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And incorporate frimmers an@ (-
in a single MFT package!

All timmer applications require a fixed resistor or
resistors to either divide a voltage or limit a current.
The revolutionary MFT trimmer/resistor package,
pioneered by Bourns, 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 multitrimmer 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 50ppm/°C
at —55°C to +125°C.
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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 Bourns
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  Cahf 213 582-6391, 408 377-5740 ¢ Colo 303 751-2600 « Fla 305 771-6501 «
Ga 404 393-9880 « Il 312 255-1903 # Ind. 317 844 8462  Md 301 247-0400 « Mass 617 237-6730 « Mich 313 882
1717 « Minn 612 835-2252 « Mo 816 358-8100 « NJ 609 933-2600 « N M. 505 2960749 « N.Y 516 271 3500, 607
272 2187 + Ohto 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




TEKTRONIX
thinks your logic analyzer
should be as versatile

So ours let you see analog and digital displays at the same time.

Verify logic and
analog relationships
at a glance
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Now in volume production:
magnetic bubble memories.
IFrom 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 eir-
cuits you’ll need to build a com-
pact, high-density system around
the TIB0203 are ready now. In-
cluding the controller which
provides high level interface be-
tween the microprocessor and the
bubble memory. All from the

© 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-

TEXAS INSTRUMENTS

INCORPORATED

ble data entry terminals. Indus-
trial controller systems. And
mini-floppy disk replacement.
Which assuresthe TIB0203 a long
product life.
High volume, low price
In 100 pieces, the TIB0203 is
economically attractive for wide-
spread use. Only $100.00.

Get your 92Ks today
For fast delivery onthe 92K bubble
memory, call your nearest autho-
rized TI distributor. Or write
Texas Instruments >
Incorporated, P.O.
Box 225012, M/S 308,
Dallas, Texas 75265.

82308
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Highlights

Cover: Off to language school, 105
High-level languages are growing in impor-
tance for microcomputer systems as pro-
grams 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 hard-
er. One complicating factor is the increased
use of ‘'soft architecture’ —hardware-soft-
ware mixes that employ much microcode. A
spate of lawstits is likely to be another.

How to ease microcomputer-board testing, 113
Testing microcomputer-based systems can
be made much simpler by using the micro-
computer’s self-test capabilities, adopting
new diagnostic algorithms, and designing
the system for testability.

Interfacing video-game processors with TVs, 124
Large-scale integration is eliminating the
nightmare of designing an interface for a
video game or personal computer’s micro-
processor with a home TV set. A single
video-display generator can supply all the
brightness and color information necessary,
replacing hundreds of small- to medium-
scale integrated circuits.

And in the nextissue . . .

A family of ECL bit-slice parts . . . optimiz-
ing high-level languages for microprocessor-
based 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. | 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 disadvan-
tages 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 micro-
systems and software editor John
Posa has prepared an overview of
these languages.

The main advantage of a high-
level language over assembly lan-
guage is that it makes better use of
the programmer’s time, John re-
marks. On the other hand, the vari-
ous 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 microcom-
puter programming situation today
is like that of the mainframes some
15 years ago—there’s a language
problem,” John observes. “If every-
one 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 a charged issue.”

Nevertheless, structured program-
ming 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 lan-
guages 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.

good example of how on-the-job

training works is William Meron-
ek, senior circuit design engineer for
Western Digital Corp., who designed
the SD1933 communications con-
troller 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 idiosyn-
cracies 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 a cost-effective product.

“My boss had to spend a fair
amount of time with me,” Bill
recalls. “First [ had to learn how to
read all those drawings. Then I had
to learn about processing, FETS,
bipolar integrated circuits, and de-
vice physics—a lot of material 1 did
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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RMX Size D Switching Power Supply
cover removed to expose its guts.

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.

