green. But
like liquid-crystal displays, at 0°C
"they will take ahell of along time
to operate."
This problem can be overcome by
keeping the display warm, which
would require 0.1 watt per square
centimeter, for a read/write time of
0.1 second, according to Green.
Where power is scarce the display
could be pulse-heated during the
read/write cycle. In terms of power
consumption, this puts the technology between the LCD and the LED
display.
Improved materials could further
reduce the temperature dependence.
In particular, says Green, lithium
fast-ion conductors are much less
temperature-dependent. But to get a
small display—rather than just a
test cell—working within the next 12
months, Green has now frozen the
technology to produce a fully characterized device. At the same time
work will progress on second-generation technologies.
I=1

Japan

Facsimile and voice
system links offices
Electronic mail service may be only
agleam in U. S. Postmaster General
Bill Bolger's eye, but in Japan one
private system is already proving its
economy. Installed by Nippon Electric Co. at the main headquarters
and branch offices of Nikko Securities Co., one of Japan's Big Four
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PROCESSING
UNIT ANO
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CPU CHANNEL BUS
DISK PACK

Send or save. Electronic mail system transmits messages instantly and carries phone service
on idle circuits. If circuits are busy, disk pack at switching center can store up to a day's
documents for later forwarding. Trunks generate dial tone and ring and busy signals.

securities firms, it links 130 digital
facsimile terminals on leased telephone lines.
Not only does the system transmit
messages instantaneously at lower
cost than mail or teletypewriter
services, but it also can support telephone service on idle circuits and
broadcast urgent messages through
speakers at each office in the system
by preempting normal service.
Heart of the system is a NEAX51 integrated electronic exchange
that switches both speech and data.
Right now one exchange is being
used in astar network because most
messages originate at headquarters
in Tokyo. More terminals will be
added as needed; the system can
support as many as 1,000.
Storage and forwarding. Four 100megabyte disk packs enable the
exchange to store all data messages
sent during one day. Thus when
circuits are busy, the operator at the
system center can process low-priority documents for forwarding when
circuits become free. The storage
also allows repeats to be sent when
needed.
Although the system has 130
terminals, there are only 22 multidrop branch lines. Since one terminal is connected to each drop, the

branches are similar to party lines,
but with the important difference
that the system center can send
documents to all terminals or any
combination of terminals simultaneously or to any individual terminal. Also, cost is an order of magnitude lower than a previous system
that had an individual circuit for
each terminal.
Terminals. NEC's Nefax-6000 digital facsimile terminals have separate transmitters and receivers with
a resolution of eight lines per millimeter. Redundancy reduction circuits enable the terminals to transmit a standard letter-size page of
text with this high resolution in less
than aminute at adata rate of 4,800
bits per second. However, oversize
pages of closely spaced fine print
giving stock prices take up to several
minutes. An average page of text
contains about 50,000 bytes of data,
so that one 100-megabyte disk can
store about 1,000 documents.
The transmitter uses a chargecoupled-device sensor with discrete
photodiodes to scan the copy. Two
adjacent scanning lines are stored in
a 4-kilobit memory for the system's
two-line batch-mode run-length coding.
This coding scheme processes the
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16 bits and then some...
and Datawest packs it all together
DATAWEST will cut your data acquisition system and digital signal
processing system cost by applying time proven techniques to your
application. Putting together a successful analog-to-digital data
acquisition system requires more than just a good A/D converter.
Expertise is needed in signal conditioning, front end multiplexing
and digital techniques. DATAWEST has been designing and manufacturing systems for sophisticated applications for over a decade.
DATAWEST-designed systems, installed all over the world, are being
used in a wide variety of applications including geophysical studies,
vibration analysis, nuclear system monitoring and bio-medical
research. DATAWEST supplies complete analog-to-digital data
acquisition systems from input amplifier to computer interface,
including the DATAWEST line of array processors. Field proven
standard modules (plus custom interface circuits if needed) can
be assembled to provide reliable, cost-effective systems to meet
specific needs.

The 390 system offers high resolution and high speed
utilizing the DATAWEST 16-bit, 150 kHz A/D converter.
Other DATAWEST products:
• Array Processors
• Channel Simulators for IBM 360/370
• Digital Audio Delay Systems
• 12, 15 and 16 bit A/D Converters
• 12, 15 and 16 bit D/A Converters
• Complete Scientific Signal Processing Systems

DATAWEST
CORPORATION

For information
regarding DATAWEST products,
contact David Long, Director of Technical Marketing
7333 East Helm Drive • Scottsdale, Arizona • (602) 948-3280
TWX 910-950-1289 DATAWEST SCOT
Circle 69 on reader service card

Electronics international
information for all points along two selection of facsimile or phone, and a
lines. It then transmits the type of journal printer for confirming input
transition from point to point (from
information and certifying adblack to white or vice versa), as well
dresses. Among the microprocessor's
as the run length from one transition
functions in the receiver is generato the next. Because two adjacent
tion of patterns for message serial
lines on apage generally have avery
number and time of reception.
high correlation, processing two lines
Studies by NEC compare the cost
together greatly reduces the redun- of running the service with that of
dancy of transmitted information.
postage for special delivery, which is
At the receiver, the signal is
normalized as 100. On this basis, the
decoded to give a replica of the
facsimile system operating cost, inpattern on each line and is electro- cluding paper and power, is about 5,
statically printed on coated paper by and the cost for direct labor is also 5.
means of amultiwire stylus.
When more than 1,000 messages a
Both the transmitting and receiv- day are sent, the sum of these two
ing terminals use 8085 microproces- costs exceeds fixed costs, which are
sors for input/output control and system depreciation and line
automatic self-diagnostic functions. charges, and total cost per message
The transmitter console includes a is less than 20, or less than a fifth
10-key pad for selecting destinations, the cost of sending aspecial delivery
various function switches including letter.

West Germany

Technique screens resistors and conductors
directly onto printed-circuit substrates
Efforts to build higher-density
printed-circuit boards at lower cost
have paid off in a new production
technology at West Germany's PrehWerke. By allowing direct silkscreening of resistors and conductors
onto phenolic or epoxy laminates or
heat-resistant thermoplastic, the
technique yields higher component
density than conventional pc boards,
as well as acost advantage over film
circuits on ceramic or foil substrates.
Using the Seri-additive technique,
which derives its name from serigraphy, or silk screening, multilayer
arrangements and crossovers on both
substrate sides can be produced as
well as plated-through holes. Resistors can be made in awide resistivity
range—from 10 ohms to more than
2 megohms per square—and can be
laser-trimmed to within ± 1% of any
chosen value. The temperature coefficient of these resistors depends on
the resistance of the paste used. It
ranges from 0 to —300 parts per
million/per °C for values of less than
10 kilohms per square and from 0to
—800 ppm/°C for values greater
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than 10 kilohms per square.
Since the minimum line width is
0.3 millimeter, the main application
will be in consumer electronics. Preh
has made samples of Seri-additive
circuits for customers in the entertainment electronics industry.
Large-volume production will get
under way this year, says WolfErhard Steigerwald, senior vice president and inventor of the technology.
Benefits. The cost and density
advantages over pc boards stem from
silk-screening the fixed resistors
right into the circuit, explains Steigerwald. Not only does this increase
component density, but it also eliminates the need for manual or automatic component insertion and cuts
labor and device costs. The cost
benefits vary with the application, he
notes. "But generally, aSeri-additive
circuit with a number of fixed resistors screened into it costs no more
than a pc board of the same size
without fixed resistors."
Fabrication technologists the
world over have been pursuing similar goals. Among the most notewor-

thy rival techniques devised so far is
the U. S.-developed polymer thickfilm (p-rF) method [Electronics, April
27, 1978, p. 114]. It uses a polymer
and carbon paste for resistors and a
polymer and silver paste for the
conductors.
PTF has some problems, though,
not the least of which is that conductors made of the PTF paste do not
readily take to solder. The new technique achieves good solderability by
selectively coating the conductors
with a metal layer, preferably copper, in agalvanic- or chemical-deposition process. Only conductors to be
exposed to tin in the solder bath need
be so coated.
PTF may also develop cracks at the
interface between resistor and conductor, a result of the different
expansion coefficients of the materials used. But the same polymer
material is used for resistors and
conductors in Seri-additive, so
cracks and breaks will not form.
Another problem with PTF is that
conductors often suffer from silver
migration. This is prevented in the
new technique by covering specific
areas with aspecial resist layer and
by using aspecial thermoplastic.
The proprietary thermoplastic
substrate is nonflammable and resistant to temperatures well above
300°C. It does not warp or buckle
even after several times through a
solder bath. And Steigerwald claims
a cost advantage over epoxy-laminate substrates as well.
Making conductors. There are
three ways to fabricate conductors in
the Seri-additive technique. The first
is to screen on a polymer and silver
paste. Conductors using this compound become conductive right after
the curing process. Areas to be
soldered are selectively covered with
a copper or nickel layer, and all
other areas are coated with a resist
layer to prevent silver migration.
In the second method, both the
conductors and resistors are screened
on with apolymer paste. Areas that
are to serve as resistors are masked
with a galvanic resist, whereas the
conducting areas have a layer of
copper or nickel galvanically or
chemically deposited on them;
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Rx for painful "make or buy" decisions

EMM multi-configuration memory
No longer need you agonize over whether to
invest engineering and production time to build
your own memories or settle for an available
system that doesn't quite meet your requirements. The EMM MICRORAM 3500 multiconfiguration memory makes all that pain
unnecessary.

however, is the number and variety of available
options. On-card options include ECC (single
bit error correction and multiple bit error detec-

The 3500 offers 128K x 22 on a single card.
But it can be depopulated down to 32K if that
is more in line with your immediate needs,
yet remain field-expandable up to maximum
capacity.

No other comparable memory on the market
today offers such an extensive "shopping list"
of features and options. Call or write us today,
and let us prescribe aconfiguration to solve your
memory system problems.

The

outstanding

characteristic

of the

3500,

tion), and word or byte parity generation and
checking. Other optional features include page
mode, byte mode, error stop, a fault location
LED display, and battery back-up.

EMIR

EMM CSD The OEM Systems Division of Electronic Memories and Magnetics Corp.
12621 Chadron Ave., Hawthorne, Calif. 90250 • (213) 644-9881
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masking with a solder-stop resist
ensures that only the desired conductor areas accept tin on passing
through the solder bath.
Conductors are made of apolymer
and metal-oxide paste in the third
method. After screening and curing,
they undergo agalvanic or chemical
process that deposits copper or nickel layers selectively on them. These
layers make the conductors electrically conducting and at the same
time solderable. In all three methods
the curing process takes place at
220°to 250 °C.
El

Canada

Feed-forward amp
stretches TV link
At 145 miles, the new coaxial cable
television transmission system linking the capital of Canada's Manitoba province with four rural communities is the world's longest. What's
more, the use of new low-distortion
amplifiers yields a signal-to-noise
ratio of more than 50 decibels—
performance equal to that of present
systems, which run to 30 miles.
The system is expandable to 225
miles and carries eight channels in
the forward direction and four in the
reverse. "It's all made possible by
feed-forward distortion cancellation
in the repeater amplifiers," says
Jeffrey Rohne, adesign specialist for
Manitoba Telephone System, which

installed the cable.
"Until now," he continues, "conventional cable TV was limited to
about 30 miles by the buildup of
noise and distortion in the cascaded
amplifiers. We expect our amplitude-modulated vestigial-sideband
transmission to be able to handle
several hundred miles if we go to
frequency modulation."
Not new. The amplifier, built by
Century III Electronics of Vancouver, British Columbia, uses a phasedistortion cancellation principle that
is actually older than the commonly
used negative feedback idea. Though
it has been tested for several years, it
is only now coming into system use.
"It is just because negative feedback is so common that the feedforward concept has been neglected,
Rohne says. Moreover, it was not
possible until recently to get the
needed well-matched integrated-circuit amplifier chips. And, according
to Ronald Solomon, engineering
manager at Century III, the firm's
delay lines use lumped inductancecapacitance circuits instead of coaxial delays—a far more practical
approach for shaped delay.
A typical feed-forward amplifier
(see figure) consists of a preamplifier, two regular amplifiers, two
delay lines, and four directional
couplers. In operation, a small
portion of the distortion is first
extracted from the output of main
amplifier 2 by subtracting the input
signal after asuitable delay through
delay line 1. The extracted error
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signal at the output of directional
coupler 3 is then amplified by error
amplifier 3 and combined through
directional coupler 4 in opposite
phase with the main amplifier output
signal.
Cancellation of most of the main
amplifier distortion results, allowing
the user to run the amplifiers at high
gain levels to go greater distances.
And many amplifiers can be used
before the quality of the signal falls
below cable TV standards.
"The key to the feed-forward
design is the recognition that the
amplitudes and phases of the signals
on the upper and lower paths of each
stage need to be perfectly matched,"
Rohne says. If this is done successfully, from 20- to 30-dB improvement in distortion performance can
be realized in comparison with
conventional cable TV amplifiers.
Check on it. The operational
status of each amplifier is monitored
by a microprocessor that can be
interrogated from a central control.
Both failure and degradation as well
as maintenance functions can be
supervised from a central videodisplay circuit with hard-copy output and keyboard instruction entry.
Ultimately, the system will deliver
high-speed data, teleconferencing,
medical and educational television,
and telephony. A fiber-optics system
could also offer these services, but,
Rohne notes, "our cable system is up
and in service this year—meeting
customer requirements which cannot
wait for optical technology."

DELAY
LINE
2

DIRECTIONAL
COUPLER

p.
RADIO
FREQUENCY
OUTPUT

AMPLIFIER
3

Low distortion. To minimize phase distortion in a feed-forward amplifier, the delay lines and amplifier chips must be matched perfectly.
Depending on configuration and system specification, the preamplifier can be made as afeed-forward amplifier to boost performance.
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New GE-MOV€ II
Varistors for
improved transient
protection..,
via tighter clamping.

Fzripre."
New GE-Mov" II
Varistor

New GE-MOV® II Varistors incorporate improved
processing methods which offer significant performance advances in (1) clamping voltages, (2) current
handling, (3) transient energy dissipation ...and
yield the best combination of parameters for increased
protection against voltage transients and improved
circuit reliability.
For example, the popular 120 volt V130LA10 has
been upgraded in energy from 10 to 30 joules, peak
current handling from 1000 to 4000 amps ...and
with no price increase!
GE-MOV ® Il Varistors clamp dangerous voltage
transients and dissipate them as harmless heat
thereby protecting expensive and voltage sensitive
components.
GE-MOV ®II Varistors are available from any authorized GE Semiconductor Distributor or from any
GE Electronic Components Sales Office.

For a free design kit and samples of your choice,
write, stating your application, current and voltage
requirements, to General Electric Semiconductor,
c/o Bruce Bradley, West Genesee Street, Auburn,
New York 13021, or call (315) 253-7321. In Europe
contact The Electronics Trading Co., County Louth,
Dundalk, Ireland (042) 32371, Telex 6500.
222-10
*Registered Trademark of General Electric Co

There's more
to GE semiconductors
than meets the eye
GENERAL
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FOR 11
Intel's amazing new generation
Intellec" Series II
Microcomputer Development Systems
...everything you'll ever need to
evelop amicrocom
— •uter-based product.

The Intellec Models 210, 220 and 230 ar
fully integrated, packaged tools for develo •- re
testing your microcomputer-based products.
They'll each fit easily on your lab bench to help
cut months from your design cycle.

•

You can rent the newest generation microcomputer development systems today from REI and start taking advantage
immediately of the fast, flexible and cost-efficient Intellec
systems. Each can help you build amore reliable product.
And because these new Intellec systems are so compact,
they use less of your valuable laboratory bench space than
anyterocoirter development aid on the market.

Model 230 is the most powerful member of the Intellec
Series II family, providing you two double-density
floppy diskettes with over 1-million bytes of on-line
data storage, 64K bytes of RAM and an integral CRT.

The compact Model 230 also gives you adetachable, typewriter-style keyboard with upper and lower case characters
and cursor controls. Its powerful ISIS-II Diskette Operating
System has relocatable and linkable software and allows the
use of two high-level programming languages, PL/M-80 and
FORTRAN 80, plus the microcomputer industry's most
comprehensive line of macro assemblers. The system has over
l-million bytes of on-line diskette storage and will support
up to 23-million total bytes. The System Monitor (in ROM
memory) provides aSelf-Test system diagnostic, and interfaces for aprinter, paper tape reader/punch and universal
PROM programmer are also provided. Model 230 gives you
access to all the tools needed for your development work,
including software editors, assemblers, compilers and
debuggers, plus Intel's famous In-Circuit Emulators—
ICE-80, ICE-85, and ICE-48.

6141'

You can extend the powerful resources of an IntoRoc
Series H system into your own prototype for fast
and efficient software debug in your product's final
hardware environment. Just put your product on ICE
...ICE-80, ICE-85, or ICE-48,
all off-the-shelf at FtEI.

e system development,
you can rent the Model 220. Now.
The Intellec Model 220 is also acomplete packaged
development system. It has an interactive, 2,000 character
CRT with typewriter-style keyboard and afull-sized 256K
byte floppy diskette drive and 6-slot MULTIBUS card cage
in one compact unit. Model 220 gives you 32K bytes of
RAM program memory and 4K bytes of ROM. The ISIS-H
Diskette Operating System has arelocating 8080/8085
assembler, and the new system interfaces directly
to the ICE In-Circuit Emulators.

To emulate your own CPU or your entire prototype system in
real-time or single-step mode, simply rent the appropriate
In-Circuit Emulator module to match your system's microprocessor. And you can begin software debugging as soon as
your prototype has aprocessor socket and bus structure.

The Intellec Model 210 rents for the lowest price of
any packaged, full support development
system available —anywhere.

Capability-enhancing peripherals are
available for short-term rental, too.
You can add to the already extensive capabilities of the Intellec
Series II system with avariety of immediately available
peripherals. These include two Intellec Printers, two diskettebased peripherals (one single-density with
bytes of
storage, the other double-density with 1-million bytes of
storage). You can also choose ahigh-speed paper tape reader
and auniversal PROM programmer .... all of which are for
rent to

Model 210 gives you the minimum system required for the
rapid, efficient development of microcomputer software. It
has aROM-based editor/assembler combination which allows
the development of small 8080 or 8085 programs
completely in RAM memory, which minimizes your use of
paper tape. Plus, you can also rent aROM assembler/editor
for Intel's family of MCS-48 single-chip microcomputers.
The compact Model 210 has 32K bytes of RAM, 24K bytes
of ROM and its own microprocessor. Self-test diagnostics
capability is built-in. And it's easy to get started, too. All
you have to do is interface the Intellec 210 to your terminal.

More than 12,871 state-of-the-art instruments ...
off-the-shelf, throughout North America.
Iwant to know more about the Intellec Series II now!
Tell me more about: III Model 230 III Model 220 Ill Model 210
Call me at
111 Send me acopy of your free illustrated Rental Catalog.
Imight be interested in buying—on amoney-back guarantee—some of
your late-model, well-maintained "previously owned" equipment. Send me
your just-published Equipment Sales Catalog.
III Also, Ihave apressing need right now for the following:
Please phone me immediately at
NAME

TITLE

COMPANY
ADDRESS
CITY
PHONE NUMBER

STATE

ZIP

EXTENSION

Complete this coupon and return it today to
RE!, 19347 Londelius St., Northridge, CA 91324.

GSA #GS-04S-21963 Neg

•••••..,
111141111f

Northridge, CA (213) 993-7368
Anaheim, CA (714) 879-0561
Mountain View, CA (415) 968-8845
Dallas, TX (214) 661-8082
Houston, TX (713) 780-7218
Burlington, MA (617) 273-2770
Oakland, NI (201) 337-3757; Gaithersburg, MD (301) 948-0620
Des Plaines, IL (312) 827-6670; Ft. Lauderdale, FL (305) 771-3500
Cleveland, OH (216) 442-8080; Seattle, WA (206) 641-6444

C) 1978 Rental Electronics, Inc.

Rezdale, Ontario (416) 675-7513
Vancouver BC (604) 684-6623
Montreal, Quebec (541) 681-9246
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For one easy-to-use scope that:
Captures single-shot events...
Displays low-duty-cycle signals
clearly... Provides three channels
for the price of two...
HP's the Answer.
And the new 1741A is your scope. It
gives you aunique combination of features for amoderately priced 100 MHz
storage scope: Variable persistence for
clear viewing of glitches and low-dutycycle traces; storage for studying singleshot events; and third-channel trigger
view for convenience in making
simultaneous three-channel timing
measurements.
Excellent variable persistence
means abright, sharp trace you'd expect only on anonstorage scope. The
result is an easy-to-read display of fast,
low-duty-cycle repetitive signals. And
the ability to see leading edges and
glitches you'd otherwise miss.
Auto erase/Auto store. In Auto
erase you adjust the display rate up to
2.5 per second. After that, it's all automatic, which means you simplify set-ups
and eliminate smeared displays of digital
data. It's apowerful tool for capturing
those elusive glitches in data streams. In
Auto store, your 1741A is armed, and
as long as the instrument is fully operational and powered, will wait indefinitely, ready to store arandom, singleshot event when it occurs.
Third-channel trigger view,
selected at the push-of-a-button, lets
you observe an external trigger signal
along with channel A and B—three
traces in all—so you can easily make
timing measurements between all three
channels. In most applications, that
means three-channel capability for the
cost of atwo-channel variable persistence/storage scope.
For measurement
convenience, the

HEWLETT

1741A has aselectable 50 ohm input in
addition to the standard 1 megohm input. A 5X magnifier permits two-channel measurements as low as 1mV/div
to 30 MHz, without cascading. You can
even select aspecial modification (TV
Sync) to tailor this scope for TV broadcast and R&D applications. Priced at
$4250*, the 1741A is an exceptional
storage scope value.
Call your local HP field engineer today for all details. And for low-cost variable persistence/storage in a15 MHz
scope, ask him about HP's new 1223A

And here's something NEW for
scopes. HP's EASY-IC PROBES. A
new idea for probing high-density IC
circuits that eliminates shorting hazards.
simplifies probe connection to DIP's and
generally speeds IC troubleshooting. Ask your
HP field engineer
about them.
•Domesnc U SA
pnce only

PACKARD

1507 Page Mtn Road, Palo Alto, Ca'donna 94304
For assoaance col Washonen (301) 94845370. Chomp (312)
255-9800. Atlanta (404) 955-15CO. Los Angeles (213) 877-1282
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The longest in our
long line of laser firsts...

Bell Laboratories
Murray Hill, New Jersey 07974

Bell Labs scientists Roger Stolen and Chinlon Lin work
with a fiber Raman laser, one of a new class of light sources
that use optical fibers—up to a kilometer long—to produce
tunable laser light. At left, the laser's output—which contains
multiple Raman-shifted wavelengths—is taken off a beam
splitter and dispersed by an external grating to show the broad
range cf wavelengths that can be tuned.
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Bell Labs has developed some of
the world's most transparent glass
fibers to carry light for communications. We've also devised away to
make these highly transparent glass
fibers generate light. In fact, they are
the basis for anew class of tunable
light sources called fiber Raman lasers.
They're among the latest, and by far
the longest, of many lasers invented at
Bell Labs, beginning in 1957 with the
conception of the laser itself.

Looking back
These long lasers come from
along line of Bell Labs firsts:
1957: The basic principles of the laser,
conceived by Charles Townes, aBell
Labs consultant, and Bell Labs
scientist Arthur Schawlow. (They
later received the basic laser patent. )
1960: A laser capable of emitting a
continuous beam of coherent light—
using helium-neon gas; followed in
1962 by the basic visible light heliumneon laser. (More than 200,000 such
lasers are now in use worldwide. )
Also, aproposal for asemiconductor
laser involving injection across ap-n
junction to generate coherent light
emitted parallel to the junction.

1973: The tunable, continuous
wave color-center laser.
1974: Optical pulses less than a
trillionth of asecond long.
1977: Long-life semiconductor lasers
for communications. (Such lasers
have performed reliably in the Bell
System's lightwave communications
installation in Chicago.)

Looking ahead

Today, besides our work with
tunable fiber Raman lasers, we're
using other lasers to unlock new
regions of the spectrum in the near
infrared (including tunable light
sources for communications), the
infrared, and the ultraviolet.
We're also looking to extend the
1961: The continuous wave
tuning range of the free electron laser
solid-state laser (neodymium-doped
into the far infrared region—where no
calcium tungstate ).
convenient sources of tunable
In these new light sources, aglass
radiation exist.
1964: The carbon dioxide laser
fiber with high transparency and an
We're working on integrated
(highest continuous wave power
extremely thin light-guiding region, or
optics—combinations of lightwave
output system known to date) ;the
core, is excited by apump laser. The
functions on asingle chip.
neodymium-doped yttrium aluminum
pump light, interacting with the glass,
Lasers are helping us understand
garnet laser; the continuously
amplifies light at different wavelengths
ultrafast chemical and biological
operating argon ion laser; the tunable
through aphenomenon known as
phenomena, such as the initial events
optical parametric oscillator; and the
stimulated Raman scattering. This
in the process of human vision. By
synchronous
mode-locking
technique,
light is fed back into the fiber by a
shedding new light on chemical
abasic means for generating short and
reflecting mirror. If gain exceeds loss,
reactions, atmospheric impurities, and
ultrashort
pulses.
the repetitively amplified light builds
microscopic defects in solids, lasers
up and "lasing" occurs.
1967: The continuous wave heliumare helping us explore materials and
cadmium laser (utilizing the Penning
Fiber Raman lasers have
processes useful for tomorrow's
ionization effect for high efficiency) ;
conversion efficiencies of about 50%,
communications.
operate in pulsed and continuous wave such lasers are now used in high-speed
Also under investigation is the
graphics, biological and medical
modes, and are easily tunable over a
use of intense laser irradiation in the
applications.
broad wavelength range in the visible
fabrication of semiconductor devices.
and near infrared regions of the
The laser light can be used to heat
1969: The magnetically tunable spinspectrum.
flip Raman infrared laser, used in high- selective areas of the semiconductor
and anneal out defects or produce
We've used these lasers to measure
resolution spectroscopy, and in
epitaxial
crystalline growth. Laser
the properties of fibers and devices for
pollution detection in both the
annealing
coupled with ion
optical communications; and studies
atmosphere and the stratosphere.
implantation may provide aunique
of the lasers themselves have revealed
1970: Semiconductor heterostructure
tool for semiconductor processing.
awealth of information on frequency
lasers capable of continuous operation
We've played an important part in
conversion, optical gain, and other
at room temperature.
the discovery and development of the
phenomena. Such knowledge could
laser—an invention making dramatic
lead to anew class of optoelectronic
1971: The distributed feedback
improvements in the way our nation
laser, amirror-free laser structure
devices made from fibers, and better
lives, works and communicates.
fibers for communications.
compatible with integrated optics.

Since the new fiber lasers work
best at wavelengths at which they are
most transparent, we can make them
very long. The longest active lasing
medium ever built, in fact, was afiber
Raman laser over akilometer in
length. Studying the ways light and
glass interact over such distances is
part of our research in lightwave
communications.

Bell Laboratories
From Science :Service
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Biomation's K100-1)- no other
logic analyzer even comes close.
No wonder the K100-D is our fastest
selling new logic analyzer ever.
It gives you 16 channels, 1024 word
memory, clock rates up to 100 MHz,
signal timing resolution to lOns-plus a
built-in display and keyboard control.
Biomation's K100-D puts it all right at your fingertips —
more performance and features than any logic analyzer ever
It starts with the microprocessor-controlled keyp
jp
board and interactive video
display. To give you fast,
precise control, the display
serves as acomprehensive
control status menu, with
all selectable parameters
in reverse video. There's
asingle, labelled key
for each function, corresponding directly to status display choices. So guesswork
is eliminated.
For example, in the data domain, you can direct the
display to read in hexadecimal, octal, binary or ASCII,
or any combination, by selecting one of four control buttons
There's also aunique "sequence" key that enables you
to rearrange the order in which channels are displayed, to
aid in data decoding, to simplify side-by-side comparison
of timing signals and to enable you to cancel any channels
you're not interested in seeing. A separate key controls
horizontal expansion.
That gives you an idea of the K100-D's display versatility.
Here's apicture of its astounding capture capability.
ffli
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By providing tirrung
analysis of signals as fast
as 100 MHz, you can
me .sm ee
capture logic signals with
resolution to lOns. And
the 100 MHz clock rate
esses
protects against obsolesmm me .J5m. it
cence as the speed of your
em me me *pisystems gets faster and
faster. The K100-D also has
alatch mode that can
capture glitches as narrow as 5ns.
With the 32-channel input adapter, the K100-D is ideal
for exploring the new world of 16-bit microprocessors.
To give you unprecedented analysis capability, there's a
built-in Auto Stop capability you can use to detect, record
and display any match (or mismatch) between incoming
data and previously recorded data held in areference memory. Or using Search Mode
you can key in aspecific
word and the K100-D will
find it in memory.
To get the full impact of
the K100-D, you really
do need to have it at your
fingertips. That's why
we would like to arrange
ademonstration. Call us
at (408) 988-6800. Or, for
more information, write: Gould Inc., Biomation Division,
4600 Old Ironsides Drive, Santa Clara, CA 95050.
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Probing the news
Analysis of technology and business developments

Hot time in store for ICs
Demand for integrated circuits that can function at 250 C to 350 C
in industrial and commercial applications spurs research
by Nicolas Mokhof1, Components Editor

Demand is rising in the industrial
and commercial world for integrated
circuits that can do their jobs in the
250 °C to 350 °C range, and researchers are working hard to supply them.
While it has been common practice for some time to design with ics
capable of functioning over the full
military temperature range of
— 55°C to +125 °C, those chips
generally have been wrapped in
protective subsystems or systems.
But new applications go beyond that.
For example, adesigner might want
to put an operational amplifier lc in
asensor package to be placed on an
automobile's exhaust pipe to monitor
exhaust fumes, or a microcomputer
might have to live smack in the
middle of an airplane jet engine to
regulate engine speed, fuel flow, and
actuators.
The state of the art has not yet
arrived at that point, but judging
from the progress being made it will
not take much longer. "We're into
our second year of a full-fledged
program to develop and demonstrate
a high-temperature electronic technology," says L. J. Palkuti of the
Naval Research Laboratory in
Washington, D. C. "Our primary
aim is to satisfy the requirements of
uncooled electronics mounted on
aircraft engines."
At present, to maintain semiconductor devices at a safe 125 °C
ambient temperature, electronic
packages are cooled by interfacing
the engine fuel with the components'
heat sinks. "Eliminating the cooling
can save up to 20% in life-cycle costs
as well as improve reliability and
reduce system weight," says Palkuti.
He emphasizes that the program
mandates the running of existing
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commercial ICs at the higher 200°C
temperatures. Once this proves possible, it calls for minimum design
changes and minor process modifications to extend their temperature
range to 300 °C.
"The program consists of six
tasks, the first of which has just been
awarded as a contract to General
Electric Co. in Evendale, Ohio," he
explains. "They are to identify present state-of-art feasibility for ahightemp technology and recommend the
ics and the minimum modifications
needed to make them work. Whether
high-speed bipolar, complementarymetal-oxide-semiconductor on sapphire, or even integrated injection
logic will come up as asure winner is
hard to tell at this moment."
Following the completion, open
bids will go out to commercial lc
manufacturers, as well as system
houses, to redesign large-scale ICs
for operation at high temperatures.

Some nine months away, this task
will concentrate on devices like the
2901 4-bit slice microprocessor, 1-K
and 4-K random-access and readonly memories, op amps, 12-bit
analog-to-digital converters, power
amplifiers and power supplies, as
well as aslew of passive components.
Also, the Naval Research Laboratory is conducting an in-house investigation into possible contenders. So
far, the only thing Palkuti is sure of
is that aluminum-metalized devices
will not do the job at 300°C.
While melting is not a problem,
"you need refractory metarization
systems using high-quality elements
like titanium, tungsten, platinum,
and gold," he says. "Our preliminary
results for 300°C burn-in tests on
diodes, mos field-effect transistors,
and junction FETS have shown that
the best mean time between failures
achievable with aluminum-metalized
devices is between 10 3 and 10 4

HA-2600 OPERATIONAL-AMPLIFIER PERFORMANCE

—55° to 125°C

25°C
measured value

200°C
measured value

Input offset voltage

6 mV

1.2 mV

1.9 mV

Input bias current

30 nA

6.5 nA

100 nA

Voltage gain

70 K

166 K

180 K

Common-mode
rejection ratio

80 dB

92 dB

86 dB

Positive-power supply
rejection ratio

80 dB

100 dB

90 dB

Negative-power-supply
rejection ratio

80 dB

102 dB

91 dB

Supply current

3.7 mA

2 mA

3.6 mA
SOURCE

HARRIS SEMICONDUCTOR
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hours—and that falls short of our
reliability goals of 300°C with an
MTBF of 10 5to 10 6 hours."
Pioneer. A pioneer of hightemperature electronics has been
Sandia Laboratories in Albuquerque, N. M. There, researchers have
tackled problems of components
used in geothermal well-logging instruments for the last 21
/ years.
2
Their interest is not just in ics, but
in hybrid circuits operating from
25°C to 300°C for at least 100 hours
[Electronics, Dec. 8, 1977, p. 36].
"It's a twofold problem area,"
says David W. Palmer, principal
researcher. "You have to implement
circuit designs that are forgiving at
such temperatures; also, manufacturing processes must be adjusted for
the devices to operate at high
temperatures."
Palmer speaks from experience,
since Sandia has designed, built, and
field-tested hybrid microcircuits that
operate from 25°C to 300°C. They
are used in logging instruments for
geothermal wells, a market that is
the driving force behind exploration
into high-temperature ICs. "Most
people don't realize it, but half of
San Francisco's electricity is generated by hot steam sources," Palmer
points out. "And there are numerous
other places that depend on geothermal energy."
The other major area for hightemperature electronics is the oilwell drilling industry, where the
returns could prove lucrative. Palmer foresees an initial market of $20
million to $30 million ayear, once a
few commercial manufacturers start
putting hot ics on the shelf.
But how many semiconductor
manufacturers are interested in such
endeavors? Not many, according to
Palkuti. Only three have expressed
interest in the second task of the
Naval Research Laboratory's program, building and testing hightemperature ICs: Harris Semiconductor, RCA Corp.'s Solid State division, and National Semiconductor.
That could stem from the fact that
there are alimited number of manufacturers that have military radiation-hardened capability, an easier
stepping stone to hot ICs.
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Gate delay. These figures are from an 1
21_ test device fabricated with a modified process
developed for radiation-hardened applications. Tests were done at Naval Research Lab.

However, the Harris division, in
Melbourne, Fla., is the only manufacturer taking the deep plunge by
making standard-line devices specified to 200°C available off the shelf
within the next six months. "Our
dielectric isolation technology was
the prime consideration in going
ahead with the decision," says R. W.
Randlett, product planner for analog
devices.
Vital. "Dielectric isolation eliminates all the parasitic active devices
inherent in the more common junction isolation, as aresult of the extra
junction required to perform the
isolation function. This becomes
increasingly important at high temperatures, where increased substrate
resistance, increased HFE, increased
leakage current, and reduced VBE
combine to increase the sensitivity of
junction-isolated circuits and cause a
latch-up condition."
The results of tests on HA-2600
high-performance op amps confirm
Randlett's assertions (see table).
Future available devices contemplated by Harris are quad op amp
and quad comparator packages. Simultaneously, work is progressing on
an op amp for 300°C operation for
the naval laboratory's program.
Meanwhile, RCA is conducting an

internal search, looking at its highspeed bipolar line, as well as possible
e-mos-on-sapphire candidates.
Not one process technology is
being bypassed in this search. Even
though dielectric isolation looks
promising, c-mos and I
2L are also
heavy contenders. Bulk c-moS,
however, has been shown to be
susceptible to electrical- and radiation-induced latch-up, with the result that standard c-mos devices
latch up at high temperatures. But
this can be eliminated with minimum redesign, according to'Palkuti.
GE, which will be surveying the
industry's process technologies for
the Naval Research Lab, seems to be
leaning toward PL, atechnology that
can easily accommodate both analog
and digital circuits and seems to hold
up well at higher temperatures than
those that are normally specified.
What about devices produced on
gallium arsenide? With the majority
of present GaAs circuits designed for
microwave applications, there are no
readily available LSI devices for use
as general-function high-temperature ICs. But GaAs is known for its
ability to withstand temperature
excursions up to 450°C or 500°C.
That quality should keep the material in the forefront of the race.
El
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THEBEST-KEPT SECRET
I
NOPTO-ISOLATORS.
lamps, photodetectors, IR diodes,
et al. But we haven't said much about
our opto-isolators. Until now.
We have almost two dozen single
channel couplers. Two dual couplers.
And our exclusive quad coupler.
Listed below are the more popular
types.
Our pricing is aggressive. And there's

70% of all industry standard
opto -isolator types can be
found at Litronix.

Not too many folks know
Litronix has one of the broadest lines
of opto-isolators around. We've
told you about our LED displays and
Part
Number

Current
Transfer
Ratio %

Voltage

IL. 1

20

2500

IL-5

50

2500

IL-15

6

1500

IL-74

12.5

1500

4N25

20

2500

4N26

20

1500

4N27

10

1500

4N28

10

500

Description

No. of
Channels

Part
Number

our tech support. We'll duplicate
exotic test conditions, do parameter
guarantees, and even help you
trouble shoot.
So say the secret word (Litronix),
and cash in on the best opto-couplers
around. Litronix, 19000 Homestead
Road, Cupertino, CA 95014.
(408) 257-7910.

Current
Transfer
Ratio %

Voltage

Descript ion

No. of
Channels

I

4N32

500

2500

1

4N32A

500

2500

I

4N33

500

1500

1

IL-100

1000

2500

High Speed 75 nS

o

1

IL-101

1000

1500

High Speed 200 nS

I

o

1

ILCT6

20

1500

Photo Transistor

2

o

I

ILD74

12.5

1500

1

ILQ74

12.5

1500

Photo Transistor

0

0

o

Photo Darlington

1
I

.
i

1
1

2
4

0

litronix

AN
THE LIGH

OF

AFF ILIATE
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Circle 83 on reader service card

83

Series 500 Measurement and Control I/O System
A complete subsystem for all your signals.
•••1"

The newest member of the Neff SysteniI620 family. the S
500 Measurement and Control I/O System provides a sin
computer-controlled interface for various types of I/O sign

Series 500 includes a4K RAM in which the computer can
re scan lists, instructions and control words to operate
ripheral devices. Data is returned to the computer over a

commonly used in measurement and control applications.

Single DMA channel. Completely integrated and cabled

accepts contact closures. TTL or other voltage levels,

standard interfaces are available for most computers and

frequency inputs and low-level analog voltages. Its outp

ftware drivers are available for most popular operating

include contact closures, voltage levels and analog. In

stems.

addition. the Series 500 provides the interface to the
controlling computer and aserial data link to remote syste

nfiguring the system for any combination of I/O signals is a
pie matter. It's done with plug-in function cards selected
for the types of signals to be handled -up to 16 function cards
per assembly, expandable to 256 function cards per site.
Series 500 supports any of the Neff 620 systems for low-level
analog data acquisition.
Let us show you how the Series 500 can simplify the
instrumentation of your measurement/control application.

•

•

INSTRUMENT CORPORATION
Circle 84 on reader service card

1088 E. Hamilton Rd., Duarte, Calif. 91010
Tel. (213) 357-2281 TWX 910-585-1833
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Electronics abroad

French paint amixed picture
Despite uncertainties about the economy in general,
the electronics industries should find 1979 a fairly good year

by Andrew Lloyd, McGraw-Hill World News

Forecasters in France have dubbed
1979 the year of the phony recovery.
The phrase reflects uncertainty despite forecasts that the Gross National Product will expand between
3% and 3.5%, because alongside that
modest growth figure are much larger percentages: for unemployment,
which is at historic highs for the
postwar period, and for inflation,
which still threatens to run at
double-digit levels.
"It is going to be aphony recovery
for two reasons," says Alexis Westermann, marketing director for irr
Components, France. "People do not
believe in a recovery, so confidence
will be lacking, and there is no real
sign of any significant increase in
demand." Jacques Bouyer, chief
executive officer of La Radiotechnique-Compelec, the major components producer in France for the
Philips' Industries group, puts it
another way: "If investments do take
off again in 1979, it will only be a
result of non-French factors."
There is one big plus in the
outlook, however—political stability.
The ruling establishment coalition,
which a year ago seemed likely to
lose its majority in the National
Assembly, won out over the squabbling left-wing parties in the legislative elections. That ended fears
among businessmen that a left-wing
government would take control of
industry and run it mostly for the
short-term benefit of the workforce.
Despite pressure from the Left for
government measures to combat
unemployment, Premier Raymond
Barre has refused so far to launch
any large-scale package to stimulate
the economy. France was one of the
first countries to give its economy a
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boost after the 1974 crisis. This time
things might be different. Edouard
Guigonis, senior vice president of
Thomson-CSF and president of the
French professional electronics trade
association, says it does not look to
him as though the present government will step in to stimulate the
economy —"at least not with Barre
as prime minister."
What is more, Guigonis maintains
that the benefits companies must
pay when they lay off employees
militates against a recovery in
French investments. They are so
high that he asks, "Will people be
ready to invest in electronic automation equipment if it means getting
rid of people?"
Two other uncertainties loom
large on French planners horizons,
both having to do with the U. S.
First, there is the dollar. Guigonis,

for one, does not mince his words.
"If the U. S. plays the game of the
weak dollar, it will be the ruin of
Europe," he says.
The second worry is the prospect
of a dull market in the U. S. later
this year. The tougher it is for the
Japanese and Americans themselves
to sell in the U. S., the harder will be
their attack on European markets,
reason French executives.
Not all bad. All these worries integrate the frustrations built up over
years of less-than-boom conditions.
But when it comes to the electronics
industries, things are not really so
bad. Equipment markets, according
to Electronics' survey, are set to rise
some 13% to $8.07 billion. The only
sector tagged for really poor performance is production and control
equipment, forecast to rise only 4%.
(Percentages are not adjusted for

FRENCH ELECTRONICS MARKETS FORECAST
(IN MILLIONS OF DOLLARS)

1977

1978

1979

8,070

6,249

7,121

Consumer electronics

1,846

2,068

2,261

Communications equipment

1,538

1,841

2,223

Computers and related hardware

Total assembled equipment

2,260

2,564

2,885

Industrial electronics

202

222

242

Medical electronics

173

180

192

Test and measurement equipment

170

181

198

60

65

69

Power supplies

1,324

1,474

1,645

Passive and electromechanical

757

835

918

Discrete semiconductors

166

181

204

Integrated circuits

174

204

242

Tubes

227

254

281

Total components

Note: Estimates in this chart are the consensus estimates of consumption of electronic equipment obtained
from asurvey made by Electronics magazine in September arid October 1978. Domestic hardwaie
valued at factory sales prices and imports at landed costs. Exchange rate: Si equals 4.50 francs.
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NOW!
Measure
dc, ac and
ac-on-dc
current with
the F.W. Bell
Current Gun
probe

on your
voltmeter,
multimeter or scope.
This new clamp-on probe lets
you read from 0 to 1 kHz and
from 0 to 200 A, accurately,
safely, quickly. No disturbing
the circuit or insulation. Clamps
over conductors up to 3
/
4"dia.

Write for full specs today.

C
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inflation.) The stagnation—or
worse—comes mainly from the reluctance to invest and displace
personnel.
Consumer sales should rise some
9% to reach $2.26 billion. But that
may not be so healthy. Says one
industry statistician: "The French
cannot afford to buy or save for a
house, so they are spending more on
consumer items."
The big-ticket item is color television. Sales of sets should bound up
again this year to reach nearly $990
million. This is good news for receiver makers and their component
suppliers, who half expected a fall
off. Other fast-rising consumer items
are video tape recorders, whose sales
should more than double to $17
million, and video games, to rise
better than 20%. Sales of black-andwhite TV sets and phonographs are
going down.
Computer systems and electronic
office equipment will rise a strong
12.5% to $2.89 billion, according to
the survey. Not surprisingly, smaller
systems are pegged for the greatest
growth among general-purpose machines. French computer and communications sales are likely to
receive aboost from anew program
of education and industry aid
announced by the government [Electronics, Dec. 21, 1978, p. 61].
Getting the word. Word-processing equipment will make the most
telling gain among electronic office
equipment—better than 25% and
maybe even 30%, according to one
supplier. Even greater gains could be
logged, says one expert, if traditional
suppliers of office equipment in
France knew better how to sell
sophisticated equipment like distributed data-processing systems, facsimile machines, and telephonerelated hardware.
The communications sector should
be a pacesetter among French electronics markets this year. Sales are
forecast to rise almost 20% to $2.22
billion, thanks largely to a73% jump
in deliveries of electronic and semielectronic telephone central exchange equipment. Orders from the
government-controlled telecommunications agency have peaked. So

Keeping track. This ferrite process-control
center is maintained by La RadiotechniqueCompelec in its plant at Evreux.

French telephone-equipment companies will be pushing hard for export
business.
Defense electronics figures to run
strong, but there will be slowing
home markets for items like broadcast equipment and air-trafficcontrol installations. For this kind of
gear, luckily, French producers have
hefty export backlogs.
In components, Thomson-csF's
Pierre-Leonard Mestre, who heads
the company's components operations, is looking for agood first half
and aless good second half. "Orders
are in and stocks are low," he says.
Electronics forecasts a nearly 12%
rise for components overall, taking
them to $1.65 billion. Passive components will pull down the average—
their sales will rise less than 10%.
Semiconductors will do much better,
rising nearly 16% to $446 million.
Integrated circuits are still looking
particularly healthy with a sales
growth rate forecast at nearly 19%.
But there will be alot more than just
market figures to watch this year:
the government's moves to build an
indigenous manufacturing capability
will get under way.
Beneficiaries of government
funds, totaling $146 million over five
years, are Thomson-CSF and RTC for
bipolar development, Thomson and
its subsidiary EFCIS together with
Motorola for metal-oxide-semiconductor production, and ajoint venture between National Semiconductor and St. Gobain Pont àMousson,
also to produce mos circuits.
Third in aseries examining European markets.

4949 Freeway Om, East Columbus. Ohba 43229
Phone (614) 8i8-7501
TWX 810-337-2851
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Awelcome
new concept in
oscilloscopes

HAVE YOU HEARD?
Digital Oscilloscopes Now Thoroughly
Outperform Analog Scopes, both
storage and non-storage, in the bandwidth range to about 10 MHz.

ét,
t'

The improved performance appears
in many ways. Accuracies from 5 to
50 times greater (depending on plugin unit). Resolution 2 to 160 times
greater. Storage that's superb; nonvolatile, adjustment-free, quick, to
provide from 400 to 3200 times as
much stored information.
Digital oscilloscopes are easier to
operate than any remotely comparable analog scope. And, they are
amazingly versatile; doing just what
you'd expect any Scope to do, plus
many extraordinarily useful measurements that are impossible with analog scopes.
Without question, the best digital
'scopes in the world, by awide margin,
are Nicolet's EXPLORER series oscilloscopes. There's one to meet your
needs, in the models and plug-ins
described below.
THE PLUG-IN UNITS
Each Has Touch-Button Storage Control. Touch a button to store your
choice of the next, or the last preceding, waveform. Touch another button to return to live action. All plugins have retroactive sweep trigger.
This means that when you wish, the
waveforms displayed show what preceded the sweep trigger—and also
what followed. Each has conventional trigger controls, sweep speed
controls, and amplifier controls. All
models permit you to see live waveforms superimposed on astored waveform for high precision comparisons.
The two input models display and
store both signals simultaneously.
Electronics/January 18, 1979
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Model 204-1
and 204-2
These are one and
two input units.
with 50 ns rise
times, and 10 MHz
bandwidth (3 db
norm). Resolution
is 0.4% and accuracy ±0.5% of F.S.
Equivalent storage
writing rate (ESWR) 50 cm/ii sec.
Model 206-1
and 206-2

These are one and
two input units with
differential amplifiers, 500 ns rise
time and ESWR
5 cm/p sec. Resolution is 0.025%,
accuracy
0.2%.
Minimum observable signal amplitude 50 pv. Sweep
speeds from 500 ns to 200 sec/point.
SEEING IS KNOWING...
To really appreciate these new digital
'scopes you have to see them in
action. For a demonstration in your
lab, on your bench, with your signals
call Jim Bartosch at 608/271-3333
or send the reader service card for
descriptive literature.

e
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Model 201
This unit provides two input channels,
50 KHz bandwidth, ESWR 500 cm
ms. 5pv minimum observable signal.
Other features are 5iiv/hour: 2livrc
drift: 10 9 input impedance; excellent
CMRR: and L
-0.05% accuracy and
0 025% resolution.
MAIN FRAME
Both EXPLORER II and EXPLORER
Ill Provide Zoom-In Display Magnification Of Up To X64, with numerical
voltage and time values displayed
for any selected point. Both have YT
or XY displays and automatic vertical
trace centering. They allow you to
store up to 8 separate waveforms,
and display one at a time or two or
more superimposed. They provide
pen-drive signals for pen recorders.
EXPLORER Ill has athird bay. which
can accept either a plug-in disk recorder, or interface buss circuits, or
both. Choice of IEEE 488, RS 232
or parallel 12 binary.

NICOLET
INSTRUMENT
CORPORATION
OSCILLOSCOPE DIVISION
5225 Verona Road. Madison. Wisconsin 53711
Telephone: 608/271-3333

Circle 87 on reader service card

87

Probing the news

Commentary

Suits muddy software
Increased use of hardware-software mixes complicates
question of how computer makers may protect their investment
by Anthony Durniak, Computers Editor, and William Arnold, San Francisco regional bureau manager
The question of how best to protect
computer software is still unresolved
after more than adecade of debate.
The recent spate of lawsuits between
minicomputer and semiconductor
manufacturers may further cloud
the software protection issue—and
extend the confusion to protecting
the more intangible aspects of computer architecture.
With the growing power of semiconductor devices making computers
increasingly similar and less costly,
it is the systems and applications
software offered that separates the
various vendors' machines and accounts for more than half of their
development budgets.
Furthermore, the software investment inherent in the design and
marketing of microprocessors and
microcomputers has added the semiconductor makers to the list of those
affected by the software protection
issue.

Finally, increasing the importance
of the software protection question is
the trend to what is called soft architecture—a mixture of hardware and
software—which uses much microcode. Such mixes may be the most
difficult to protect.
As Calvert Crary, an attorney
who studies legal matters for the
investment firm of Bache Halsey
Stuart Shields Inc., New York,
notes, these recent cases "point up
an interesting theoretical question of
how to protect a data-processing
company when amajor portion of its
investment goes into software."
Suit and countersuit. The most
interesting is the suit filed last fall by
Fairchild Camera and Instrument
Corp., Mountain View, Calif.,
charging Data General Corp., Westboro, Mass., with violating the antitrust laws with its software licensing
agreements. Fairchild was one of the
first of agrowing number of compa-

Modes of software protection
With software currently considered unpatentable, the popular means of
protection, besides licensing agreements, are as trade secrets and by
copyright. Although lawyers and companies interpret the rules differently,
here are the basics:
Trade secrets are unpublished works with limited numbers of copies and
distribution. Customers sign agreements not to divulge the secret information
given to them and are liable for legal action if it can be proved they released
the information to others. Sperry Univac, for example, uses this technique to
protect all its software, and Intel uses it for source code of key software
products. Since January 1978, software has been eligible for copyrights,
and can be submitted to the Copyright Office on magnetic tape, punched
cards, or even read-only memories, some legal experts say. A listing of the
program and atruth table is usually also required.
Under either method of protection, the companies generally license
customers to use the software on aspecific model of amachine. Interestingly
enough, IBM also offers licenses that cover entire installations (all computers
in the same or contiguous rooms) and customer locations (entire groups of
buildings at the same mailing address).
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nies to market computers that emulate Data General's Nova computer
[Electronics, June 22, 1978, p. 88]
and was sued in 1977 by Data
General for theft of trade secrets.
Fairchild's action charges (as do
similar suits filed by sci Systems
Inc., Huntsville, Ala., and Digidyne
Corp., San Diego, Calif.) that Data
General is attempting "to stifle and
prevent competition from Fairchild
and other manufacturers and potential manufacturers of microprocessors and board-level processors
which emulate any of the Nova line
of computers" by "creating ascheme
of legal entanglement and threats
whereby any company which has
acquired a Nova computer ... will
be deterred from purchasing any
Nova-compatible processor manufactured by any other company."
Part of this scheme, the Fairchild
suit contends, is the machine-specific
software license Data General makes
its customers sign. These licenses
restrict the use of a given software
package to a particular model
machine.
The crux. Because software cannot be patented—the Supreme
Court reaffirmed that decision last
October—computer companies have
been using acollection of other techniques (see "Modes of software
protection"). Software can now be
copyrighted, but this is not considered as absolute aform of protection
as apatent because only the expression is protected—not the content of
the program or the approach taken
to solve the problem.
Software licenses have thus become the primary means of protection and are widely used often in
addition to a copyright notice by
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Teradyne finds the practical solution.
No. 9in aseries.

The test system administrator
Asensiole way to manage multiple test systems.
performed in real time
These days it isn't uncommon for a
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fastest possible utilsemiconductor plant to have on
ization. The unit is
line adozen or more test
not
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BACKPANEL
SYSTEMS
FABRI-PAK '
m multi-pin backpanel
systems feature acomplete line of
electrical interconnectors mounted on
a P.C. backplane. No external wiring
or soldering. Press-fit, gas tight
interfaces between contact and
plated-thru hole. Up to 12 layers of
multi-layer circuitry or 8 layers
sandwiched construction.
Commercial: Unlimited choice of P.C.
edgecard terminations. Grid spacing
.100, .125, .150, .156.
Military: Blade and tuning fork: .100
grid: snap-in polarizing bushing:
removable housing and pins.
Versatile, reliable, economical —
FABRI-PAK is the answer to your
backpanel requirements.
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NATIONAL CONNECTOR DIVISION
9210 Science Cl,. Drive/ Minneapolis, MN 55428/(612) 533-3533
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Send literature Li Call me 17
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ADDRESS
STAFE

12HONE

90

Circle 90 on reader service card

ZIP

Probing the news
both minicomputer and mainframe
manufacturers. This makes the antitrust charge the crux of the case. "It
certainly would help to know whether a contract that limits the use of
software to a specific machine is in
violation of the antitrust laws or
not," says Bache's Crary.
In its suit, Data General appears
to be trying to extend the licensing
protection beyond the actual software to the instruction set itself—
that repertory of basic operations
that the computer is capable of
performing. Data General claims
that Fairchild could not have designed a unit that runs the Nova
instruction set without stealing trade
secrets and violating the software
contracts. Crary notes that the
instruction set "has to be available;
otherwise people can't program the
computers." The protection of the
instruction set could become especially crucial to microprocessor makers, since it is one of the primary
basis of comparisons between versions.
In another case, National Semiconductor Corp., Santa Clara, Calif., is suing Digital Equipment Corp.,
Maynard, Mass., claiming that four
of Digital Equipment's PDP-11 patents are invalid for a variety of
reasons. This lawsuit is intended to
clear the way for National's marketing of a DEC-compatible computer
early this year.
Locking the bus. One of the
patents covers the DEC Unibus;
another covers the method used to
connect additional memory and peripheral devices to the Unibus. Since
bus structure in general incorporates
both hardware and software, it
represents one of the intangible
aspects of acomputer's architecture.
As Crary notes, "Patents on software are on extremely difficult
ground. The fact that hardware and
software are often combined to get
around the inability of patenting
software doesn't help clear up the
theoretical questions of software patentability."
DEC filed acountersuit last month
charging National with "wilful and
deliberate" infringement of its patents. In addition DEC points out in its

Electronics/January 18, 1979

Has your
power supply
vendor
left you
ut on a
b?

Maybe
you're involved in a
retrofit program — and
your previous supplier is no
longer around. Or you may be
well along on a new product
design — and your power supply
vendor can't deliver as promised. Or
perhaps he's made other promises he can't
keep. Interface promises. Performance
promises. Cost promises.
Whatever the problem, you're out on a
limb. And Powercube can help.
Our Cirkitblock® power supply modules
are readily available from stock. And you can use
these miniature modules to design systems that fit
(or retrofit) almost anywhere you want them.
You can also count on them to do what you want
done. Used for over adecade in major Military
and Space programs, these proven 1" x1" x2"
modules meet the toughest specs for size, weight,
performance and environment.
If you have apower supply problem —
or want to avoid one — check your requirements
with Powercube. Just call us at (617)667-9500 or
circle the reader response card.
It beats barking up the wrong tree!

0POWERCUBE
A SuELSIDIART OF uNITROOE CORPORATION
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POWERCUBE CORPORATION
EIGHT SUBURBAN PARK DRIVE
BILLERICA. MASSACHUSETTS 01821
(617)667 -9500
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Bowmar's new analog APM-100

gIves you what other
panel meters don't
It

There is no other panel meter like our new
APM-100. The LED bargraph display can be lit
from zero to full 3" scale with 2.5 msec response
and 1% resolution. High input impedance -well
in excess of needle APM's. High reliability.
Completely solid state; immune to vibration,
sticking, and over-travel. No high voltages, no
blurred numbers. Overrange and underrange
indicators. Full scale and zero adjust. Center
zero, differential input, autopolarity and
brightness control options. New. Unique. Smart,
trim design. Great way to design your panels for
up-to-the-minute styling. Space saving, too.
Send for complete information on our new
APM-100. It gives you what the others don't!

Probing the news
court papers that two prior court
challenges of the patents by California Data Products and Lockheed
Electronics "terminated in consent
decrees of validity and infringement
with injunctive relief against further
infringement."
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From Electronics
Magazine Book Series.
Zero-risk trial offer.
Design Techniques
for Electronics
Engineers.

LI
24 mcd
@ 10 mA

Xciton's
/id liquid phase epitaxial
manufact
lines produce the
world's bri test green LED lamps ..
luminous intensities of 24 mcd can be
obtained with drive currents of I0mA.
Xciton's green LED can be used
interchangeably with existing red LEDs
without change in drive currents.
High efficiency green LEDs are available in the standard T-1 3/
4
and T-1
package —for volume applications and
custom needs.
Spec sheets for Xciton's other
Optoelectronic products ...such as
High Performance LEDs, Resistor LEDs.
Tri-State LED, High Output Infrared and
Visible Emitters, LED Hybrid Numeric
Displays and materials ... are available
from your Xciton Sales Representative
or the factory direct ...call

Cliff Jurus at

Xciton Corp.
5 Hemlock St., Latham, N.Y. 12110

(518)
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Nearly 300 articles
drawn from
"Engineer's
Notebook." A
storehouse of
design problem
solutions. $15.95

783-7726, TWX: 710-444-4962
Circle 217 on reader service card

Electronics Book Series
P.O. Box 669, Hightstown, N.J. 08520
Send me

_copies of "Design

Techniques for Electronics Engineers"
at $15.95 per copy.
Discounts of 40% on orders of 10 or more copies.
I must be fully satisfied or you will refund
full payment if the book is returned after tenday trial examination.
D Payment enclosed
D Bill firm
D Bill me
charge to my credit card:
American Express D 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

Zip

What makes the protection issue
involved in these cases more significant is the increasing number of
companies marketing hardware that
emulates another company's computers. Although applications programs can often be run on more than
one vendor's machines—obviously
calling for protection from piracy—
the operating system software is
written for a specific computer and
up to now was worthless on another
maker's model.
Yet this system software, which
increasingly determines the characteristics and performance of a computer, can now be run on an emulating machine, thus making it, too,
subject to piracy. Since this represents a growing portion of the
computer and semiconductor company's development outlays, system
software becomes as critical to
protect as the schematics of the logic
circuitry.
Although IBM Corp., Armonk,
N. Y., also uses machine-specific
licenses, it has never legally challenged a user of any of the many
processors compatible with its System/370. But most agree that is only
because the company, which is
already charged with antitrust violations by the Justice Department, did
not want to add fuel to the antitrust
fire. As for its instruction set, IBM
considers that to be in the public
domain.
The recent suits provide more
impetus for the courts or Congress to
set the precedent for software protection. But John McManus, an
analyst with investment bankers
Shearson Hayden Stone Inc., New
York, says the companies involved
will find their futures determined in
the marketplace. "They can't wait
until the suits are settled in court.
Both DEC and Data General will
fight the emulators in the marketplace on price and performance
grounds.

Signature
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HARD WORKING ECONOMY
OR HIGH PERFORMANCE
VERSATILITYTHE CHOICE IS YOURS.
No matter which Gould strip chart recorder you
choose, you get rugged design and outstanding
reliability. Both the Model 105 and the Model 110
are at home in your plant or in the lab and both
offer 99.9% linearity, 10 chart speeds and sealed
follow-up elements.
The Model 105 recorder features a die-cast flat
bed design, easy loading z-fold paper, one or two
channels, 1mV full scale to 10 volt measurement
range, multicolor felt tip writing and English or
metric chart speeds.
The Gould Model 110 offers the additional
versatility of plug-in amplifiers covering a wide

Circle 93 on reader service card

range of fixed and multispan voltages and temperatures. The Model 110 features a lifetime
guaranteed fine line thermal pen, roll paper and
is available for rack mounting or portable operation.
It all depends on what your application calls
for, hard-working economy or high performance
versatility. Gould has both.
For complete information contact Gould Inc.,
Instruments Div., 3631 Perkins Ave., Cleveland,
Ohio 44114. (216) 361-3315.
For brochure call toll free: (800) 325-6400, ext
77. In Missouri: (800) 324-6600.

Probing the news

Companies

AMC sees robust future
Advanced Micro Computers Inc. will take advantage of skills
of its parents, AMD and Siemens, in single-board market
by William F. Arnold, San Francisco regional bureau manager

With the business in single-board
microcomputers expected to highball
toward a $500 million market by
1982, Advanced Micro Computers
Inc. believes it is on the right track
toward a market share of 10% or
better. To meet that schedule, the
year-old company plans to capitalize
on what it considers aunique advantage: the products and marketing
organizations of its parents, Siemens
AG of West Germany and Advanced
Micro Devices Inc. of the U. S.
The joint venture can offer boards
based on bipolar 4-bit-slice chips, as
well as on 8-bit and 16-bit n-channel
metal-oxide-semiconductor devices,
and incorporating major or proprietary parts from either side of the
Atlantic. For example, this spring,
the Santa Clara, Calif., firm expects
to launch the first of its Z8000 products built around the 16-bit microprocessor that parent AMD is secondsourcing from Zilog Inc. [Electronics,
Sept. 14, 1978, p. 52], according to

Robert Sumbs, director of marketing, and James R. W. Clymer, managing director of U. S. operations.
Z8000 products will include evaluation boards and development systems, they add.
But even with its powerful parentage, is AMC coming to the market
with too little too late? For one
thing, it has tough competition.
Among chip makers, Intel Corp.
virtually owns the board business;
then there are the likes of Motorola
Semiconductor Group, National
Semiconductor, Texas Instruments,
Mostek Corp., and Zilog. Nor does
this list include other firms in the
field that make only boards.
Another question is, has AMC had
teething problems in getting the
right people? "Only for one slot,"
Clymer responds, and that was for a
departing marketing manager. "All I
can really say is that we significantly
beat our business plan," he adds.
However, a permanent general

An opportunity for Siemens
For Siemens AG, its partnership with Advanced Micro Devices Inc. in
Advanced Micro Computers is more than just another money-making enterprise. Rather, the Munich-based electronics and industrial giant sees AMC as
a means of not only strengthening its position at home in Europe but, with
the 20% of AMD it also acquired, as a way of gaining a foothold in the
technology-rich Silicon Valley. As far as marketing goes, the agreement with
AMD gives Siemens worldwide rights to market AMC products except in the
U. S., Canada, Japan, and Israel.
Siemens forecasters see the world market for single-board microcomputers as $280 million this year, with Western Europe accounting for 20% and
West Germany making up 35% of the European figure. The company says
that the annual rate of increase will amount to nearly 20% for the world
market and 40% for the West European portion. It figures that by 1982 it will
have 10% of the world market and a bit more than that of the West European
segment. The prime customer targets for AMC's products are producers of
measuring and control equipment with production runs of up to 500 pieces
of one type of equipment, it believes.
John Gooch
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manager has yet to be found since
Anthony Holbrook left in November
to become Amp's vice president of
bipolar operations. Leo Dwork, formerly manager of Amp's bipolar
division, is acting as general manager to help take some of the load off
AMD president W. J. (Jerry) Sanders
III, who is also AMC'S chief executive officer. Clymer, formerly Amp's
applications engineering manager
for linear and mos products, has
been on board from AMC'S inception;
Sumbs joined Aug. 1 from Zilog,
where he was marketing director.
"The potential seems to be there,"
observes an industry analyst. "They
have the 8080 line and they're
getting the Z8000, so they should
have some powerful products." But
he cautions that starting up aprofitable board business probably will
take longer than AMC thinks.
Competitors generally refrain
from commenting publicly about the
new company. However, asource at
one large East Coast board maker
says, "AMD is a noted bipolar chip
maker, so AMC has the proven 2900
microprocessor. Unlike most companies starting out in this field, they
have experience and resources behind them. They won't fold over the
short haul."
In any event, AMC estimates its
volume at the end of its first year at
$4 million to $5 million-30% of
that outside the U. S. It should be
several times better by the end of the
second, executives predict.
"The biggest market right now is
in process and industrial control,
including in-house original-equipment manufacturers," Sumbs declares. On the other hand, part of the
market also lies in selling to "labora-
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FPS Expands the-Scientific Universe
of PDP-11 Applications
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FPS MAKES GREAT COMPUTERS BETTER
The FPS AP-120B Array Processor
•
A great contribution to technology, the
DEC PDP-11*. but it can't give you the
computational power required for many
scientific applications. That's why FPS
developed the AP-120B Array Processor.
The AP-120B Array Processor gives
economical minicomputer systems the
extraordinary computational power of
large scientific computers. For example.
an AP-120B has been used in aPDP-11 34
system to reconstruct and analyze complex digital images. Without the AP 120B. the task would take more than two
hours. With the AP-120B, it takes less
than thirty seconds
that's a 240X
improvement!
A PDP-11 70 rind AP -120B would offer

•

even greater data handling capabilities.
The FPS architecture is no secret. Internally synchronous operation and seven
parallel data paths provide unequalled
cost performance. reliability, and programmability. Programmable I0 units
also enable exceptional features, such
as direct control of disc storage and real
time data flow.
Controlled by simple subroutine calls
from aFORTRAN program in the PDP-11.
or other host computer. FPS Array Pro
cessors can be programmed by selecting
routines from the extensive FPS Math
Library. by writing new routines
in the relatively simple AP Assembly
Language. or through use of the AP
FORTRAN Compiler.

Hundreds of FPS Array Processors are in
use today by people who want to retain
the hands-on control and affordability of
a minicomputer system. but require the
exceptional throughput of a large mainframe for their application.
Find out how this new power in computing (typically under $50K complete) can
benefit your application. For more
information and an FPS Array Processor
brochure, use the reader response
number or coupon below. For immediate
consultation. contact Fleoting Peint
Systems directly.

• .4 .1\11f

The Age of Array Processing Is Here...and FPS Is The Array Processor Company.
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CALL TOLL FREE 800- 547- 9677
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IS YOUR SCREENING PROGRAM FOR
MICROCIRCUITS GIVING YOU THE

COST-EFFECTIVE RELIABILITY
THAT YOU EXPECT?
IF NOT, YOU WILL GREATLY BENEFIT BY
READING RAC'S LATEST TECHNICAL
RELIABILITY STUDY:

MICROCIRCUIT
SCREENING
EFFECTIVENESS
• Design factors affecting microcircuit
reliability • TTL, MOS, linear; SSI, MSI, LSI;
flatpacks, cans; plastic and hermetic seals
• Screening for technology- and packagerelated malfunctions • Thermal-mechanical stress analyses • Burn-in stress
analyses • Screening cost effectiveness • Reject rate distribution • 104 pages
• Ordering No. TRS-1. $30 per copy ($36 non-U.S.) prepaid

RAC
Reliability Analysis Center
RADC/RBRAC

• Drftfiss AFB, NY 13441

• Tel. (315) 330-4151; Autovon: 587-4151

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

Circle 251 on reader service card

ONLY

'TOTAL TAX BITE
Computed by est,mating effect
of exemptions and subsidies

*50/0

OF YOUR NET INCOME

United States

Virgin Islands
OFFERS A TOTAL TAX PACKAGE.
Benefits include subsidies or exemption of income, real property, gross receipts, and excise
taxes as well as customs duties. AND the Federal Government grants duty free entry into the
United States even if your product contains an allowable percentage of foreign materials and
components

VIRGIN ISLANDS

DO YOU QUALIFY?

write
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INDUSTRIAL DEVELOPMENT
COMMISSION

MORRIS MOSES—DIRECTOR
P.O. Box 1692 EL 9-1
st. Thomas
UNITED STATES VIRGIN ISLANDS 00801
Phone 809 ,774-1417 Teles DM( OM 1470061
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Probing the news
tory environments that buy one or
two boards each."
To get that business, the company
created in its first year four Intelbus-compatible boards, led by the
95/4000, which it calls the industry's most powerful single microcomputer board [Electronics, Oct. 12,
1978, p. 34]. In development is a
4005 version with less on-board
read-only memory and more peripheral control functions.
Due this year is the floppy-disk
controller board run by its own
8085A and designed to be a truly
intelligent peripheral, Sumbs says.
Three boards are already out: the
$595 95/6011, which can be added
to Intel boards to give them floatingpoint capability, the 95/1032 32-K
random-access memory board, and
the 95/5032 32-K erasable programmable read-only memory board.
For even more processing punch,
AMC is considering a new 8085Abased board designed as a central
processor board instead of a monoboard computer. It would have 20bit addresses and 64 kilobytes of
memory so that it could track more
data. Another possibility is a super
Z8000 board based on AmP's 2900
series of bit-slice parts.
However, as the 16-bit Z8000
boards come out, how important is
all that 8-bit 8080 user base? "The
16-bit area is going to be interesting
from a systems standpoint," Clymer
answers. "The people using components are primarily updating the
machines they have, but there's
surprisingly little interest among
8-bit users to stay machinelanguage—compatible." But Clymer
says that AMC is going to help bridge
that gap by coming out with a
compatible Z8000-8080 family
board set in the next 12 to 16
months.
Sumbs and Clymer report that
although AMD and Siemens are an
ocean apart, they produce complementary parts for their joint venture's board business. For example,
AMC markets a Siemens-developed
board based on a 3-megahertz 8085
and featuring 22 input/output ports
and on-board battery backup for its
complementary-MOs memory.
EJ
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ON THE BENCH,
THE MOST ADVANCED DVM.
IN SYSTEMS TOO.
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The new 8502A digital voltmeter—the precision DVM
just right for both systems and bench applications.
It's right because it brings all the power of the 8500A,
the world's most advanced system DVM, to the front panel.
Press SCALING and enter
any multiplier to scale volts,
ohms or amps to temperature,
percent, engineering units,
or any scale of convenience.
Press OFFSET and add or subtract any numerical value to set
your prescaled units to the right reference point.
If you're looking only for agood/bad indication, use
LIMITS and key in both high and low tolerance values on
any function. After that you'll get afriendly "Hi, Pass or
Lo" reading at full accuracy.
The 8502A remembers its highest and lowest readings. Leave it unattended on astability test, for example,
then touch PEAK, HI and LO later to observe the amount
of drift that occurred.
Want 61/
2-digit resolution? Press HI
RES and get it on all functions. This lets
you utilize the full instrument accuracy
—6 ppm on DC volts.
The 8502A is fast—up to 250 readings/second on the bench, 500/second
in asystem. This speed is put to work
to provide noise rejection through digital averaging. Adding analog filtering
gives you up to 100 dB NMR.
Calibration memory is aFluke exclusive that saves time and money.

"Y=AX+B"

o

JIM

Circle 218 for information
Circle 97 for demonstration
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Without removing the voltmeter or taking off covers, simple recalibration is done from the front panel in afew
minutes. Lab calibration is recommended only once a
year if calibration memory is used.
The five FUNCTION pushbuttons are evidence of
another exclusive. Besides volts and ohms, the 8502A
can have AC and DC current capability installed, afeature not available in any other precision DVM.
We even provide diagnostic error codes to keep
you out of trouble by identifying programming mistakes and hardware errors.
For systems use, we offer more interface options
than anyone: IEEE 488, RS-232 or full parallel. And, a
switchable front/rear input option is available.
U.S. base price: $2595.
For more information, contact any one of the more than 100 Fluke
offices or representatives, worldwide. In the U.S., CALL (800) 426-0361*,
TOLL FREE. Residents of the U.S.A. and all countries outside Europe,
contact: John Fluke Mfg. Co., Inc., P.O. Box 43210, Mountlake Terrace,
WA 98043, U.S.A. Telex: 32-0013.
In Europe, contact Fluke (Nederland) By., P.O. Box 5053, Tilburg,
The Netherlands. Telephone: (013) 673973. Telex: 52237.
*Alaska, Hawaii, Washington residents — please call (206) 7742481.

FLUKE
6104-8002

Alot of people are
We're delivering now. At Siliconix,
CODEC is more than just talk. Our
DF331/DF332 per channel system is now in
volume production to support volume
requirements. Prices are low and going even
lower as more and more systems commit to
Siliconix' format. Since ours is the only CODEC
with alicensed second source, we've got
everything it takes to be the first industry
standard. And you're assured of designing
PCM or PABX systems with parts that are here
today and asupply that will be going strong
when you move into production.
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98

Siliconix puts
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talking CODEC.
Volume availability, alternate sourcing and
good economics — they're all excellent
reasons to call Siliconix first. Perhaps the
best reasons, though, are the unique
features and performance of our CODEC.

Flexible designing Siliconix' CODEC
gives designers three additional advantages
that can make the switch to digital even
easier. In D-3 channel banks, our A/Bsignaling
capability eliminates external circuitry
and further simplifies timing requirements. An
internal auto zero feature holds input
offset voltage to aminimum. And designers
working on conference calling PABX
applications will like our decoder's fast conversion rate. Since it operates four times
faster than the encoder, you can design with
multiple time slots to asingle decoder.
Get us on the line: (408) 988-8000.

Gain Tracking DF331/DF332 Pair

Low Power Siliconix' two-chip

CODEC gives designers low active power and
even lower standby dissipation. Typical
active requirement for the chip pair is only
80 mW. In standby, power is reduced
to 11 mW.

Superb specs

Backed by Siliconix' 17
year experience in high performance
analog circuitry and CMOS technology, our
CODEC coder/decoder pair is designed
to perform to ATT D-3 channel bank system
specs and CCITT specs shown.

Talk to our CODEC marketing manager,
Barry Boulton. He's ready to help you get
Siliconix CODEC into your design — and
into your hands. He'll give you details, data
sheets and delivery schedules. Or write
Barry at Siliconix, Inc., 2201 Laurelwood Road,
Santa Clara, CA 95054.

/1 Siliconix

Asynchronous operation Since
encoder and decoder are separate parts
in Siliconix CODEC, you don't have to depend
on local clocks for timing. Independent
timing means simpler circuit requirements and
more efficient signal processing.

it on the line.
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The friendly desktop computer system...

They're solving big problems.
They've learned what computer power is all about. HP's System 45 desktop computer
provides the simplest, most direct way to asolution—from the problem in your mind to afinal report
or plot, quickly and easily. That's why more and more problems thought to need
abig computer are now being solved by System 45.
This powerful graphic, computational tool operates with awide range of input, mass
storage and output peripherals. As for software, we don't think you should
have to write all the programs you need to solve your problems. That's why we have a
wide array of practical, user-tested software to help you handle statistical analysis,
engineering design, management science, business administration and
much, much more.
In the graphics system shown, the input device is the HP digitizer (9874A),
the mass storage is the internal dual tape drives, and the
output is the HP 4-color plotter (9872A). You can interface System 45
with virtually any instrument found in the scientific

But not on abig computer.
or engineering environment. All interface cards, cables and I/O slots
are designed for quick "plug in and run" operation.
In addition, the System 45 Enhanced BASIC language allows you to upgrade
any peripheral—internal printer to line printer, CRT graphics to 4-color plotter,
tape drive to floppy disk—by simply changing one statement with
no other software modification.
If you'd like to solve big problems on your own terms, at your own
pace, and in your own work environment, you need the power
and flexibility of the friendly HP System 45. Power in terms of fast, simple
solutions, and the flexibility to solve more big problems than you probably
thought possible.
For brochures describing System 45 and the HP programs of interest to you,
call the HP Literature Center toll-free day or night.
The number is 1-800-821-7000, Extension 400. (In Missouri,
call 1-800-892-7655, Extension 400.) Or, call your
nearest HP sales office for ademonstration.

CM. ORE.

FORMA, ION

le

Hard copy record from CRT display
of non-linear regression curve

L.

4-color plot of three-variable data
in a scatterran ,

—

CRT graphic display of input
to Fast Fourier Transform.

Printer/Flotter output ot
project schedule (GANTT chart).
«so

HEWLETT e i
ï PACKARD
3404 E Harmony Road, Fort Collins, Colorado 80525

For «seance/ call Wasrangan (301) 9484370 Chcago (312)
255.9800. Atlanta (404)955-1500 Los Angeles (213) 877-1282
Ask for an HP Oresictop Computer roommate,»
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Digital signal processing is here.

TRW takes another step

in digital signal processing

PRESENTING
OUR 33-NSEC, ONE-CHIP
ANALOG/DIGITAL CONVERTERS

We've developed a family of
single chip, 30MHz A/D converters
with VLSI technology. They're TTL
devices that bring all the advantages of digital signal processing
to high-speed, wide-bandwidth
signals like those used in radar,
broadcast video and closed-circuit
TV systems. We've designated
the 8-bit converter TDC-1007J
and the 6-bit device, TDC-1014J.
With digital processing of video
signals,

eight-bit resolution. It is a single

-1014J needs only 750mW. Both

chip with 255 comparators and a
resistive voltage divider. Activating

are radiation hard.
The TDC-1007J (in 100s)

a single device pin strobes
the comparators, encodes all their

is priced at $485. The TDC-1014J
(in 100s) is priced at $186. (And
these are only our introductory
prices—they will go lower like all

binary outputs into an eight-bit
word, and stores the word in an output latch. All this can happen 30

monolithic devices.)
Like all TRW LSI products,

million times asecond—now that's
video-speed data conversion!
The TDC-1007J provides four

the TDC-1007J and -1014J are
available from stock at Hamilton/
Avnet. For more information,

output data formats and does
not require a sample-and-hold
circuit at the front end; it is unsur-

send in the coupon or talk to one
of our digital signal processing

you can

passed for both NTSC and PAL

experts at 213/535-1831.

use simple
algorithms to
control video images of
all kinds. You can freeze, store,
and replay the action; compress
and expand time; fade in, fade out,
wipe, and superimpose—all
under non-critical digital control.

color video systems.
Our six-bit converter chip, the
TDC-1014J, is no falloff from the
larger device—it is made with

TRW LSI Products
An Electronic Components Division of TRW Inc.
P.O. Box 1125
Redondo Beach, CA 90278

Our inexpensive A/D converters make the connection to
all this flexibility.
Because we invented TTL and
refined it to the level of VLSI, our
converters enjoy the luxury of operating as flash converters, rather
than depending on tedious, successive-approximation techniques.
Our TDC-1007J features full
Electronics/January 18, 1979

its own 63-comparator mask set
and features all the speed, linearity, and utility of its big brother.

Please send data sheets on the new TDC-1007J,
8-bit and TDC-1014J, 6-bit A/D converters.

Name

Use it for applications that call for
reduced resolution and cost—
like ultrasound, X-ray, radar, and

Company

De../Dept

CCTV.
Both the eight-bit A/D and the
six-bit A/D are packaged in

Mad Code

Address

City

industry standard DIPs. The larger
-1007J has 64 pins; the smaller

State

Z,p
E-1

-1014J has 24. They are both
powered by +5V and -6V supplies;
the -1007J uses 2W and the

TRWLSI PRODUCTS
...tor Digital Signal Processing

Circle 1G3 on reader service card
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If that isn't enough to wake you
up, this is: $945.
That's right, well under a
thousand dollars for the most
versatile test instrument we make.
Model 148 contains two complete
generators: amain function
generator and amodulation
generator.
The main generator outputs
200p.Hz to 20 MHz with up to 30
volts peak-to-peak. You can
modulate the amplitude from zero

through 100%. Modulate or sweep
the frequency through three
decades. Modulate phase plus or
minus 50 degrees.
The main generator output can
also be internally or externally
triggered and gated, or varied in
symmetry for pulses and ramps.
And here's another eye-opener
—an "overload" alarm lights
when your output is being
distorted.
Check us out against the

competition. You'll see that, once
again, we've caught the other
guys napping.
For information, circle our
reader service number or contact
us direct.
Wavetek, P.O. Box 651,
San Diego, CA 92112. Phone (714)
279-2200. TWX 910-335-2007.

AVETEK

20 MHz AM/FM/PN GENE/NCO*

Ave -rel<
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Industrial and other stand-alone applications require languages
that are competitive with assembly-code programming
by John G. Posa,

Microsystems and Software Editor

Microcomputer programs are starting to cost too
much. The longer and more sophisticated they become,
the more impractical it is to code them in assembly
language and the more appealing becomes the use of
higher-level languages.
Studies show that each line of a program costs about
$10 to write, which is outrageous compared to the cost of
the chip that will eventually execute it. Worse still,
maintaining programs can cost up to three times as
much. However, it is also said that programmers write
the same number of lines a day, regardless of the
language they use—and whereas assembly language
generally produces one line of machine code per instruction, high-level languages generally produce several.
On the face of it, then, high-level languages should be
This is the first article in a series on using high-level
languages to program microcomputers.