EFFICIENCY VS, LOAD CURRENT QUTPUT VOLT/AMPERE LOCUS
MODEL voLTS S 90 ot e un A KT oy
@ 50°C Y No Lona g Ha! 1 d

D,

N O (=

RMX 05-D| 3.5-5.5 |60A |
RMX 09-D | 6.3-9.9 | 32A
[ RMX 12-D| 8.4-13.2 | 27A
| RMX 15-D | 10.5-16.5 | 23A
[RMX 24-D | 16.8-26.4 | 16A | [ N P
RMX 28-D | 19.6-30.8 | 13.7A 1 R i S L

20 30 0 S0 60 0 0 0

10 20 30 0 30 ) 0 &
OUTPUT CURRENT/AMPERES OUTPUT CURRENT/AMPERES
Typical for Model RMX 05-D. 5-Volt Switching Power Supply

K E F C D® For complete specifications write Dept. BWF 14

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

GenRadhasthe Automa

In-Circuit Testers

Assembly and The low cost, keyboard for easy user
process-related faults computer-controlled, ~programming. Rapid (™ Genhad
account for 70% to bench-top GR 2230-1 testing with 64-pin

80% of PC-board provides automatic scanner, expandable

faults. By detectingand high-volume in-circuit to 128. Flexible

repairing these faults testing of small PC interfacing to

early in the production boards and modules. bed-of-nails or probe

cycle, troubleshooting English-language fixtures. Automatically
bottlenecks during macro-instruction prints out faults.

fuhctional testing are
minimized and a cost
saving increase in
production throughput
occurs. The GR 2270
In-Circuit/Functional
Test System with
automatic program
generation software
keeps program costs
low. Identifies multtiple
faults in a single pass
and prints a board
repair message in
simple English.
Eliminate subjective
visual inspection. Fast,
accurate and cost
effective.

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 a good IC and vendor correlation.
The resultant reduction in board failures

will often pay for the tester in months.

Portable Interfaces are also available to a variety of

popular handlers.

Field-Service Tester = - — —-

Reduce your field
service costs. The GR =
2225 digital PC-board
test system with
automatic guided-
probe 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.

1744

1740
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circuits, modules, or PC boards. ..
functional testing ...
or inthe field...

ic Test 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 LS! 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 a flexible
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.

Component lesters

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 smalier
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.

The GR 2230 is a fully
automated, user
programmable,
bench-top system
which reduces the time
and cost of testing
components, networks
and modules. lts
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 micro-
processor-based
Digibridge™. 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

300 Baker Avenue, Concord, Massachusetts 01742

s Atlanta 404 394-5380 = Boston 617 646-0550

s Chicago 312 884-6900 = Dallas 214 234.3357

w Dayton 513 294-1500 w Los Angeles 714 540-9830

s New York (NY) 212 964-2722, (NJ} 201 791-8990

w San Francisco 408 985-0662 s Washington, DC 301 948-7071
= Toronto 416 252-3395 « Bourne End (UK) (06285) 2 66 11

optional IEEE
488 bus/handler <| en a
interface.

Circle 7 onreader service card



G
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.

AL

-_y -

With a flat frequency
response and 3 watts of
linear Class A output (up
to 5 watts saturated), the
603L will provide constant
forward power, making it
ideal for driving reactive or
resistive loads.

Priced at $1895*, the
versatility and usefuiness
of this outstanding power
amplifier can best be
demonstrated in your own
applications.

For detailed specifica-
tions or a demonstration,
please contact:

ENI

3000 Winton Road South
Rochester, New York 14623
Call:  716-473-6900 or
Telex: 97-8283 ENI ROC

* USA

The World’s Leader
in Power Amplifiers

8 Circle 8 on reader service card

News update

B Neutrinos —those elusive, high-
energy, zero-mass particles, which
have been in the private domain of
the particle physicist—are generat-
ing a lot of action and controversy
for the communications specialist.
They have been proposed for such
uses as television carriers, interpla-
netary communications, and
straight-through-the-earth links with
submerged submarines, because no
known material stops or even attenu-
ates 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 out-
spoken proponent of neutrino com-
munications, Peter Kotzer of West-
ern Washington University in
Bellingham, Wash., took his neutri-
no 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 communica-
tions. 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 ever-
increasing distances filled with steel
or earth. . . . The results reported
in the New York Times teach us
nothing.” Harvey Hindin

CABLE
TESTING

THE WAY IT
SHOULD BE

Tests 1 to 50 conductors or more
with continuous readout. Locates
shorts, opens, reversals, contin-
uity, ground shorts, shield shorts
and intermittent

connections
instantly.