Electronics/January 18, 1979

the way to go, because they make more efficient use of
the programmer. For one thing, they more directly
represent the logical flow that the programmer has in
mind once he has figured out an initial algorithm and
made a flow chart of it. Also, their commands and
keywords are more like English, which again helps with
the writing of programs. More importantly, this similarity allows the code to be more easily read, whether by its
author or by others, so that it is more painlessly modified, updated, and repaired. This program maintenance,
as it is called, is easiest to do on structured programs,
because their functional blocks or modules can be
altered individually, without upsetting the overall effort.
On the other hand
However, compared with assembly language, highlevel languages make less efficient use of the computer.
In general, they require more time for execution and
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macro-assembly language, which is at a higher level of
organization than assembly language but at alower one
than high-level languages. Such a language assigns
symbolic names to lists of or to individual assemblylanguage instruction statements, which are executed
whenever the names are called. These macroinstructions
are ideal for many applications because they yield
programs that are almost as condensed and fast as those
coded in assembly language but quicker and easier to
write. For some projects, in fact, alibrary of well-defined
macros may be more valuable than ahigh-level language
(see "Ready made macros," opposite).
Optimize

Another approach is to doctor up the code generated
by high-level language translators. The technique most
accessible to the programmer is to hand-code the most
critical program sections in assembly language. Development system manufacturers are aware that hand optimization is often essential, so the high-level languages they
provide on their machines are either capable of mixing
high- and low-level modules or else permit the embed1. Target. A well-equipped computer or development system uses a ding of assembly-language routines in their low-level
nested hierarchy of software tools. System hardware is surrounded
object code. The next article in this series, to be
by the operating system, which provides resource management.
published in the Feb. 1issue, will be devoted to optimizaTranslators reside in the next level out with other utility programs.
tion with assembly language.
Such high-level system-development languages now
more memory space—both often critical factors in come as integral parts of extensive software packages
microcomputer systems. And although memory costs are supplied with major development systems. In some cases,
falling and system clock speeds are on the upswing, the software support available from chip makers now
space and time savings will remain important because approaches that of the minicomputer manufacturers.
another trend is toward single-chip microcomputers
Figure 1shows the hierarchical structure of the softhaving built-in and hence limited read-only-memory ware tools available on a typically well-equipped devel(Rom) space. Moreover, microcomputers are tackling opment system. This type of diagram can be drawn for
more real-time processing applications, where every Intel's Intellec, National Semiconductor's Starplex, and
microsecond counts.
Zilog's ZDS, among others. The concentric circles are
Also, from the programmer's viewpoint, lengthy not stationary. Rather, they can be rotated so that
programs in ahigh-level language can take along time, various paths can be assumed from the user environment
even an hour, to compile from source code into machine to the target hardware. The bull's-eye represents the
language. About the only way to speed up the process is hardware of the development system: the central
to cross-compile on a more costly computer; but then processing unit (cPu), the core and mass memories, and
users often have to wait for access to the larger the various peripherals. The next level out, with memory,
machines, and during debugging that can be intolerable.
task, and input/output (i/o) control, is commonly called
Evidently, then, an ideal high-level language for the operating system.
microcomputer system design would have to have some
It is customary to classify high-level languages in
remarkable qualities. While producing compact, highly terms of their suitability for either application or system
efficient machine code, it would be generalized enough programming. Application languages are used for sciento support good programming practices and be tific or business calculations, to manipulate mathematimachine-independent—requirements that tend to negate cal or textual information, as Cobol does, for example.
each other. Moreover, if the language is to be compiled, System languages handle more basic machine operations
the compiler should be resident. That is, it should like tasking, memory management and allocation, and
execute on the same microcomputer that the software is process prioritization.
being developed for, to avoid the cost and inconvenience
It is worth noting, however, that with regard to microof cross-compiling, or transferring programs from one computers, the division between high-level application
machine to another (see "Two types of translator," and high-level system languages breaks down. On microp. 108). Compilation time should also be as short as computers, languages like C and Pascal can be used
possible, and this, too, is tough for amicrocomputer.
successfully for both purposes. Also, Basic, though
One way of avoiding these problems is to opt for a regarded as an application language, is being put into
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Ready-made macros
A macroinstruction, or macro, is a collection of assemblylanguage mnemonics. At least two languages exist that
supply the user with already defined macroinstructions.
They are BSAL from Mupro Inc., Sunnyvale, Calif., and
SMAL from Chromod Associates, New York. Both serve
the 8080 and 8085 microprocessors. Each uses Algol-like
control constructs, and each replaces most assembly-language mnemonics with easier-to-read statements.
BSAL stands for Block-Structured Assembly Language.
It is part of a software system that contains a relocating/linking loader, a text editor, and a paper-tape or disk
operating system, in addition to the BSAL assembler. To
aid the human programmer, the language replaces most
8080 and 8085 mnemonics with statements that more
obviously denote the respective operation. For example,
to increment the accumulator, the 8080 uses the
mnemonic INR A whereas BSAL would say A = A+ 1.
BSAL also allows the use of parametric macros where
specific functions within the macro need not be defined
until the macro is invoked. Four constants may be defined
in BSAL (see table). Addresses of variables and program
labels may also be preceded with the @ operator to
indicate "address of": for example, HL +@BUFFER (5).
Finally, BSAL uses Algol's IF-THEN-ELSE constructs.
When such structured control statements are used, they
speed program writing because there is a less than oneto-one relationship between them and the assembly
mnemonics, but there is little loss in efficiency because the
resulting machine-code bytes are very close to an assembly-language version of the program.
SMAL, which stands for Structured Macro-Assembly
Language, was developed at Bell Laboratories in 1974 by
Charles Popper, now with Chromod. The newest version of
the language, SMAL/80, was designed for the 8080 and
8085 microprocessors and, later in this quarter, will be
offered for the Z80 also.
Unlike BSAL, SMAL is implemented as a resident

ROM to direct the activity of microprocessors in intelligent products, thus functioning as asystem language.
One high-level language that has been widely adapted
for use on microcomputer systems is IBM Corp.'s PL/I.
Intel Corp. of Santa Clara, Calif., Zilog Inc. of Cupertino, Calif., and Rockwell International Corp.'s Electronic
Devices division in Anaheim, Calif., offer the microcomputer system programming languages PL/M, PLZ, and
PL/65, respectively, to develop software for their chips.
Being based on PL/1, these languages are similar, but
they are not compatible. All three blend structured
programming concepts from Algol and PL/I, support
modular programming, and allow assembly-language
routines to somehow be incorporated for optimization.

The PL/1-like languages
Intel's PL/M is currently available as a resident
compiler for the 8080, 8085, and, most recently, the
8086 microprocessors. The original version of the
language was developed by Gary Kildall in 1974 and
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compiler. At present, it can run on any 8080 or 8085
microcomputer having at least 8 kilobytes of memory.
SMAL/80 programs can be written free form, in the sense
that statements may be written anywhere on a line or
across several lines because carriage returns, line feeds
and comments are equivalent to blanks. As in BSAL, each
statement is terminated with asemicolon.
SMAL/80 also replaces assembly-language mnemonics
with easier-to-remember statements. To increment the
accumulator, it supplants INR A with + + A. (This is reminiscent of the C language, also developed at Bell Labs).
When a register pair is used as a pointer in SMAL/80,
its address is enclosed in parentheses and preceded by an
M. For example, "load the accumulator from memory
using the H-L register pair as the address" would be
written A = M(HL) in SMAL/80, whereas it is MOV A, M in
assembly language. SMAL/80 also contains structured
control in the form of IF-THEN and IF-THEN-ELSE as well
as LOOP-REPEAT-WHILE constructs.

CONSTANT DEFINITIONS IN BSAL AND SMAL
MACRO ASSEMBLY LANGUAGES

BSAL-80/85

Binary

%01000001

Decimal
Character

6'01000001
0'101'

Octal
Hexadecimal

SMAL/80

#41
65

H'41' or X'41'
D'65'
C'A' or 'A'

first implemented as a two-pass cross-compiler that
generated down-loadable code for the 8008 microprocessor [Electronics, June 27, 1974, p. 103]. The language is
now resident on the Intellec Development Systems,
including the new Series II.
PL/M-80, for the 8-bit CPUs, uses two data types: byte
and address. The byte type takes on 8-bit unsigned
values, the address type 16-bit unsigned values. PL/M-86
supports five data types: byte, word (16-bit unsigned),
integer (16-bit signed), real (32-bit floating-point), and
pointer (either a 16- or 32-bit memory-address pointer).
PL/M compiles the source code written by the
programmer into relocatable object modules (Fig. 2).
The source modules in PL/M contain data declarations
and procedures (variable declarations and executable
code) that can be given PUBLIC and EXTERNAL attributes to facilitate intermodule communication. That is, a
module may employ an EXTERNAL data declaration to
reference PUBLIC information in another module.
PL/M has been criticized for producing inefficient
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Two types of translator
High -level languages must be translated into a particular
computer's machine code before execution can take
place. Two sophisticated programs are capable of doing
this: compilers and interpreters.
A compiler translates a program written in a high-level
language into machine code, assembly language, or an
intermediate language. If the compiler generates assembly
language, another program called an assembler is used
for the final translation into machine language. If the
output of a compiler generates machine code, it is said to

H

MACHINE

COMPILER

COMPILER01
1
HIGHLEVEL
LANGUAGE
PROGRAM

am> COMPILER

I

ASSEMBLERNS

INTERPRETER

INTERPRETER

MACHINE

MACHINE

I MACHINE

object code and the compiler is said to be slow. But the
language and the isis-0 operating system are also
praised for having numerous helpful user features.
To develop software on its MCZ series of microcomputers and its ZDS series of development system, Zilog
offers the PLZ family of two closely related languages.
The high-level PLZ/SYS is aprocedure-oriented language
that blends elements of Pascal, Algol, PL/I, and C and is
designed to be divorced from any particular machine
architecture. It is implemented as a resident compiler.
The low-level PLZ/ASM is actually astructured assembly
language for the target machine but with some of
PLZ/SYS's control features.
PLZ/ASM is available for Z80 and Z8 currently, and it
will be available for the Z8000 this quarter. PLZ/SYS is
offered for the Z80 and will be available for the Z8000
around midyear. No version of it exists for the Z8,
which, as aone-chip microcomputer with internal ROM,
almost always needs only the low-level PLZ/ASM.
PLZ meets many of the requirements of agood microcomputer system programming language. It is structured
and produces efficient code quickly. Also PLZ/ASM,
being very machine-dependent, can be optimized for
speed and minimal memory.
A PLZ program consists of modules that, as in PL/M,
contain data declarations and procedures. Module
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produce real code—that is, a machine's native language.
Compilation may require as many as six passes to
perform some or all of the following functions:
• Lexical analysis to identify keywords and operators.
• Syntactic analysis to identify each statement's type and
correctness.
• Flow analysis to find relationships between statements
to aid in error checking, register assignment, and optimization.
• Optimization to minimize the number of instructions.
• Code generation to produce assembly or machine
language.
• Listing generation so that the programmer can read
about what has happened.
Interpreters are very intimate with the machine that
executes them. Indeed, they become part of a host and
transform it into a new machine having as its native
language their high-level language. Interpreters are very
useful for fast, interactive programming and debugging,
because each instruction is translated before the next, so
that any errors show up immediately.
When an interpreter receives a high-level command, it
references a predefined sequence of machine instructions
to execute the statement. These sequences have to be
stored in memory, either random-access or read-only. If all
the sequences and the look-up rules are in RAM, the
interpreter is said to be implemented in software. When
interpreters are used in industrial products, they are often
contained in ROM. Also in ROM are instructions, usually in
an intermediate or tokenized form.

symbols are either internal, external, or global. Intermodular communication is accomplished by declaring a
particular symbol to be global in one module, then
referring to it as external in another (again, as in Pum).
PLZ procedures contain local variable declarations and
executable code.
Conditional statements in PLZ take the form of
IF-THEN, which can also be used with a SELECT statement to provide selective execution of various statements, like the CASE statement in Pascal. PLZ provides
for iteration with a DO statement. Statements within a
DO-OD boundary are executed until an EXIT, REPEAT, or
RETURN statement is reached. Figure 3 illustrates how
PLZ/SYS and PLZ/ASM modules are linked to form an
object module under Zilog's RIO operating system.
Summing up, "the major feature of PLZ is that it was
designed as two languages to allow optimization on a
modular basis rather than statement by statement," says
Jim Gibbons, corporate marketing manager for Zilog.
"By having two languages, PLZ/SYS can be truly highlevel and machine-independent."
A compiler for the language PL/65 is available on
diskette from Rockwell International to develop code for
the 6500 family of microprocessors. The compiler is
resident, and no additional random-access memory
(RAM) is needed over the standard 16 kilobytes supplied
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2. PL/M et aL High-level-language translaters for the 8086 produce relocatable object modules that are linked for execution. For the 8-bit
8080 and 8085, programs written in Intel's Fortran-80 will also generate modules in addition to those coded in PL/M and assembly language.

with the System 65. As abonus, aPL/65 compiler and a
6500 cross-assembler are available to run on the PDP-11
minicomputer under the RT-11 operating system.
The PL/65 compiler produces assembly language for
the System 65's assembler, making it possible to enhance
or debug aprogram at the assembler level.
PL/65 also supports modular program design, since the
language's conditional and iterative-looping control
statements can be used in a structured manner. Other
features of the language are integer arithmetic, conditional and collective execution, and array manipulation.
Besides PL/M, PLZ, and PL/65, some other compiled
languages that resemble PL/M are available for other
devices. Motorola Semiconductor offers MPL, also a
descendant of PL/I. MPL is resident in Motorola's Exorciser development system for the 6800 CPU. Versions of
the language will be available this year for the 6809 and
68000 CPUs as well. MPL produces assembly code for
space and time enhancements as well as allowing embedded assembly-language statements at the source level.
National Semiconductor has alanguage called SMPL to
develop software for IMP-16 and Pace microprocessors.
Signetics offers PLµS for the 2650 (also written by
Kilda11). Finally, there exist two versions of PL/M for the
6800 called PL/M 6800 and PL/W, which are available
through Intermetrics of Cambridge, Mass., and Wintek
Corp. of Lafayette, Ind., respectively. Intermetrics in
fact may soon have a number of software products for
microprocessors. "We're thinking about coming out with
a family of compilers and really jumping on the microprocessor bandwagon," says Richard Weissberg, product
manager for PL/M 6800, adding, "We don't know if we'll
stick with PL/M or start using Pascal."
Pascal catches on
The language Pascal was deemed valuable by the
academic world from its inception and is just now beginning to catch on in the industrial domain [Electronics,
Oct. 12, 1978, p. 81]. Seemingly every corporation from
American Microsystems to Zilog is eyeing it.
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Pascal is popular for good reasons. First, it appears to
be suitable for both system and application programming. Second, it is relatively new, having been written
only 10 years ago, so that it incorporates many valuable
features not found in older languages. Pascal's structured control features, for example, constitute one of the
most comprehensive lists of any programming language.
A big problem with Pascal at present is that no usable
standard exists for the industrial community, yet activity
in it is high. The version proposed by its author, Niklaus
Wirth, in his book, "Pascal User Manual and Report,"
evidently is unsuitable for industrial applications because
every new user has to quickly add extensions or modifications. If this continues, Pascal could become a family
of languages like Basic and the user would then be
uncertain of their compatibility without an in-depth
analysis. However, acommittee sponsored by the American National Institute of Standards gathered for the first
time last month to discuss Pascal, and other such activities are progressing in Europe.
Probably the two most active proponents of Pascal in
this country are the University of California at San
Diego and Texas Instruments Inc. of Dallas. ucsp's
Pascal compiler generates an intermediate language
(often called pseudo code or p-code) for interpretation
by the target machine. This enhances the language's
portability. Once the interpreter has been written in
machine language, UCSD Pascal can be compiled to run
on it. For this reason, the language has been adopted for
amultitude of microprocessors.
Because the interpreter must somehow be included in
the host machine, some say the overhead renders UCSD
Pascal unattractive for industrial applications based on
the use of read-only memory. All the same, some companies have been steering UCSD Pascal toward industrial
environments by implementing the interpreter in hardware. Recently, for example, Control Systems Inc. of
Kansas City, Kan., introduced its Universal Development System 470, which has the UCSD interpreter in
ROM [Electronics, Dec. 21, 1978, p. 128]. After the user
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tebition. Many agree with Swartz that for small projects the
interactive nature of an interpreter is invaluable. Bill
Gates, president of Microsoft Co., Bellevue, Wash., feels
that a compiler that is able to generate real machine
EDITOR
EDITOR
code is best, at least for large, industrial projects. "For
INTERPRETER
small systems, sometimes the interpreter itself will be as
large as the user's program, and it's three to five times
INTERPRETER
USER'S
INTERPRETER
slower," he says.
PROGRAM
Gates also sees lack of programming support in microcomputer software: "Industrial people need better realUSER'S
PROGRAM
time operating systems, better data-base management
systems, and there's alack of utility programs."
Next year, to help bridge that gap, Microsoft plans to
USER'S
USER'S
add to its support of 8-bit machines with four new
VARIABLES
PROGRAM
software products. It will introduce an APL interpreter
[Electronics, Dec. 21, 1978, p. 68], a Basic compiler, a
USER'S
VARIABLES
data-base management system, and asuperset of Pascal,
all aimed at the microcomputer user.
"Pascal is good for both system programming and
USER'S
VARIABLES
application programming, but most versions of the
AFTER
CONFIGURING
language make use of pseudo-code, which renders them
AFTER
PROGRAMMING
unsuitable for industrial programming," says Gates.
READ-ONLY MEMORY
Microsoft's Pascal will instead generate real code, and it
will be heavily influenced by the language C, aBell Labs
creation. "C's notation is not only compact, it makes it
5. Three sizes. Of the many versions of Basic, Ti's is called Power
easy to design the compiler as well," says Gates. "I hope
Basic. Knowing full well that in ROM-based controller applications
to push it on the development system people— Zilog,
space savings are important, TI provides a configurator to whittle
Mostek, etc."
down the ROM requirements (shown in color).
Gates is also interested in the new 16-bit machines
and expects to do Cobol and Basic for the 8086 and
gate packages in the most cost-effective way, there just Z8000. "The newer processors are so much faster and it
isn't enough slop left over to warrant using a high-level will be easier to set up multi-user systems," he says.
language. It's like trying to replace a few gates with a "Also, hard disks seem to be growing more popular for
fancy Ls1 package—you can't afford it, and so you keep microcomputers. The microprocessor is so generalthe gates."
purpose that it's getting harder and harder to distinguish
Bob Swartz, vice president of the Mark Williams Co., between adevelopment system, asmall-business system,
Chicago, Ill., would say that Russo and others like him and an intelligent terminal."
are in agap where high-level languages cannot be used
Kildall, now president of his own firm, Digital
effectively. "Almost all high-level languages are adapta- Research Inc. in Pacific Grove, Calif., maintains, "Systions from data processing and not specifically designed tem languages in general are just acut above assembly
for microcomputers. Therefore, they don't have the kind language. You really need access to the machine's faciliof control that the industrial application needs, like bit ties like interrupt control and the 1/0 ports. So you have
manipulation and interrupt-handling capabilities," says to be able to generate machine code that's competitive
Swartz. And on the other end is assembly-language with hand coding. With interpreters, you can get really
programming, which most industrial applications still dense code, but you pay for it in time. In systems based
use. "There's abig gap in between, and nobody seems to on ROM, you just can't run as fast as the machine itself.
be asking the engineers what they need," he says.
Interpreters have an overhead that you can't get rid of."
He also feels that compilers are a mistake for many
Adds Zilog's Gibbons: "When aperson uses aROM as
microcomputer users. "Compilers are really meant for opposed to a magnetic device for program storage, that
large machines that get paid for by being used all the person is obviously concerned with the size of his code.
time. Intelligent interpreters are really the way to go. I'm not certain this person has ever been satisfied with
You can tinker around with them, add new devices, and high-level languages, and Idon't know if he ever will.
debug and maintain programs in the field." The Mark He's almost by definition interested in hand-tooling his
Williams Co. currently markets a Basic interpreter programs. It's our goal and the goal of others to
called XYBasic that is geared to the industrial user ultimately satisfy that person. But when you go through
[Electronics, Sept. 14, 1978, p. 224].
alist of people who need software, it's those people who
Whether to use an interpreter or acompiler for indus- will get it last, because their requirements are the most
trial software development is another controversial ques- stringent."
CI
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Design forethought promotes
easier testing of microcomputer boards
Three key considerations are: using microcomputers' self-test capabilities,
adopting new diagnostic algorithms, and designing the system for testability
by Michael D. Lippman and Edward S. Donn,
LI In the course of changing system design radically,
microprocessors are complicating testing procedures just
as radically—yet these new chips can be as much a part
of the solution as they are of the problem. The trick is to
take advantage of the inherent intelligence of microcomputers, notably their ability to perform self-tests.
Traditional test schemes are designed to find stuck
faults in largely combinatorial systems, which pyramid
circuits to perform specific tasks and thus operate in
ways that can be traced by following the dedicated
circuitry. Such test methods cannot cope with the bidirectional buses and the soft failures that characterize
microprocessor-based
stems. What is required, then, is
the use of new diagnostic algorithms developed for
microcomputer testing.
Moreover, testing of systems can be significantly

Fluke Trendar Corp., Mountain View. Calif. '

eased by raking testability into account during the design
stage. Such designing for testability will simplify troubleshooting on the production line and in the field.
Self-test benefits
Self-tests can drastically reduce the costs of testing
microcomputers and can have the same effect on microprocessor board testing. Written in the processor's own
language instead of automatic-test-equipment languages, a resident test program will provide large
volumes of stimulus data and accurate verification of the
system's workability. It can be used universally for
development, production testing, incoming testing, and
field testing.
Such test programs can exploit the sequential operation of microcomputer systems. The assigned tasks are
performed through step-by-step software connection of
individual system functions. Thus it is easy to isolate the

•
Michael Lippman is now with EG&G Reticon, Sunnyvale, Calif., and Edward Donn is now
with Electr , Scientific Industries Inc., Portland, Ore.

NOTE: ALL ADDRESSES
IN HEXADECIMAL
MICROPROCESSOR

MEMORY
ADDRESSES
0000-17FF

MEMORY
ADDRESSES
8000-8400

MEMORY
ADDRESSES
C000-C3FF

IN
ADDRESSES
E0 -E 3

READ-ONLY
MEMORY
K)

RANDOM-ACCESS
MEMORY
(1 K)

KEYBOARD
INTERFACE

INPUT/OUTPUT
ADDRESSES
Fo - F7

CATHODE-RAY-TUBE
INTERFACE
(110

INPUT/OUTPUT
ADDRESSES
00-D7

COMMUNICATIONS LINE INTERFACE

1. All aboard. The functional subsystems of a microcomputer board are partitioned physically and electrically, thanks to its inherent bus
architecture. This common system bus provides access simply by addressing the desired memory or input/output section on the board.
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causal failure, in contrast to the random-logic combinatorial systems where troubleshooting must work back
through every bit of circuitry between the incorrect
result and the cause.
Another testing advantage inherent in microcomputer
architectures is the partitioning of the boards by the
memory and input/output address assigned to the different functional modules (Fig. 1). Such functional partitioning gives easily diagnosable modules and minimizes
the switches, sockets, or gating dedicated to testing.

INITIALIZE
MEMORY ADDRESS POINTER
(TEST PATTERN IS 80 HEXADECIMAL)
(INNER COUNTER IS 256 ITERATIONS)
(OUTER COUNTER IS 4ITERATIONS)

WRITE TEST PATTERN
TO MEMORY LOCATION
ACCESSED BY POINTER

MEMORY LOCATION CONTENTS
=TEST PATTERN

Easy testing access
NO

ELOOP
(MEMORY
ERROR)

DECREMENT
INNER COUNTER

SHIFT MEMORY TEST
PATTERN
1BIT RIGHT

NNER
LOOP

DECREMENT
OUTER COUNTER

The system bus solves the too common problem of
insufficient test points, because it connects with almost
every complex device on a microcomputer board. The
tester can be connected to the bus for both monitoring
and control of these devices. Frequently it is possible to
eliminate the expensive bed-of-nails fixture required for
access to individual devices on aboard.
It is worth emphasizing again that testing microprocessor-based boards differs markedly from testing
random-logic boards. The major problem with these
combinatorial random-logic systems is supplying just the
right stimulus to get astuck fault to propagate out to one
of the board's edge connectors, where the test engineer
can find it and verify that the board was bad.
On the other hand, microcomputers easily generate
their own stimulus and verification for go/no-go testing.
A few instruction codes can control 1to 2 kilobytes of
program memory to generate on the order of 1 billion
bits of stimulus on the system bus and possibly 10 billion
bits throughout the board under test (Fig. 2).
2. RAM self-test. The 15 8080 instructions to test a 1-k random-

OUTER
LOOP

access memory use only 30 bytes of program code to generate
TEST
DONE

about 427 kilobits of stimulus data. The flow chart for this self-test
procedure shows the simple repetitive pattern that is used.

8080 RAM TEST ROUTINE

0041

210010

1 BEGIN:

LXI

H, MEM

;LOAD MEMORY ADDR PTR (H, L)

0044

3E80

2

MVI

A, 80H

;INITIALIZE MEMORY TEST PATTERN

0046

0604

3

MVI

B, 04H

;INITIALIZE OUTER COUNTER =4

0048

0E00

4

MVI

C, 00H

;INITIALIZE INNER COUNTER = 256

5

;NOTE:1024 RAM LOC, TIONS ARE COUNTED BY INNER X OUTER =

6
004A
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Comments

Instruction

Address/program code

;256 X 4 = 1024

77

7 LOOP:

004B

BE

004C

C25C00

004F

OF

10

RRC

MOV

M, A

;WRITE TEST PATTERN TO MEMORY

8

CMP

M

;CHECK MEMORY LOCATION WRITTEN

9

JNZ

ELOOP

;JUMP IF THEY'RE NOT THE SAME
;SHIFT PATTERN 1 BIT RIGHT

0050

23

11

INX

H

0051

OD

12

DCR

C

;DECR INNER CTR

0052

C24A00

13

JNZ

LOOP

;LOOP IF INNER COUNTER NOTO

0055

05

14

DCR

B

;DECR OUTER COUNTER

0056

C24A00

15

JNZ

LOOP

;LOOP IF OUTER COUNTER NOT 0

0059

C34100

16

JMP

BEGIN

;DO IT AGAIN (MAINTAIN INT ENA SETTING)

005C

C35C00

17 ELOOP:

JMP

ELOOP

;TRAP MEMORY ERROR

1000

18

ORG

1000H

1000

19 MEM:

D5

1024

;INCR MEMORY ADDR PTR

;BEGINNING MEMORY ADDRESS IS 1000H
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Software initialization can be tricky
The basic rule in software initialization is to first write atest
pattern into each memory element to ensure that its
contents are known. However, the memory element must
be initialized to a value that the tester can anticipate. For
comparison testing, both the reference board and the
board under test must be initialized to the same value.
As the following example shows, in;tializing a microprocessor system can require some programming subtleties.
In response to an interrupt, the 6800 microprocessor
stores the current value of the program counter, the index
register, both accumulators, and the condition-code register in the contiguous block of random-access memory
called the stack. Should an interrupt occur soon after the
initializing reset signal, then the contents of these registers
will be pushed onto the stack.
The problem is that some registers will be holding

A microcomputer can carry this vital self-test with it
in an inexpensive read-only memory. The test program,
written in assembly language on the microprocessor
development system in about a month, can be used any
time ago/no-go test is needed.
Furthermore, the test algorithms are portable between
systems using the same microprocessor. For example, the
memory test for an 8085 processor can be the same for
every system except for the address parameters. Only
new 1/0 features require any notable modification of the
test program.
Self-testing can radically reduce the amount of automatic test equipment needed, because the go/no-go
routine can quickly identify good boards that need not go
on automatic testers. However, self-testing verifies
faults; it does not diagnose them. So diagnostic algorithms come into play.
As well as being written in the unfamiliar languages
that are used in automatic test equipment, test programs
for random logic diagnose poorly on the board level.
Sometimes they can find abad board, sometimes only a
bad set of boards; but seldom can they pinpoint a bad
component on aboard.
With random logic, diagnosis of board failures is a
simple procedure, since the dominant failure mode in
such systems is astuck pin. To find this type of fault, it is
necessary to start with a board's edge failure and work
back to locate the device with good inputs and bad
outputs. A spatial diagnostic algorithm is used, but it
might have to wander all over the board to follow the
path leading to the failure.

Uncovering system failures
Failure of microcomputer-based systems can be much
more challenging, for three reasons. Failures are
dynamic, which means they can propagate through the
steps of a task, increasingly skewing the result. Moreover, the bus is bidirectional, and the response data is
enormous, typically 10 billion bits per test.
Because microcomputer boards are in effect systems,
often the parts will test good but the system will not
work because of speed- and noise-induced failures. Such
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unknown contents if the program had not yet used them
or set its status bits. That is, what will go into the stack—
and will come out again when the return-from-interrupt
instruction is executed —is whatever was in these registers
before the initializing reset signal occurred. Thus these
registers have not been initialized, a problem that occurs
with several processors besides the 6800.
Fortunately it is easy to avoid this problem by taking
precautions when writing the software for the test
program. Any processor register that can be pushed onto
the stack can be initialized by a few register-load instructions. For example, the 6800's TAP instruction will initialize
the condition-code register by storing the contents of
accumulator A in it. For the 8080, an XRA A instruction
exclusive-ORs accumulator A with itself, thus clearing all
of the status bits.

problems only show up when the whole circuit is operating at speed with realistic data. Moreover, they take far
more time and data to uncover than do simple stuck-pin
failures that can happen in random-logic systems only in
predetermined sequences.
The bus that makes it so easy to monitor the working
of microcomputer systems is bidirectional. This attribute
defeats spatial diagnostic algorithms, which require that
inputs and outputs at each point in acircuit go in only
one direction. So the bidirectional bus dictates an algorithm that diagnoses sequentially rather than spatially.
A microcomputer needs a lot of stimuli to uncover
dynamic faults, but fortunately they are easy to generate
from program memory. Effective microcomputer tests
require about 30 seconds to exercise the board. For a
32-bit bus (16 address bits and 8each data and control
bits), the amount of stimulus data for a test of this
length typically is: Bus data = (32 bits) (30 s)
(1 megahertz) = 0.96 x 10 9 bits.
Storing this much data for diagnosis is practical only
with a test system that relies on emulation tests of a
known-good board. This approach is similar to the techniques recently evolved for testing large-scale integrated
devices [Electronics, May 25, 1978, p.141].
The sequential diagnostic algorithm
Although self-test response data is ago/no-go indicator, it can be analyzed with a new sequential algorithm
capable of real-time diagnosis on a three-state bus.
Figure 3 shows the algorithm's flow chart. The tester,
whether a logic-state analyzer or a production tester,
begins by identifying the first, therefore causal, failure
on the bus. The status of the microprocessor is stored
and analyzed to find the failure channel.
If the microcomputer is not executing aread cycle, the
failure comes from a direct-memory-access channel or
from the central processing unit. Status information will,
of course, identify which one.
If the failure occurs during a read cycle, any of the
other bus-connected devices could be the source of the
fault. The address and data information stored when the
failure occurred will identify the channel harboring the
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3. Sequential diagnosis. The sequential algorithm diagrammed diagnoses microcomputer bus-oriented problems in real time starting with
the first bus failure. The address and data information stored when the failure occurred can be used to identify the fault.

fault. Then the test equipment may use conventional
spatial algorithms in order to narrow the fault down
to abad node by probing for adevice on the bus having
the correct inputs and incorrect outputs.
However, there is more to designing for testability
than taking into account the microcomputer's self-test
capability and the need for sequential diagnostic algorithms. It is necessary to make the designs testable from
the start, so that specific hardware and software requirements must figure in designing these boards.
Design rules to follow
The design procedures exploiting the capabilities of
the microprocessor for testing are simple ones. Some
come from conventions established for random-logic
boards; many are unique to microcomputer boards.
These procedures can be grouped into five categories for
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discussion: access to the board under test, synchronization and control of the board by the tester, initialization
of the devices on the board, self-testing, and some
miscellaneous rules.
In providing access to the board, the first thing to
remember is that the address, data, and control bus lines
of the microprocessor form the central nervous system of
the entire microcomputer. They must be accessible, preferably by being brought out to edge-connector pins.
If this setup is impossible, there should be enough
room left around the microprocessor chip to fit a test
clip. The penalty for using a test clip is simply some
additional board-handling time.
Another point to remember is that what used to be an
I/O module or board is often one component in asingleboard system, such as the keyboard and display circuits
in the lower right corner of the board in Fig. 4. In order
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4. Packed on. The Commodore Kim microcomputer board exemplifies on-board input/output component design, containing both the
keyboard and display circuits in the lower right hand corner. Earlier designs often featured separate boards for this circuitry.

for the tester to exercise the inputs and measure the
response of the outputs, it must have access to all onboard switches and displays, via edge-connector pins,
test sockets, or test points on the board.
To perform a real-time check, the tester must be
synchronized to the board under test. Either it must
clock the board, or the board must clock it.
A simple scheme for comparison testers and for
boards with crystal oscillator clocks uses a clip lead
connecting identical crystal sides in the known-good
board and the board under test (Fig. 4). This forces
the crystals to oscillate at the same frequency, so long as
the two separate frequencies are reasonably close. It also
can be used for some RC oscillators with low Q.
Other types of testers need a technique that disables
the board's oscillator and feeds in aclock signal from the
tester. These requirements may be met easily with an
off-board jumper scheme, which also permits checking
the oscillator independent of the rest of the circuit. Other
alternatives include clock-gating circuits and socketed
oscillator components.

execution. An easy way to obtain this synchronization is
to let the tester generate a reset signal for the board.
Thus the board should have an external input for this
purpose, supplementing the usual system reset-signal
input. For comparison testers, asingle reset signal must
go to both the reference board and the board under test.
Since the reset signal reaches the microprocessor, it
must be synchronized with the processor's machine cycle
(Fig. 5a). Otherwise, the processor could come out of its
reset state in the middle of the clock pulse near an active
clock edge, possibly putting the board one full machine
cycle out of synchronization with the tester or the
known-good board.
Synchronization approaches

Some microprocessor clock-generator chips, like the
Intel 8224, perform this reset synchronization. If such a
chip is not in the system, the simple circuit in Fig. 51) will
perform the synchronization.
An important test consideration is to permit the tester
to supply microprocessor control signals, such as read
and write strobes and status identifiers. The external
Synchronized clock rates
control signals should be multiplexed onto the system
Sometimes systems need several clock rates, as in a control bus along with the processor's hold request. In
setup with a microprocessor and a universal asynchro- this manner, the tester can replace the processor to
nous receiver-transmitter. If these clocks are unsynch- emulate direct-memory-access or peripheral devices.
All memory elements in the system must be initialronized, they will almost surely preclude testing the
system as awhole. There is away around this roadblock: ized: not only the hardware latches and counters, but
generating the multiple frequencies by counting down also random-access-memory locations and all processor
and peripheral-chip registers that will be read. To get to
from acommon multiple oscillator.
Another essential signal that must be provided is a the RAM locations and these registers, it is possible to use
start-up synchronization so that the tester knows precise- software initialization, that is, to gain access through the
ly when the microcomputer's self-test program begins system's program. However, using this relatively new
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MICROPROCESSOR COMES OUT OF RESET
JUST PRIOR TO ACTIVE CLOCK EDGE

UNSYNCHRONIZED
RESET
MICROPROCESSOR
CLOCK

MICROPROCESSOR COMES OUT OF RESET
JUST AFTER ACTIVE CLOCK EDGE WITH
ALMOST AN ENTIRE CLOCK CYCLE OF SETUP
TIME BEFORE NEXT ACTIVE CLOCK EDGE

CLOCK
GENERATOR

CLOCK

UNSYNCHRONIZED
RESET

RESET
SWITCH

SYNCHRONIZED
RESET
SET

DEBOUNCE
CIRCUIT

Q

L\

MICROPROCESSOR
RESET

CLK
CLR
POWER ON
RESET

L

'h 7474

(b)

5. Reset sync. A tester's unsynchronized reset signal can cause amicrocomputer board's processor to come out of reset just before or after
the active edge of the board's clock (a). A simple circuit (color in b) provides synchronized reset signals, ensuring proper timing.

concept involves some subtleties, especially with regard
to interrupts and stack operations (see "Software initialization can be tricky," p. 115).
If possible, there should be no uninitializable support
components, such as memory-refresh counters with no
reset. Even if there is no functional reason for initializing
amemory element except for testing, it must be done to
allow diagnostic analysis.
For easy access, the self-test code should be included
with the application program. It usually will take up less
than 1,024 bits of memory. Of course, the microprocessor must have some sort of ready access to the self-test
program, such as an on-board switch or jumper. To
enhance user confidence in the system, it is agood idea
to program the execution of the self-test to occur at
power-on reset.
Self-test considerations
If resident self-testing is not feasible, then the system
should include an empty ROM socket and address decoding for access to it. Room for one 2-K-by-8-bit ROM
should be ample.
If no socket can be left empty, then there must be
allowance for a decode-disable signal from the tester.
Such asignal can overlay the self-test program onto the
application program. Unfortunately, any overlaid memory space cannot be tested, so the overlay should occupy
the smallest possible block of memory.
Input/output ports should be designed so that outputs
can be routed into inputs with a special test connector,
permitting a highly effective 1/0 test. Many serialcommunications peripheral chips, like the National 8250
asynchronous-communications part, have a program118

mable loop-back mode supporting this kind of test.
An important design aid to self-testing is functional
partitioning of the microcomputer, which, in fact, is
inherent in bus-oriented architectures and can be virtually an automatic design procedure when assigning various
system components to memory or ho addresses and
connecting them to the bus.
Then, the self-test program can be arranged in
modules according to the functional partitioning (for
example, separate test modules for a ROM test, a RAM
test, a peripheral-interface-adapter test, and so on).
These modules should run one at a time for system
verification (Fig. 6), or else they should execute repetitively to provide continuous stimulus for fault diagnosis.
Such looping test modules also are useful for finding
intermittent faults.
Some test modules can be general-purpose, for use in
many systems. The Intel diagnostic routines written to
test the SBC 80/10 single-board computer are excellent
examples of such modules. The routines include CPU,
RAM, ROM, and I/O tests.
If modules in the application program are written as
subroutines, they can be called by the self-test program,
thereby saving code space. A good example is using the
1/0 driver routines from the main program.
Every system should have adequate timing margins
that minimize soft failures. Soft failures come and go
depending on temperature, noise, and other system
parameters. They are among the most difficult and
time-consuming faults to diagnose, and their appearance
in any great number can virtually bring aproduction line
to ahalt.
More and more brand-new components are being
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START FROM RESET

NO

START

e APPLICATIONS
PROGRAM

EXERCISE
MICROPROCESSOR

TRAP PROCESSOR
ERROR

COMPUTE ROM
CHECKSUM

NO

TRAP ROM
ERROR

7. Which one? Since analog-to-digital converters have an inherent

YES

uncertainty of ± 1bit, analog inputs of the same voltage can produce
different digital outputs. This characteristic will present special prob-

DO READ-AFTERWRITE RAM TEST

lems when doing the testing of microprocessor-based boards.

TRAP RAM
ERROR

CHECK KEYBOARD
STATUS& RESPONSE

TRAP KEYBOARD
ERROR

CHECK CRT INTERFACE & DISPLAY RAM

designed into products today. These new devices are
often incompletely characterized when first available.
Thus they should be used conservatively, especially with
respect to timing specifications.
The boundaries between the exact digital world and
the approximate analog world present special testing
problems. Digital-to-analog conversion offers no problem, but analog-to-digital converters can have an inherent uncertainty. For the same input voltage, one converter could produce 01111111 and another one 10000000,
although both are operating within analog specifications
(Fig. 7). Although the possible output values will be
close to nominal, it is very difficult to measure the
difference in real time.
Alternative solutions

NO

TRAP CRT
ERROR

YES
LOOPBACK TEST
ON COMMUNICATIONS
INTERFACE

TRAP COMMUNICATIONS
LINE ERROR

SYSTEM OK

6. System self-test. A microcomputer's self-test program examines
each functional module on the board. The diagnostic priorities of the
self-test work to isolate the module in which the fault occurs by
checking all modules in order and noting which are error-free.
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One solution to this problem is to test a-d converters
separately from the system to see if they meet specifications. The design rule here is to provide access to the
converter's output so that aknown value can be inserted
to test the digital part of the system. Another alternative
is to underdrive and overdrive the analog input and look
for all Os and Is respectively.
Microprocessors allow design of amazingly compact
and aesthetic products, but when it comes to service,
small is not always beautiful. It is important to avoid
letting a package get so small or fancy that it becomes
very difficult to service.
Also, it is wise to avoid using acollection of dissimilar
microprocessors simply to obtain technical nuances.
Families of microprocessors and microcomputers are
designed to work together through common instruction
sets, hardware, architectures, and timing requirements.
A design built around similar processors will be much
easier to test than adesign involving different ones.
El
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Designer's casebook
able for interfacing with universal asynchronous receiver-transmitters or similar modems.
This frequency is further divided by A3, the 14040
binary counter. Thus, rates extending from 16 X300
bauds to 16 X 19.2 kilobauds will appear at its output.
SI,which is used in A4, the 74C151 one-of-eight-line
by Serge Poplaysky
University of New South Wales, Kensington, Australia
multiplexer, selects the baud rate desired. When all
switches are open, a rate of 300 bauds is selected.
Closing switch a, the least significant bit (i.e., binary
One master oscillator and afew counters, flip-flops, and number 1), selects abaud rate of 600, and so on.
gates make abaud-rate clock with async generator that
The horizontal sync pulses for the cathode-ray tube
produces horizontal and vertical pulses for noninterlaced are derived from A5 and afour-input NAND gate, which
raster scanning of a cathode-ray tube. In it, standard generates afrequency of 15,600 Hz, each pulse lasting 4
integrated circuits are used to generate rates up to 38.4 microseconds. The vertical sync frequency, either 50 or
kilobauds (the upper limit of most generators is only 60 Hz, is obtained from A6—A 7 and a four-input NAND
9,600 bauds) and sync pulses for producing 312 lines at a gate.
50-hertz refreshing rate (or 260 lines for a60-Hz rate).
Dividing the horizontal sync pulses by 312 or 260 (for
Thus the circuit is a low-cost solution to building an 50 or 60 Hz, respectively), the binary counter, A6, which
important part of any data terminal.
in this case is wired as adivide-by-312 device, drives two
All clock rates are derived from one crystal-controlled flip-flops (A7). A7 resets the counter and generates vertioscillator, AI,which uses the 7209 and acrystal cut for cal sync pulses, each 256 ms long.
EJ
7.9872 megahertz. The master clock frequency is then
divided by 13 by Aj, the 74LS161 presettable counter. 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
A2 generates a frequency 16 times 38.4 kilobauds, suitthe circuits operating principle and purpose. We'll pay $50 for each item published.

Standard ICs provide
raster scan interface

16 x38400
16 x19200
16,9600
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16 r2400
16 x1
200
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34567
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9 765 324
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432 15 14 312
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12
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9

2
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5
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1„,
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A5
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A6
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2
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74C74

6

12
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74LSO4

5V

=7.9872 MHz

VERTICAL
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74C74

8

5V

5V
HORIZONTAL
SYNC

Versatile. Using standard integrated circuits, combination baud-rate generator and sync generator for CRT works up to 38.4 kilobauds and
can
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be wired to generate sync pulses suitable for a50- or 60-Hz refreshing rate. All frequencies are derived from one oscillator.

Electronics/January 18, 1979

after each power-up, the previous solution was to use a
programmed with the instruction (C3 00 38).
The logic signals required on data bus lines Do—D, for
achieving the three-byte jump instruction arc shown in
Fig. la. The output of each flip-flop in the three-stage
74175 shift register, previously used to enable the PROM,
together with simple logic, can synthesize this sequence.
When the outputs of the shift register (Q 1,Qz,and
Q3) alone are stepped with system clock DB1N, they
generate the signal pattern shown in Fig. 1b. Comparison of Fig. la and Ib reveals that the identical patterns
of lines Do—D, and D6-137 can be generated by forming
the logic function Q1+ Q3. It is also seen that bits D3, D-t,
and D5 are identical to the Q2 output of the shift register
and the D2 bit is identical to the Q3 output, so that the
Q2 and Q3 signals can simply be connected to these
corresponding data lines through noninverting buffers.
To make the final circuit, which appears in Fig. 2,
operational, switch SIneed only be placed in the monitor
position for automatic loading on power-up.

Gates replace PROM in
Intellec-8 bootstrap loader

PROM

by Simon Gagné and Bernard Boulé
Université Laval, Department of Electrical Engineering, Quebec, Canada

In what may be the most cost-effective solution yet for
implementing a bootstrap loader for Intel's popular
Intellec-8 development system, logic gates are used to
replace the jump-to-monitor routine stored in a
programmable read-only memory (PRom). 1 This simple
method of automatically accessing the system's monitor,
or executive-control routines, is possible because the set
of 8-bit logic signals required at the data bus to access
the monitor on power-up can be easily generated.
In the Intellec-8, the monitor is located at address
3800 (hexadecimal). Therefore, a jump instruction is
used to advance the program counter from location 0 to
3800H. To avoid the manual programming required
Instruction

Op code
,

JMP 3800H
,
(AFTER JMPI

Ristersincsis
1. "PROM adds bootstrap loader to Intellec-8 development system." Electronocs, April 27.
1978. p. 126.
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Condition
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D6

Ds
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D3

02

Di

Do

C3

1

1

0

0

0

0

1

1

RESET

00

0

0

0

0

0

0

0

0

AFTER FIRST DBIN

38

0

0

1

1

1

0

0

0

AFTER SECOND DBIN

FF

1

1

1

1

1

1

1

1

AFTER THIRD DBIN

la)

o

07

03

o

o

o

o
o

ei

1. Synthesis. Table outlines logic sequence required on data bus for achieving jump operation in order to enter Intellec 8's executive program
(a). Outputs of clocked three-stage shift register of basic circuit generate signals (b), which can be used to synthesize 00-D, and D6-D7 signals
if function51• +0, is formed with logic gates. 02 output is by itself identical to 03,11, and

D5.

Choutput is identical to

D2.

CLEAR
--4--,
R

'O

0 2'--9

—

3

--,

3

CLOCK

—

74175

2. Implementation. Circuit for accessing system's monitor uses open-collector logic gates, which replace programmable read-only memory in
original configuration. Circuit is armed by placing front-panel switch S, in monitor position before each power-up of system.
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The Stripper
That Does It All!

Now all wire stripping from 12 to 30 AWG can be done in one
step, with one tool! No need for two or more tools to handle
different size wires ... THE STRIPPER'S built-in sensor automatically adjusts to cut and strip solid or stranded wire and
multiple cable. And the built-in cutter eliminates the need for
still another inconvenient, space-consuming tool. The
STRIPPER feeds from the front, so it can reach anywhere ...
even into the tightest places. Stainless steel, self-adjusting
stripping blades are industrially tough ... up to 100,000
strips or more. This convenient pocket-size tool is strong
enough to cut and strip as many as six conductors simultaneously in bonded or molded cables! Fiberglass, reinforced
nylon body is virtually indestructible and electrically insulated from any shock hazards.

Simply Superior

Other Tools In The Paladin
Wire Handler Line:
of0.41 .\
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Crimpex With Integral Dies
11 \

Crimpex With

Corex Coaxial Wire Stripper

New Desoldering Tool

Removable Dies
Circle 122 on reader service card

Paladin Corporation
31332 Via Colinas • Westlake, CA

91361 • (213) 991-4970

inputs (see timing diagram), are fed to the OR input of
M 3,whose on time is selected by potentiometer R. Thus
Ricontrols the amount of phase shift.
M3
produces two pulses for each cycle of y1 and
triggers the J-K
M4, on each negative edge.
The flip-flop thus produces a square wave with a
by Lawrence W Shacklette
frequency equal to vl,but shifted in phase by up to 180 °.
Selon Hall University. South Orange, N. J.
An additional shift of 180 ° can be obtained by using
switch S to connect the Q output of M4 to the inverting
This circuit locks alow-cost function generator without a input of the 3900 Norton amplifier.
The adjustable-phase square wave serves as a refervoltage-controlled-oscillator (vco) input to a second
inexpensive generator having such a phase-reference ence signal for the phase-locked loop, which is composed
feature. A J-K flip-flop, two one-shots, two comparators, of the 3900, a low-pass filter, a butler (307), and a vco
(the second function generator, a Hewlett-Packard
and an operational amplifier are linked in a feedback
arrangement that includes the programmable generator 3311A). The input signal to the vco is a negative dc
as the vco in a phase-locked loop (PLL ). The resultant voltage that is the inverted sum of the filtered output of
the 3900 and the voltage selected by the offset control,
circuit provides a selectable phase shift between generaR2. By turning the generator's front-panel control or R2,
tor outputs over the range of 0' to 360".
In operation, the output of the low-cost generator, v,, the free-running frequency of the loop can be adjusted.
Because the reference signal is asquare wave, the PLL
passes through ahigh-pass filter to azero-crossing detector that employs a 311 comparator (M), as shown. A will lock onto either the fundamental of v, or its odd
dual monostable multivibrator and J-K flip-flop follow. harmonics. Selection of a particular harmonic is made
Although these two devices can be eliminated, they by adjusting the free-running frequency to the approxienable the phase-locked loop to be operated at the center mate value of the harmonic desired. Half-multiple
/
2f
1,
/ f1, 1
2
1
/ f1, etc.) can be produced at v2 by
2
of its locking range for any phase shift. This arrange- harmonics (1
ment ensures that two often desired phase angles, 0° and breaking the Q I—A, connection between M2 and M 3 and
180 °,fall within the capture range of the PLL ,so that if tying A ito +5 volts. Even harmonics can be obtained by
using the remaining flip-flop in the 7473 as adivide-by-2
locking is lost, it will be automatically regained.
The outputs of the dual one-shot, M 2,wired so that counter, and placing it between the output of the vco
LI
each fires on opposite edges of the signal applied to its and the 3900's noninverting input.

Circuit phase-locks
function generators over 360°

+5 V

+5 V

+5 V

RI
8

0.22 pF

4.7
2.2 kS2

5

ks2

M1
311

10 pFT

i00 kS2
OUT

2 3
15
14

I
CI>

-5 V

14.7 kS2

16

M2

14
7

74123
DUAL
ONE-SHOT

10 pF

40

74121
ONE-SHOT

Al

0

1

2

0

2

4

kn

M3

3 e>

12

12

TO15 pF

Al

A2

a

6

M1

1

M2A
M28

10 kS2

I

-5 V
2

M3
M4

+5 V

+5 V

100 klt
+5 V
22 kS2

+014-

V2
10 kS2
OUT

VCO IN

10 kS2

3

2

22 kS2

12

M4
13,

K1

7473
FLIP-FLOP
10 Idt

OI

HP 3311A
'43900
PHASE-LOCKED LOOP

Phase -locked. Comparators, one-shots, and flip-flop combine to provide stable locking of generators without phase-reference feature to
those having aVCO input. R, and S are used to select phase of v, with respect to v,; phase can be adjusted from 0" to 360'.

M2

and M. ensure

that locking is regained if it is lost, and R, controls lock frequency, which may be set to integer or half-integer harmonics of v,.
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Converting digital data
into color television graphics
Video-display generator chip simplifies the interface
between microprocessors in computers or video games and aTV receiver
by Mitch Goozé* and James Farrell,

Motorola Inc., Semiconductor Group, Austin, Texas

By using the consumer's color TV set as adisplay, the
A video-display generator (vDG) reads digital data
most expensive component of video games and personal
from a microprocessor-controlled random-access display
computers can be eliminated. Although this approach
memory (sometimes called a refresh memory) and
may be advantageous from a marketing standpoint, it
converts it into analog video waveforms that contain
can be a designer's nightmare, especially if the add-on
brightness and color information. The waveforms are
device contains amicroprocessor.
synchronized with the TV raster by adding timing pulses.
A typical interface between aTV set, which requires a These signals then go to a chroma modulator, which
radio-frequency analog input, and an intelligent game or encodes them into acomposite rf signal that replicates a
home computer that uses digital logic could require as TV transmission on Channel 3or 4.
many as 25,000 transistors or 280 small- or mediumThis article describes the operation of one such videoscale integrated circuits. In an effort to reduce the display-generator chip, Motorola's n-channel metalamount of hardware in the interface, several integratedoxide-semiconductor MC 6847, within amicroprocessorcircuit manufacturers have condensed the digital-tocontrolled video game. Operation of the chip within a
video function onto one large-scale integrated chip.
game is governed by the National Television System
•Now with American Microsystems Inc., Santa Clara, Calif.
Committee Standard; this standard defines the format

1. Video generator. In a "smart" video game, the microprocessor transfers data from the display memory to the video-display generator,
which converts it to video waveforms. ROM stores object codes; the peripheral interface adapter links the electronics with the players.
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Playing by the rules
In 1953, the National Television System Committee established the specifications of color television signals. The
NTSC, in response to the need for compatible signals for
color and black-and-white receivers, decided that colordefining signals should ride on a subcarrier that is
3.579545 MHz above the brightness-modulated carrier.
This guarantees separation of brightness (luminance) and
color (chrominance) information and, therefore, the separability of the two signals by detector(s) in any TV set.
Black-and-white TVs detect the luminance signal and
ignore the chrominance signal. Color TV sets look first at
the luminance signal for how much light is at a certain
point on the screen, then at the chrominance signal for
how much of that light is red, blue and green.
Having determined how TV signals would carry color
information, the NTSC then examined how much resolution the color picture could have. The tradeoff here is
resolution for bandwidth. To define a high-resolution
pattern of rapidly changing colors requires a high-frequency signal, which in turn requires a wide-bandwidth transmission. But the bandwidth of each TV channel is only 6
MHz. Within this limited bandwidth, it would appear that,
since fast color changes over small areas cannot be
transmitted, tiny objects on the screen would appear
colorless.
But during its research the NTSC studied the resolving
characteristics of the human eye and found that the eye's
ability to perceive color decreases as the viewed area
becomes smaller. For small objects, the eye cannot detect
color, but the brain "fills in" a color from the surrounding
area. This is why the 6 MHz bandwidth provides adequate
resolution for color Tv graphics: for larger areas, a lowfrequency signal defines color, while smaller areas are

transmitted essentially in black and white.
The NTSC also studied the frequency response of the
eye and found that the eye is sensitive to color in the
following proportion: Y = 0.59G + 0.11B + 0.30R,
where Y is the total brightness of the light, and G. B and R
represent its green, blue and red components. Since
brightness, as measured by the monochrome signal, is
already part of a black-and-white transmission, the
NTSC's finding meant that only two of the three color
signals have to be sent. The remaining signal can be
derived in the receiver by subtracting the other two signals
from the monochrome signal in accordance with the
above equation. In practice, the circuit in the diagram
generates the color signals in a TV transmitter (or VDG
chip).
The blue, red and green signals from a color camera (or
display memory) are summed in proportion to produce the
luminance signal Y. After it passes through a 1.5-MHz
low-pass filter and an inverter, Y then is subtracted from
the blue and red signals and sent off to frequencymodulate the carrier. The green signal is dropped, while
the B-Y and R-Y signals each phase-modulate a
3.579545-MHz subcarrier at different angles, as shown.
This puts the two signals in quadrature, which means that
their phasor representations are 90 ° apart. Since the
magnitude and phase of their resultant, or vector sum,
changes as the relative amplitudes of the two signals vary,
one composite video signal suffices to define two colors.
When the signal reaches the receiver, the luminance
signal is detected and added to the demodulated R-Y and
B-Y signals to recover the red and blue components of the
light. The red and blue signals then are subtracted proportionately from Y to obtain green.

X 0.11
X 0.30

Y (LUMINANCE) - SIGNAL
IN
1.5-MHz 1_4LOW-PASS
FILTER

BLUE
FROM
COLOR
CAMERA
(OR
MEMORY)

B

-Y

1 TO
CARRIER
MODULATOR

B-Y
B-Y, R-Y

REO

GREEN

G

3.579545 MHz
I_ PART OF CHROMA
MODULATOR

and bandwidth of television broadcast signals used in the
U. S. (see "Playing by the rules," above). Since avideogame output must duplicate aTV transmission, the NTSC
standard also determines the characteristics of the video
waveforms and synchronization signals generated by the
VDG chip, and the maximum display resolution possible
within the channel bandwidth.
The price of versatility
There are two popular system architectures for video
games that use microprocessors to generate and control
graphic-character dot patterns or objects: objectoriented and random-access-memory—intensive. In an
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object-oriented system, afixed set of graphics characters
is stored in read-only memory. These objects are
accessed by the microprocessor and transferred directly
to the screen through the VDG and the chroma modulator. Object size and resolution depend on the system
clock frequency, with faster systems yielding smaller
objects and higher display resolution.
In this system, the microprocessor moves an object
with two degrees of freedom by changing its coordinates
in internal horizontal- and vertical-position registers.
Complex movements like rotation require more sophisticated programming. For example, in a military game
rotating the image of a tank would require storage of
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SUMMARY OF OPERATING MODES OF THE 6847 VIDEODISPLAY GENERATOR
MODE
NAME

TV SCREEN FORMAT
NUMBER
OF COLORS

DISPLAYELEMENT
MATRIX

2

32 WIDE BY
16 HIGH

VDG DATA BUS
ELEM
ELEMENTAL DETAIL ,IN DOTS
8

INTERNAL
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2

—
7
_

12
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16 HIGH

12

LSB

REQUIRED
DISPLAY RAM
SIZE (BITS)

I
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e
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4
SEMIGRAPHIC-6

8
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e
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128 BY 64
GRAPHIC

2

128 WIDE BY
64 HIGH

128 BY 64
COLOR GRAPHIC

8

128 WIDE BY
64 HIGH

128 BY 96
GRAPHIC

2

128 WIDE BY
96 HIGH

128 BY 96
COLOR GRAPHIC

8

128 WIDE BY
96 HIGH

128 BY 192
GRAPHIC

2

128 WIDE BY
192 HIGH

128 BY 192
COLOR GRAPHIC

8

128 WIDE BY
192 HIGH

256 BY 192
GRAPHIC

2

256 WIDE BY
192 HIGH
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1
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2
3E 3 E2 EIEo
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several tank patterns at various angles.
Object-oriented systems allow more objects to be
controlled more easily (by simply changing their position
in registers) than RAM-intensive systems. They also
require less RAM, so system cost is lower. However,
RAM-intensive systems offer greater flexibility of what
can be put on the screen.
RAM-intensive systems use a technique called direct
memory mapping. Here, as Fig. 1 shows, the VDG
sequentially reads 8-bit bytes of data that represent
strings of horizontal dots from the display memory,
mapping its contents directly onto the screen. To change
the picture, the microprocessor simply updates the
appropriate lines in the display memory.
The ease of changing the display makes RAM-intensive
systems attractive. But because display resolution is a
function of display memory size, higher resolution translates into higher system cost. By combining the advan-
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BY 8

1
1
,1 1.61 1.51L.1 1-31L211-11Lo
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COI
CII
CO CII
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6144 BY 8

17 L
6 L
5 L. L
3 L
2 1_ , L
o

6144 BY 8

tages of both the object-oriented and RAM-intensive
methods, the MC 6847 reduces the game's memory
requirements and cost with no loss of display resolution
or control flexibility.
Subdividing the screen
The MC 6847 video-display generator can operate in
12 different display modes: two alphanumeric modes,
two semigraphic modes, and eight full-graphic modes
(see table). Each mode is selected by the microprocessor
and arranges the display area, which is 256 dots wide
and 192 dots high, into a matrix of boxes or elements.
The contents of each box vary— from an 8-column,
12-row dot matrix in the least dense (alphanumeric)
modes to a single dot in the highest-resolution graphic
mode. Choice of color for all illuminated dots in each
box also varies by mode, from one of two to one of eight.
A RAM-intensive game requires a display RAM large
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PATTERN SELECT BITS (L3 — LO)

GREEN
1000_

COLOR SELECT BITS (C3-CO)
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2. Colorful. The VDG divides each 8-by-12-dot display element into four boxes in the semigraphic-4 mode. The four least significant bits of
each incoming data word select one of sixteen possible patterns of illumination; the four most significant bits determine color.

enough to store all 49,152 dots of one 256-by-192-dot TV
frame. Therefore, the amount and cost of RAM needed to
implement aparticular VDG mode are a function of how
many dots adata word controls in that mode. In the least
dense mode, each 8-bit byte controls 96 dots, so a
512-by-8-bit display RAM is required. In the highestresolution mode, each byte controls 8dots (one per bit),
so the required RAM size goes up by a factor of 12 to
6144 by 8bits.
Both alphanumeric modes divide the screen into a
32-column, 16-row matrix of character boxes. Each box
is 8dots wide and 12 dots high and contains one character. In the internal alphanumeric mode, a read-only
memory inside the VDG generates Iof 64 characters in a
5-by-7-dot pattern that fits inside the 8-by-12-dot box.
The 6least significant bits of each data word contain the
ASCII code for the character. The remaining two bits are
spare; they could be used to select, for example, an
orange or green character on ablack background, or the
inverse, by tying them to the color-set-select (css) and
inverse-video (iNv) pins of the VDG. Another possibility
is to tie one of the spare-bit lines to the VDG's INT/EXT
pin, thus allowing selection of an external character
ROM.

In the external alphanumeric mode, an external ROM
1 of up to 256 custom characters in the
8-by-12-dot box. As in the internal alphanumeric mode,
each data word defines 96 dots, so either alphanumeric
mode requires 512 bytes of display RAM.

generates
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The two semigraphic modes are designated semigraphic-4 and -6. In the semigraphic-4 mode, each
8-by-12-dot character box is divided into four elements
(Fig. 2). The four least significant bits (L3—LO) of the
internally generated data word select 1of 16 patterns of
element illumination, while three of the four most significant bits (C2—00) select one of eight colors for the
illuminated dots. In this mode, the screen becomes a
64-by-32-element display, with each element 4dots wide
by 6dots high. Each data word controls four of the 2,048
24-dot elements, so the mode requires a512-byte RAM.
In the semigraphic-6 mode, each 8-by-12-bit box is
divided into six elements. The 6 isBs of the data word,
which comes from an external ROM, select 1 of 64
patterns of element illumination. The two msBs select
one of four colors for the box. In addition, the css pin
can be used to select either of two 4-color sets. Here, the
screen becomes a 64-by-48-element matrix, with each
element 4 dots wide by 4 dots high. Each data word
controls six of the 3,072 16-dot elements, so a 512-byte
RAM is needed. The INT/EXT pin is used to select the
semigraphic-4 or -6 mode.
In addition to the alphanumeric and semigraphic
modes, the MC 6847 also operates in eight full-graphic
modes, whose element formats and memory requirements are summarized in the table. Note the increasing
RAM requirements as resolution and control increase
through the graphic modes. For example, the densest
modes—the 128-by-192-element color graphic and 256-
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3. Indexing. In indirect mapping, each display element is assigned a byte in the display memory. This byte points to an object below.
Compared with direct mapping, this hybrid architecture requires memory that is twice as fast, but only one sixth the size.

by-192 graphic—require 6,144 by 8 bits of RAM. Also
note the absence of a 256-by- I
92 color graphic mode,
due to the NTsc's finding that the eye cannot distinguish
colors of small objects like individual dots.

approach. Normally, the system takes four cycles of the
3.58-megahertz clock to deliver one byte of data to the
VDG. But by multiplexing the display memory's address
lines, it can be accessed twice as often in what is called a
double fetch.
The best of both worlds
During the first two cycles of the clock, the VDG
To reduce the amount of RAM required for its denser addresses the RAM location assigned to the element
display modes, the MC 6847 operates in ahybrid system
being scanned by the electron beam. This location
architecture. Called indexing, this approach offers the contains the address of the 16 bytes in RAM below, which
advantages of both object-oriented and RAM-intensive
define the object to be displayed in that screen element.
systems, while cutting RAM requirements for the highThe object's address is latched at the end of the first two
density graphic modes from 6,144 by 8 bits in RAMcycles, then applied back to the RAM at the start of the
intensive systems to 1,024 by 8bits. The hybrid architecnext two, when the object code is sent to the videoture has adisadvantage, however: although it requires a display generator.
sixth the memory, the memory must be twice as fast.
This procedure repeats until all 384 elements are
The indexing system uses a technique called indirect
scanned. To change the screen position of an object, the
memory mapping. Here, the display area is arranged in a microprocessor changes its address pointer in the upper
32-by-12-element matrix, with each element an 8-by384 bytes of display RAM. One of the objects is typically
16-dot box. Thus the screen contains 384 elements which
background (no object); the remaining ones are selectare numbered from 0 in the upper left-hand corner to
able in one of four colors.
383 at the lower right (Fig. 3). Each box is assigned a
Since the display memory is accessed twice as often in
byte in the upper half of a 1,024-by-8-bit display RAM.
this system, RAM access-time requirements change from
The lower 512 bytes contain the codes for 32 objects; the
450 nanoseconds for a RAM-intensive system to 200 ns
remaining 128 bytes are used as a scratchpad during
using this approach. The cost of this doubling in memory
computations.
speed is more than offset by the 6:1 reduction in size of
Accelerated timing is the key to the indexing
memory required for high-resolution operation.
El
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Bob Spencer, General Manager Exsysco,
Large Computer Division of National Semiconductor

The dynamics of the computer
industry demands that manufacturers capitalize on opportunities
during the limited lifespan of the
"current" technology. That's why
initial development time is crucial.
One sure way to cut that time is
with Augat Wire-Wrap* panels.
Bob Spencer explains: "Multi-layer
boards meant a lead time of

a year or more to design and prototype with another six months to
get into production. With Augat
boards, we reduced this cycle to
afew months and started production the day we approved the
prototype. Augat also gave us a
flexibility to make circuit changes
during the development cycle
without causing delays."
Time isn't the only consideration—
cost is also critical. "The expense
to design and develop dozens of
different, large multi-layer boards
can easily run into the hundreds of

thousands of dollars, not to mention staffing and equipment. The
Augat approach drastically reduced these costs allowing us to
concentrate our resources on other
critical design elements."
Packaging density is also vital in
evaluating interconnection alternatives. "The multi-layer approach,
with boards of typically 475 IC's,
would have required 15
layers to achieve the
same density that Augat
gave us."
National
builds the
Advanced

Systems' 4and 5computers for ITEL. These systems
must offer high reliability. "As the
temperature inside a computer
goes up, the reliability goes down.
Augat boards reduce the temperature problem because Wire-Wrap
pins are excellent radiators."
The benefits also carry into the
field. "Thanks to Augat boards,
service engineers can make any
required changes using simple
tools. And because the boards are
designed with sockets, we make
repairs or upgrade systems quickly

by pulling the old chips and plugging in new ones. We also eliminated the cost and logistics of
stocking hundreds of different,
completed PC boards. Now we
simply stock IC's."
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How would Bob Spencer rate the
performance of Augat Wire-Wrap
panels? "Excellent! Our system uses
high speed ECL throughout. Augat's
patented logic panel, combined
with unique automatic wiring from
Augat's Datatex subsidiary, performs with no noise or transmission
problems."
Throughout the computer
industry, you'll find Augat boards
at work in all kinds of logic applications delivering high speed performance and system flexibility at
dramatic cost and time savings.
For further information, call Len
Doucet at 617-222-2202. Or write
Augat, Inc., 33 Perry Avenue,
Attleboro, Massachusetts 02703.
'Registered irademark Gardner-Denver Company

AUGAT

Augat interconnection products,
lsotronics microcircuit packaging,
and Alco subminiature switches.
Circle 129 on reader service card

How to tell adad connector
It's easy to think of connectors
as all being pretty much the
same. But actually, there are
N,
significant differences
N,
between ordinary
connectors and
clad connectors.

For example, the shortcomings
of connectors with monometal
contacts have long been known.
Alloys, though more versatile
than monometals, haven't been
able to provide the range of
characteristics demanded by
today's applications.
And most gold platings, such
as flash gold, are too thin for any
kind of durability. They tend to
be porous and vulnerable to
abrasion and intermittencies.
And they're wasteful and costly,
because you really need gold
only at the point of contact.
The optimum solution, then,
would be acombination
of metals that provide
the exact characteristics required for the
specific application. As 0.
of today, there is only (
7_
one way to produce
r
-such acombination.

Cross section of a3-layer pressure-bonded
composite metal.

can almost always offer our clad
connectors for less than you'd pay
for an ordinary connector.
And because we manufacture our connectors
.7E
CO_.010
from start to finish at a
single site, you not only
get alow priced connector,
but ahigh quality connector, too.

CAdA4Vey End Ws«
Solder Tee
Accepts
.062 s
P.C. Bowe
_57 s002)

25)

It's abonding process pioneered
and developed by Texas Instruments. And it's called cladding.

-

(724O)
Inesction
destte

—71
7 s
1,.015

01.45

000)

Our toughest customer.

The technique of bonding one
metal
to another is simple in
The dad difference.
concept but difficult to execute.
Basically, aclad metal is two
This probably explains why
or more metals bonded at the
there are so few manufacturers
molecular level into acomposite.
of clad metal. Of these manuThere's no need for intermedifacturers, TI is far and away the
ate adhesives or brazing alloys.
It's simple, it's clean and it's
permanent.
In TI connectors, astrip
of metal—the "contact" metal,
usually gold—is bonded as a
50 to 75 micro-inch inlay to a
base "spring" metal.
When the connector is
fabricated, the gold inlay appears at the point of contact,
the only place it's needed. So
even though it's non-porous,
much thicker and far more
reliable than gold plating, we
Clad metal stnP material

from an ordinary connectot
Custom features,
standard prices.

customers with such problems.
And chances are, we can help
you, too.

TI's gold inlay is easy to spot.
But there are other features,
Ask for our catalog.
usually associated with customIfs beautiful
ized connectors, that aren't so
and ifs free.
easily seen. These features
Now that you know there's a
come with all standard TI conbig difference between dad
nectors and sockets, along with
connectors and ordinary conoff-the-shelf availability.
nectors, you'll probably want to
They indude the following:
see what we have
A special edge grip
Clad metal is:
to offer. We
contact design that More conductive
Homogeneous
Clad metal strips are stamped into contacts by
have afascimaximizes contact
high speed presses.
More reliable
nating catapressure and per- More durable
largest in the world.
log —"The
mits fast, posiMore dense
Non-porous
We are also the largest semiTexas Contive insertion.
Less costly
Wrought
conductor manufacturer, which
nection"—
Face grip
gives us an intimate knowledge of contacts that
that tells
connectors and their electrical re- provide
quirements. So as we developed
our clad metal capability, we were
able to apply it intelligently and
immediately to our

connectors.
And since we use our
own connectors in many of the
products we make, we get direct
and rapid feedback from one of
the most exacting manufacturers
in the electronics industry.
In short, we're our own toughest customer. Which is why our
connectors have to be the best.

Cross Section ofH4 Series EdgeboardConnector

the whole story
excellent inserabout TI clad
tion/withdrawal
connectors —
force ratios.
and sockets—
Pre-loaded
and presents
contacts for
the products
faster, easier
in detail with
production inaccompanying
sertion of IC's.
descriptions,
And individillustrations
ually replaceable
and specificontacts which
cations.
can be changed
For acopy,
without removjust call or
ing an entire
write Texas
socket from its
Fire assay helps Texas Instruments
mounting.
metallurgists determine precious metal purib; Instruments
Incorporated,
In most cases fundamental to achieving high reliability
Connector
you'll be able to
Systems
find the connecDepartment,
tor you need
Mail Station
among our
2-16, Attlestandard offerH4 Series Edgeboard Connector
boro, Massaings. But if you
chusetts
02703.
Telehave acomplex or unusual appliphone (617) 222-2800,
cation that calls for acustomdesigned connector, tell us about extension 268, 269
or 7327.
it. We've helped hundreds of

TEXAS I
NSTRUMENTS
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Boschert
low-power switchers
win OEMs' stamp of approval.
Here's why.

Low cost. Only Boschert is delivering

switching power supplies that are cost-competitive
with linears in the 25 to 400 watt range. That's
because Boschert is focusing exclusively on the
design and production of low-power switchers.
Our modular design techniques are lowering prices
while maintaining quality and reliability.

Small, light and efficient.
Boschert power supplies are perfect for
microprocessor-based systems and other digital
equipment because they're five times smaller
than comparable linear supplies, and nine times
lighter. Because little power is wasted as heat,
they require no fans — only convection cooling.
And Boschert switchers are well-suited for high
pulse-load environments such as printers: when
additional power is required, it is available
instantaneously — at any output.

Multiple outputs. Boschert

power supplies are convenient for system
designers because they offer as many as six
outputs in flexible voltage configurations. Our

computer-evaluated modular design approach
with 90 percent common components allows us to
meet your unique technical requirements at low
cost, with aminimum of design time.

Boschert experience and
reliability.
•Boschert has assembled

the finest switching power supply design
and production team anywhere. Our facilities are
prepared to meet expanded production
schedules rapidly and reliably — with rigorous
automatic burn-in, wave soldering and testing
techniques. With over 50,000 of our power systems
in operation today, we're the leading company
for low-power, low-cost OEM switchers.
For information, contact aBoschert representative. Or write Boschert Incorporated,
384 Santa Trinita Ave., Sunnyvale,
CA 94086. Phone (408) 732-2440.
TWX 910-339-9241. The finest
microprocessor-based systems are
powered by Boschert. What
about yours?
Circle No. 132 for more Information

Planar stitch welding yields
higher board density at lower cost
Low board profile is another benefit of interconnection technique
that welds nickel wire to stainless steel pads
by Rene Lemaire and Ray Calvin,

Augat Interconnection Products Division, Auget Inc., Attleboro, Mass.

nection tasks. These complex boards generally are
restricted to military, aerospace, and high-end computer
applications, although a simplified method is beginning
to make inroads into commercial uses [Electronics, May
25, 1978, p. 102].
The planar stitch-wired technique came from the
APAC division of Varian Associates, aiming at military
and aerospace applications. APAC became the Planar
division of Augat in October 1977 and has been developing the method for use in commercial applications.
The solid, Teflon-coated nickel wire is 0.010 inch in
diameter and has a minimum tensile strength of 45,000
Welded wires
pounds per square inch. Nickel wire and the stainless
In planar stitch-wiring, point-to-point circuit intercon- steel used for the weld pads have the bonding points and
nections are made by electrically welding lengths of corrosion resistance necessary for electric welding, as
Teflon-insulated solid nickel wire to stainless steel pads well as the required differences in resistivity. The nickel
on the pc boards. On both sides of the board, the weld provides a strong connection, resistant to shock and
pads form agrid around the plated-through interconnec- vibration, because it bonds without recrystallization or
tions into which the components are inserted. Figure 1 embrittlement.
shows an example of afinished board.
The weld process
The interconnections may take the shortest distance
In the welding process (Fig. 2), the insulated wire
between points, or they may be routed indirectly according to the designer's wiring map. Twisted-pair connec- automatically feeds through a hollow upper electrode
tions may be made; also, weld pads on the components and is pressed against the weld pad. The electrode is
side may serve as interconnects, so long as the wires are under pressure and mechanically displaces the Teflon
insulation until a metal-to-metal contact is made to the
channeled around the components' locations.
Like the Multiwire technique, planar stitch-wiring can weld pad—connected by the plated-through hole to a
bond wire continuously [for a Technology Update on similar pad on the other side of the board, where the
automatic wiring, see Electronics, May 25, 1978, p. 134]. lower electrode is resting. The wire is slightly flattened
The insulated wires used in both techniques can be
layered, which provides the high density of interconnections. Multiwire achieves its low profile by bonding the
wire to an adhesive substrate and terminating it to a
plated-through hole. Planar stitch-wiring achieves its low
profile with its stainless steel pads—in contrast to the
similar stitch-wiring, which welds the wire to stainless
steel pins, giving a higher profile and increased productiOi costs due to the pin insertions required.
Another high-density low-profile alternative is the
tried and true multilayer board, which may have as
many as 30 internal conductive layers for the intercon-

0 High wiring densities and low profiles are acombination often hard to beat when loading printed-circuit
boards with components. When such a wiring method
can lower costs over the established high-density lowprofile techniques, then it is a strong contender for a
myriad of electronics applications.
This advanced interconnection technique is planar
stitch-wiring. It is based on welding nickel wire to stainless steel pads on special pc boards. Especially for lower
production runs, it already is competitive with multilayer
board techniques.

1. Stitch wiring. Combined are views of the wiring and component
sides of a planar stitch-wired board. On the wiring side, insulated
solid nickel wire is electrically welded to stainless steel pads. Wiring
and component pads are connected by plated-through holes.
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WELDABLE
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PLATED

THROUGH HOLE

for aincreased surface area, and a2.5-millisecond highcurrent pulse from acapacitive-discharge power supply
produces the bond.
Typically, the bond strength will be 85% of the ultimate tensile strength, varying only ±5%. Average heat
generated during the bonding process is low, having no
effect on the laminate or solder plating of the board.
Underneath the steel pads is copper plating, which acts
as a heat sink and minimizes the heating effect and
changes in resistance caused by welding.
The welding may be either a manual or a semiautomatic process. In the manual approach, the operator
follows awire list in positioning the board for each weld.
In the semiautomatic approach (Fig. 3), apunched-tape
program positions the board on its X-Y axes, waiting
until the operator has used the weld-activating foot pedal
before moving on to the next interconnection. The difference in output is considerable: more than 100 wires an
hour for the manual machine; more than 500 wires an
hour for the semiautomatic machine.
A

PRINTED
CIRCUIT
BOARD
LOWER ELECTROUE

2. Electric bonding. In stitch-wiring, insulated wire is fed through an
upper electrode and pressed against a board pad, displacing the
insulation. A current pulse is then fed through the two electrodes,
bonding the nickel wire to the stainless steel pad.
3. Semiautomatic. In Augat's System 78 planar stitch welder, the
desired board pad is automatically positioned under the fixed welding head. The operator then actuates the head and cuts the wire, and
the machine moves the board to its next position.

steel-clad board

Planar stitch wiring does require a special pc board,
which begins with acore of FR-4 flame-retardant epoxyglass. Laminated to both sides are sheets of 0.003-in.
stainless steel, electroplated on their inner side with a
thin layer of nickel and with a0.0015-to-0.0020-in. layer
made of copper.
After the stainless steel lamination, holes are drilled
through the laminate to form the required pattern. Then
the nickel film is plated to the stainless steel, and the
epoxy-glass in the holes is chemically sensitized so that
it, as well as the board surfaces, can be plated with the
copper to aminimum thickness of 0.0015 in.
What follows are the basic steps to form a pc image:
coating, exposure, and developing. Next are two etch
cycles, one removing all metal layers where they are
unnecessary, and the other selectively removing the
copper from on top of what arc then the weld pads.
During the etching, the plated-through holes and the
connecting terminals are protected by an applied mask.
After removal of this mask, solder-coating the holes and
the terminals completes the manufacture of the basic
printed-circuit board.
Myriad board designs
To connect integrated circuits (ICs) or discrete parts
in dual in-line packages (DiPs) to a planar stitch-wired
board, the patterns for the pads and plated-through holes
may be custom designs or standard configurations. The
off-the-shelf designs include patterns for 14-, 16-, and
24-lead DiPs, as well as universal layouts. The power and
ground planes may be etched directly into the pc board
to connect directly to the components, or they may be
connected to separate weld pads at each IC position.
Pads formed outboard of the plated-through holes are
standard. For even greater density, they may be inboard
with the components mounted over them.
Computer-generated design means that the boards
may be tailored to the most sophisticated custom circuitry that an engineer may require. Additional voltage and
ground planes may be gained with inner layers tied
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100
90

BREAK-EVEN POINT
ONE SYSTEM =10 DIFFERENT BOARD
ASSEMBLIES

ONE SYSTEM =10 DIFFERENT BOARD
ASSEMBLIES INCLUDING
ONE MODIFICATION

COST IS THOUSANDS

80
70

BREAK EVEN POINT

60
50

'•-• PLANAR STITCH-WIRE
RECURRING COST:
$295 PER BOARD

40
30
20

MULTI LAYER
RECURRING COST:
S225 PER BOARD

MULTILAYER NONRECURRING COST: $33 238
PLANAR STITCH-WIRE NONRECURRING COST: $23,324

10

o

14

21

28

NUMBER OF SYSTEMS

4. Getting

even.

The break-even analysis to the left shows that, for

small quantities, stitch-wired boards are less costly than multilayer
boards. One board modification to the same system can radically
shift the break-even point upward (right).

through the plated-through holes to weld pads. Large
aluminum heat sinks have been designed and bonded to
component planes, as well.
A wide range of input/output interconnections are
available, including standard nickel-gold edge connectors, two-piece right-angle connectors, and flat cable
inter-connectors. Moreover, component mounting is
available in anumber of options: direct mounting, wavesoldered low-profile dual-in-line-package sockets, or
machined socket pins.
A prime advantage of planar stitch-wired boards is the
high wiring density—the ability to layer alarge number
of interconnections in a small amount of space. The
density is comparable to that of a 15-layer pc board
made by the multilayer method.
Other advantages
Even with this high density, the low profile of planar
boards permits packaging in astandard cabinet with as
little as 0.5 in. in between. By insuring compatibility
with wire-wrapped boards, many systems using wirewrapping can be expanded by selected board replacement using planar stitch-wiring. Since all wiring in the
stitch-wired system is adjacent to the ground plane, the
low profile also minimizes any delay of logic signals due
to impedance variations, especially at emitter-coupledlogic speeds.
Another advantage of this wiring method is its flexibility, which makes it suitable for prototyping. Since it is
easy to apply wires to the interconnection points or to
change them, there is no need for breadboards when
designing and debugging anew circuit or when expanding an existing cne.
The planar boards also work well in full production
runs. All connections are readily accessible, so if change
is necessary, the wires being replaced are simply cut out
and the new connections welded to the stainless steel
pads. As many as four bonded wires may be accommodated on each pad. Even if a welding machine is not
readily available, there is room for soldered connections
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at the terminal area of the plated-through holes.
Multilayer boards are the most widely used methods
for obtaining high-density low-profile systems. However,
they are cost-effective primarily in high-volume production of circuits that are past design change.
Planar stitch-wired boards have the flexibility and
capability for being changed in production runs. Also
start-up costs and turnaround times can be cut by athird
to ahalf, compared to complex multilayer board designs.
Cutting costs
A cost study recently conducted compared the planar
stitch-wiring and multilayer techniques. It found that
the initial cost for astandard planar board is about half
that for amultilayer board, while acustom stitch-wired
board was about 65% of the cost of a multilayer unit.
The study was fairly extensive, comparing nonrecurring
and recurring costs for atypical small system with and
without modifications.
The resulting computations, in the table and Fig. 4,
are based upon doing most or all of the nonrecurring
work in house, as well as the wiring. If Augat were to do
the artwork, engineering, and programming, nonrecurring costs for stitch-wiring should be less than half the
amount shown in the table.
For 10 board assemblies per system with no modifications, stitch-wiring has a$9,900 savings in nonrecurring
costs. However, it has a higher recurring cost, resulting
in abreak-even point, for this example, of 14 systems, or
140 boards (left in Fig. 4).
With modifications
If just one modification per board is introduced into
the sample system, the crossover point goes much higher.
Nonrecurring costs for the first 10 boards are the same
as before, but there is an additional $13,000 savings in
nonrecurring costs for the stitch-wired board when
making the modifications or changes. Also, production
of the first system with the change results in another
$1,840 savings with stitch-wiring raising the break-even
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TYPICAL NONRECURRING COSTS
Second board of same
configuration

New board

Multilayer boards

Layout and artwork
Board detailing and preparing numerical-coded drill tape

Hours

Material
cost

Hours

90

S24.00

60

6

1.00

2

1.00

1.00

4

32

Labor cost at $22.50 an hour

205

S28.00

S4,610

38

1
,

Cover detail

4

1.00

24

40

From-to wire list

24

1.00
1.00

30.00

40

Setup

Labor cost at $22.50 an hour
TOTAL

to 36 systems or 360 boards (right in Fig. 4).
Users of planar stitch-wiring are reporting excellent
results in applications that have limited space or require
rugged construction to resist the stresses of shock and
vibration. For example, the Aerospace and Electronic
Systems division of Westinghouse Electric Corp is using
planar boards for satellite-launch vehicle control and
integrated logistic support. Hughes Aircraft Co. is using
them in an electronics package in an experimental military tank, which has a harsh shock and vibration environment. Cubic Corp. is flying a number of planar
boards on an electronic package for adrone aircraft.
point

Commercial applications
Besides these aerospace and military uses, there are
many commercial applications, including Itek Corp.'s
use in imaging reproduction systems and very dense
packaging for sophisticated aircraft instrumentation

Material
cost

Hours

6

S 1.00

2

1.00

4

40

1

5

30.00

1

S15.00

5

24
Subtotal

Material
cost

Hours

Modification

20.00

5

Drawing check

$1,557

Standard board

24

5

Tooling

S27.00

1.00

6

Schematic

68
S1,530

S 8.00
2.00

Keypunch and computer service

136

Material
cost

6

Assembly drawing and oarts list

S28.00

S3,108

Board detailing and numerical-coded drill tape
lcomputer-aided design)

Assembly master

137

S4,638

Hours

11

S3,080

Custom board

Layout and artwork

40

23

TOTAL

Planar stitch-wire boards

S24.00

8

1.00

Subtotal

45

2.00

40

6

S24.00

6

Schematic

Drawing check

Material
cost

2.00

1.00

7

Hours

cost

6

24

Setup

Material

2.00

Assembly and parts list

Tooling

Modification

9

216

S64.00

$4,860

2

89

S32.00

S2,010
$4,924

10

$15.00

S225

S2,042

S240

from the Avionics division of International Telephone
and Telegraph Corp. Another aerospace firm used the
planar method in aback panel.
To enhance the attractiveness of this wiring method,
there is some down-to-earth research needed on equipment development. For instance, astudy is being made
of the feasibility of a relatively inexpensive field tool
facilitating stitch-wiring changes at locations where a
welding machine is unavailable. Such atool will likely be
comparable to the hand-held Gardner-Denver wiring
gun now used with wire-wrapped boards.
Another development that may appear within the next
few months is an economy line of single-sided stitchwired boards, which promise to substantially cut production costs. It is based on atechnique called parallel-gap
welding, which will be designed for incorporation into
both the microprocessor-controlled semiautomatic welding machine and the manual unit.
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Data-link control chip supports
all three bit-oriented protocols
Ability to handle newer control procedures increases
flexibility in designing data-communications systems
by Bill Meronek,

Western Digital Corp., Newport Beach, Calif.