Adapters available for any
connector,

D-TECTOR™ 1200

Eﬂ’"’lﬂ
COMPANY INC cost savers in electronics

11035 Harry Hines Blvd, Suite 212
Dallas, Texas 75229
(214) 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. Montreal P.Q. H2G126
TEL (514) 270-7135 TELEX 05-25277

Also manufacturing a complete line
of bi-metallic switching devices

CALLS From Indep. Reps Invited

E—————————

Circle 207 on reader service card



PEALYPROCEZ/OR
IMAGE ANALYSIS SYSTEM

WITH NOISE ELIMINATOR-ENHANCES DEFINITION OF LOW CONTRAST OBJECTS

C1285

l MICROSCOPE

VIDEO CAMERA

= !

KEYBOARD CAMERA CONTROL

I8

MACROVIEWER

VIDEO DISPLAY

IMAGE

ANALYSIS

pnocesson
OPTIONAL EXCLUSIVE TR,
DEDICATED NOISE
CONTROL ELIMINATOR
OPTIONAL PRINTER
o -
&
OPTIONAL
INTERFACE
WITH YOUR
COMPUTER
CALL OR WRITE

FOR BROCHURE

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

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

The Noise Eliminator has reduced random noise, enhanc-
ing the definition of small or low contrast objects.

HAMAMATSU

Hamamatsu Systems, Inc., 332 Second Avenue, Waltham, Massachusetts 02154 - 617/890-3440

Electronics /January 18, 1979
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ADVANCED MICRO Get an A in your next design.
DEVICES ANNOUNCES Ask for Advanced Micro Devices
THE AMZ8000. AmZ8000.

Advanced Micro Devices 1/18/79E
901 Thompson Place
Sunnyvale, California 94086

We tested every 16-bit micro-
processor family around, and

Zilog’s ZSOOO came Out flI'St i gll'\éir?:ﬁeén A. | mean give me an AmZ8000
By a mile. i Name
It has what it takes to become | Tite
the industry standard: A highly | o e
flexible, advanced architecture. | Adaress '
A powerful instruction set. R i e
Large memory addressing capa-
bilitgy. Ease of programming. _Adva nce_d
High throughput. Micro Devices
And now it has something
more: Us. n

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 P
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 a whole 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 competi-
tion demand. Without ever losing your original soft-
ware 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 a 90-Day
Software Warranty with the pur-
chase 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 floppy-
based developmentsys-
tem, which includes '
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j two powerful editors, three debuggers, and a choice of languages.

' And with Digital, you get a 1400-person worldwide software service team —

C}\ _ trained to solve any software problem — whether it takes a phone call or an on-site

visit. You also have the resources of DECUS (Digital Equipment Computer
Users Society), a network 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 a smarter customer. In fact, we wantyou to
become a software expert in your own right.

kg Learn more about PDP-11 software at home.

We've got a unique software manual, “Introduction to RT-11"

which tells how to use Digital software tools to write, debug, and
execute your own programs.

For a limited time only, this award-winning manualis
yours for the asking. Just write on your letterhead, specify-
ing 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.

&

90 DAY
WARRANT

The PDI’-11/03 box microcomputer

and the LSI-11/2 component 1
board microcomputer. /

dlilaliftlall
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ZIP DIP° Il
SOCKET/RECEPTACLE

SERIES

IMPROVED TEXTOOL SERIES
INCREASES VERSATILITY
AT COMPETITIVE PRICES

The ZIP DIP Il 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 Il socket features an en-
larged entry for use with an even wider range
of devices and a flat top piate for easier entry
and extraction. Contacts are on even 100 mit
spacing (300-400-600 mil) for more conve-
nient mounting on standard hardware
A built-in ““stop” insures that the ZIP
DIP Il 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 Il receptacle makes possible a more
positive locking system
The ZIP DIP I recep-
IS tacle (left) has ali the fea-
k _ tures of previous ZIP DIP
E " receptacles, yet at a lower
‘ " price. itvirtualiy eliminates
mechanical rejects, is a
disposable plug-in unit re-
quinng no soldering and has a typical life of
25,000-50,000 insertions. The receptacle is
ideal for high volume hand testing and, since
replacement time is eliminated, a test station
can process literally millions of devices be-
fore it must be replaced
Detailed information on these and
other products from TEXTOOL . . . IC, MSI
and LS| sockets and carriers, power
semiconductor test sockels, and custom
versions . .. is available from your
nearest TEXTOOL sales representative or
the factory direct.