0 As with any form of communication, rules, whether
implicit or explicit, are necessary if messages are to be
received and interpreted properly. In the case of data
communications, the increasing capability and complexity of equipment and rapidly rising software costs have
called forth the development of more efficient sets of
rules, or protocols. The recent protocols for data-link
control have therefore switched from a character- to a
bit-oriented approach.
This approach uses position instead of control characters to define the various parts of a message, thereby
boosting throughput and greatly simplifying implementation. In addition, the newer protocols provide advanced
error-checking techniques, data transparency, and fullduplex capability.
Western Digital Corp.'s SD1933 (and the version soon
to be produced as asecond source by National Semiconductor Corp.) is the first data-link control chip to fully
support all three bit-oriented protocols: IBM Corp.'s
Synchronous Data Link Control (soLc), the International Standards Organization's High-Level Data Link
Control (HDLC), and the American National Standards
Institute's Advanced Data Communications Control
Procedure (noccF), which is almost identical to HDLC
(see "Lots of protocols," p. 142, and "Data-link control
chips: bringing order to data protocols," Electronics, June
8, p. 104).
The SDI 933 generates modem-controlling signals for
total link control. It interfaces a parallel digital system
with a serial data-communications channel. To understand how this is done, the basic unit of information
transfer for the three bit-oriented protocols—the
frame—has to be examined.

The frame consists of an address field, acontrol field,
the information field, and a frame-check sequence (Fcs)
and is bounded at each end by a flag (Fig. 1). The flag
sequence is 01111110.
Picturing the frame
There are two addressing modes: the basic address
mode, which uses asingle address byte (8 bits) and may
be an individual, group, or global address; and the
extended address mode (ADCCP and HDLC protocols
only), in which the field is one or more bytes. In the
latter, if the first (2°) bit of an address byte is a0, then
the next byte is an extension of the address field. The
field is terminated by putting a Iin the first bit of the
last byte. In this way, the address field may be extended
to any number of bytes.
The control field, for encoding commands and
responses required to control the data link, is one (all
three protocols) or two (ADCCP and HDLC) bytes long.
Three types exist. They are: supervisory, used to convey
ready or busy conditions and possibly to report frame
sequence errors; information transfer, used to send
sequenced information frames; and nonsequenced (unnumbered), for data-link management, which includes
initializing or activating secondary stations, controlling
the response mode of secondary stations, and reporting
procedural errors.
The frame-check sequence provides error detection. It
uses the CCITT'S 16-bit error-checking algorithm to
perform a cyclic redundancy check on the address,
control, and information fields. The transmitter first
presets its I
6-bit frame-check sequence to all Is. Next,
the binary value of the transmission to be sent is multi-

)
FLAG
(01111110)

ADDRESS
(1 OR MORE
(ADCCP AND HDLC1
8-BIT BYTES)

CONTROL
(1 OR 2
IAOCCP ANO HIM]
8-BIT BYTES)

INFORMATION FIELD
(ANY LENGTH)

FRAME-CHECK
SEQUENCE (16 BITS)

FLAG
(01111110)

r

Y
FRAME

1. Information transfer. The frame is made up of groups, or fields, of bytes that contain all the required data control information, as well as
the data itself. It is always bounded by flag sequences. The flags contain no information; they act as start and stop signals.
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Data-link control: aglossary
Abort

a sequence of 7 to 14 consecutive binary is that terminates a
frame and also the continuity of
the data link
Advanced Data Communications
Control Procedure: the American
National Standards Institute's
version (BSR X3.66) of SDLC
the field that defines the source
or destination of a frame; it
follows the opening flag of a
frame
any asynchronous data-communications protocol: transmission
in which each character is individually synchronized by the use of
start and stop bits; the length of
the gap between characters is
not necessarily fixed
Binary Synchronous Communications: a character-oriented synchronous data-communications
protocol developed by IBM; the
predecessor of SDLC
a one- or two-byte (ADCCP and
HDLC only) field that follows the
address field and is used for
sending commands and responses required to. control the
data link
cyclic redundancy check: an error-checking technique that uses
a sophisticated mathematical algorithm
feature of ADCCP and HDLC that
allows the address field to be
more than one byte long
frame-check sequence field: a
16-bit error-checking field to validate transmission accuracy; it
uses CRC

ADCCP

Address field

Asynch

Bisync

Control field

CRC

Extended address

FCS field

plied

and

divided

by appropriate

polynominals.

The

Flag
Full-duplex

Global address

Go-ahead mode

Go-ahead pattern

HDLC

Idle

l-field
NRZI

SDLC

SIR

Zero insertion
and deletion

a bit sequence (01111110) used
to delimit frames
simultaneous independent transmission of information in both
directions
an address of all is, indicating
that the frame is intended to be
received by all stations
a special SDLC mode in which
the link is configured as a loop
with one primary and n secondary stations
a bit pattern of one 0 followed by
seven is, which is recognized by
secondary stations as permission
to transmit
High-Level Data Link Control: the
International Standards Organization's (ISO 3309) version of SDLC
a sequence of 15 or more consecutive is, indicating that the
data link is to be idled
information field
nonreturn-to-zero-inverted coding: acoding method in which the
output remains in the same state
to send a binary 1 and changes
state to send a binary 0
Synchronous Data Link Control:
IBM's most recent synchronous
data-communications protocol
(GA27-3093)
Synchronous Transmit and Receive: IBM's earliest synchronous
data-communications protocol;
predecessor of Bisync
an encoding and decoding method used within a frame to guarantee that there are no more than
five is in a row, thereby ensuring
data transparency

integer quotient is then ignored and the complement of
the remainder is transmitted. The receiver performs a

the frame-check sequence. If there are no errors, the
receiver's FCS equals FOB8 (hexadecimal).
The information field may be any length, including

similar computation on each incoming frame, including

zero. Thus the minimum frame, not counting flags, is 32

SYNCHRONOUS DATA LINK CONTROL CHIP FUNCTIONS
Transmitter

Receiver

Zero insertion

Zero deletion

CRC generation

CRC check

Abort generation

Aborted frame detection

bits long. In SDLC, the information field length must be a
multiple of 8 bits; consequently, the SDI933 can generate and receive a residual byte of 1to 7 bits.
Aborting the frame
Besides flags, two other bit sequences have meaning,
and both are important features of the three bit-oriented

Residual byte transmission

Residual byte detection

protocols. A transmitting station may end a frame by

Variable-byte-length transmission

Variable-byte-length reception

Go-ahead (loop) mode

Go-ahead (loop) mode

sending an abort—a sequence of 7 to 14 Is. The receiving station will then ignore the frame, and it may not

NRZI encoding

NRZI decoding

Flag generation

Idle detection
Invalid frame detection
Address comparison
Address extension

send another frame until it receives a command from the
primary station.
The third bit sequence triggers the idle state provided
for by the three protocols. The data link is idled when a
station receives 15 or more Is in a row. It remains idle
until a 0 is detected.
Another attribute of these protocols is zero insertion
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and deletion, which ensures data transparency. Within
the two flags of a frame, a 0 is automatically inserted
during transmission after five

Is and deleted on recep-

tion. Therefore no bit sequence in a frame can be misinterpreted as a flag, an idle, or an abort.
In addition, SDLC

features a loop

mode, called go-

ahead. In this mode, each secondary station becomes a
repeater.

Transmissions from the

primary are relayed

from station to station and then back to the primary.
Any secondary station finding its address in the address
field

of a frame

captures

that

frame

for

action.

All

received frames are then relayed to the next station down
the loop.
Whenever a secondary station receives the go-ahead
pattern (a 0 followed by seven or more consecutive Is), it
may, at its option, suspend repeating and put its own
transmission on the line. When it is finished, it sends a
go-ahead pattern, deactivates its transmitter, and again
becomes a repeater.

Performing the functions
The SD1933 performs all the functions required
the SDLC. ADCCP, and
Built

with

n-channel

by

HDLC protocols (see the table).
metal-oxide-semiconductor

tech-

nology, it uses a single 5-volt supply and is transistor-

DAL0 - DAL 7
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COMMAND
REGISTER 1

COMMAND
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COMMAND
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HOLD
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NRZI

NRZI
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ABORT
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.

p.
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ABORT AND FLAG INSERTION

IDLE

CYCLIC-REDUNDANCYCHECK REGISTER
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DECODING

GO-AHEAD
CONTROL

NONRETURN-TOZERO-INVERTED
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11

t
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2. Layout. The architecture of the SD1933 data-link control chip is fabricated on a chip 300 mils by 300 mils (top). Internal interconnections
(bottom) use 40 external pins for interfacing a parallel digital system with a synchronous serial-data channel.
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ters, and monitoring is accomplished by use of the status
and interrupt registers (Fig. 3). The command registers
dictate what the transmitter will send: the type of information (abort, flag, FCS, or data), the number of bits per
byte, and the number of bits in the residual byte. Similarly, they tell the receiver the types of frames to look
for, the number of bits per byte, whether to perform an
address comparison, and whether to watch for an
extended address.
Monitoring the signals
The status and interrupt registers perform monitoring.
The status register indicates if an aborted or invalid
frame has been received, whether an idle was received,
and so on. The interrupt register indicates if end-ofmessage signals have been received and if frame transmission is complete. It also monitors the status of the
interrupt signals.
Various modems are readily accommodated, as the
SD1933 has a full complement of modem interface
signals. These signals include data set ready (DSR), ring
indicator (RI), carrier detect (CD), clear to send (CTS),
request to send (RTS), and data terminal ready (DTR).
An interrupt is generated if DSR, RI, or CD changes
state (the latter two if so programmed). RI and CD may
be programmed to interrupt on the rising edge, on the
falling edge, or on both edges. The interrupt source is
determined by reading the interrupt and status registers.
The DTR output is set by a bit in the command register
and RTS is set when the transmitter is activated.
Still more choices
When the nonreturn-to-zero—inverted code is chosen
(a data transition when a 0 is sent and no transition
when a Iis sent), the transmitter encodes the transmitted data with the NRZI code before shifting it out.
Similarly, the receiver expects NRzi-encoded data and
will decode it before assembling data bytes.
In the 1X mode, the SD1933 requires the clock and
data signals to be phase-synchronized in order to ensure
link integrity. In the 32X mode, it uses a digital phaselocked loop to provide the synchronization, thus allowing
connection to asynchronous modems as well. However,
the loop requires data transitions to do this. Zero insertion and deletion guarantees transitions for long strings
of Is within a frame. To provide transitions for long
strings of Os, the nonreturn-to-zero--inverted option
should be used.
The end-of-data-block (E0B) option allows easy transfer of blocks of memory by direct memory access. Activated at the end of the data block, it causes automatic
transmission of the frame-check sequence and aflag.
Putting the chip to work
In a typical data-communications application (Fig. 4)
such as might be found in a stock brokerage firm, the
host and its peripherals are located at the main office.
Terminals are also located in remote offices, with
connection to the host via data-communications controllers. The terminals provide up-to-the-minute stock
prices, entry of customers' buy and sell orders, and
companies' financial statements, as well as the firm's
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Lots of protocols
Since the advent of synchronous data communications, awide variety of protocols has been developed
by various military agencies, universities, and companies. The most widely used have been those generated
by IBM Corp.
The earliest were the Synchronous Transmit and
Receive (SIR) and Binary Synchronous Communications (Bisync) protocols. However, the increased
sophistication of processing equipment called for more
efficient procedures.
Synchronous Data Link Control (SDLC), announced
in 1973, was developed to permit accurate full-duplex
transmissions with a high throughput. Some of the
advantages of SDLC over SIR and Bisync are independence of code structure, full information transparency
without the use of control characters, a single standard-frame format, and full-duplex operation.
After the introduction of SDLC, several national and
international organizations issued their own versions.
The International Standards Organization's High-Level
Data Link Control (HDLC) is described in the ISO 3309
specification. The American National Standards Institute's version, called Advanced Data Communications
Control Procedure (ADCCP), is described in ANSI BSR
X3.66. The ISO and the ANSI specs are very similar and
both are supersets of SDLC (except for its loop mode).

accounting and billing information.
Such asystem is general enough to be configured for a
wide variety of applications. For example, the host
processor and remote terminals could be located respectively in airline reservation offices and ticket counters,
travel centers and travel agencies, central bank offices
and branch banks, or department stores and individual
cash registers.
The host processor performs high-level data-processing tasks such as accounting, bookkeeping, and input and
output to the cathode-ray-tube terminal, line printer,
card reader, or disk. Usually, a large portion of the data
processing is dedicated to sending or accepting data to or
from the data concentrator. Sending large blocks of data
to the remote terminals via the data concentrator relieves
the host of time-consuming ho chores, freeing it for
other processing tasks.
The data concentrator processes and formats data to
allow for more orderly and efficient information transfer
between the host and the data-communications controller. It is modified for each application to enable it to
translate the data received from the controller into a
format acceptable to the host, and vice versa. Other
functions include setting priorities for the controller's
channels, processing interrupts, and holding data until
the host is ready to accept it.
The data-communications controllers interface remote
terminals via modems (if necessary) with the data
concentrator. Each controller uses a microprocessor to
manage eight serial data-communications ports. Each
port contains aprinted-circuit board with a40-pin socket
filled with the chip appropriate for SDLC or Bisync
communications. A DIP switch on each pc board
programs it to expect the right one.
111
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How can acompany
that makes so many interfaces,
and delivers them so fast,
make them so good?

By using these.
The finest components. Hand
assembled. Each skilled MOB
craftsperson working alone to
produce a product and submit it
for testing. That's what makes
MOB computer interfaces the
best available, bar none.
Full year warranty.
MOB products are so well
made that we back them up with
a one-year unconditional
warranty. Any problem with one
of our boards, just call. We'll
solve it over the phone or ship a
replacement within 24 hours.
Then repair or permanently
replace the original.
In your hands, fast.
MOB is the leading
independent manufacturer of
interface products. We sell and
service direct here in the United
States. We have stocking and
Circle

139 for PDP:

servicing distributors worldwide.
Nine times out of ten we can ship
within 14 days after receiving
your order.

for the computer you're using. It
comes complete with pricing!

A wide range of products.
Included in our line are line
printer and card reader controllers and other plug-compatible
modules for most computers
including DEC POP-11, LSI-11;
and POP-8; IBM Series/1;
Data General Nova and
Eclipse; Interdata and HewlettPackard computers. All MOB
products are software compatible or transparent. No
special diagnostic or operating software is needed.

13

Moderate cost.
MDB interfaces are priced
below host computer
manufacturer equivalents. Send
for our product literature portfolio

140 for LSI:

141 for Data General

SYSTEMS INC.

1995 N. Batavia St., Orange,
CA. 92665 (714) 998-6900
TWX: 910-593-1339

142 for Interdata,

143 for IBM

Engineer's notebook
figure. By assigning the register DE for Eft and using
the LHLX instruction, this sequence can be replaced by
the much simpler arrangement shown at the bottom of
part (a).
As for adding the contents of register pairs with an
additional byte (offset), DE can be loaded with HL plus
by Wolfgang Dehnhardt and Villy M. Sorensen
GSI, Darmstadt, and Sorensen Software, Seeheim, West Germany
the byte by selecting the instruction LDHI, which simplifies array addressing. Usually, the architecture of 8080type systems dictate the addressing of arrays in what are
Ten operating codes and two flag bits previously called pages of 256 bytes. This restriction means that the
unknown to most users of the 8085 microprocessor will
starting address of an array must be placed near the
enable programmers to write more efficient routines.
beginning of apage. A typical call is as shown in part (b)
The new members of the instruction set, which were of the figure.
stumbled upon during the testing of an assemblerThe page limitation is bypassed using the LDHI
disassembler module, include seven op codes that involve
instruction code and constant indexes. The starting
the processing of register pairs, two that involve jump address of the array can now be placed anywhere, and
operations with one new flag bit, and one that performs a addressing occurs as shown at the bottom of part b.
conditional restart on the overflow indication of the
Any additional byte can be combined with registerother flag bit.
pair SP in DE if instruction LDSI is specified. This
The seven register pair instructions (all with 16-bit
instruction is designed for operating system routes that
operands) consist of a double subtraction, a rotate, a transfer arguments on the stack. An example sequence,
shift, indirect loading and storing of a word, and two shown in (c), stores HL into the 16-bit word located as
offset operations. Either BC, DE, HL, or SP are the the second item below the top of the stack.
designated register pairs used in these op codes.
The jump and restart instructions work in conjunction
The mnemonic names of the instructions have been
with the two discovered flag bits, XS and V. Op codes
selected to be compatible with the 8085's existing JX5 and JNX5 jump depending on the state of the XS
mnemonics. In the double subtraction (DsuB), register flag. Op code RSTV makes a restart call to hexadecimal
pair BC is subtracted from HL. This instruction thus address 40 if the V flag is set; otherwise it functions as a
performs the opposite task of DAD B, a well-known
no-operation instruction.
instruction. The instruction RDEL rotates register pair
Flag bit V indicates a 2's complement overflow condiDE left 1bit through the carry. ARHL is an arithmetic tion for 8- and 16-bit arithmetical operations. Flag bit
shift to the right of HL. It serves to divide FIL by 2,
XS has been named for its position in the condition code
except in cases where HL is — I.
byte and not for its function. It does not resemble any
All 16 bits of register pair HL can be stored indirectly
normal flag bit. The only use for this bit found thus far
at the address contained in the DE pair by specifying are as an unsigned overflow indicator resulting from a
instruction SHLX. To load HL. LHLX must be employed.
data change of FFFF to 0000 on executing the instrucAs an example of how this instruction can be used to tion of INX and as an unsigned underflow indicator from
cut instruction steps, consider the common sequence adata change of 0000 to FFFF on executing DCX.
used for a routine table jump shown in part (a) of the
The new 8085 instructions are outlined in the table. El

Unspecified 8085 op codes
enhance programming

Source statement
MOV

E, M

INX
MOV

(a)

D, M

Comments

Source statement

Comments

;ROUTINE ADR LOW BYTE

LXI

H, ARRAY

;ARRAY BASE ADR

;HL = TABLE ADR

MVI

L, INDEX

;8-BIT INDEX, HL = ARRAY ADR

LXI

H, ARRAY

;ARRAY BASE ADR

LDHI

INDEX

;8-BIT INDEX, DE = ARRAY ADR

;ROUTINE ADR HIGH BYTE

XCHG

;DE = ROUTINE ADR

PCHL

;GO TO ROUTINE ADR

LHLX

;DE = TABLE ADR

PCHL

;HL = ROUTINE ADR

(b)

Options. Newly discovered operating codes for 8085 shown in table

Source statement

enables the writing of more efficient programs. Program for table
jump (a, top) may be reduced significantly when new instruction (a,

LDS'

bottom) are implemented. Array routines (b, top) can be rewritten

SHLX

(b, bottom) so that arrays can be addressed across page bounda-

(
c)

2

Comments
;DE =SP + 2
;REPLACE 2. ITEM ON STACK

ries. Data words can be entered at any point in astack register (c).
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NEW 8085 INSTRUCTIONS

NEW CONDITION CODES:

V .-- bit 1
X5 = bit 5

Condition code format
S

Z

X5

AC

OP

VC

2's complement overflow
Underflow (DCX) or overflow (INX)
X5 .-- 0102 +01. R +02. R, where
01 = sign of operand 1, 02 = sign of operand 2,
R = sign of result. For subtraction and comparisons,
replace 02 with ái.
RSTV

DSUB

(double subtraction)

(H) (L) = (H) (L) — (B) (C)
The contents of register pair B and C are subtracted from the
contents of register pair H and L. The result is placed in
register pair H and L. All condition flags are affected.
O 0 0 0 10 0 0
cycles:
states:
addressing:
flags:
AR HL

If the overflow flag V is set, the actions specified above are
performed; otherwise control continues sequentially.

(08)

[1 10 0 101 1

3
10
register
Z, S, P, CV, AC, X5, V

(arithmetic shift of H and L to the right)

(restart on overflow)

If (V):
((SP)-1) = (PCH)
((SP)-2) = (PCL)
(SP) = (SP(-2
(PC) =40 hex

cycles:
states:
addressing:
flags:
SHLX

(C8)

1or 3
6or 12
register indirect
none

(store H and L indirect through D and E)

(H7=H7(;
= (Hn)
(L7=Ho); (Ln -1) = (Ln); (CV) = (Lo)

(1011E1)= (L)
(1D)(E)+11= (H)

The contents of register pair H and Lare shifted right one bit.
The uppermost bit is duplicated and the lowest bit is shifted
into the carry bit. The result is placed in register pair H and L.
Note: only the CV flag is affected.

The contents of register Lare moved to the memory location
whose address is in register pair D and E. The contents of •
register H are moved to the succeeding memory location.

000 10000
cycles:
states:
addressing:
flags:
RDEL

1 10 1 10 0 1
(10)
cycles:
states:
addressing:
flags:

2
7
register
CV

(rotate D and E left through carry)

(Dn+11= (Dn); (Do) = (E7)
(CV) = (D7); (En+1) = (En); 1E01 = (CV)
The contents of register pair D and E are rotated left one
position through the carry flag. The low-order bit is set equal
to the CV flag and the CV flag is set to the value shifted out
of the high-order bit. Only the CV and the V flags are affected.

JNX5

(D9)

3
10
register indirect
none

(jump on not X5)

If (not X5):
(PC) = (byte 3) (byte 2)
If the X5 flag is reset, control is transferred to the instruction
whose address is specified in byte 3and byte 2of the current
instruction; otherwise control continues sequentially.
1 10 1 1 10 1

(DD)

low -order address
0 0 0 1 10 0 0
cycles:
states:
addressing:
flags:
LDHI

cycles:
tates:
addressing:
flags:

3
10
register
CV, V

(load D and E with H and L plus immediate byte)

(D) (E) = (H) (L) + (byte 2)
The contents of register pair H and Lare added to the
immediate byte. The result is placed in register pair D and E.
Note: no condition flags are affected.
O 0 10 10 0 0
data
cycles:
states:
addressing:
flags:
LDSI

high-order address

(18)

LHLX

(load H and L indirect through D and El

(L) = ((IME))
(H) = I(D)(E)+1)
The content of the memory location whose address is in D
and E, are moved to register L. The contents of the succeeding
memory location are moved to register H.
1 1 10 1 10 1

(281

cycles:
states:
addressing:
flags:

3
10
immediate register
none

JX5

(load D and E with SP plus immediate byte)

2or 3
7or 0
immediate
none

(ED)

3
10
register indirect
none

(jump on X5)

(D) (E) = (SPH)(SPL) + (byte 2)

If (X5):
(PC) = (byte 3) (byte 2)

The contents of register pair SP are added to the immediate
byte. The result is placed in register pair D and E. Note: no
condition flags are affected.

If the X5 flag is reset, control is transferred to the instruction
whose address is specified in byte 3and byte 2of the current
instruction; otherwise control continues sequentially.
1 1 1 1 1 10 1

O 0 1 1 10 0 0
(38)

data
cycles:
states:
addressing:
flags:

3
10
immediate register
none

(Ft))

low-order address
high-order address
cycles:
tates:
addressing:
lags:

2 or 3
7or 10
immediate
none

•
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Engineers...
• sn't it about time you had
one more moving experience?

Instead of sitting around just wondering
what it would be like to join the nation's
number one avionics team you owe it to
yourself to find out. Over 80 longterm
sub-contracts and millions more in diversified R&D business have created exciting
and secure career opportunities for top
engineers with Honeywell-in-Florida. A
higher after-tax take-home pay, a lower
cost of living, a more exciting career challenge, and a new life in one of America's
•"most liveable" cities where vacation begins every day after work. It all adds up to
Honeywell-in-Florida.
You'll appreciate Honeywell-in-Florida's
commitment to engineering excellence.
And the freedom you'll have to realize your
full career potential in a company which
recognizes and rewards achievement.

Welcome To The Good Life!

Sure, there's a 98.9041 per cent chance of
sunshine every day and you can swim in
the middle of winter. But equally as important, you can watch a Broadway show or
Las Vegas headliner talent, catch major
league NFL football or NASL Soccer, enjoy
first class opera and symphony concerts,
or tour one of the many art museums in the
area. Or you can take the whole family to
nearby Disney World, Circus World, or
Busch Gardens. Whatever you want to do
is here for you. On Florida's famous Suncoast. The family place.
If being involved with something really significant is important to you, then we're your

Honeywell
Avionics Division

i
n FIO>ida
•

A place

In

the

sun tor you ,

kind of company. And if you and your family like the idea of moving to Florida's Suncoast, where your new salary with
Honeywell-in-Florida
will
be
worth
thousands more a year, rush us the "Instant Application" in complete confidence,
of course.
Honeywell-In-Florida has immediate
and long term needs for Engineers in
the following disciplines:
Mechanical Design
Software Engineering
Systems Engineering
Computer Systems
Digital Design
Analog Circuit Design
Reliability Engineering
Analog Design
Production Test
Production Build
Electronics Design

Living on Florida's famous Suncoast is
more than just sun and sand and fun.

Honeywell is an equal opportunity employer
actively seeking applicants under its Affirmative
Action Program.

Name

Duties

Duties

"INSTANT APPLICATION"

Address
City

*Christian Science Monitor.

State
Zip

Previous Employer

Home Phone
Business Phone

Previous Employer

Dates Employed

Job Applying for

Job title

Dates Employed

Present Employer
Salary requirements
Present salary
Dates Employed
Job title
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Mall to: G Manthos
Avionics Division,
Honeywell-in-Florida
13350 U.S. Hwy 19
Pinellas County, Florida 33733

H oneywell
Avionics [Division

in nprida

A place In the sun tor you ,

Job title
Duties

Education
Other Experience
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odd-addressed words. Two two-to-one-line data selectors
(74157s), driven by a 7-bit system counter, assign data
on the bus to their corresponding RAMS.
The bus line is wired into the 74157s, so that their
outputs map their corresponding RAMS as shown. During
the write operation, bits 3 to 6of the 7-bit counter are
by Thinh V. Nhuyen
used for addressing. Bit 3 enables data to enter the
Technology Service Corp., Los Angeles, Calif
correct RAM in blocks of 4 bits. Thus all available
locations in both RAMS will be filled with data.
On readout, two four-to-one-line selectors (74153s)
In interfacing a random-access memory (RAM) with a
computer or acentral processing unit, it is hard to utilize and a two-to-one selector (74157) extract the desired
the maximum space available in the RAM because its data in sequence from both RAMS. During the read
word and bit organization is incompatible with the struc- operation, bits 3to 6are used for addressing the RAMS,
ture of the data bus. For example, a RAM might be as before. Bits 0 to 2 address the appropriate data
configured as a 16-word-by-8-bit device, whereas the selectors: bit 0 selects either odd- or even-location data
data bus might be configured to accept data organized in (in order) from the 74157, and bits 1and 2 direct the
8 words by 16 bits. Worse yet, no standard-sized RAM data from the 74153s to the input of the 74157. Thus
may exist for a desired data-block organization. 128 1-bit words appear at the output.
Because data from the bus is loaded into the RAMS
Although there is no hard-and-fast scheme for interfacing, the circuit shown in the figure, which in this case 8 bits at a time, the clock rate of the RAMS' address
configures data in a 128-word-by- 1
-bit block although counter should be twice that of the bus line's data rate.
accepting the same data from an 8-word-by-16-bit bus, To say it another way, the 7-bit counter should run 16
times faster than the computer's clock.
will yield insight on how to solve similar problems.
Since no 128-word-by- 1
-bit RAMS exist, two 7489
Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
I6-word-by-4-bit devices are used. One stores 64 even- design shortcuts, calculation aids, measurement and test techniques, and other ideas for
addressed 1-bit words; the other stores the remaining saving engineering time or cost. We'll pay $50 for each item published.

Selectors squeeze data
into random-access memories

7489 RAM
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11
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10
T

120

BIT 3

6

8

2

EVEN
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4
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r

C

00B

e

SELECT

A

/4153

ADDRESS
(BIT 31

4)

(BIT 3 BIT 61
BIT 2

BIT 1

BIT 0

7BIT COUNTER
1493s1

Selective addressing. Maximum number of RAM locations can be filled with data, despite incompatibility of RAM's word and bit organization
with data-bus structure. General method for organizing large, nonstandard-sized m-word by n bit data blocks from p-word-by-q-bit data bus
uses selectors for mapping data into two RAMs, one of which contains the even-addressed data, the other the odd-addressed data.
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Engineer's newsletter
Latch's metastability
may generate
synchronizer glitches

Where to get
thermal properties

Simple circuits that synchronize aone-shot to asystem clock independent
of the input signal's arrival at the one-shot may generate glitches if
flip-flops are used to do the job, says Roy C. Ogus of Xerox Corp., Palo
Alto, Calif. He therefore disputes the effectiveness of acircuit (described
in Electronics, July 21, 1977, p. 107) in which aflip-flop, driven at its D
port by adifferentiated high-level trigger signal, is latched by the system
clock (C input). Because the amplitude of the signal at the D input is
changing, setup times may not be observed, depending on when the system
clock signal arrives. The author's suggestion that the signal fall below the
threshold level of the D input halfway between clock pulses cannot be
ensured with the tolerances of the RC components used in the differentiator, says Ogus. As a result, the flip-flop's outputs may show metastable
behavior, failing to assume true logic states or even oscillating.
Ogus' solution for lowering the probability of glitches is to connect the
D input of asecond flip-flop to the output of the first and to latch both
with the same clock. The output of the second flip-flop becomes the output
of the circuit. The probability that the second device will assume any
metastable state is drastically reduced, since the transients from the first
latch are likely to disappear by the time the next clock occurs.

Lake Shore Cryotronics Inc. has announced a service that few offer—
determining a material's thermal properties at low temperatures. Given
samples of a material in disks / inch in diameter by 1
4 inch thick,
/
Cryotronics tabulates its specific heat, its gross heat capacity, the capacity
divided by the cube;of temperature, and the ratio of the net to gross heat
capacity over the temperature range 2 to 30 K. A plot of gross heat
capacity versus temperature is also supplied.
Given slabs Is by 1
/ by PA inches in size, Cryotronics will specify the
4
material's thermal conductivity with a table and a plot of thermal
conductivity versus temperature. Both specific heat and thermal conductivity tests are performed in an adiabatic calorimeter, amethod that limits
errors to amaximum of 5%. For complete details and pricing information,
write Cryotonics at 64 E. Walnut Street, Westerville, Ohio 43081, and
specify data sheet SH-TC.
3 8

measured

National conducts
nationwide seminars
on interface design

148

There's still time to enroll in National Semiconductor Corp.'s three-hour
seminar on interface design and applications. Special emphasis is on line
driver/receiver fundamentals, the safe range over which peripheral drivers
can be operated, and a new large-scale integrated circuit designed for
cathode-ray-tube controllers.
Conducting the sessions will be interface products marketing manager
Don Tarver, design manager Bill Fowler, and design section leader Charles
Carinalli. The seminar, geared to design engineers and technicians, has yet
to be presented in Boston (Feb. 5); Stamford, Conn. (Feb. 6); Westbury,
N. Y. (Feb. 7); Pinebrook, N. J. (Feb. 8); Philadelphia (Feb. 9); Dallas
(Feb. 26); Fort Lauderdale (Feb. 27) and Orlando (Feb. 28), Fla.;
Phoenix (March 1); and Tucson (March 2). The seminar is free of charge.
Those interested should contact their local National Semiconductor sales
office for further information.
Vincent Biancomano
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Printing Data and Graphics on the same card
0t rote 1,
't
"hi acurNie-'.
Ce° esn't te`I
Our DMTP-9 programmable card
printer/plotter does both —
prints the full alphanumeric ASCII
character set, and prints graphics
for plotting too.

Adjustable for table-top or wall
mounting, the DMTP-9 is available with controllers, power
supplies and interconnect
cable systems for complete
microprocessor/microcomouter compatibility. For more
details, call or write:
Practical Automation, Inc.,
Trap Falls Road,
Shelton, CT 06484;
(203) 929-5381

All it took was combining our long-life
5x 7dot matrix needle head with a stepping motor that controls ticket positioning
until the message (alphanumeric or graphics) is complete. Result: both analog and
digital data, on the same card.
Use it with blood — gas and other medical
analysis instruments. Extend the capabilities of a weighing system. Add a new
dimension to time card and production
control. And, print on either multi-part forms
or single cards ... on impact-sensitive paper or
with ribbon. Even program character pitch for
standard or enhanced printing for up to 32 characters per line, and approximately 39 lines.

A

PRACTICAL
AUTOMATION
INC.

Circle 149 on reader service card

The cost effective Debug Board for the 6500 micro- processor
family featuring:
•2E RAM
•IN CIRCUIT
EMULATION
•HARDWARE BREAKPOINT
•SYMBOLIC DISASSEMBLY
•RS 232C or CURRENT
LOOP

Sound transducers, solid state electronic microbuzzers or piezo ceramics. Count on Citizen for
reliability, competitive pricing, and immediate
delivery whenever you need abuzz.
• SMB 1.5. 6. 12, 24 VDC
• MMB 1.5 VDC
• RMB 3, 6, 12, 24 VDC
• PCB (Piezo Ceramic)
• IMB (Intermittent)6.12 VDC 1.5-9 VDC, 3-20 VDC
• PMB 3, 6. 12. 24 VDC
• CB-12A (Transducer)1.5 VDC

CITIZEN

CITIZEN AMERICA
CORPORATION

1710 -22nd Street, Santa Monica, California 90404
(213) 829-3541 TWX: (910) 343-6450

Circle 219 on reader service card

Circle 221 on reader service card

149

Who do you think of
for acomplete line of 8-bit microprocessors?

If you haven't checked into our 8-bit
line recently, take alook at what you've
been missing.
We've got everything you need in 8-bit
Our 8-bit Families
µPD 8080AF
¿PD 8085A
µPD 8048
PD 780
processors—plus afull
µPD 8080AF
µPD 8085A
µPD 8048
µPD 780
assortment
of industry
µPD 8080AF-2 µPD8085A-2
µPD 8049
µPD 780-1
µPD 8080AF-1
µPD 8039
standard peripherals and
,PD 8035
memories.
And we've got
µPD 8041
le
PD 8155
them all in volume, ready
lie
PD 8156
lir
to
ship.
µPB 8212
ll
µPB 8214
le
Not only do we support
µPB 8216/26
lir
the entire 8080A family; we
µPB 8224
µPB 8228/38
also offer the lower-cost
µPD 8243
µPD 8251/A
single-chip 8048 family and
li
µPD 8253
Ile
the higher-performance
¿PD 8255/A-5
111
PD 8257
8085A series.
le
µPD 8259
Ir
And for those with
µPD 8279-5
ile
µPI) 8355
applications that require the
II
PD 765
lle
capability of aZ80;"" we have
the fully compatible µ,PD780—supported by
the full family of 8080 peripherals.
TM Zilog
,

REPS: Action Unlimited, Arlington, TX; Spring, TX. Burton-Medley Associates, Grandview, MO. Cerco, San Diego, CA. Contact Sales, Inc. Burlington, MA. D/Z Associates, Inc., Denver, CO. Electronic Innovators, Inc., Minneapolis, MN. Eltron, Phoenix, AZ. FILM Assoc., Northport, NY; Parsippany, NJ. lmtech, Inc., Cleveland. OH;
Dayton, OH. Kaytronics Limited, Ville St. Pierre, Quebec; Downsview, Ontario; Surrey, British Columbia.L & M Associates, Pikesville, MD; Montpelier, VA. Harry Nash
Associates, Willow Grove, PA. R.C. Nordstrom & Company. Lathrup Village, MI. Perron Associates, Inc., Fort Lauderdale, FL; Clearwater, FL; Orlando, FL. Santana
Sales, Costa Mesa, CA. Stone Component Sales, Waltham, MA. Technology Sales, Inc., Palatine. IL. Trident Associates, Inc., Sunnyvale, CA. Tri-Tronix, Albuquerque,
NM. Tri-Tronix, NW., Mercer Island, WA. 20th Century Marketing, Inc., Huntsville, AL; Greenville, TN. Wolff's Sales Service Company, Raleigh, NC.
DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD. Bell Industries, Bellevue, WA. Century Electronics, Albuquerque, NM; Wheatridge, CO; Salt
Lake City, UT. Norman Davis Electronics, South Euclid, OH. Diplomat/Westland, Inc., Sunnyvale, CA. Diplomat/Southland, Inc., Clearwater, FL. Diplomat/Lakeland,
Inc.. Elk Grove Village, IL. Diplomat/IPC of Mass., Chicopee Falls, MA. Diplomat, Holliston, MA. Diplomat/Northland, Inc., Farmington, MI. Diplomat/Electro-Com
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We can also fill your needs for awide range
of high-performance peripherals, including our
IBM-compatible, double-density, doublesided floppy disc controller, the µPD765.
NEC not only means advanced technology and volume delivery; we also offer remarkable product reliability—thanks to experienced
designers and meticulous manufacturing
techniques, backed up by 100% burn-in and
testing with MIL-STD-883 methods.
What's more, we give you thorough
support—including documentation, design
assistance, and product development services. And our engineers are always available
to help with specific application problems.
Our new catalog will give you abetter
idea of just how much we can do
for you, not just in 8-bit
products, but also in 4-bit
single-chip processors and
1K, 4K and 16K memories.
For your free copy,
clip your business
card or letterhead
stationery to this
page and send to:
NEC Microcomputers, Inc.,
173 Worcester Street, Wellesley, MA 02181.
If you haven't thought
of NEC before, you will.
Next time.

NEC

NEC Microcomputers, Inc.
Corp., Minneapolis, MN. Diplomat/St. Louis. Inc., St. Louis, MO. Diplomat/IPC Corp.. Totowa. NJ: Mt. Laurel, NJ. Diplomat Electronics Corp., Woodbury,
NY. Diplomat/Alta-Land, Inc., Salt Lake City. UT. Future Electronics Corp., Montreal, Quebec; Rexdale, Ontario; Ottawa, Ontario. Hughes-Peters, Inc., Cincinnati. OH; Columbus, OH. Intermark Electronics, Sunnyvale, CA; Santa Ana, CA; San Diego, CA. Kent Electronics, Houston, TX. G.S. Marshall, Sunnyvale, CA; Irvine, CA; El Monte,
CA; San Diego, CA; Phoenix, AZ. Milgray Electronics, Inc., Freeport, NY; Orange, CT. Reptron Electronics, Inc., Livonia, MI. Resco/Raleigh, Raleigh, NC. Semiconductor Specialists, Inc., Chicago, IL; Burlington, MA; Farmington, MI; Minneapolis, MN; Hazelwood, MO; Pittsburgh, PA; Dallas, TX; Milwaukee, WI. Sterling Electronics,
Phoenix, AZ; Sun Valley, CA; San Diego, CA; Baton Rouge, LA; Waltham, MA; Albuquerque, NM; Dallas, TX; Houston TX; Seattle, WA. Summit Distributors, Inc., Buffalo, NY. Summit Elec. of Roch., Inc., Rochester, NY. Technico, Inc., Columbia, MD; Roanoke, VA. Western Microtechnology Sales, Sunnyvale, CA.
REGIONAL SALES OFFICES: Western Region, NEC Microcomputers, Orange, CA (714) 633-2980. Eastern Region, NEC Microcomputers, Melville. NY
(516) 293-5660.
E1-3
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(((øuíck.rental®
instruments
One simple DC voltage recorder or a
dozen fiber-optic oscillographs. General
Electric Instrument Rental can meet all
your needs.
We stock in depth. Our computer controlled inventory includes recorders by top
manufacturers like Esterline-Angus, Gould
Brush, Dranetz, Honeywell and Texas Instruments. Carefully inspected, accurately calibrated and ready to ship, usually the day
you call.
GE has 6 stocking inventory centers, 40
sales offices and more than 15,000 instruments
including the recorders you need—right now.
Circle 152 on reader service card

For your Free Rental Catalog call collect
518-372-9900 or your nearest sales office
listed below, or write the General Electric
Company, Apparatus Service Division, Building
4 Room 210, Schenectady, NY 12345.
ALA. BIRMINGHAM (205) 925-9449 •ARIZ.PHOENIX (602)278-8515 or 8516, TUCSON (602)
294-3139 •CAL. LOS ANGELES (213) 642-5350. SACRAMENTO (916) 383 4986, SAN FRANCISCO (415) 436-9260 •COL. DENVER (303) 320-3255 •CONN. SOUTHINGTON (203) 621 4059 •FLA. JACKSONVILLE (904) 751-0615, MIAMI (305) 696-0811 •GA. ATLANTA (404)
457-5563 •ILL. CHICAGO (219) 933-4500 or (312) 854-2994 •IND. INDIANAPOLIS (317)
639-1565 •KY. LOUISVILLE (502)452-3311* LA. NEW ORLEANS (504) 367-6528* MD. BALTIMORE (301) 332-4713 •MASS. BOSTON (617) 396-9600 •MICH. DETROIT (313) 285E700 •MINN. MINNEAPOLIS (612) 522-4396 •MO. KANSAS CITY (816) 231-4377 or (8(6)
231-4620, ST LOUIS (314) 965-7115 •NEW JERSEY CLIFTON (201) 471-6556* N.Y. BUFFALO (716) 876-1200, SCHENECTADY (518) 385-2195 •N.Y.C. CLIFTON. N.1 (201)471-6556
•N.C. CHARLOTTE (704) 525-0311 •OH. CINCINNATI (513) 874-8512. CLEVELAND (216)
441-6111. TOLEDO (419) 691-3501. ORE. PORTLAND (503) 221-5101 •PA. PHILADELPHIA
(609) 424-4450, PITTSBURGH (412) 462-7400 •S.C. GREENVILLE (803) 277-4093 *TENN.
MEMPHIS (901) 527-3709 • TEX. BEAUMONT (713) 8424514, DALLAS (214) 357-7341,
HOUSTON (713) 672-3570 •UT. SALT LAKE CITY (801)292-4411. VA. RICHMOND (804)2324576 •WASH. SEATTLE (206) 575-2987 •W.V. CHARLESTON (304) 345-0920 •WISC. MILWAUKEE (414) 744-0110 •PUERTO RICO PONCE (809) 843-4225 or 4625

GENERAL
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New products

The monolithic filter has arrived
Family of switched-capacitor filters includes three bandpass
and two low-pass devices, each of which fits into astandard 16-pin DIP
by Bill Arnold, San Francisco regional bureau manager

To perform the filtering required by
telecommunications, acoustic analysis, and other medium- and lowfrequency applications, engineers
usually turn to active filters whose
less than ideal RC networks often
yield less than desirable results.
Reticon Corp. claims a better solution: a line of monolithic bandpass
and low-pass filters built using a
switched-capacitor technique.
Not only does the filter family
offer integrated circuits in 16-lead
dual in-line packages, but it can
cram up to 18 poles of filtering into
that space. The family consists of
three bandpass and two low-pass
filters. The bandpass units have
bandwidths of one-third, one-half,
and one octave, with center frequencies variable from 5 Hz to 10 kHz.
Because of the switched-capacitor
design, the center frequency is determined by the frequency of an external clock: no precision external
components are needed.
The low-pass devices are an equalripple six-pole Chebyshev filter and
a five-pole Bessel (linear-phase)
unit. They have corner frequencies
that can be varied by an external
clock from less than 1Hz to 30 kHz.
Broadband signal-to-noise ratio is
typically 70 dB, and insertion loss is
typically 6dB.
Key specifications for the bandpass filters include a maximum inband harmonic distortion of 1% and
center-frequency and gain temperature coefficients of less than
0.001%/°C.
Space saver. Conventional active
filters need resistors and capacitors,
which take up a lot of room. To
eliminate them, Reticon married nchannel metal-oxide-semiconductor

Electronics/January 18, 1979

polysilicon-gate technology and the
switched-capacitor architecture. The
critical frequencies of conventional
active filters are determined by the
absolute values of resistors and
capacitors. With the switched-capacitor technique, what counts is the
ratio of capacitances.
These capacitances can be realized in n-mOS technology by stacking two layers of polysilicon around
alayer of silicon dioxide. Capacitors
made in this way tend to be stable
over time and temperature and can
consistently be made with tolerances
of 0.1%. The result: subaudio filters
the size of standard Ics.
The R5604 one-third-octave,
R5605 half-octave, and R5606 fulloctave bandpass filters have a

signal-to-noise ratio, in the pass
band, of more than 80 dB. Insertion
loss is 0 dB, and maximum peakto-peak signal level is 10 V. The
R5604 sells for $60 ($24 in
hundreds), the R5605 goes for $50
($20 in hundreds), and the R5606 is
priced at $40 ($16 in hundreds).
The R5607 Chebyshev and R5608
Bessel filters sell for $13 each in
thousands. They can handle peakto-peak signals up to 4V.
Besides these standard products,
Reticon can also make a variety of
semi-custom filters using the same
combination of techniques, according to analog product marketing
manager David D. Arnold.
Reticon Corp., 345 Potrero Ave., Sunnyvale,
Calif. 94086 [338]

Curve. Computer-plotted graph shows frequency response of one-third-octave R5604 filter
for acenter frequency of 1kHz and for two slightly offset center frequencies
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Why should Ipay for Electronics
When other magazines in the field
are free?

Think of it this way: Would the other
publishers in the field give away their magazines
if they could sell them?
Another question: Would 93,067*
worldwide subscribers pay to read Electronics
if it weren't afar better magazine than the
"giveaways"?
And finally: If Electronics is worth your
time (which you are investing in the magazine

right now), isn't it worth 58 cents? That's the
cost per copy based on aone year U.S.
subscription Based on our long-term
subscriptions, the cost is even less.
Send in asubscription card from this
magazine. If someone has beat you to them,
write subscription department, Electronics,
McGraw-Hill, 1221 Avenue of the Americas,
New York, N.Y. 10020.
*ABC Publisher's Statement- -June 1878
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Electronics Magazine.
The one worth paying for.
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UNDER $2500

UNDER $1400

Battery Powered Recorders
.with the super accuracy of the Pathfinder position
feedback galvanometer ... clean, skip-free tracings on
low cost thermal paper ... portability ... rechargeable
battery in Dash Iand Dash II. The Super 8 is optionally
available for 12VDC operation (battery not included) or
for 110/220 line power.
For complete details ask for catalog.
•

ASTRO-MED DMSION

nufubsDIADIL, mixoeunome, IRMO

Atlan-tol Inclustnal Park ,VVest VVarwick, R 02893/(401-828-4000)

Circle 155 on reader service card

Our system
emulates the 8080 and
the 8085. The Z80.
The 6800. The TMS 9900.
And that's just
for openers.

Because
who has time to learn
anew system
when abetter chip
comes along?

Both the Tektronix 8001
and 8002 microprocessor
development labs now fully
emulate the 3870, 3872 and
F8. You can select the chip
that best fits the job without
repurchasing or relearning
equipment.

logic problems by
dynamically monitoring
the microprocessor bus.

JOB AFTER JOB,
OUR SYSTEM
STAYS WITH YOU.

ENHANCED BASIC

We know time spent
learning equipment is
best spent on equipment
that's going to stay around.

This specially enhanced, compiler version
of BASIC is compatible
with the 8080 and 8085, and
includes asubset of Z80
instructions. Extensions
include comprehensive interrupt handling and optimization features to produce
compact code.

That's why we
engineered the first development lab for designers
like us who work with
major microprocessors.
Now you needn't
depend upon one chip
vendor. Or buy and learn an entirely new
system when you change chips.

THE BEST IDEAS
Our features are the kind of ideas
you'd probably engineer for yourself...
the kind of system you get from achip
user, not achip vendor.

DISC BASED SYSTEM
Includes text editor, macro relocatable assembler, debugging software and
file management utilities, to help simplify
software preparation and debugging.

REAL TIME PROTOTYPE
ANALYZER
This invaluable option lets you
easily track down timing or program

Tektronix
microprocessor
development labs.
Designed by
people on your side
of the bench.

PARALLEL DEVELOPMENT
INTEGRATED TESTING
Hardware and software engineers
can test, trace, and debug independently
up to the point of integration. Then they
can work together, productively.
If you're concerned about how you
spend your time, take aclose look at a
design lab you can use time and again...
even when abetter chip comes along.
Contact your local Tektronix Sales
Office, or write or call Tektronix, Inc.,
P.O. Box 500, Beaverton, OR, (503) 644-0161.
In Europe, Tektronix, Ltd., P 0. Box 36, St.
Peter Port, Guernsey, Channel Islands.

leutropix.
VArT

For 3870 information, circle 156, for literature circle 157,
For demonstration circle 158.
For fast reply, call Toll Free
(800) 547-1512, (in Oregon, call 694-9051).

New products

IEEE-488 reaches beyond 20 meters
Bus extender allows operation at distances up to 1kilometer using
twisted pairs and over unlimited distances using modems and phone lines
by Robert Brownstein, San Francisco regional bureau

The 20-meter limit on cable length
specified by IEEE-488—the standard for general-purpose interface
buses—has prevented some potential
users from adopting the scheme.
Many of these possible users can
now be accommodated by a transparent bus extender from HewlettPackard, which is designated the
model 37201A.
"Without too much compromise, a
user can link instruments up to 1,000
meters apart with the HP-IB [HP'S
name for the IEEE-488 bus] and
dedicated twisted-pair cabling," says
Donald C. Loughry, HP corporate
interface engineer. The only penalty,
he explains, is forfeiture of the ability to pass control from one site to
another or to parallel-poll across
instrument clusters separated from
the controller by the extender.
Otherwise, the 37201A is virtually

transparent to the instruments it tween extenders is full-duplex and
connects and requires no software all data is checked for transmission
changes in the controller program errors; if errors are found, the data is
nor any special protocols, he says.
retransmitted until it is error-free.
For applications over long dis"Besides errors, another thing you
tances, the 37201A may be linked to don't want is for a telephone-linked
a standard telephone modem to system to lose control of the phone
connect any points in the world that on the remote end," he points out.
can be connected by telephone. If the Otherwise, the remote phone might
points are connected by a four-wire be left off the hook should something
leased line, a single controller can go wrong with the communications
communicate one at a time with up link after the call was established.
to 32 instrument cluster sites in a
To prevent this sort of problem,
multidrop arrangement.
the bus extender automatically
The bus extender hooks on to the
hangs up the phone within a minute
bus like any other instrument or of detecting acommunications malcontroller. It accepts parallel bus
function. "The alternative is to send
characters and converts them into a someone to the remote site to hang
serial bit stream, buffering and
up the phone. If the instruments are
grouping them for transmission at
measuring weather conditions in the
rates up to 20 kilobits per second
Arctic, that can be a problem,"
synchronously or 1,200 bits/s asynLoughry quips.
chronously. All communication beIn a twisted-pair setup, if the
cable is inadvertently cut or disconnected, it can be reattached and the
37201A will quickly recover synchronization automatically. A remote
site can be effectively disconnected
by an idle command from acontroller, Loughry says, allowing the
remote system to be serviced without
tampering with the interface hardware. Automatic dialing under program control is available through a
standard RS-366/V.25 connector.
Deliveries of the 37201A will
begin this month. The price is
$1,600. Four-wire cable (two twisted
pairs) can be ordered as an option
for dedicated interconnections. Modems that are compatible with
RS-232-C/V.24 are required for
telephone links.
Inquiries

Manager,

Hewlett-Packard

Co.,

1507 Page Mill Rd., Palo Alto, Calif. 94304
[339]
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CAMBION

Things are looking up. Thanks to Buildboards by CAMBION. Atotally new way of
looking for, and getting, the right connection.
You design it. New CAMBION Buildboards
are versatile, design-it-yourself, wrappable IC
socket boards. They come in 4standard sizes,
with 3general purpose board styles per size.
Some Buildboards take popular 14 and 16
pin types intermixed; some take any mix of
CAMBION sockets from 6to 64 pin simultaneously, so designers get unmatched flexibility.
What's more, they're pre-drilled, include distributed voltage and ground, and accommodate
standard CAMBION wrapost sockets as well as
other standard IC interconnecting hardware.
You build it or we'll build it. An ingenious
CAMBION Overlay —Underlay Tracing System

makes it easy for designers to define their own
Buildboards. Then you can build your own
board. Or CAMBION will build it for you. Either
way, Buildboards are quicker and more economical. If CAMBION is the fabricator, just send
us the overlay drawing or areproducible copy.
We'll assign you apart number without charge,
quote on the quantity you desire, then build,
inspect and guarantee wrapability on every
board. Wire wrapping service is available as an
added option.
So stop, look and grow. With the socket
boards sure to be seen in all the best shops.
Buildboards. Agreat new right connection from
CAMBION. Write or call: Cambridge Thermionic
Corporation, 445 Concord Avenue, Cambridge,
MA 02138. Phone: (617) 491-5400.

Buildboards by CAMBION.
Guaranteed to be the right connection.
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MOTOROLA HELPED BRING
His name isn't important.
His story is.
He was simply walking back to his office
when the pain hit him.
In less than
three minutes,
an ambulance with
two paramedics arrived.
But as they began
to work, arrhythmia—
erratic, wildly uncontrolled heartbeat—
set in.
Then his heart
stopped altogether.

AMIRACLE
OF ELECTRONICS.
Fortunately, the ambulance
was equipped with aMotorola
APCOR Coronary Observation
unit.
It put the paramedics in
immediate touch with an
emergency physician at the
hospital miles away.
Not just by voice communication; that doesn't give
adoctor all the information he
needs.
But at the very same
instant, by Motorola telemetry,
an electrocardiogram of the
activity of the man's heart
was being transmitted.
Amiracle of
electronics—

microelectronics—was about
to show what it could do.

TECHNOLOGY DOES
THE TALKING.
A lot of things were
happening at once.
The medical
assistants at the scene
were talking to the
emergency room at
the hospital.
And the Motorola
APCOR was also talking to the doctor in
alanguage only a
doctor could under» stand—by transmitting the
ale>
patient's EKG.
The doctor
could then treat
the patient
almost as
if he were

on the spot.
In afew minutes, the
man's heart began to beat.
He was once again on his way
to being alive, in every sense
of the word.

MICROCIRCUITS
MAKE IT HAPPEN.
APCOR is made possible by
Motorola microcircuits, tiny
information processors that
transmit both electronic

THIS MAN BACK TO LIFE.
signals and the human voice.
Microcircuitry is also at
the heart of the many
other kinds of two-way communications
equipment
we make.
But communications
equipment is
Amicrocomputer,
drawn larger
only part of
than life.
what contributes to our nearly two billion
dollars ayear in sales.

MAKING ELECTRONICS
HISTORY.
Thanks to Motorola microelectronics, we create all
kinds of remarkable
systems that
would
-Avg

have been inconceivable not
long ago.
Asystem to help power
companies handle peak loads
without danger of blackouts.
An electronic car-engine
management system that can
save gasoline.
Even acommunications
system to help probe Mars.
But then, we've come a
long way from the time we
first made history by putting
radios into cars (we went on
to put alternators and electronic ignitions into them) and
later put
popularpriced

TV sets into homes (they're a
product we don't make here
at all anymore).
Today, Motorola is one of
the world's largest manufacturers dedicated exclusively to
electronics, as well as one of
its foremost designers of custom and standard semiconductors.
Many of the things we
make are changing people's
lives.
Others are actually saving
them.

MOTOROLA

Making electronics history
since 1928.
Circle 161

on reader service card

APCOR, Motorola and gP), are registered
trademarks of Motorola, Inc.

•
141.'
For further information, v, rite Public Affairt
,Office. Corporate Offices Motorola. Inc..
1303 E Algonquin Road S'.:haurnburg, Illinois 60196
I

-ere

•
•

How to defend against attack by air,
Series 1panel sealed lighted pushbuttons are qualified under MIL —S—22885.

f'W solid state self-contained proximity cont
provide high reliability and long life.
MICRO SWITCH
11,k uS

tui
TL toggles offer environment-pr
many circuit options. TW pr
versatility in asmaller size.

SE and XE miniature basic
ment-proof. HM version _prom
ing and larger-sized HT
temperatures.

EN is environment-proo mit switcl
of actuators, circuitnes, and electric
is hermetically-sealed version.

.•
aor dust.
or use in extraordinary cone
lions, MICRO SWITCH
Builds some pretty extraore
*nary devices. Sealed to
eep the environment out
d keep on working in a
'de variety of aerospace,
ransportation, ordnance and
arme uses.
Uses where they simply
an't afford to fail.
HE and HM switches
effer true hermetic sealing,
'th metal-to-metal, glass-toetal construction.
There's the FW solid
tate proximity control for
:gh reliabilinr in severe en..ronments. For high teme
-rature uses up to +1,000°F,
here's the HT line. The SE
dXE basic switches are
he smallest environmenteroof basic switches offered
yMICRO SWITCH.
MICRO SWITCH also
akes toggles with avariety
,f locking configurations
ddifferent-shaped levers,
cluding colored tab levers.
tegrated Wire Termination
.ystem is also available.
And there's also acomelete line of Series 1lighted
eushbuttons. They're built to
:st hundreds of thousands of
,
perations, and offer round
rr square buttons, momen.ry or alternate action and
olid state options.
Every bit as rugged as
Iebuttons, switches and
•ggles, MICRO SWITCH
eyboards offer panel sealing
elus solid state Hall-effect
-chnolor for reliability.
MICRO SWITCH will
irovide you with factoryained field engineers for
pplication assistance and a
,etwork of Authorized Disibutors for local availability.
or complete information,
'te us for details or call
15/235-6600.

New products
Microwaves

10-GHz transistor
delivers 12 dBm
GaAs FET has 3.1-dB noise
figure at 14 GHz, is housed
in amicrostrip package
A 10-GHz microwave chip transistor
that can operate linearly while delivering 12 dBm is rare enough. Supply
it in amicrostrip package that meets
the environmental requirements of
MIL-S-19500 and the test requirements of MIL-STD-750/883, and
you have something unique.
Such a transistor is the HFET2201 from Hewlett-Packard's Microwave Semiconductor division—a
gallium-arsenide field-effect device
housed in an HPAC-170 package.
The package, an in-house design, is
configured for easy circuit design in
such applications as radar and communications. The transistor body,
which is its source, measures 4.3 by
2.5 mm; the microstrip leads of the
gate and drain extend out another
4mm at each side.
The transistor is suitable for both
narrow- and broad-band operation at
frequencies from 2 to 18 GHz. Its
noise figure is typically 2.4 dB at
10 GHz and 3.1 dB at 14 GHz. The
saturated drain current is rated at 50

mA for adrain-to-source potential of
3.5 v.
Available from stock, the part is
priced at $325 each in quantities of
one to nine.
At the same time, the company is
introducing an npn bipolar transistor
chip that can deliver 29 dBm at
2GHz. Called the HXTR-5002, the
480-by-380-mm device is designed
for a 38% efficiency and third-order
intermodulation distortion of
—30 dB at 4GHz. Maximum achievable gain is 7.5 dB at 4 GHz. The
HXTR-5002 sells for $29 each in
lots of one to nine. Availability is
from stock.
Hewlett-Packard

Co.,

Inquiries

Manager,

1507 Page Mill Rd., Palo Alto, Calif. 94304
[401]

Medium-power transistor
offered in cost-reducing forms
Intended for low-to-medium-power
amplification, a microwave transistor is available in five forms, so that
the same device can be used costeffectively in various applications. In
quantities of 100, the transistors sell
for as little as $1.40 in chip form and
$7.50 in a hermetic strip-line package. At 500 MHz, they offer maximum gains as high as 15 dB and
typical noise figures as low as 2dB at
10 mA, depending on packaging.
The transistors are fabricated
using ion implantation and gold top

ICRO SWITCH
F-61ELPORT

DIVISION

ILLINOIS 610.32

OF

HONEYWELL

Circle #162 for Data
• RO SWITCH pm:duets are available
through Honeywell International
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We're Electronic OEM
parts specialists;
Gries small die

New products

castings cut
‘
,1
0%
costs &assembly '''

2)

SAMPLES PROVE IT!
Gries can give you components
in one cast-assembled unit ...
die-cast intricate forms and
threads with screw machine precision make tiny housings. Count
on Gries zinc and plastics production techniques to control
your costs.

Write or phone for small die castings
handbook and sample box!

GRES

REPRODUCER CO.

Division of Coats & Clark, Inc.
World's foremost producer of small
die castings and plastic moldings

151 Beechwood Ave., New Rochelle, N.Y. 10802
(914) 633-8600
Plants in New Rochelle, N.Y., Spartanburg, S.C. and Santa Ana, Calif.
In Canada: Gries Div., Dynacast Ltd., Lachine, Que.
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WE WROTE
THE

INDICATORS
WE'RE
WARNING
You

WRITE US AND WE'LL
SEND IT TO YOU FREE!

projects®
unlmted
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3680 Wyse Road
Dayton, Ohio 45414

metalization. The former facilitates
precise control of dopant densities
and gradients and, by using arsenic
ions, yields a high transition frequency—the frequency at which the
small-signal forward-current transfer ratio (common-emitter) extrapolates to unity —and concomitant
noise-figure improvements.
The gold top metalization prevents metal migration caused by
high current densities in the fine
metal lines required for microwave
frequency operation. Unpackaged,
the chips are designated BFRC96
and are intended for use in hybrid
circuits destined for broadband oscillators and amplifiers.
Transistors are offered in two
types of plastic packages: a threelead MACRO-T, BFR96, and a
four-lead MACRO-X, MRF961.
Both are suited for use in microwave-transmission cable-television
systems, with the MACRO-T offering a direct replacement in existing
board designs and the MACRO-X
providing 2.5-dB higher gain that
results from its opposed-emitter design. In either package, units are
priced at $1.75 in hundreds.
The device also comes in a metal
or a metal-ceramic package. In a
standard TO-46 can, the unit is
designated MRF965 and can be
used in high-gain Class C amplifier
applications at output powers of up
to 400 mw; it is priced at $2 in
quantities of 100. The MRF962
sports a hermetically sealed stripline package that allows it to be
specified for 2-GHz operation. Compared to the same die in a
MACRO-T package, the MRF962's
gain is typically 6dB higher.
Motorola Semiconductors, P. 0. Box 20912,
Phoenix, Ariz. 85036 [403]

(513) 890-1918
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Cherry has been combining both digital and linear
functions on the same chip since the infancy of I
2L
logic. Long experience, integrity of design, technological innovation and manufacturing excellence
are only the beginning. You'll never meet a group
of engineers more eager to work with you to solve
YOUR problems. Engineers ready for the challenge of new
design concepts. Eager for your business.
It really doesn't matter what your IC problem is. Whether
the solution is one of our standard digital or linear bipolar ICs—
or the most sophisticated custom design—Cherry has or can
provide the right solution. At the right price. With the right
delivery date.
All this from the folks at Cherry: A trusted name
in industry for more than 25 years.
SEND FOR OUR FREE 36 page catalog of
digital and linear ICs. Includes low level amplifiers—
differential amplifiers—level detectors—DC to DC
converters— timing circuits—motor speed controls—
optical detector systems—camera controls —
flip chips.

OKEIM
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CHERRY SEMICONDUCTOR CORPORATION
99 Bald Hill Rd

Cranston. Rhode Island 02920 /(401)463-6000 /TWX 710-381-1757

•

VAX-'An implementorg dream:

—Dr. Brian Ford, Director, Numerical Algorithms Group
Oxford, England/Downers Grove, Minois

For the Numerical Algorithms Group,
the plain fact is this: "Software implementation was faster on the VAX-11/780
than on 25 other major machines."
Before VAX, Dr. Ford's staff had implemented NAG's complex FORTRAN
Mark 6Library on 25 major machines
ranging from minis to mainframes, including the Burroughs 6700, CDC 7600,
166

Univac 1100, and IBM 370. The average
implementation time was 13
man-weeks.
VAX took five.
In Dr. Ford's words, "The NAG
FORTRAN Mark 6Library consists
of 345 subroutines covering the major
areas of numerical mathematics and
statistics. It's used in applications such
Electronics/January 18, 1979

as structural design, nuclear physics,
economic modeling, and academic
research.
"A successful implementation requires the correct functioning of the 345
library routines to aprescribed accuracy
and efficiency in execution of NAG's
suite of 620 test programs. Whilst the
activity is asignificant examination of a
machine's conformity to the ANSI
standard of the FORTRAN compiler, its
main technical features are file creation,
file comparison, file manipulation and
file maintenance."
And then there was the record of VAX
reliability: "No problems were encountered in the VAX/VMS software even
though approximately 3000 files were
being handled. The operational availability time for the machine was close to
100%, an outstanding statistic for new
hardware and anew operating system."
What all this demonstrates is that
some of the most sophisticated FORTRAN routines in the world implement
easily on VAX. That VAX capability exceeds that of many machines far more
expensive. That the VAX-11/780 is more

than the most powerful 32-bit computer
in its price range. That VAX is truly
"an implementor's dream."
For more information, simply clip
the coupon.
EJ Please send me your new VAX-11/780 color
brochure.
C Please send me your detailed Technical
Summary.
Please contact me.
Name

Title

Company
Address
City

State

Zip

Telephone
My application is:
Education
Medical
Laboratory
Engineering

Government
Resale
Other

Send to: Digital Equipment Corporation, NR-2/2,
Communication Services, 146 Main St.,
Maynard, MA 01754. Tel. 617-481-9511, ext. 6885.

VAX. Ask any user.

oAnal]

d
Electronics/January 18, 1979
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Zap!
Your system's
tested.
Test in "real time" up to 5megahertz and drastically cut
development time and costs.
With the force of the MicroSystem Analyzer, developing diagnostics now can be asnap.
Operating in real time at microprocessor speeds
up to 5MHz, the MicroSystem Analyzer speeds
total development time, performs hardware/software integration, and gets
your prototype into production faster.
A Whole New Way of
Microprocessor System Testing
With the MicroSystem Analyzer, you now can control your system with In-Circuit Emulation, and
mum,
find faults with Signature Analysis,
Time and Frequency measurements.
No other system available combines the
elements to let you control and test at all levels—
system, board, and component—in real time.
The MicroSystem Analyzer lets you discover
intermittent problems over awide range of temperatures, operate without abuilt-in test source,
and perform fault detection in multiboard systems. Test programs are easier and faster to
develop, more complete and more accurate.
Universal—Both Today & Tomorrow
The MicroSystem Analyzer plugs directly
into the most common microprocessor sockets
—Z80, 8085A, 6800, 8080, with more to
come—and uses aseries of personality cards
and probes to let you thoroughly isolate faults to
the subsystem and component level. No matter
what major microprocessor you are using in
product development or in production test, the
Circle 169 on reader service card

MicroSystem Analyzer is the one universal and
portable instrument for you.
Get Your Products into Production Faster
The MicroSystem Analyzer eliminates the
need for long and expensive test fixture development, so you can move onto the next
project sooner. Plus, with the diagnostics
developed you have provided total
production, depot repair and field test
support!
Complete the coupon below for details
on the most advanced microprocessor
test instrument available today.

emu

MILLENNIUM

MILLENNIUM SYSTEMS. INC.
19020 Pruneridge Avenue. Cupertino, CA 95014
Phone: (4081996-9109 TWX. 910-338-0256
A subsidiary of American Microsystems, Inc.
Gentlemen:
OK. you got my attention. Now I'd like you to prove your MicroSystem Analyzer can shorten my development cycle, test systems
and boards faster than anybody else, and save me aton of money
in the process.
PLEASE:
Call me to set up alive demo on my Z80A. 8085A, 6800, or 8080 system.
Send me complete information on the MicroSystem Analyzer today!
NAME
TITLE
COMPANY
ADDRESS
CITY
PHONE

STATE

ZIP
EXTENSION

New products
to the data-encoding logic and on to
the drive as shown in the figure. In a
similar manner, the 3500 accepts
serial streams of data from recovery
circuitry during a read operation.
The ic establishes byte synchronization by detecting the sync byte and
transfers data on a byte-by-byte
Format-independent
basis back to the CPU.
data handler works with
The 3500 also takes care of many
control functions. For example, it
cartridges and cassettes
detects data overrun and underrun
error conditions and flags them
Central processing units are busthrough its status lines.
oriented. Cartridge and cassette
Another special feature of the chip
drives, however, accept and supply
is its separate read and write regisdata in aserial format. When hookters. Separate registers allow read
ing a CPU to a drive of this sort, a and write operations to occur connumber of chips are needed to currently when dual-headed drives
massage the data in both directions are used. Such drives may read and
to ensure compatability between the write simultaneously to verify data,
inherently dissimilar devices. To thereby upping both throughput and
make this task more manageable,
reliability.
Standard Microsystems Corp. has
The 3500 is format-independent
designed the CCC 3500 cartridge and can be interfaced with any existand cassette data handler.
ing drive for standard or mini
During awrite operation, this 40- cassettes and standard or mini 3Mpin metal-oxide-semiconductor intetype cartridges. According to John
grated circuit receives data from the Tweedy, product planning manager
processor and shifts it out bit-serially
for SMC, "Data coding and decod-

Semiconductors

Chip mates
drives and CPUs

170

ing are done external to the chip—
'the 3500 is capable of handling the
data derived from these operations
regardless of the format."
Moreover, the chip can operate
with data rates of up to 250 kilobits/second. "The fastest I've seen
for a 3M cartridge is 192 Kb/s,"
says Tweedy, "and astandard rate is
about 48 Kb/s, making our chip
capable of handling rates more than
five times as fast."
The 3500 has athree-state output
bus for processor compatability and
transistor-transistor-logic inputs and
outputs. The chip is available now
and sells for $8.90 in quantities of
from 100 to 499 and $7 in quantities
of 1,000 or more.
Standard Microsystems Corp., 35 Marcus
Blvd., Hauppauge, N. Y. 11787. Phone (516)
273-3100 [411]

Static RAM crams
8kilobytes into 18-pin DIP
How do you put a 1-K-by-8-bit static
random-access memory into a dual

Electronics/January 18, 1979

PCB Flexibility
with Bendix Brush
Connectors.
• Fewer damaged boards.
• Eliminates fixture mounting need of multiple
smaller connectors.
Bendix Brush Connectors—a broad product line.
• Mother Board, Daughter Board, Input/Output, PC
receptacle body styles.
• 2, 3and 4 row configurations.
• 90° and straight PC, solderless wrap, crimp removable terminations with multiple lengths and
plating options.
Bendix Brush contacts improve electrical characteristics.
• Highly redundant contact sites with multiple electrical paths and wiping action.
• Gold plated wire bristles mesh together intimately
with gas-tight junctions.
• Stable contact resistance even after extreme mechanical durability abuse to 20,000 matings.

A low mating force connector with up to 400
contacts. 4 body styles. 3 contact variations with
options. Superior electrical characteristics and long
mechanical life. That's flexibility! And Bendix has
one for your high-contact needs. The Brush Connector. Here's what you get.
Bendix Brush Connectors increase circuit count
per board.
• Reduce number of boards by allowing more circuits per board.
• Greater board effectiveness by providing exact
circuit counts up to 400 contacts in only one
connector!
Bendix Brush Connectors reduce mating force
70% to 90%.
• Less complex board supports.
• Secondary actuators eliminated.
• Extended mechanical life. Up to 20,000 mates/
unmates.

For full information, call (607) 563-5302, or write
The Bendix Corporation, Electrical Components Division, Sidney, New York 13838.

We speak connectors.
Electronics/January 18, 1979
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Lab Accuracy
Volksmeters

MODEL LU -44

e

VAC

VDC

kIMU

100

ACInA
LO

DC,,,A

MCI

10
•

IA C

LM-4A
$250
0.03% Accuracy
LM-40A
$209
0.1% Accuracy
•Measures VDC, VAC,
Ohms, DCmA & ACmA.
•Auto zero & Polarity.
•Battery powered with
charger unit included.
•1.9"H x2.7"W x4.0"D.
•Large 0.3" LED display.
Non-Linear Systems, Inc.
Ortotnetor of Me cligdel voltmeter.
Boo N. Del Met Calllornla 92014
Telephone (714) 755.1134 WO( 91..322.1131
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New products
in-line plastic package with only 18
pins? The obvious answer for Intel,
originators of the 8085, was to use
the same technique used in designing
that microprocessor to put address
and data onto the same lines— multiplexing.
Without the need for separate
address and data lines, a device can
be configured with either a greater
number of functions or fewer pins.
For the 8185 RAM, the decision was
made to concentrate first on package
size, so the number of pins was
reduced and package size shrank in
accordance with industry standards
for an 18-pin DIP.
Several of the excess pins, however, were retained to provide
increased functional options for the
user. For example, the 8185 has both
an active-high and an active-low
latched chip enable.
One of these latched chip enables
can be used as a standard chip
enable while the other serves to
power down the chip during input/output or interrupt cycles. Thus
power consumption—the unit draws
a maximum of 500 mw when active
and only 125 mw when quiescent—
can be further minimized.

Frequency
Devices
INC.

TOUCH TONE*
ENCODERS ARE
MICROPROCESSOR
CONTROLLABLE
MODEL 510 &MODEL 511
Provide
true sinewave outputs
low distortion
1%
no external components
required
Low profile packaging
•Reg TM of AT & T
FDI also manufactures
Active Filters. Sanewave
Oscillators, Touch Tone • Detectors
and other Communications components.

Frequency Devices, Inc.
25 Locust Street
Haverhill, Mass. 01830

The RAM also has an unlatched
chip select that holds the chip inactive even when the unit is powered
up by the enable pins, and it provides
separate pins for read and write
control functions, too.
Two versions of the 8185 are
being offered, one for the standard
8085A and a faster chip for the
5-MHz 8085A-2. Both types work
from a single 5-v supply and are
available in sample quantities now.
The standard 8185 sells for $37.50
each in quantities of 100. Production

deliveries will begin this quarter.
Intel Corp., 3065 Bowers Ave., Santa Clara,
Calif. 95051. Phone Rob Walker at (408)
987-8080 [413]

Dc-motor speed control
fits in 14-pin DIP
Intended primarily for applications
involving ac tachometer signals, the
model CS-175 dc-motor speed control is an inexpensive circuit that fits
in a 14-pin dual in-line package. The
units lists for $1.68. In lots of 1,000
pieces, it sells for 790, whereas in
quantities of 10,000 pieces, the price
drops to 650.
Cherry

Electrical

Products Corp.,

3600

Sunset Ave., Waukegan, III. 60085 [417]

Sample-and-hold amplifier
has short acquisition time
Designated the NE5537, amonolithic sample-and-hold amplifier circuit
uses ion-implanted field-effect transistors in combination with bipolar
devices to obtain an acquisition time
of under 10 its. The approach also
improves accuracy and decreases the
droop rate.
The device operates from ± 5-v to
± 18-v supplies. Logic inputs are
fully differential with low input
current (typically 10 nA), allowing
direct connection to transistor-transistor-logic and complementarymetal-oxide-semiconductor devices.
The output can drive a2-k12 load.
Housed in aTO-5 can, the 5537 is
available from stock. In 100-piece
quantities, they cost $3.50 each.
Signetics Corp., 811 E. Argues Ave., P. 0.
Box 9052, Sunnyvale, Calif. 94086. [415]

16171374 0761, TWX 710 347 0314
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Over 34,000 readings per
second, a third generation'
IEEE-488 interface and builtin diagnostics combine to
make the new Series 6000
the ultimate systems instrument.
The Racal-Dana 6000 is the culmination of ten years of benefitsoriented engineering, incorporating many measurement capabilities never before available...
at a price that's less than atraditional systems DVM.
Asample and hold option,
when used with the high speed
digitizer, allows precise timing of
measurements and extremely
short sample times. Full annunciation of all programmed conditions assures easy software
development.
Automatic timeouts during
input setting, and inhibited output during autorange prevents
erroneous readings. Five programmable integration times,
six programmable trigger modes,
and an auto-test/auto-cal routine
provide the ultimate in flexibility.
See for yourself why the
new Series 6000 Amplitude
Measurement System is an instrument so unique that it even
needed a new name. More important, find out how it can save
you valuable systems dollars
while cutting your systems
design time. Call or write
today.

A nEw horizon
in systEms capability.

11

1.4 7da3

b

o
•

The Series 6000 combines all the functions of these instruments: DC Voltmeter •DC/DC
Ratiometer •AC Voltmeter • AC/AC Ratiometer •dB Meter •Ohmmeter •DC Millivoltmeter
• 2Channel Scanner + DMM • DC Amplifier • Comparator Box -up to seven sorting "bins"
• Fault Alarm-Single or multiple limit • High Speed Digitizer • A/D Converter • Voltage
Deviation Meter • Gain/Attenuator Meter • Computing Multimeter with Averaging, Min/Max
Peaks, Scaling/Factoring, Self Test, Self Calibration, Digital Offsets, Hi/Lo Limits

RACAL-DANA

00 CAL

RACAL-DANA INSTRUMENTS, 18912 Von Karman Avenue, Irvine, CA 92715; Ph: 714/833-1234; Duke Street, Windsor,
Berkshire SL4 1SB, England, Ph: (07535) 69811; 91 Route de Gardes, 92 Meudon-Bellevue, France, Ph: 027-7575.
Circle #173 for Literature only
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New products
Computers & peripherals

Prime aims at
IBM's midsection
Four 32-bit machines and
enhanced software also
compete with VAX 11/780

Hybrid.
Circosn*

Is it your problem? You'll find it
most often in anew product or system as it
emerges from the development stage.
We've treated and cured many acase of it
in the electronic, communications and
aerospace industries—a nine pole bandpass
active filter for the B-52 Tail Warning
Radar; adriver-receiver used on the Lamps
program; 20,000 V power supply regulator
hybrid used in acomputer terminal; C-MOS
multi-layer hybrid for aPBX in aunique
low-cost, hermetically sealed package—just
to name afew cases.
Our service includes everything from designing and manufacturing in high volume
to engineering and delivering exotic,
hermetically sealed, military circuits. We've
been doing it for years at our West and
East Coast facilities.

Four new 32-bit computers and
enhanced distributed processing software from Prime Computer Inc., are
said to offer users performance
comparable to a mid-range IBM
mainframe computer at traditional
minicomputer savings. The new
units bolster the competitive stance
of rapidly growing Prime.
Indicative of this broadened
stance is the new model 450. It is
aimed at systems and software
houses who will buy the unit in large
quantities and remarket it to the less
sophisticated end users Prime has up
to now avoided.
The 450 and the other three units,
the 550, 650, and 750 [Electronics,
Dec. 21, 1978, p. 25], have similar
processor characteristics, but differ
in memory capacity, options, and

hence processing speed. Based on
Schottky transistor-transistor logic,
the central processing unit has a
cycle time of 200 ns, uses a bipolar
cache memory with an 80-ns access
time, and has main memory with an
access time of 600 ns.
The three larger machines can
support up to 63 simultaneous users,
each addressing up to 32 megabytes
of virtual memory, whereas the 450
supports up to 32 users. The topof-the-line 750 has 16 kilobytes of
cache memory, an instructionprefetching unit, two-way interleaved memory, aburst input/output
mode that permits data transfers at
up to 8 megabytes per second, and a
standard floating-point processor.
According to Joseph d'Angelo, director of planning, it is competitive
with DEC's VAX 11/780.
Less powerful without instruction
prefetching is the 650, which has 2
kilobytes of cache memory and up to
4 megabytes of main memory. The
550 does not have the floating-point
processor, but has 2 kilobytes of
cache memory and up to 2 megabytes of main memory. The 450,
similar to the 550, supports up to 1
megabyte of memory.
At the same time, Prime revamped its Primenet networking

Whether its amatter of original circuit
design, production to your schematic, special thick film printing and assembly, or
acombination of all three, call us. Well work
out the answer for you, complete with
exacting OC in the size and style of package you need.
VVhy suffer with Hybrid Circosis ... let your
hybrid circuit problem become ours ...now.

*Hv'-brid
— n.— Difficult
an-d time-consuming development
of afunctioning hybrid circuit, often
complicated by excessive costs and
late delivery.
The Hybrid Problem Solvers

III integrated

Imicrosystems
Division of Aeroflex Laboratories Inc.
Eastern Operations:
35 South Service Rd .Plainview.
NY 11803
516-694-6710
Western Operations:
1215 Terra Bella Ave.. Mountain View.
CA 94043 415-965-3900
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NOW...
obsolete
decou
capacit
with

New, high capacitance 0/PAC*power distribution elements are the exciting, revolutionary way to eliminate

0/PAC elements eliminate the need for on board
power traces and extra board layers. They maximize

decoupling capacitors from printed circuit boards.
Rugged 0/PAC elements are easy to install and in-

packaging density and minimize signal interconnection
problems.

crease system reliability through reduced part count.
0/PAC elements are available in capacitance values up
to 0.05,uf per inch in lengths up to 16 inches. Configurations allow for either vertical mounting or horizontal
installation under DIP packages.
*

Q/PAC elements feature a low dissipation factor, low
inductance and low impedance.
Pack more on static and dynamic MOS memory boards,
more on critical random logic boards.