PRODUCTS, INC.

1410 W. Pioneer Orive « Irving, Texas 75061
214/259-2676

T ———— |
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People

West and Nichols count on
servicing microprocessors

Though the market is still small,
David G. West and A.J. Nichols
believe the need for instruments
designed exclusively for trouble-
shooting microprocessor-based prod-
ucts will grow rapidly in the 1980s.
They believe it enough to have
recently gone to work for Millen-
nium Systems Inc., Cupertino, Cal-
if., 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 sleep-
er,” says West, 32 years old and with
a Ph.D. in electrical engineering
from Stanford University. He should
know: he has just spent about a year
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 micropro-
cessors 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 Micro-
scope 820 in December.

Millennium is in a good position
to pick up Intel’s customers. Indeed,
next month, it is introducing a
S-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 engi-
neering. 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 dis-
banded when Intel dropped the 820,
and, he says, “I could have stayed,
but I believe 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 electron-
ic 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 re-
structured Rockwell International
Corp.’s Electronics Operations
might not be apparent to outside
observers, its new president con-
cedes. 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 to-
gether 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 a key
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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 hand-
held 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 a subminiature 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.

/"™ TELEDYNE RELAYS

12525 Daphne Avenue, Hawthorne, Callfornla 90250 e (213) 777-0077
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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 per-
sistence-type CRT (P7 phosphor), while MS62D comes with
a storage-type (P31 phosphor) display screen.

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

Anritsu

ANRITSU ELECTRIC CO.,LTD

SALESDEPARTMENT:
® US.A. An 41 e West Germany
4085 ¢ U.K € Y e France :
e ltaly Vi Teds 2 ® Spain Tol; 242 $2 04 @ Holland CN R
(4] 0 e Belgium R [H ® Sweden
e Singapor & Australic
* Malaysi ® Brazil
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People

Chief. Donald Yockey is spearheading Rock-
well's realigned Electronics Operations.

role in helping plan and carry out the
changes for his predecessor, Donald
R. Beall, now Rockwell Internation-
al president and chief operating offi-
cer. 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 Elec-
tronic Systems and Rockwell Avion-
ics 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 Op-
erations was a paramount objective
of the reorganization, says Yockey.
“In particular, we wanted to use
successful commercial telecommuni-
cations products from Collins to
strengthen the Rockwell Govern-
ment-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 Elec-
tronic 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
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IMAGINE

Zilog rockets ﬁ - A revolution
out in front again ’ ' in sophistication.

to launch a . The Z8000 has been designed from
new generatlon. the ground up with options

For the first time, the architectural t()eiletzgt(lj; rFe:)ru)'ptlr:((:eaft:J(I)Ianl\(jleBds
sophistication and data processing addressing capability,
capabilities of large, main-frame choose the 48 Pin D'lp
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.

Flexibility soars
to new heights.

version. Its companion
device, the Memory
Management Unit,
opens the way to dy-
namic relocation, mem-
ory protection and
multi-tasking applications.

STATUS _ 7
ey 16

-
ADDRESS/

set supports 7 different BUS /e DATA BUS

data types from bits to 32 bit CONTROL

words, has 8 addressing modes and [ = L

418 usable opcode combinations. CONT::E 2 B
The general register architecture ey SEGﬂoﬂﬁN-
helps avoid the well-known bottle- INTERRUPTS Tami
necks inherent in dedicated register MULTS- [
designs. When this architecture is co'mggg/ . —
The 28000 allows you to directly combined with the powerful instruc- —
address up to 8 MB of memory. All 16  tion set, the Z8000 system throughput
registers are a full 16 bits wide and is an explosive 50% greater than any ® W estr
are completely general purpose. The other 16 bit microprocessor available v ;o SUBSTRATE
powerful, problem-solving instruction  today. DECOUPLING

CAPACITOR




INTRODUCING ZILOG’S Z8000.

For smaller, less memory-
intensive applications, select the 40
Pin version of the Z8000. It’s soft-
ware compatible with the 48 Pin
28000 but addressing is limited to
64KB in each of its six address
spaces. It comes in a standard 40
Pin package.

Wait *till you meet
the family.

We're starting off this new micro-
processor era with a bang, 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 1/O chips,
memories and, of course, the compan-
ion Z8, take advantage of the flex-
ible Z-BUS architecture to maximize
performance, ease of interconnection
and minimize PC board area.

Zilog delivers

on the

next generation

of microprocessors.
Again!

With the introduction of the Z8000,
microprocessor technology explodes
to new heights. Bursting with a rich
and sophisticated architecture, the

Z 8000 not only opens the way to
revolutionizing your next generation

PERFORMANCE/PRICE
RATIO

8080
#

72 73 ‘74 75 ‘76 'T7T 78 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!

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 a headstart on the
fireworks by ordering the Z8000

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

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
WEST GERMANY: (08106) 4035

JAPAN: 03-476-3010

An affiliate of
E)j(ON ENTERPRISES INC.

5
|

Zilog
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The 28 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 unprece-
dented, new micro
that gives you the
best of both worlds:
a highly inte-
grated microcom-
puter system on
asingle chip plus a
fully expandable micro-
processor for your
more 1/O and
memory-intensive
applications.

Pick

the fire-
works
you need.

Used as a single chip microcomputer
the Z8 delivers 2K bytes of internal
ROM, 124 bytes of RAM, 4 |/O ports
(8-bit), 2 counter/timers and a

true asynchronous serial communi-
cation, interface.

Prefer to use it as a fully
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 1/Q is
available to you by using a memory-
mapped technique.

Frustrated with
primitive instruction
sets that fizzie?

You'll be delighted with the Z8
instruction set. it contains the same

IMAGINE

type of power as found in
advanced microprocessors
such as Zilog's Z80 and Z8000.
As a result, the Z8 can manipu-
late bits, bytes and words
(16-bit) with ease. Combined
with 9 powerful addressing
modes, it can provide your pro-
grammers with a problem-
solving tool of near-unlimited
flexibility.




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

-

]
ADDRESS
- ADDRESS/DATA
ORI/0

ORIIO/
s

3
CONTROL

2
COUNTER TIMERS

ASYNCH PORT

a3
RESET

-
+5v  GND

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. <
N\

=

=
\&

ZILOG’S Z8.

With the Z8 problem-solving instruc-
tion 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 con-
tains a Z8 Assembler and Simulator
that runs on Zilogs’ Z80-based MCZ
or ZDS Systems.

In addition there's also a special
64 Pin version of the Z8 that
uses external PROM for hardware
simulation to permit thorough
debugging and testing prior to com-
mitting to mask-programmed
ROM 40 pin Z8’s.

Additional development tools
soon to come include a proto-
typing board and a sophisticated
systems analyzer.

Zilog introduces
the

next generation
with

a bang!

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

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 dis-
tributor.

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
WEST GERMANY: (08106) 4035

JAPAN: 03-476-3010

An affiliate of
E)KON ENTERPRISES INC.

_/
7

Zilog
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How Intel’s
codec cut PC

The switchover to an all digital telephone network just took a great leap -
forward. Introducing Intel’s 2912 transmit/receive filter. It’s the first and only
one-chip LSI filter. And it’s the only filter with a companion one-chip codec,
our 2910 (u 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 a single, reliable component.
Now our 2912 goes a step further. Like our codec, the 2912 replaces multiple
devices with a monolithic 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 a 50-60 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

Digial Swithing System s £ { components. The 2912 pro-
"5000/3085/8006 S vides a direct interface to
e e line or trunk circuits that

2 a6412114 2142/ 3604A 360K 202 use either transformers

Swiching Memory Uneorrunkintertace | OT €lectronic hybrids.
— Meeting in the middle ™

f e 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
a built-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’ filter and codec, the systems savings
and design simplicity extend beyond the entrance to the digital highway. System

22 Electronics/January 18, 1979



new filter and

engineers benefit, too, with important
economies in hardware and common
control overhead.
How Intel gives you a head start in
digital technology

We've long been a supplier to the

telecommunications industry, at the
forefront of each new step in the
evolving digital network. Today we
supply microprocessors, memory com-
ponents 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 compo-
nents 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 a Papier, 51 Boite 1, B-1160,
Brussels, Belgium. Tel: (32-2) 660 30 10

intal 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

a pair of lawsuits filed by semiconductor
makers against producers of minicomputers

is drawing a great deal of attention and
causing not a little 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-11 patents 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 a highly complex one that
could spend the next few years grinding its
way through the courts. The semiconductor
people make the point that their rivals have
wrongly sought to head off competition by
surrounding software with a protective 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 a free
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 a company expiring
before legal help arrives in the form of a
favorable ruling.