Patent Applied For

Contact the 0/PAC Product Specialist at (602) 963-4584.

ROGERS
For immediate need circle #174

Rogers Corporation
Chandler, Arizona 85224
EUROPE Mektron NV. Gent. Belgium

JAPAN Nippon Mektron Tokyo

For information only circle #175

New products

Now aTriac, SCR
G Diode Tester
for under $4,000!
Call Collect
John W. Bailey
(214) 234-4173

CIS
Control & Information
Systems, Inc.
10 Spring Valley Village •Richardson, Texas 75080
Circle 176 on reader service card

Low cost tool
for design and
trouble-shooting
Pocket Size
Slide-Switch
Resistance
Substitution
Unit
still only $58
• Over 11 million ohm values
. 1% accuracy resistors
• Unique in convenient size

. Rugged construction

Small enough to take anywhere in your pocket,
this aluminum-housed unit delivers a very
broad range of resistance steps. Excellent
for both development and repair work.
Half-watt 1% tolerance resistors give an
accurate range from 1 to 11,111,110 ohms,,
in one-ohm steps. Has three binding posts,
one to ground case.
Available now from stock. Order Catalog
No. 7092-236. 5% discount for cash with order.
Ask your dealer, or contact:
PUOUPL)

a. DOGID. um.

Manufacturers of Scientific Instruments
P.O. Box 27324 •Richmond, VA. 23261
804/264-7590
176
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software, increasing its distributed
processing capabilities through three
sets of programs. The Inter-Program
Communications Facility, operating
under the Primos operating system,
lets programs establish full-duplex
communication paths to other programs in the same or another Prime
computer. Remote terminals attached to other Prime systems or to
a packet-switching network can
communicate with a Prime system
and operate as if they were directly
attached to that system by means of
the Interactive Terminal Support
Facility. Programs on one Prime
system can use data files physically
stored in another such system using
the File Access Manager software.
Primenet software can be used to
connect any mixture of Prime models 750, 650, 550, 500, 450, 400, and
350, as well as other vendors'
computers, the company says. For
local networks where no system is
more than 750 feet from another, a
Primenet Node Controller is placed
on each computer and connects it to
up to seven other systems in a ring
network made up of coaxial cable.
The high-speed multiple-data-link
controller is used to connect geographically dispersed units over synchronous communications lines or
X.25 packet-switched networks.
Primenet software costs $12,000
with X.25 compatibility, $7,000
without.
Available for delivery next summer, the Prime 750 ranges in price
from $180,000 to $300,000; the 650
and 550, available now, run from
$150,000 to $250,000 and from
$95,000 to $175,000, respectively.
First deliveries of the 450 are scheduled for April, with quantity prices
starting at $35,000.
Prime Computer

Inc.,

40 Walnut Street,

Wellesley Hills, Mass. 02181 [361]

Cobol on the way
for VAX-11/780
Those waiting for a common-business-oriented language that would
take full advantage of the VAX11/780's 32-bit architecture need be

patient only a little longer. Starting
in March, copies of VAX-11 Cobol74 will be available for a single
license fee of $7,700.
Conforming to ANSI'S 1974 standard, the language implements the
nucleus, table-handling, and input/output modules for sequential,
relative, and indexed-sequential file
access. Also provided are interprogram communication and a library
facility.
VAX-11 Cobol-74 will accept
packed decimal data and can use the
VAX-11 string manipulation instructions. Use of a 32-bit object
code provides transparent access to
the DEcnet and the use of VAX
virtual memory space. It also allows
subroutine calls to and from other
VAX-11 languages, as well as direct
calls to the operating system.
To bow in March, too, are two
facilities, which will be bundled with
the operating system for new deliveries. The multikey, indexed-sequential-access-method (1sAm) facility
provides a primary key and as many
as 254 alternative keys for access to
each record. The sort facility, as its
name implies, sorts data—according
to record, tag, address, and index. It
is modular, with flexible memory
requirements, and can be used in
either a stand-alone mode or as a
subroutine.
Digital Equipment Corp.,

Maynard,

Mass.

01754 [363]

Graphics display is compatible
with IBM 3277
The Tektronix 618 storage display
monitor is fully compatible with the
IBM RPQ 7H0284 graphics attachment for the IBM 3277 terminal. The
addition of the 19-in, monitor makes
up a dual display station: the 3277
dislays alphanumeric data while the
618 presents graphic information
and special symbols. Priced at
$8,700 with quantity discounts obtainable or available for lease at
$348 amonth for 36 months, the 618
will be available in March 1979.
Tektronix Inc., P. O. Box 500, Beaverton,
Ore. 97077 [364]

Electronics/January 18, 1979

ELEC-TRO
DIP RELAY

140 STANDARD MODELS
Elec-Trol now offers one of the
broadest lines of DIP Reed Relays
available, 140 different standard
models. You can select 1A. 2A,
1B, and IC dry reed contacts with
either 3-watt or 10-watt ratings
or IA mercury-wetted with 50watt rating. All of them are available with or without clamping
diodes and with achoice of 5, 6,
12, or 24 VDC coils. For off-theshelf delivery or to ask about
samples, contact your Elec- Trol
distributor.
AUTHORIZED DISTRIBUTORS

am—. •
— 9»mear

DIP RELAYS THAT CAN TAKE A DIPPING...
FROM THE ORIGINATORS OF THE DIP
In 1968 when Elec-Trol introduced the first DIP Reed Relay
to the industry-we had two purposes in mind. One was to
provide a quality line of reed relays suited for insertion into
standard 14-pin DIP sockets or directly onto printed circuit
boards; and the other was to provide the customer with a
rugged, miniature, low-cost reed relay that could withstand
total immersion and board washing.
Today, Elec-Trol offers DIP Reed Relays in both .225"H and
.275" H packages. They are available with Form A. B, and C
dry-reed switch contacts up to 10 watts, and 50-watt Form A
mercury-wetted reed switch contacts. In addtion to providing
total protection in hazardous environments, the DIP relays
also feature high shock and vibration immunity and reed switch
contacts that are hermetically sealed for low contad resistance.
They can be driven directly by DTL/TTL logic, and they are
available in 8-pin or 14-pin terminals with or without clamping
diodes. Options include electrostatic shielding and contact run-in.
For more information, use the reader service card, or contad
your local distributor, representative, or the factory direct.
Elec-Trol, Inc., 26477 N. Golden Valley Road, Saugus, CA
91350, (213) 788-7292, (805) 252-8330. TWX 910-336-1556.

ELEC-TROL
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ALABAMA
HUNTSVILLE
Component Distributors. Inc (205) 883-7
CALIFORNIA
IRVINE
Acacia Sales. Inc (7141 549 0954.
i213) 971 2428
CALIFORNIA
SAN DIEGO
Acacia Sales. Inc. (714) 565-4365
CALIFORNIA
SUNNYVALE
Acacia Sales. Inc. (408) 745-72
CALIFORNIA
VAN NUYS
Patane Avionics. Inc. (213) 988 -4455—
CANADA
DOWNSVIEW ONT
Semad Electronics Ltd 14161663-56
COLORADO
LAKEWOOD
Acacia Sales. Inc. (303) 232 ,2882
FLORIDA
CLEARWATER
Diplomat/Southland, Inc. (813) 443-4
FLORIDA FORT LAUDERDALE
Component Distributors. Inc. (305) 971-49
ILLINOIS
ELK GROVE VILLAGE
Diplomat/Lakeland. Inc. (312) 595-1000
MASSACHUSETTS
HOLLISTON
Diplomat New England. Inc. (617) 429-4121
MICHIGAN
FARMINGTON
Diplomat Northland. Inc (313) 477.3200
MINNESOTA
MINNEAPOLIS
Diplomat Electro-Com. Inc (612) 788-8601
MISSOURI
ST, LOUIS
Diplomat/St. Louis. Inc. (314) 645-8550
NEW JERSEY EDISON
Brothers Electronics. Inc. (201) 985-3000
NEW YORK
MT. VERNON
Sonkin Electronic Distribution. Inc
(914) 668 9809
OHIO
SOLON (CLEVELAND)
Repco (216) 248-8900
PENNSYLVANIA
HUNTINGDON VALLEY
Shap Electronics Co.. Inc. (215)
TEXAS
DALLAS
Solid State Electronics Co of Texas. Inc.
(2141352-2601
TEXAS
HOUSTON
Harrison Equipment Co. (713) 652-4750
Solid State Electronics Co. of Texas,
(713)772-8510
UTAH
SALT LAKE CITY
Diplomat Alta Land. Inc 1801) 486-411
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New products
Instruments

Signal generator
spans 520 MHz
1,040-MHz range and
IEEE-488 bus compatibility
are options for low-noise unit
Already well known for its laboratory-quality signal generators, West
Germany's Rohde & Schwarz is now
aiming to meet the needs of personnel who must provide field service
for modern high-performance receiving systems. The company's model
SMS synthesized signal generator,
which is also well suited for testing
such components as sharp-cutoff
surface-wave and crystal filters, is
both versatile and easy to use,
"something the on-site technician
may value most," says Dieter Burkhart, who headed its design.
The SMS combines the latest
synthesizer technology with microcomputer control in afully programmable instrument—one that option-

ally can work with the IEEE-488
general-purpose interface bus. The
basic unit covers the range from 400
kHz to 520 mHz with aresolution of
100 Hz; an optional doubler extends
that range to 1,040 MHz. The generator's output level can be set in 0.1dB steps from — 137 dBm to + 13
dBm. Maximum total amplitude
error is 1.5 dB.
The standard generator drifts less
than one part in 10 61°C. An optional
temperature-controlled reference oscillator improves this to one part in
10 7 from 0° to 50°C. The standard
oscillator has an aging drift of one
part per million per month; the highstability option drifts only 1ppm per
year. At 20 kHz from the carrier, the
instrument's phase noise is typically
— 120 dB/Hz.
A neat arrangement of front-panel
controls, plus separate digital indicators for frequency, level, and modulation, makes the SMS easy to operate. The values for the displayed
parameters may be entered directly
from asingle keyboard.
An eight-digit readout displays
the frequency in megahertz. Level is
shown on a four-digit display in
microvolts, millivolts, dBmv, or dBm.
Modulation is indicated on a threedigit readout that goes up to 90% for
a-m and 125 kHz for fm.
Slated for delivery both in the
U.S. and in Europe in March, the
instrument carries an FOB price tag
of 12,500 Deutschmarks, which is
equivalent to about $6,830 at the
current exchange rate. The frequency-doubling and IEEE-488 bus options add $1,040 and $245, respectively. The high-stability reference
oscillator goes for $490, and $245
more buys overvoltage protection.
Rohde & Schwarz Sales Co., 14 Gloria Lane,
Fairfield, N. J. 07006 [351]
Rohde & Schwarz, 8000 Munich 80, P. O.
Box 801469, West Germany [352]

Scope has separate control
and programming units
Suppose there were a number of
different locations, on various production lines or in the field, for

178

example, where having a programmable oscilloscope would be desirable. Would it not be advantageous
to pay just once for the means to
originate programs for the scopes,
rather than each time a scope was
purchased?
A series of instrument modules
offers purchasers that option. Consisting of four individual units—the
model 5810 oscilloscope, the 5812
programmer, the 5811 programcontrol unit, and the 5813 multiprobe controller—the series separates the functional aspects of a
programmable scope so that only
those required need be purchased.
The 5810 is a 20-MHz dual-channel scope with an effective display of
8 by 10 divisions. It has calibrated
sensitivities of from 5 mv/div to
2 v/div and is accurate to within
±3% of full scale. Unlike other
programmable scopes, the unit has
front-panel controls only for setting
the usual variety of continuously
variable functions; six values can be
preset for such functions as vertical
trace position, vertical gain, sweep
speed, and trigger level. Three values
of the horizontal trace position may
be set also.
The controls for the discrete scope
functions are all on the 5812
programmer, which can remotely
supply
transistor-transistorlogic—level signals to the scope, by
means of two 50-pin connectors, to
set up those values. The 5812 may
also be used to program the 5811
control unit, which can store a
sequence of up to 32 sets of scope
parameters. The control unit can run
back and forth through that sequence and select aparticular set for
the scope without the use of the
5812.
The multiprobe controller accepts
inputs from eight different probes,
four for the X channel and four for
the Y, and under the direction of the
controller, selects one for display on
the appropriate channel.
Prices for the 5810, 5811, 5812,
and 5813 are $2,614, $741, $1,058,
and $582, respectively.
Leader Instruments Corp., 151 Dupont St.,
Plainview, N. Y. 11803. Phone George Zachmann at (516) 822-9300 [353]
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RELAX...it's amazing how an easy mind helps build a home.
We're the easy mind people. TRW Capacitors.
We can solve your problems connected with reliability in
ultra-miniature capacitors. Our X463UW metallized polycarbonates are designed to do just that.
The X463UW gives you "Space Age" performance in circuits demanding the smallest possible size. Capacitances

You get all that because we've applied the latest in component technology to combine the improved electrical performance of polycarbonate with dramatic size and weight

range from .001 to 10 mfd, at 50,100, 200 and 400 vdc—with
less than 1.5% capacitance change from —55°C through
125°C. IR is 60,000 megohm xmid minimum at 25°C. DF is

services and our field support. Try us. We can help reduce
the tension. Give us a call, or write: TRW capacitors, An

less than 0.3% at 25°C and 1KHz. And stability? In humidity
and shelf life tests the stability of the X463UW is actually
two to three times better than polysulfone.

reductions made possible by the use of our exceptionally
reliable metallized dielectric.
We also put the same kind of effort into our engineering

Electronic Components Division of TRW, Inc., 301 West
"0" St., Ogallala, Nebraska
69153. Tel: (308) 284-3611.

111111111111111111111111%

TRWCAPACITORS
ANOTHER PRODUCT OF A COMPANY CALLED TRW
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New products
Data acquisition

LSI-11 board
has 32 inputs
Other members of board
family are an output-only
unit and an I/O combination
The strategy at Analog Devices in its
maturing microcomputer analog input/output subsystem business
hasn't always got the company out
first with boards that mate with a
given system, but there has usually
been aperformance and price attraction. The story is no different with
the latest series— the RTI-1250,
intended for users of Digital Equipment Corp.'s LSI-11 and LSI-11/2
microcomputers.
There are three boards in the
series, all with 12-bit resolution: the
RTI-1250 input-only board, the
RTI-1251 combination 1/0 board,
and the RTI-1252 analog output
subsystem. Each is on a single halfquad-sized board; each includes an
on-board dc-to-dc converter as standard; and each appears to the microcomputer as ablock of four memorymapped address locations.
Whereas competitive input boards
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offer 16 single-ended input channels
(8 differential), the RTI-1250 provides 32 single-ended inputs (16
differential). There are two versions—one with a resistor-programmable-gain instrumentation amplifier (RTI-1250-R), and one with a
software-programmable-gain amplifier (RTI-1250-S). The latter allows
the user to select gains of 1, 2, 4, or 8
and is priced at $645 in quantities of
one to nine. The RTI-1250-R, at
$560, may be used for input ranges
from ± 10 mv full scale to ± 10 v
full scale.
Barry Glasgow, marketing manager of microcomputer peripherals,
says the RTI-1250 is the only input
board for the LSI-11/2 that provides
up to 32 channels and the choice of
resistor- or software-programmablegain amplifiers. He is especially
enthusiastic about the RTI-1251
combination board, maintaining that
it is the first 1/0 board that offers 16
channels of 12-bit input plus two
12-bit digital-to-analog voltage outputs. "We think this is the major
contribution of the series," he says.
There are two 12-bit multiplying d-a
converters providing up to ± 10 y of
analog output in several ranges.
Finally, the RTI-1252 board provides up to four channels of output,
using Analog Devices' own AD
DAC-80 d-a converters. It also has
four digital logic drivers for simple

on/off applications.
"We've done something interesting," Glasgow says, "in that two of
the DAC-80s are soldered and two
are socketed, so that the user can
expand in the field" if he wants to
start off with two output channels.
A two-channel RTI-1252 will sell
for $460, or the customer can get all
four channels from the factory for
$550. "But all he needs to expand to
four from two himself is a digital
voltmeter to trim the offset and
gain" of the DAC-80s, Glasgow
notes. "The digital circuitry is there
to support all four outputs." Optional voltage-to-current converters are
also available for 4-to-20-mA outputs. Delivery time for all units is
three to four weeks.
Analog Devices Inc., Route One Industrial
Park, P. 0. Box 280, Norwood, Mass. 02062.
Phone Russ Vernooy at

(617)

328-4700

[381]

4- and 8-channel d-a boards
compatible with microNovas
Owners of microNova computers
who would like to control real-world
variables analogically can now turn
to a series of digital-to-analog conversion boards designed for their
particular machine. These boards
slide directly into the microNova's
card guides and are compatible with
its input/output pinouts.
Three versions of the basic board
are being offered: two four-channel
units, the ST-MNOVA-DA4A and
B, and an eight-channel model, the
ST-MNOVA-DA8B. The fourchannel boards differ in powering
and price; the A model has an onboard ± 15-v dc-to-dc converter and
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Model 1262 accurately reads
wide variety of DACs for linearity,
montonicity. Price: $2960.

Now—perhaps for the first time—
you can cost-justify 100 percent inspection and testing of incoming D/A
converters. ESI's new Model 1262
DAC tester is a ratio instrument that
accurately checks linearity and

strobing signals (microprocessor
compatible).
Test results are presented in 2 seconds plus selected warmup time via
front panel LEDs showing absolute
and differential linearity as fractions
of one least significant bit, and any
evidence of nonmonotonic behavior.
Test fixture LEDs signal PASS, FAIL,
and the presence of excessive superposition (bit addition) error.

the test fixture. Each contains azero
insertion force test socket, the analog
circuitry to process the output signal
of the device under test, and switches
and jumper wires on the fixture's
PCB, used to select code formats, pretest warmup time, and the pass/fail
specifications for the DAC type to be
tested.
The user makes no adjustments
within the instrument.
For complete information, call or
Test fixtures the key
The instrument achieves its flexi- write, Electro Scientific Industries,
bility through a number of per- 13900 N.W. Science Park Drive,
sonalized test fixtures. You can be Portland, Oregon 97229, phone
monotonicity. Under microprocessor testing BCD current DACs one mo- (503) 641-4141.
ment, and binary voltage DACs the
control the 1262 readily supports:
...different input codes (BCD, in- next, simply by changing test fixtures
verted BCD, and several binary according to the pin configuration of
codes);
...different number of input bits
(up to 12) and,
...different analog outputs (voltage or current) in either polarity.
And it handles both DACs which
ELECM0
require full time data or those for
which data must be latched through
SCIENTIFIC
Circle 181 on reader service card

'Eastman l
gb®
adhesive

'MAKE I
One drop of Eastman 910
adhesive bonds aneoprene
gasket to amolded ABS
cover in arug shampooing
appliance.

MEND I

Another drop of Eastman 910
adhesive makes temporary
repairs on metal parts until
replacements arrive.

New products
costs $630; the B model requires an
external source of ± 15-v, 160-mn
dc power but costs $80 less. The
eight-channel model also requires
external ± 15-v power, at twice the
current rating, and is priced at just
$785.
All the boards convert straight
binary, offset binary, or 2's complement inputs into analog signals using
12-bit d-a converters whose outputs
settle to within ± 1
/
2 least significant
bit within 4 µs. The slew rate is 20
v/µs.
Output ranges are jumper-selectable from among unipolar ranges of 0
to 5 y and 0 to 10 y and bipolar
ranges of ± 5and ± 10 v. Zero and
offset temperature drift are 5ppm of
full-scale range/ °C, gain temperature drift is 30 ppm (full scale)/ °C,
and maximum nonlinearity is within
±1
/
2 LSB.
With their output impedance of
50 mil, these boards can deliver up
to 5 MA. They are specified for
commercial temperatures and are
optionally available with 16-bit digital ports, each of which replaces a
d-a converter. Delivery time for all
models is from four to six weeks.
Datel

Systems

Inc.,

channels of analog inputs in either
the 0-to-5-v or the 0-to-10-v unipolar range or the ±5- or the ± 10-v
bipolar range. For differential monitoring, input lines can be paired, and
with the ADAM-12APG module,
software-programmable gains of 1,
2, 5, or 10 can be selected.
In single quantities, prices for the
MLZ-DAQ start as low as $545.
Heurikon Corp., 700 W. Badger Rd., Madison, Wis. 53713. Phone Christopher Priebe
at (608) 255-9075 [384]

Synchro-to-BCD converter lets
user select scale factor
The SBC40 series of synchro—to—binary-coded-decimal (BcD) converters offers users a choice of scale
factor so that the three- or four-digit
output can be tailored to the tolerances of a particular application.
Inputs, from asynchro or resolver of
11.8 or 90 yat 400 Hz, are converted
into BCD outputs with errors that
will not exceed ±6 or ±30 minutes

1020 Turnpike St.,

Canton, Mass. 02021. [383]

Intelligent converter works

'DEPEND'
ON IT
Eastman 910 adhesive is
so strong, fast and easy to
apply that it can be used for i
t.
many small repair jobs as
.
well as for product
assembly.

For more intorrnation,w rite
Dick Blair, Eastman
Chemical Products, Inc .
Plastics Products Division.
Kingsport. Tennessee 37662

Eastman 910
adhesive
IIIMIIIII

,
en

+gent
-

auf.,

,
_

Eastman Chemical Products. Inc .asubsidiary
of Eastman Kodak Company Eastman 910 is
Eastman's trademark for cyanoacylate adhesives
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with Multibus or alone
Compatible with systems built
around the Multibus, the MLZDAQ can be used as an intelligent
analog-to-digital conversion board.
But because of that intelligence, it
of arc, respectively.
can also be used as a stand-alone
Outputs can represent either uni data-acquisition system.
polar or bipolar ranges and are tranSeat of the system's intelligence is sistor-transistor-logic—compatible. A
the on-board Z80A microprocessor, reference input of either 26 or 115 v,
which can converse with other exter- 400 Hz, is required in addition to
nal devices by means of two RS15-v and 5-v power; synchro and
232-C communications ports. The reference inputs are isolated.
unit is supplied with 1 kilobyte of
Units are available for the comread/write memory and sockets for 4 mercial and industrial operating
and 8kilobytes of erasable program- temperature ranges and are priced at
mable read-only memory.
less than $375 in production quantiThe MLZ-DAQ's conversion ca- ties. Delivery time is four weeks.
pabilities spring from the use of an Computer Conversions Corp., 6 Dunton Ct.,
ADAM-12 or an ADAM-12APG
East Northport, N. Y. 11731. Phone (516)
module, which can accept 16 or 32 261-3300 [385]
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The only
40 column printer
with NCR reliability.
It's field proven and available in quantity now.
Compare this low cost, 40-column printer with others available. You'll get these extra values.
• Field proven in NCR products

• Prints up to 120 lines per minute

• Produced in quantity with NCR
quality control

•Completely flexible — you
control the electronics

•Works as printer and/or
plotter because of unique single
wire design

•Attractive quantity pricing

For delivery information, prices,
or literature, please contact us at
NCR Engineering and Manufacturing,
OEM Marketing, P.O. Box 627,
Ithaca, New York 14850
(607) 273-6066.

• Multiple copy capability

• Disposable ribbon cassette is
operator changeable
• No messy spools or tricky
threading

Engineering and Manufacturing — Ithaca

New products
in a 24-pin DIP and work from
—55` to +125 °C.
Members of each series differ in
accuracy. At a deflection angle of
50 °,the model C3I0 has a typical
error of 2% of the full on-axis screen
dimension. For the C311, the figure
is 1%, and for the C3 12 it is 0.5%.
For the C4I0 and C411, the figures
are 1% and 0.5%, respectively.
Settling time to within 0.1% of
full-screen dimension is typically
2 sfor all models, and typical 3-dB
bandwidth for all models is 7 MHz.
The maximum slew rate for all uilits
is typically 200 \figs.
Other typical specifications include an end-point temperature coefficient of 400 parts per million/°C
for the C300 series and 350 ppmtC
for the C400. Offset temperature
coefficient is 75 µv/ °C for the C300
family and 50 ¿2v/ °C for the C400.
The input voltage range for all
models is ±5 v, and the no-load
output voltage range is the same.
Peter de Hollan, sales engineer,
expects the correction integrated
circuits to find use in CRT displays
involved in word processing, process
control, and photo typesetting.
"Color processing is a field that may
use them, too," he says.
Prices for the C300 series, in lots
of one to nine pieces, are $75 apiece
for the C310, $99 for the C311, and
$145 for the C312. For the same
quantities, the C4I0 goes for $150
each and the C4I Iis priced at $225.
Delivery for all units takes four to
six weeks.
come

Components

IC cuts CRT
distortion
Pincushion eliminator
comes in a24-pin DIP,
is priced starting at $75
Pincushion distortion has long
plagued manufacturers of precision
cathode-ray-tube displays. Existing
solutions have been costly, cumbersome, or ineffective. Now, however,
Intronics Inc. is offering a series of
monolithic devices that arc much
less expensive as well as more accurate than anything that was available previously.
The C300 series will replace
complicated and expensive diode
breakpoint circuits or clumsy magnet-positioning schemes. "The C300
series will offer a continuous function, whereas diode breakpoint circuits have not," points out Herbert
F. Wise, vice president for engineering. It will also replace an earlier,
more expensive, C100 series of
correction modules.
Hermetically sealed in 16-pin dual
in-line packages, the C300 units will
operate from 0° to 70 °C. Moreover,
military versions, the C400 series,

Intronics Inc., 57 Chapel St., Newton, Mass.
02158. Phone Peter de Hollan at (617) 332-

0.012 to 2.0
F. Tolerances range
from ± 1% to ± 20%.
Prices vary according to capacitance, tolerance, and voltage rating.
A 0.001-µF capacitor with ± 20%
tolerance and 100-v rating, for
example, costs 63c in quantities of
1,000.
TRW Capacitors, 301 W. 0 St., Ogallala,
Neb. 69153. Phone Al Tompkins at (308)
284-3611 [344]

8-character display is
visible far and wide
Taskdata is an alphanumeric display
unit consisting of eight five-byseven-dot matrixes controlled by a
microcomputer. The 11
/ -in.-high,
4
light-emitting-diode matrixes are visible from over 90 feet away at viewing angles over 110 °.Therefore, they
can be stacked or arranged vertically
to form electronic bulletin boards.
The on-board microcomputer's
memory can retain up to 32 charac-

7350 [341]

Small capacitors withstand

T

T

41/
2-lb pull on leads

Pincushion.

When

pincushion

distortion

occurs, the effect is to make squares appear
as shown by the colored outline. This distortion appears in all flat-faced tubes because
the distance from the center of deflection to
the screen varies with deflection angle.
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Built to withstand a pull of greater
than 41
2 lb on its axial leads, the
/
type 608 foil-wound capacitor is
small enough to be used in highdensity circuits and encapsulated
military assemblies. The polyesterdielectric elements are available with
100-v ratings in values from 0.001 to
0.10 µF and with 50-v ratings from

ters, so four eight-character messages can be presented sequentially.
Serial or parallel inputs in ASCII
format are accepted by the display's
RS-232 interface.
Requiring only a 5-v power
source, the Taskdata is priced at
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784,612

by W. F. Leahy
Pub. price, $19.95
Club price, $14.95

0E 5en

768 749

Introductory otter
to new members 01 the
COMPUTER PROFESSIONALS'
BOOK CLUB

MICROPROCESSOR
ARCHITECTURE
AND
PROGRAMMING

MICROPROCESSOR/
MICROPROGRAMMING
HANDBOOK
by B. Ward

Pub. price, $9.95
Club price, $8.45
784/795

491 '380

MICROCOMPUTERBASED DESIGN

DATA PROCESSING COST
REDUCTION
AND CONTROL

any two

by J. Peatman

Pub. price, $24.50
Club price, $17.50

by D. H.
Brandon
Pub. price, $17.95
Club price, $13.50

of these great
professional books

784/027

INTEGRATED
CIRCUITS

435/278

MICROPROCESSOR
APPLICATIONS
MANUAL

for only

by F. F. Mazda

'2 95

Pub. price, $24.95
Club price, $18.95
785/058

MICRO-ANALYSIS
OF COMPUTER
SYSTEM
PERFORMANCE

by Motorola,
Inc.

Pub. price, $35.00
Club price, $25.00

273/634

COMPUTER
ARCHITECTURE
& ORGANIZATION

values up
to $62.50

by B. Beizer

Pub. price, $22.50
Club price, $17.25
785 503

DATA COMMUNICATIONS:
Facilities,
Networks, and
Systems Design

by J. Hayes

Pub. price, $22.00
Club price, $16.50
784/450

by D. R. Doll
Pub. price, $24.95

Two special bonus books come to you

DIGITAL
COMPUTER
DESIGN

for $2.95 with your first club selection

Pub. price, $19.50

by R. Kline

Club price, $18.95

Club price, $15.75
Be sure to consider these books as well-

785/147

ILLUSTRATED
HANDBOOK OF
ELECTRONIC
TABLES,
SYMBOLS,
MEASUREMENTS
&VALUES
by R. H. Ludwig

785 495

785/074

784 710

785/201

PROGRAMMING
FOR MINICOMPUTERS

THE STRUCTURE
OF COMPUTERS
AND
COMPUTATIONS

MINIPROCESSORS
by D.
Heiserman

MICROPROCESSOR
SYSTEMS
DESIGN

Pub. price, $9.95
Club price, $8.45

by E. E.
Klingman

by J. C. Cluley
Pub. price, $17.50

by D. L. Kuck

Club price, $13.50

Pub. price, $23.95
Club price, $18.95

Pub. price, $17.95
Club price, $14.25

save time and money
by joining McGraw-Hill's

COMPUTER PROFESSIONALS'
BOOK CLUB

THIS

professional club is designed to meet your day-to-day on-the-job needs
by providing practical books in your field on a regular basis at below publisher
prices. If you're missing out on important technical literature-if today's high cost
of reading curbs the growth of your library-here's the solution to your problem.
The Computer Professionals' Book Club was organized for you, to provide an
economical reading program that cannot fail to be of value. Administered by
the McGraw-Hill Book Company, all books are chosen by qualified editors and
consultants. Their understanding of the standards and values of the literature in
your field guarantees the appropriateness of the selections.
How the Club operates: Thirteen times a year you receive free of charge The
Computer Professionals' Book Club Bulletin. This announces and describes the
Club's featured book of the month as well as alternate selections available at
special members' prices. If you want to examine the Club's feature of the month,
you do nothing. If you prefer one of the alternate selections-or if you want no
book at all-you notify the Club by returning the card enclosed with each Bulletin.
As a Club Member, you agree only to the purchase of four books (including
your first selection) over a two-year period. Considering the many books published
annually, there will surely be at least four you would want to own anyway. By
joining the club, you save both money and the trouble of searching for the best
books.
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353/670

r

MICROPROCESSORS
&SMALL DIGITAL COMPUTER
SYSTEMS FOR
ENGINEERS &
SCIENTISTS

Pub. price, $19.50

by G. A. Korn

Club price, $15.95

Pub, price, $27.50
Club price, $18.95

_ MAIL THIS COUPON TODAY
COMPUTER PROFESSIONALS' Book Club
P.O. Box 582, Hightstown, New Jersey 08520
Please enroll me as amember and send me the three books indicated Iam to receive the
two bonus books at the introductory price of $2 95 plus my first selection plus tax
postage and handling If not completely satisfied Imay return the books within 10 days
and request Mat my membership be cancelled If lkeep the books Iagree to take a
minimum of three additional books during the next two years at special Club prices
{guaranteed 15% discount often morel Iwill receive the Club Bulletin 13 times ayear If I
want ro examine the featured selection Ineed take no action It will be shipped automat,
cally If however Iwant an alternate selection - or no book at all - Isimply notify the Club
by returning the convenient card always enclosed Iwill always have aminimum ol 10 days
in which to return the card and you will credit my account fully including postage if this is
not the case Membership in the club is continuous but cancellable by me at any time after
the four book purchase requirement has been filled This order select to acceptance by
McGraw Hill Orders from outside the continental US must be prepaid Company
business or institutional tax exemption status is notapplicable to purchases made through
individual Club memberships All prices subject to change without notice Offer good for
new members only A shipping and handling charge is added to all shipments Members
are billed when books arrive
Write Code * ut 1st

Write Code * ut 2nd

bonus book selection here

bonus book selection here

Write Code * ol 1st
book selecno nerf.

Name
Address
City

State

Zip

EXTRA SAVINGS: Rennt
with your order, plus any local and state tax,
and McGraw-Ku wol pay all regular postage and handling charges
P39370
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New products
$240 in quantities of 100 and is
available from stock.
Logic Electric, P. 0. Box 5154, Kingwood,
Texas 77339. Phone Curt Hamilton at (713)
446-1021 [345]

Tough automobile relay
plays to the pits
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Circle 186 on reader service card

Electromechanical relays of the type
used in automotive electronics usually employ a design in which the
contact arm is of a separate piece
from the remainder of the relay,
joined to it by apiece of copper braid
and retained by flanges and aspring.
Under the recurring influence of
severe shocks like those induced by
New York City potholes, the elements retaining the contact arm can
be altered, thus producing failures
that may be permanent or puzzlingly
intermittent.
In addressing this kind of problem, Gulf and Western's Automotive
operations developed a particularly
rugged relay, one that can withstand
vibrations and shocks in excess of
10 g. Available in both single-pole,
single-throw and single-pole, doublethrow versions mountable on
printed-circuit boards, the relay employs a different design: its bobbin
and the contact arm are cast as a
single part.
Wrapped around the bobbin is a
coil with aresistance of 130 Q, so the
unit consumes less power than competitive relays. It is rated for current
switching of 30 A continuous at 12 V
dc and 125 °C, insulated to withstand
440 V ac, and operates from —40° to
+125°C. At 25°C with a lamp load
of 7 A and 2-s-on/2-s-off operating
cycle, a single-pole, single-throw
type has alifetime of 750,000 operations.
In sample quantities of 1 to 10,
units are priced at about $1.50, and
sizeable discounts are available on
large-volume orders. Deliveries from
stock are scheduled to begin in midFebruary.
Gulf and Western Manufacturing Co., Automotive

Operations,

24114

Research

Dr.,

Farmington Hills, Mich. 48024. Phone Ken
Conrad at (313) 478-8140 1347]
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When you need LEDs
or more than LEDs...

Dialight is the first place to look. We can help you do
more with LEDs...because we've done more with them.
Discrete LEDs come in avariety of sizes, shapes,
colors (red, yellow, green in clear or diffused), with or
without built-in resistors.
Low cost logic state fault indicators for trouble
shooting complex circuits. Designed for close density
PC board mounting.
High-brightness bi-color LEDs (red/green) suitable for go/no-go situations. Designed with unique

lenses for the extra visibility you'll want for your most
critical applications.
Snap-in mounting LED indicators reduce labor
cost. Available in red, yellow or green with or without
built-in resistors.
Whatever you need in LEDs, Dialight's probably
got it already. For your free 60-page selector guide and
listing of our nationwide /
stocking distributors, contact us today.
A North American Philips Company

Dialight meets your needs.
Dialight, 203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600

Circle 187 on reader service card

Just in case you need something beautiful.
Even your most sophisticated customers are influenced by the look of
beauty and quality. We don't box you in with sophisticated trivia because we
combine clean lines, welded and hand finished bezels in a wide selection
of standard colors and structures. There's even your choice of aluminum,
molded plastic or teakwood. Send for our catalog just in case.
We make you look better

OPTIMA

Scientific -Atlanta
2166 Mountain Industrial Blvd ,Tucker, GA 30084 •Tel: (404) 939-6340
Europe: McKettrick — Agnew, Macmerry, East Lothian, Scotland, EH33 1EX •Telex: 72623.

Circle 188 on reader service card

For Superior
Reliability in IC
Sockets, Scanbe US-2

MOTOR-ANALYSIS
SYSTEM
with

NEW 3-WAY READOUT
FRICTIONLESS DYNAMOMETER
Power-absorption dynamometers utilize
friction-free hysteresis brakes for longest life,
precise repeatability, smooth torque application independent of speed. Models from
2.50 oz.in. to 200 lb.in., with English, metric, or SI calibration.

United States Patent 4.033,656 July 5.1977

Low profile US-2 is a sophisticated combination
of desirable features giving maximum
performance and reliability.
•built-in solder wicking barrier
•no flux entrapment
•edge wipe design for most widely accepted
insertion, holding and withdrawal forces
•gas-tight seal characteristics between IC
lead and socket contact
At Scanbe distributors
nationwide or write today for complete
details on how US-2's patented design and zero
defects quality can increase system reliability.

RÈSGAN1113E
DIVISION CIF ZERLI CORPORATION

3445 Fletcher Ave. •P.O. Box 4159 •El Monte, CA 91731
Telephone (213) 579-2300 • TWX . (910) 587-3437

1;0000,
-,--441111
:
.111111111111111r
imom

a39ei HUgW150

ALL-NEW INTERCHANGEABLE READOUT
Simultaneously and continuously displays speed, torque, and horsepower, with display hold for operator convenience. Simple plug-in operation, virtually error-proof.

r

Mt Our .c.à
. Woo on

All dynamometers and readouts offer many
exclusive features and capabilities. Request
information today.

o, coh

us loll hoe at

1109825-7844
(knew New York Steel

MAGTROL, INC.
70 GARDENVILLE PARKWAY WEST

Circle 232 on reader service card

•

BUFFALO, NEW YORK 14224

716-668-5555

Circle 233 on reader service card
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Loch Katrine in the Trossachs — where Glasgow draws much of its exceptionally pure water

Glasgow's unique industrial resource
-unfailing supplies of
the purest water in Europe
The lochs which ring the city do
much more than make Glasgow an
attractive centre for the tourist.
They make it an attractive base for
industries that need pure and
abundant water.
From these lochs comes the
purest piped water in Europe — and
some of the purest in the world.
Certainly the purest in any major
conurbation.
And the supply never fails. Even
in the U.K. droughts of 1976,
industry in Glasgow could still use
water without restriction.
Inexpensive water
There is another reason why
Glasgow is so attractive to industries
heavily dependent on fresh water.
Because Glasgow's water is so
available, so close at hand, it is
inexpensive water.
There is yet athird reason, too.
In Glasgow, there is no charge for
disposal of industrial effluents. That,
in itself, can make a big difference
to costs in many industries.
Electronics/January 18, 1979

So if your processes need pure
water, get in touch. We'll help fill in
the facts and figures for you. And
we'll show you the other resources
Glasgow offers industry.
Room for you
First and foremost, Glasgow has
room for new industry. Nearly five
million square feet of factory space,
in units to suit any size of company,
are immediately available. And there
are over 300 acres of industrial
building land, offering sites of five
acres up.
So you won't be cramped for
space. Nor will you be isolated in
some remote industrial estate. All
these sites are well inside the city —
making it easy to recruit and keep
staff.
Glasgow's other resources
Glasgow has other resources,
too. A well-educated workforce,
traditionally orientated towards
sophisticated industrial processes.
The service and sub-contracting

resources of a major industrial
centre — tool-making, packaging,
printing, maintenance. Excellent
links to the rest of the U.K., and to
foreign markets, by road, rail, sea
and air. And the leisure facilities of a
great city, surrounded by some of
the finest countryside in the world.
But, for the full story, contact
D. S. Logan, Industrial Development
Officer, City of Glasgow District
Council, Sun Life House, 116 West
Regent Street, Glasgow G2 2RW.
Telephone 041-332 9700.

GLASGOW
city to build on

Circle 189 on reader service card
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Why our monitors
are good for your image.

•

CONRAC

With aConrac OEM monitor in your system, you
can relax. Because image is what we're all about.
Just how good is Conrac's visual quality?
Good enough to be preferred by demanding
network broadcast professionals six-to-one over
all other brands combined.
For your demanding customers, we make abroad
line of color and monochrome monitors. including
RGB display. computer-generated imagery,
graphic display. and alpha-numeric display types.
A wide range of models assures you amonitor
that fits your system's needs. Standard or custom,
Conrac quality is more than screen deep.

All our monitors feature advanced, modular
circuitry design for maximum reliability and
serviceability in the field. Color models include
convenient pullout drawers for full front -access
to critical controls.
And since Conrac monitors are manufactured in
the U.S., there's always fast access to parts.
Call or write today for the complete story on
Conrac price/ performance advantages.
Conrac Division, Conrac Corporation, 600 North
Rimsdale Avenue, Covina, CA 91722.
Phone (213) 966-3511: Telex 67-0437,

CONRAC
We're more than meets the eye.

Circle 190 on reader service card
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Products newsletter
Fewer parts make
analog function ICs
cheaper and better

Cable lets
programmer
emulate PROMs

40-W V-MOS FET
sells for 50e

Signal conditioners

acquire data

Price cuts
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They won't change much on the outside, but Burr-Brown Research Corp.'s
model 4213 multiplier-divider and its model 4291 divider are being
redesigned on the inside to lower their parts counts, thereby cutting costs
and raising reliability. The multiplier-divider, which will de designated the
MPY 100, will have one chip instead of two; the new model DIV 100
divider will have two chips instead of eight. Both units will sell for about
$10 each in large quantities, according to the Tucson, Ariz., company.

Instead of burning anumber of programmable read-only memories in the
course of developing their programs, users of E-H International Inc.'s
model 4 programmer [Electronics, Sept. 14, 1978, p. 210] can make
program changes on the model 4's internal 16,384-bit read-write memory
and connect it directly to the system under development. Then, when the
system is definitely working properly, asingle PROM may be programmed.
What makes this possible is a$15 accessory for the model 4—the model
PEC-24 emulation cable. The 36-inch cable adds about 200 ns to the
memory access time, but Jerry D. Rampelberg, program manager of the
PROM programmer section, believes that it will not pose any problems in
most cases. The cable is available from E-H's Sunnyvale, Calif., division.

Priced at 50ft each in lots of 10,000, the second generation of V-groove
power field-effect transistors from Siliconix Inc., Santa Clara, Calif., is
going on the shelf this month. The first new device, designated the
VN1OKM, is an 80-v, 0.5-A transistor with a source-to-drain on-state
resistance of 6 O. It is supplied in the TO-92 package, commonly used in
solid-state entertainment equipment.

A line of signal-conditioning products from Analog Devices Inc.,
Norwood, Mass., is designed to ease the problems of interfacing transducers with computers. Designed to work with strain gages, thermocouples,
and resistance temperature detectors, the modules are intended to eliminate problems caused by noise and high common-mode voltages and,
where appropriate, to isolate, filter, and amplify signals and excite
transducer bridges. The line currently consists of amplifier-filters, both
with and without transducer-excitation supplies (models 2B30 and 2B31)
and a separate transducer-excitation supply (model 2B35). A voltageto-current converter and an isolated v- iconverter will be introduced soon.

The following price cuts have recently been announced:
• The Du Pont Co., Wilmington, Del., has reduced prices on the products
it makes for the manufacture of gas-discharge displays by about 22%.
Reductions on 9530 and 9535 Nicyl air-fireable nickel compositions for
display cathodes and on 9741 contrast dielectric have lowered the pergram cost to 84¢ for the cathode materials and 39¢ for the dielectric.
• Microm Systems Inc., Chatsworth, Calif., has cut the cost of its
Micro800 series of data concentrators from 10% to 20%, depending upon
the model. Prices now range from $1,150 for atwo-channel unit to $4,600
for a16-channel machine.
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section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

CLASSIFIED SALES REPRESENTATIVES
Atlanta
Boston
Chicago

404/892-2868
Jim McClure 617/262-1160
Bill Higgens 312/751-3733

Sales Manager—Mary Ellen Kearns-212/997-3306
Cleveland
Dallas
Denver
Detroit

Mac Mueslis
Mike Taylor
Shirley Klotz
Mac Huestts

216/781-7000
214/742-1747 Houston
303/837-1010 Los Angeles
313/873-7410 New York

Mike Taylor 713/659-8381
Ana Galaz .213/487-1160
Larry Kelly
212/997-3594

A Place for
IC's and Hybrids
Portland, Oregon that's the place. We've been building custom IC's and Hybrids for the
last 10 years. Our current line includes bipolar, ECI., N-MOS and C-MOS Processes.
If your interest lies in low volume, high performance custom devices and you desire to
work with a wide variety of processes and interface with engineers ranging from
manufacturing to instrument designers, let's talk.
Current Positions include:

Hybrid Product Engineers
Hybrid Designers
Hybrid Process Engineers
Bipolar Process Engineers
-metalization
-photolithography
-ion-inplantation

Bipolar Process
Engineering Manager
Test/Trim Engineers
-device/circuit
characterization/test
-wafer probing

Laser Wafer Trimming Engineers
Located near Portland, Oregon, Tektronix Inc. develops, manufactures, and markets
internationally recognized precision electronic measurement instruments, computer
peripherals and related electronic instrumentation.

Philadelphia
Dan Ferro
Pittsburgh
Dan Ferro
San Francisco Peter McGraw
Stamford
William Eydt

215/568-6161
412/391-1314
415/362-4600
203/359-2860

POSITIONS VACANT

Electronics Technical Associate —
The University of Texas McDonald
Observatory has an opening for a
skilled Research Engineer Associate
Il in electronics primarily for
maintenance of telescope control
and drive systems, computers, and
computer interfaces and peripherals.
Trouble-shooting and repair of both
analog and digital circuits is required.
Some electronic construction and installation work is involved. Requires
Master's degree in Electronics
Engineering and no experience or a
Bachelor's degree and two years related experience. Residence at McDonald Observatory, P.O. Box 1337,
Fort Davis, Texas 79734 or apply: Office of Personnel Services, The
University of Texas at Austin P.O.
Drawer V, Austin, Texas 78712. An
Equal Opportunity/Affirmative Action
Employer.

Radio Engineer—Minnesota Public
Radio seeks engineer to provide network engineering support for six-station public radio network. Report to
Director of Network Engineering.
Evaluation, specification, design and
construction of RF and audio equipment to ensure high standard of
audio and transmission quality
throughout network including extensive field work. $14,000 to $22,000.
FCC 1st or equivalent. Strong
experience. Resume, references and
letter of interest immediately to Dan
Rieder, Director of Engineering, MPR
400 Sibley Street, St. Paul, MN
55101. AA/EOE

For these or other opportunities, please send your current resume to: Roy Epperson,
Tektronix, Inc., P.O. Box 500, W35, Beaverton, Oregon 97077 or call 1-800-547-1164.
An Equal Opportunity Employer m/f/h

leztronix
CONWITTED TO EXCELLENCE
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Sales Manager Electronic Tools,
S100,000.—A New Line of Patented
Tools for the electronics industry to
be introduced nationwide. Test marketing successfully finished. Product
is consumable item. Need is for a
highly qualified sales manager
experienced in that market. Sales
thru distribution and direct. Write to:
McGraw-Hill Publications Company,
Liebigstrasse 27C D-6 Frankfurt/
Main 1, Germany. Tel. (0611)
720181.
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Engineers

Your February could look like this.

Today, General Dynamics at Pomona has more programs, more new ideas, and new fresh things going on than
ever before...ten years ago all we had was the standard missile. Now, the standard missile-1, standard missile-2,
Phalanx, DIVAD, Sparrow, Viper, Stinger and other numerous programs are under way. Our 1979 looks bright1980 and beyond are even brighter. That's where you come in.
We need the engineering staff to build on this success pattern. Our Opportunity Spectrum is broad and includes
all levels of experience and career responsibilities. We need engineering professionals in the following disciplines.
• Electro -Optical
• Digital & Analog
•Telemetry Systems
•Circuit Design
•Microwave/Antenna
•Guidance & Control
• Microelectronics
• Systems
• Reliability
• Avionics
• Power Supply
•Test Equipment Design
•Military Operations Research

• Electronic Packaging
•Test Systems
• Radar Systems
• Signal Processing
•Components
• Dynamics

Tell me where your interests are. Your resume will enable me to match you up within my organization. You'll
hear from me soon—perhaps we can talk further about our enjoyable Southern California lifestyle. Send your
resume to:
R.M. Kemp, V.P. Research & Engineering

GENERAL DYNAMICS
Pomona Division
P.O. Box 2507/Pomona. California 91766
An Equal Opportunity Employer M/F, U.S. Citizenship Required
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Wanted: Innovators
ANALOG OR
DIGITAL
PROCESSING

RF

ELECTRONIC
WARFARE
SYSTEMS

ELECTRONIC
WARFARE
PROCESSING
HARDWARE

Innovative solutions to complex problems in electronic warfare
and advanced telecommunications have earned AMECOM a
worldwide reputation If you re acreative professional with
ideas, if you thrive on fresh thinking instead of what sbeen
done before, take time now to investigate positions with us
of uncommon potential

TELECOMMUNICATIONS
DESIGN SYSTEMS

Be part of our next technical breakthrough
Immediate openings exist now for
ANALOG OR DIGITAL PROCESSING ENGINEERS
TELECOMMUNICATIONS SYSTEMS ENGINEERS
ELECTRONIC WARFARE PROCESSING ENGINEERS
RF ENGINEERS
We re part of a Fortune top 50 corporation, we re
growing fast, and we re in a pleasant Maryland
suburb close to the Nation scapital with your
choice of city, country, water or mountain living
and recreation
Call COLLECT or write Bill McAmis, (301) 864-5600
Amecom Division, LITTON SYSTEMS, INC,
5115 Calvert Road, College Park, MD 20740
An equal opportunity employer, M/F/H.

u.

Amecom Division

LITTON
SYSTEMS, INC.

ELECTRONIC ENGINEERS

DIVISION MANAGEMENT

INDIVIDUAL CONTRIBUTORS TO EXECUTIVES

NYSE listed Corporation seeks a seasoned manager to
assume total P & Lresponsibility for an operating division
engaged in the development and manufacturing of
electronic systems and products.
Position requires very strong business development and
technical leadership abilities.

As one of the most widely known specialist recruiting firms for
the electronics and computer industries we offer you what most
of our competition can't —
Nationwide Contacts
Telephone Interviews

Your background should include a technical degree, business training, and at least 10 years general management
experience with specific involvement in engineering, marketing, manufacturing and finance.

Our more than 200 client companies throughout the country are
very willing to save you valuable time by thoroughly discussing
the position with you via the telephone. You interview only with
those who can excite your interest and meet your salary demands.
Even though all costs are paid by our client companies, YOU are
our only concern and we can save you valuable time in your desire
to improve yourself.
DICK RAY, PRESIDENT
CAREER CONSULTANTS
540 MEADOW ST. EXT., AGAWAM, MA 01001
413-789-0907

Compensation package includes a very attractive base
salary and bonus based on profitability. Please send
resume and compensation history to:
P-8604, Electronics
Class Adv . Dept .P0 Box 900. NY, NY 10020

SPECIALISTS FOR
ELECTRONIC ENGINEERS
Hundreds of growth opportunities
for talented engrœnno proles:sends
Over ,
40 network offices reonwicie

q
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Ltd .

212-682--6150

ENGINEERS —MANUFACTURING
SUPERVISORS—SCIENTISTS
A Nationwide Placement Service.
Our clients pay all fees and interview
expenses. All transactions conducted
in strict confidence. Send resume to:

E. J. Stephen
.•••

rECUTIvE SEARCH AND PLACEMENI
TRl.stxnn MALL •CLAYMONT. DE MO]
002, 790.68el
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SELLING OPPORTUNITY
AVAILABLE
West German Distributor wanted
manufactures of electronic products
to represent in europ. Contactet: Mr.
Helmut Holzer, Holzer Corporation
D8031 Eichenau.

BUSINESS OPPORTUNITY
How To Earn Money As AConsultant
(including specimen contracts) $25.
Business Psychology Intl 890/44
National Press Bldg., Washington,
D.C. 20045.
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CREATIVE ENGINEERS

Have you become just aface in the crowd?

Raychem can change all that!
Raychem challenges your creativity to exploit new technologies and
develop innovative products! We encourage outstanding performance and are quick to reward it! Our unique philosophy — providing
you the opportunity to create your own environment — encourages
excellence in individual performance.
We are an extremely successful, Multinational Corporation ... the
World Leader in radiation chemistry of polymers. We have developed
a wide range of heat shrinkable insulation, connectors, corrosion
prevention and wire products for the electronics, military and aerospace markets.

San Francisco Peninsula

•PRODUCT MANAGER/WIRE and CABLE
TRANSMISSION LINES

•

We need an aggressive self•starter with demonstrated ability in the electronic
transmission line area to lead an effort in developing our capabilities in EMI,
EMP, balanced lines, low loss, etc.
Reporting to the Director of Marketing, you will be in charge of developing
design, product, pricing and marketing strategy for this expanded product line
in Raychem's Wire and Cable Division. A minimum BSEE, is required as is in•
depth knowledge of transmission line technology and the electronics industry in
general. Your strong technical expertise coupled with effective managerial ability
are key qualifications for this position.

•CABLE DESIGN ENGINEER/WIRE &CABLE

•

Excellent opportunity to , a creative, aggressive technical Professional to
assume responsibility for the design of cables, interpretation of customer
specifications and the direction of the development of general technical expertise
in our rapidly expanding Multiconductor Cable area.

Our ideal candidate will have indepth design experience in all aspects of multiconductor cable manufacturing as well as the ability to interface productively
both with our customers and Raychem's technical, sales and manufacturing
personnel.
Reporting to the Technical Services Manager of the Wire and Cable Division.
you will direct the activities of an innovative group of Design Analysts, Sample
Makers and Draftpersons. BSIEngineering and extensive experience in cable
design and manufacture is required.

•TECHNICAL SERVICES ENGINEER •

Become involved in the design of transmission lines and other high frequency
interconnect systems and in the product testing of transmission lines especially
shielding. You will research and recommend purchase of laboratory test equipment and will consult with our Sales people and with customers on transmission
line issues.
You must have a MSEE with special emphasis on transmission of high frequency
signals; knowledge of shielding and general wire and cable principles essential.
Good communications skills are necessary as you will be asked to make tech•
nice' presentations to our Customers.

Raychem's 25% annual compounded growth rate since our inception
in 1957 is indicative of our commitment to maintain and improve our
leadership in the industry. We offer above average salaries, excellent
benefits and ahealthy, stimulating environment.
Please send your resume, including salary history, to Bernie
Shapiro, Human Resources Dept. 7420/EL, Raychem, 300 Constitution Drive, Menlo Park, CA 94025. (415) 329-4500. An equal
opportunity employer.

Ikkim
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Raychem

A Multinational Corporation responding to the technological needs of
the Telecommunications, Process, Energy and Electronics industries.
195

SR. MUNI
ENGINEERS
MIKE YOUR
HOME IN THE
11/10UMAINS WITH
Hewlett Packard
Come to the majestic mountains of
Colorado and take advantage of aunique
opportunity: challenging career with one
of the foremost electronics companies
AND the opportunity to enjoy living in a
small community atmosphere.
At Loveland, Hewlett-Packard develops,
manufactures, and markets state-of-theart measurement instrumentation in the
fields of; volt meters, circuit board test,
signal analyzers, signal sources, and
distance and angle measuring devices.
Hewlett-Packard currently has career
opportunities in research and
development, marketing, manufacturing,
and quality assurance -and are looking for
engineers who have expertise in:
• Component Application
• Reliability Engineering
• Analog/Digital Circuit Design
• Product Marketing
• Signal Processing
• Semiconductor Processing/Device
Design
• Manufacturing Engineering
• Technical Writing
Hewlett-Packard's Loveland facility is
located in the foothills of the Rockies, just
ashort drive from Denver and close to
famous Estes Park. Loveland, Colorado is
acommunity of 30,090 people; atown
which offers affordable housing, top rated
recreational areas, and excellent
academic opportunities.
If you'd like to spend your future with a
dynamic, growing electronics company
and experience the joys of small town
living, send your resume to: Judy Neetz,
Hewlett-Packard Company, 815 14th
Street, S.W., Loveland, Colorado 80537.
Equal Opportunity Employer Dedicated to
Affirmative Action

HEWLETT

II PACKARD

BE BOLD! Step up to new responsibility and
challenges at VERSATEC ... on the

San Francisco Peninsula
Unusually stimulating opportunities exist for Senior Manufacturing Engineers in the Electrical and Mechanical areas.
Familiarity with MRB, CCB, tool design, manufacturing processes and production line problem solving essential.
Position requires BSME and min. 5years solid experience.
Let us tell you more about VERSATEC. Our uniquely strong
employee-oriented environment provides full latitude to
creative professionals ... our top compensation ... our
FREE benefits which include Dental & Retirement Plans,
effective on your 1st day of employment ... and our plan
for continued growth & success.

Please send your resume, including salary history,
to: VERSATEC, 2805 Bowers Ave., Santa Clara, CA
95051. 408/988-2800. An equal opportunity
employer M/F.

91:VERSATEC
A XEROX COMPANY

NOW IS THE TIME ... TO HIRE
ASTUDENT THIS SUMMER.
First, it's later than you think,
with schools closing on different
semester schedules, and stul
dents torn between lining-up
"sure" jobs now or gambling
that something in their chosen
field will come along later.
Second, and most important,
it's in our industry's best interest to encourage and hold
its life-blood by providing practical experience in their future
profession.
And, since there'll always be
more applicants than openings,
you'll be able to select the cream
of the crop, then evaluate them

with an eye towards hiring, when
as coveted graduates, the job
market might be in their favor.
Because we believe this program is of mutual benefit to
both employer and employee
alike, we again offer our services as aclearing-house.
Just fill out and return the
coupon below, and we'll include
your organization in a free listing to be sent to Placement
Directors and Department Heads
at leading colleges and universities across the nation.
They'll post it, and the students
will contact you directly.

Free summer help listing
MAIL TO, ELECTRONICS/POST OFFICE BOX 900/NEW YORK/NY 10020
NAME/TITLE of individual to be contacted)
ADDRESS: (Mailing address of your personnel office)
ORGANIZATION: )Firm, Company, Government Agency or Institution )

TYPE AND NUMBER or STUDENTS SOUGHT
Technician

Electronics

Avionics

Other: Draftsman, etc.,

Note Last date coupons can be accepted for this year's Student mailings is
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BIOMEDICAL
ELECTRONICS

DESIGN ENGINEER
Move to sunny south Florida.
One of the largest and fastest
growing pharmaceutical firms in
the nation, seeks a Biomedical
Electronics Design Engineer
experienced in designing implantable electronics and electrodes. The ideal prospect
should also possess expertise
In biomedical electronics, hybridization, microprocessors.
and some manufacturing experience. The successful candi•
date will be one who is able to
take a project from the idea
stage through production. Must
be willing to relocate. Excellent
potential and salary. Please
call or write:
EDI
16500 NW 15th Avenue
Miami, FL 33169
800) 327-7106

ELECTRONICS ENGINEERS
Specializing In the placement of
Electrical Engineers Nationally All fees
company paid. This is only apartial listing. Send resume.
Project Mgr.
30K Power Eng.
23K
Design E.E.
21K Controls Eng. 23K
Instrumentation 22K Systems Eng. 22K
Sr. Systems
25K Facilities
25K
Project Eng
22K Mechanical Des. 24K
COREY ASSOCIATES
Suite 230. 105 Wolf Rd.. Albany. NY
12205

POSITIONS VACANT

Electronics Engineer (Sr. Level)—
Background in signal processing.
instrumentation. ultrasonics/acoustics. Should have good theoretical
background but must be practically
oriented. Research 8( Development
laboratory. Send resume Energy 8(
Minerals Research. P.O. Box 409,
Kennett Square, Pa. 19348. Attn:
Mr. Don Culp.
Electronics Shop Supervisor—Department of Chemistry, The
University of Chicago. Opening for
experienced person to head our 3.
man electronics shop. Knowledge of
magnetic resonance, mass spectrophotometers preferred. Should be
familiar with RF techniques (through
microwaves), mechanical design,
analog and digital I.C.s and abroad
range of vacuum tube and solid state
circuits. Send resume to: Dr. G. L.
Boshart, Department of Chemistry.
The University of Chicago, 5735 S.
Ellis Ave.. Chicago. Illinois 60637. An
Affirmative Action Equal Opportunity
Employer.

EMPLOYMENT SERVICES

Design
Personal
Business
Terminals
ambitious digital business
system which includes low-cost
terminals and utilizes the latest
keyboard, display and packaging
technologies is being developed.
We require a senior electronics
engineer, M.S. preferred, with
experience in terminal design,
and with knowledge of digital
and analog electronics, logic
design, and manufacturing
techniques.
An

Our attractive Connecticut
location offers a quiet New
England environment with
abundant recreational
opportunities and large
metropolitan areas within easy
reach.

If you can see the career
potential of being responsible for
the design of an important
component of a major new
business system, send your
resume to:
Manager,
Professional Employment
Department E-118
Burroughs Corporation
105 Newtown Road
Danbury, Connecticut 06810
An Equal Opportunity Employer M/F

Electronic engineering growth positions with clients located nationally
Our service is enhanced by the fact
that Iam an EE with 20 years in industry and over 10 years in placing
professionals on an employer fee
paid basis. Send your resume to Joe
Torcassi, Director, J. Anthony &
Associates,
PO
Drawer
AD.
Lynchburg, OH 45142. 513/3642305.
Electronics/January 18, 1979

Burroughs

Engineering
the Office
of the Future
We are apioneering group of engineers
and computer scientists working on an
innovative application of computer technology to the office of the future. The
design and implementation of the Electronic Office requires an unprecedented
multidisciplinary application of the latest
digital hardware integrated with the most
advanced software techniques available.
Guided by aunique understanding of the
potential of office automation, we are
developing an ambitious digital business
system; apioneering effort with strong
emphasis on the system's human interface. We offer exposure to the entire range
of current electronic technologies. Computer engineers will find special opportunities
to apply their talents to the first new application of digital computer technology in at
least adecade. Some areas of particular
interest are:
•Distributed System Architecture
•Logic & Microprocessor Systems
•Analog & Digital Circuits
•Data Comm and Common Carriers
•RF & Optical Transmission Links
•Office Terminals
•A /D Conversion & Signal Processing
•Reliability & Fault Tolerance

Our attractive Connecticut location offers a
quiet New England environment with
abundant recreational opportunities and
large metropolitan areas within easy
reach.
Unparalleled opportunities for career advancement with our rapidly expanding
group can be investi4gated by sending your
resume to:

If you currently
earn between
$15,000 -$36,000
we've got a better
job for you ... NOW!
Several new contract awards have created numerous, immediate.
long term career opportunities for degreed, technical professionals
We are only interested in top caliber, creative individuals with
proven records of success in engineering. management &
consulting. Locations are nationwide.
Opportunities include technical/management consulting, project
management. R&D. test and systems evaluation. Major contract
areas include Communications. Satellites. Weapons. Intelligence.
Computer. Energy and Aerospace systems. All positions require
U.S. CITIZENSHIP. MINIMUM OF ABS degree (MS/Ph.D.
preferred), and a minimum of one year experience in one or more
of the specific areas listed below

•Minicomputers
•Microprocessors
•Software development
•Signal processing
•Digital systems
•Command &Control

•Radar Systems
•Communication Systems
•EW/SIGINT/ELINT
•Microwave Systems
•Electromagnetics
.Fire Control Systems

If you want to join one of the fastest growing firms in the
country. call Robert Beach. Vice President. collect at
(301) 762-1100 or if you
prefer, send your detailed
resume, in confidence We II
make you an offer you can't
refuse

VVALLACH

associates. inc.

WALLACH
connection

Your career

Equal Opportunity Employer Agcy

1010 Rockville Pike
Box 6016

Rockville, Maryland 20852
(301) 762-1100

Electronics

MEDICAL
ELECTRONIC DESIGN
As an established leader in the field of diagnostic imaging
with arecord of success spanning over 60 years, the Picker
Corporation has outstanding design positions for the development of several new x-ray products. These positions offer
excellent professional growth in an area utilizing state-of-theart electronics.
We are seeking professional Design Engineers with aminimum
of a Bachelors Degree in Electronic Engineering and three
years experience in the design of sophisticated electronic
products utilizing both digital and analog circuit design techniques. A knowledge of design utilizing micro-processor
technology is highly desirable.
If you are qualified, dedicated to excellence and interested in
an environment offering excellent growth based on your
ability, send your resume to:

Manager, Professional Employment
Department E-14
Burroughs Corporation
105 Newtown Road
Danbury, Connecticut 06810

Highland Hts., Ohio 44143

An Equal Opportunity Employer M F

An Equal Opportunity Employer. M/F/H

Burroughs

Don MacArthur
PICKER CORPORATION
595 Miner Road

C!ŒR®

ONE OF THE C IT COMPANIES

Quality Health Care For HumanKind
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ANEW YEAR
AND ANEW CAREER
YOU 11 GRUMMAN

F-14 A TOMCAT

The Integrated Logistics Support Department of
Grumman Aerospace Corporation has current and long
term needs on its Training Devices and Ground Support
Equipment Product Lines for engineers with capability in
design associated with computer (mini-micro) based
simulators and automatic test equipment. Opportunities
exist for growth-conscious engineers in the following
areas:

• SYSTEMS DESIGN:

•

BS/MS in Electrical Engineering; Computer
Science; Physics. Minimum experience should
include two years in simulator or ATE design.

• MATH MODELING:

EF-111A

BSIMS in Electrical Engineering; Physics;
Applied Mathematics. Modeling experience
should include development of dynamic models
involving rigid and flexible bodies, operational
systems and tactical situations.

al AUTOMATIC TEST GENERATION:
BSIMS in Electrical Engineering; Physics;
Mathematics. Experience should include
use /development of ATG's.

E-2C HAWKEYE

• HARDWARE/FIRMWARE:

BSIMS in Electrical Engineering; Physics.
Experience should include three to five years in
design of microprocessor based
devices/systems.

MOHAWK ALL-WEATHER
ARMED SURVEILLANCE AIRCRAFT

In addition to an excellent fringe benefit package (100%
Company paid), Grumman offers the excitement of
Long Island living. Situated 30 miles East of New York
City, you're close enough for its cultural attractions.
You're a30 minute drive from the beaches of the Atlantic
Ocean or Long Island Sound and there are numerous
Universities and Colleges for continuing your education.
So why not consider what Grumman and Long Island
have to offer you?
Interested individuals are encouraged to send their
resumes in strictest confidence to Mr. E.M. Nettuno,
Manager Professional Employment.

GRUMMAN AEM(0'21GIDLIE CCIDMPCIDP',U'OCINM
BETH PAGE, NEW YORK 11714

AN EQUAL OPPORTUNITY EMPLOYER
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M/F

U.S. CITIZENSHIP REQUIRED
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Join This Constantly Expanding

NOTICE
TO
EMPLOYERS:

World Leader in Automatic Test Equipment
as We Advance New Programs
PRD Electronics a Division of Harris, a corporation with a record of most impressive growth and
expansion now at the $800 plus million level,
again has many openings. They reflect existing
programs and brand new ones, both with favorable outlook for years to come.
These Are Among Present Opportunities
To Give Your Future Security and Potential

PROJECT ENGINEERS (Software)

Lead technical teams to define hardware and interface
requirements with advanced ATE systems as well as computer based processing and control systems. Familiar with
the disciplines of software development, language standardization, compiler throughput and on system operating
systems capable of conceptual design BS Engr Physics
Comp Sci Adv Degree desirable

SENIOR ENGINEER (Software)

Responsible for detail design of programs and subsequent
systems integration. Capable of working from overall software specifications into systems analysis and subsequent
coding conversions. Experience with mini -base systems as
well as microprocessor designs and applications. Familiar
with circuit analysts techniques BS Engr. Comp. Sci.. Adv
Degree desirable

PROGRAMMER ANALYST

Capable of working from conceptual specifications to the
establishment of design to software specifications. Primary
area is the expansion of computer systems technology to
automatic programming aspects as well as program
aspects as well as program validation BS Comp. Sci.
required

TEST PROGRAM ENGINEERS

Translate circuit opeiation in computer programs for automatic fault detection and isolation. Experience in design
and analysis. digital'analog. R F and micro-processor
applications with BSEE or Equivalent desirable.

PROJECT ENGINEERS
SENIOR ENGINEERS (Analog, Video)
BSEE. 3-10 years with hands-on design experience in current Analog and Video signal processing technologies
Heavy emphasis on phase lock loop, synthesizer and wide
band op amp applications

PROJECT ENGINEERS
SENIOR ENGINEERS (Digital Design)
BSEE 3-10 years hands-on experience in LSI and microprocessor technology , with leadership capability
Please forward your resume
with salary history in confidence to:
Mr. Tom Castoro, Harris Corporation,
PAD Electronics Division,
6801 Jericho Turnpike, Syosset, New York 11791

HARRIS
COMMUNICATIONS AND
INFORMATION HANDLING
An Ecp.1 ,Opocut,, ,,tv E,uoye ,
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Why
we can recommend
our readers
for the top jobs
The subscribers to this magazine have
qualified professionally to receive it. They
are also paid subscribers —interested
enough in the technological content to have
paid aminimum of $15 for asubscription.
As subscribers to ELECTRONICS, our
readers have told you several things about
themselves. They are ambitious. They are
interested in expanding their knowledge in
specific areas of the technology. And they
are sophisticated in their need for and use
of business and technology information.
Our readers are now in senior engineering or engineering management, or they are
on the road toward those levels. In either
case, they are prime applicants for the top
jobs in almost any area.
If you are interested in recruiting the
best people in electronics, these pages are
open to you for your recruitment advertising.
Our readers are not "job-hoppers". To
interest them you will have to combine
present reward with challenge and opportunity for future career advancement.
The cost of recruitment advertising on
these pages is $65 per advertising inch. For information call or write:

Electronics

Post Office Box 900, New York, NY 10020
Phone 212/997-2556

Male and Female
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ADAC

Advanced Micro Devices

10-11

Aeroflex Laboratories, Inc.

174

Anritsu Electric Co Ltd

•

$

•

16

Augat, Inc.

129

Astro-Med

155

Bausch 6 Lomb Scientific Optical Products

203

Bell Laboratories

•

•

Micro Component Technology

Elec-Trol Inc

•

Microswitch Division of Honeywell

162-163

Electro Scientific Industries

Millenium Systems Inc

168-169

Electromatic Components Ltd

Mitai Semiconductor Inc

Electronic Navigation Industries

Mostek Corporation

27.29

Motorola Corporate

160-161

$

EMM 'CMP

78-79

F. W. Bell, Inc. Div. of Arnold Eng. & Allegheny
Ludlum

Eastman Chemical Products

EMU Electronic Memories Z. Magnetic.

56

Fairchild (Semiconductor Operations Division)

43

Floating Point Systems, Inc.

95

86

The Bendix Corporation Electrical Comp Div

•

John Fluke Mfg Co

Computer Professional Book Club

Murata Mfg. Co Ltd

90

$

National Connector Div. Fabri-Tek, Inc.

90

National Semiconductor Corp.

47

General Electric A & Sp. Operation,

Bourns Inc.

Bowmar

All Inc.

••

Burr Brown Research Corporation

•

Cambridge Thermionic Corp.

•

•

Nicolet Instrument Corp. Oscilloscope Div.

•

GenRad

6-7

u

Non-Linear Systems, Inc.

••

GenRad

150-151

Cherry Electric Products

Hewlett-Packard

Hitachi America

Conrac Corporation

Honeywell Florida

Continental Specialties

Control Electronics

Control & Information Systems

Cutler Hammer Incorporated

Data General Corporation

•

32

52-53

Data I/0 Corporation

51

Datawest Corporation

69

Dialight

Digital Equipment Components

Digital Equipment Corporation OEM 11
Group
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Instrument Systems Div. /1» & M

Hamamatsu Corporation

Compas Microsystems

•

Gould, Inc,

Griot Reproducer Company

Clairex Electronics

Conrac Div
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12-13

87

152

Citizen America Corporation

•

84

General Electric Instrument Rental Division

•

189

93

164

9

36. 37. 76. 77. 100. 101
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22-23

Intersil

30-31

Keithley Instruments

•

Kepco Inc

$

Leasametric

172. 202

Paladin Corporation

122

Peterborough Development Corporation

146

Phipps & Bird Inc

176

•

Philips Elcoma

8E

••

Philips TMI

2E

•

Philips Industries (Glocilampenfabrieken)

•

Plessey Semiconductor

146

Intel Telecommunications

•

150-151

Neff Corporation

$

Glasgow District Council, City of

Canadien Thermostats A Control Devices

NEC Microcomputers

73

Semiconductor
•

183

172
$

•

185

26. 97

Frequency Devices Inc

Bo•chert

50

•

NCR
Biomation

35

Powercube Corporation (Div of Unitrode)

•

45

5

74-75

160

91

Practical Automation

149

Projects Unlimited

164

Pro-Log

25

RAC Reliability Analysis Center

96

60-61

$

Racal-Dana Instruments Inc

173

Litronix

83

•

Racal Dana Instruments Ltd

78-79

Macrodata Corporation

66

Magtrol

188

RCA Solid State

Rental Electronics Inc

MOB Systems

Rogers Corporation

Megedata

Rohde

62

74-75

175

166-167
Schwarz

1E. 65
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BY POPULAR
DEMAND!
MS-215 Dual Trace
Miniscope

Scanbe Manufacturing Corp (Zero Subsidiary) 188

Scientific Atlanta, Optima Division

•

SOSA

•

SEPA S.p.A.

•

Siemens AG Munich

188

5E

152

7E, 60

Silicon Systems

38

Siliconix

98-99

Sprague Electric

With Rechargeable
Batteries & Charger Unit

59

Suffolk County Dept of Economic
Development

$435

•15-megahertz bandwidth.

a

Tektronix MDA

•Auto or line sync modes.

Teledyne Relays

•Power usage —•

Teradyne Inc.

15 W.

•Battery or line operation.

186

Tektronix

•External & internal trigger.

156-157

15

54, 55, 89

Texas Instruments Components

2

•2.9" H x6.4" W x8.0" D.
Texas Instruments

130-131

Non-Linear Systems, Inc.

Ortgoutor of Me digital voltmeter
Box N, Del Mar, CehlornIs 92014
Telephone (714) 755-1134 TM 910.322-1132
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Advertising Sales Staff
Advertising sales manager: Paul W. Reiss

Textool Products Inc.

14

•

Thomson CSF Division DIE.

45

•

TRW Capacitors

1978 El3G!
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!

179

TRW LSI Products

102-103

Vacuumschmelze

4E

Virgin Islands US Industrial Commission

96

Wavetek San Diego

104

Xciton

•

92

Zeltron

Zilog

173

17, 18, 19, 20, 21
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(212) 997-4371
Atlanta, Ga. 30309: Michael Charlton
100 Colony Square, 1175 Peachtree St., N.E.
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607 Boylston St.
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Business Department
Thomas M. Egan

Production Manager [212) 997 3140

Carol Gallagher

Production Manager International
[212) 997-2045

Betty Preis

Classified and employment advertising

Production Manager Domestic
[212] 997-2908

Burroughs Corporation
Career Consultants
Corey Associates
General Dynamics
Grumman Aerospace Corp.
Harris Corporation
Hewlett-Packard Co.
Litton Systems, Amecom Div.
North American Biologicals
Picker Corporation
RPM Affiliates Ltd.
Raychem
Stephen, E.J.
Tektronix
Versatec
Wallach Associates

Production Manager Related Products (212) 9972044

F. J. Eberle, Manager 212-997-2557

Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes, please send me
1978 EBG.

copy(ies) of

I've enclosed D 535 per copy for surface mail
D $47 per copy for air mail
Full money-back guarantee if returned in
10 days.
Name
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Company
• For more information of complete product line see
advertisement in the latest Electronics Buyers Guide
• Advertisers in Electronics International

Street

Advertisers in Electronics domestic edition

C.._

202

country

Roberta Cummings
Thomas Kazich,

Production Assistant

(212) 997-2843

Frances Vailone
Reader Service Manager
[212] 997-6057

Electronics Buyers' Guide
H.T. Howland, General Manager
(212) 997-6642
Regina Hera, Directory Manager
(212) 997-2544
Roberta Cummings, Production Manager
(212) 997-2044
Thomas Kazich, Production Assistant
(212) 997-2843
Frances Yellen., Reader Service Manager
[212] 997-6057

Classified and Employment Advertising
Frank Eberle, Manager
(212) 997-2557
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THINK
BAUSCH & LOMB
RELIABILITY
Since BAUSCH & LOMB introduced the first zooming
stereo microscopes in 1959, more and more people all
over the world have selected and used StereoZoom:"
microscopes than any other instruments of their kind.
And for good reasons ...like an optimum balance of
resolution and depth of field from precision optics and
highly reliable mechanical components; unmatched
variety of illuminators, stands, and accessories;
precise photomicrographic exposure capabilities; as
well as dependable, time-tested construction. The
StereoZoom microscope is the one instrument you can
rely on to help you do your job better year after year. Find
out which StereoZoom microscope is
BASSOS LOMB
best suited to handle the job for you.
StereoZoom Write or call BAUSCH & LOMB for a
detailed StereoZoom microscope
catalog or a personal demonstration.
THINK BAUSCH & LOMB. .the name
in reliable microscopes since 1874.
ANNIVERSARY

In CANADA BAUSCH & LOMB Cenada Ltd
2001 Leslie St
Don Mills M3B2M3 Ontario Canada
(416)447-9101

BAUSCH & LOMB
Scientific Optical Products Division

CI

ROCHESTER. NEW YORK 14602 USA
716.338.6000 TWO 510-203-6189
TELEX 97-8231 CABLE BAUSCH IL LOMB
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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 S9 95

4. Basics of Data Communications

Includes 47 articles from
Data Communications magazine covering more than 11 key
areas. $12.95
—
— — — — — —
— — — — — —
—
— —
Electronics Book Series
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P.O. Box 669, Hightstown, N.J. 08520

copies of "Microprocessors" at $8.95 per copy.
1. Send me
copies of "Applying Microprocessors" at $9.95
2. Send me
per copy.
copies of "Large Scale Integration" at $9.95
3. Send me
per copy.
copies of "Basics of Data Communications" at
4. Send me
$12.95 per copy.
5. Send me
copies of "circuits for Electronics Engineers"
at $15.95 per copy.
6. Send me
copies of "Design Techniques for Electronics
Engineers" at $15.95 per copy.
7. Send me _
copies of "Memory Design: Microprocessors
to Mainframes" at $12.95 per copy.
8. Send me
copies of "New Product Trends in Electronics"
at $14.95 per copy.
Discounts of 40% on orders of 10 or more copies of each book.

e

0
,,
Becte:nes
Book Secs

5. Circuits for Electronics Engineers Contains 306 circui s
arrangea by 51 functions from Amplifiers 10 Volage Regulating
Circuits. Saves design drudgery. $15.95
6. Design Techniques for Electronics Engineers

Nearly
.".00 at: ores cr,f .
...n tr„ftt Lni:neer's Notebnok •A storehouse of
design problem soluttons. S15 95

7. Memory Design: Microcomputers to Mainframes
The technology, devices, and applications that link memory components and system design S12.95

8. New Product Trends in Electronics, Number One

From - New Products, slate-of-the-art materials and equipment,
arranged according to function. $14 95
— —
— — — —
— —
— — — — — — —
— — —
Imust be fully satisfied or you will refund full payment if the book
is returned after ten-day trial examination.
D Payment enclosed
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charge to my credit card:
D American Express
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filDiners Club
D Master Charge

Acc't No.
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ifl I
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On Master Charge only,
first numbers above name
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Alot of signal.
Fora little cost.

1

WIN
When it comes to signal sources, high precision and
versatility don't have to mean high price. Proof? Our new
function and pulse generators!
MODEL 2001 SWEEPABLE FUNCTION GENERATOR.
Awide-range 1Hz-100 KHz source for stable,
low-distortion sine waves; fast rise/fall-time square
waves; high-linearity triangle waves ... as well as aTTL
square-wave output.
The 2001's voltage -controlled oscillator lets you
remotely shift the generator's frequency by applying aDC
voltage, or using an AC voltage to sweep its output over a
100:1 range. Apushbutton -selectable DC offset, allows
you to shift output waveform centers above or below
baseline at will. With its five overlapping ranges, highand low-level outputs, Model 2001 is aremarkable value
for professionals and hobbyists at $124.95.*
MODEL 4001 ADVANCED PULSE GENERATOR.
If we tried to list all the 4001's advantages, we'd
run out of space before running out of features ... so
1978. Continental Specialties Corporation

Prices, specifications subject to change without notice

Corporate Headquarters:
Continental Specialties Corporation
70 Fulton Terr, Box 1942, New Haven, CT 06509
351 California St., San Francisco, CA 94104
(415) 421-8872, TWX 910-372-7992

204

here are the highlights: Model 4001 is aprecision
digital pulse generator with fast rise and fall times
covering 0.5 Hz -5 MHz in 5overlapping ranges. Pulse
width and spacing are independently variable,
100 nsec— 1sec.
Whatever type of testing you have in mind, the
4001 has amode to match. Continuous. One-shot.
Trigger. Gate. Even acompliment mode to instantly invert
the generator's main outputs. And there's much more,
including external triggering; square-wave, fixed TTL and
variable outputs ... to name but afew. The more digital
work you do, the more you need our 4001. At $149.95*, it's
very easy to afford.
WHY SETTLE FOR LESS?
Get the signal generators you've been looking for.
At the price you've been waiting for.
NEED MORE INFORMATION? CALL TOLL-FREE
800-243-6077 to order, or for the name of your local
distributor. Prices slightly higher outside U.S.A.
•Manufacturer's suggested list.

CONTINENTAL SPECIALTIES CORPORATION

Circle 204 on reader service card

Europe, Africa, Mid-East: CSC UK LTD.
Shire Hill Industrial Estate, Units 1and 2
Saffron Walden, Essex CB 11 3AO
Telephone Number: SAFFRON WALDEN 21682
TLX 817477

Electronics/January 18, 1979

Who offers the ultimate in electronic
relay automation? The control creators
S-SYSTEM BY ELECTROMATIC OF DENMARK. Also includes Electromatic Level Controls for
Liquids and Granulates. Now bringing to America plug-in relay controls unique in modular
design and unlimited functionality. Consult the control creators!

ELECTROMATIC COMPONENTS LTD .

Distributor Inquiries Invited.

742 West Algonquin Road
Arlington Heights, Illinois 60005
(312) 364-0100
TWX 910-222-3452

deinamaik

Outside the United States, contact your
Local ELECTROMATIC Sales Office located
in 43 countries World Wide
Circle 901
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PHOTO SENSORS

How t

test sat Clairex
PHOTOCELL

100% TESTED

SAMPLE TESTED
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rel
'161111

4"

so,

'e t
I

.

441f. e
mime

Some suppliers sample test. Some 100% test
for light sensitivity. Clairex 100% tests twice
and then sample tests again at final qualitycontrol inspection. Only then do we print the
part number on the sensor. As aresult, many

of our customers do little or no testing
themselves.
Our photometric laboratory has standards
directly traceable to the National Bureau of
Standards. Why not try Clairex and "leave the

testing to us?" After 25 years we must be
doing something right.
Call (914) 664-6602 or write Clairex',
560 South Third Avenue, Mount Vernon,
New York 10550.

CLAIREX ELECTRONICS
1)ivision of Claire\ Corporation
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