Electronics /January 18, 1979



Ooops-free PROM programming
with the
CMOS buffered programmer.

o PElRTy
\.' ‘7.'[)],-&‘. \

Use it with or without

the buffer. Two-socket

personality modules

guard your master
ROMs.

With the buffer switched out,

the M900B gives you direct
PROM to PROM copying. We

Avoid lost or altered

data, misprogrammed
PROMs, ruined master
PROMs with the M900B,

use two sockets, one for the
master PROM, one for the
copy PROM. Operator error

can't alter a PROM in our
master socket because that
socket contains no program-
ming voltages.

The M900B, like all our con-
trol units and PROM per-
sonality modules, comes
U.L. listed, designed and
built to U.L. electrical safety
standards.

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

the only programmer
with built-in CMOS
butfer.
Our new M900B has a buffer
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

lenty of time to replace one

ROM personality module with Helps prevent
another. Thus you can transfer  misprogramm ing.

gﬁtg,f{i?gffd'}?fgzﬁhﬁﬁy &to The M?oog lets fg{lou ch%cli, only $2,400.

: correct and verify your data , .
%‘r’?n(sl{;/ng;asg??:g'fgfg%?(l’?]:' in the buffer before you com- /@ Write for our PROM
several small PROMs to a mit it to a PROM. / User’s Information
single large one. A Data-Shift CMOS technology with Package.

Pro-Log Corporation,
2411 Garden Road,
Monterey, CA 93940,
phone (408) 372-4593.

feature lets you change data  power-backup guards

locations when transferring aFainst transients that can
data between PROM and alter data stored in a cheap-
memory. er but volatile bipolar RAM.

PRO-LOG
CORPORATION
Microprocessors at your fingertips.
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You have your own

calculator.

Why not a DMM?

Finally, a digital 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 conduct-
ance. 2000-count resolution. Hi/lo pow-
er 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-

Command Performance: Demandthe Fluke S8O020A.

tee it’ll live up to published specs for a
full year.

The 8020A is a true field instrument,
designed with a highly 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.

FLUKE

®

2519-8020
26 For Literature circle #26

For Demonstration circle #208

Meetings

Communication Networks Confer-
ence and Exposition, The Conference
Co. (Newton, Mass.), Sheraton Park
Hotel, Washington, D.C., Jan.
30-Feb. 1.

Second Annual Defense Market
Forecast Conference, American In-
stitute of Aeronautics and Astro-
nautics (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, IEEFE,
Sheraton Universal Hotel, Los An-
geles, 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, De-
troit, Feb. 25-March 2.

Sixth Energy Technology Conference
and Exposition, Electric Power Re-
search Institute (Palo Alto, Calif.),
Sheraton Park Hotel, Washington,
D. C., Feb. 26-28.

Recent Advances in High-Frequency
Communications, Institute of Elec-
trical Engineers (London), Savoy
Place, London, Feb. 26-28.

Compcon Spring ’79—18th I1EEE
Computer Society International Con-
ference, 1EEE, Jack Tar Hotel, San
Francisco, Feb. 26—March 1.

Digital Microwave Transmission
Seminar, 1EEE and Princeton Univer-
sity, at Princeton University, Prince-
ton, N. J., Feb. 27.

Digital Encoding and Processing of
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MOSTEK 3870

Becauseit takes 32 I/O lines
to keep her contented.

-

(\‘) “Dairy management is be-
coming more and more scientific.
In our automated milking system,
Mostek's 3870 controls three displays,
numerous solenoids, a keyboard, a
switchbank, valves and motors, and
also provides a communications link
to a larger 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 eco-
nomical 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 micro-
computer. 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.

© 1979 Mostek Corp

Circle 27 on reader service card



==
=

L)

W

W

add the

personal touch
to your

The true Touch Screen has finally
become a reality—no more light
pens or cumbersome input de-
vices, 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 easi-

terminal or
ly be incorporated in your terminal cn I SVStem
or CRT system during the manu-

facturing process. It provides a new dimension in man/machine interac-
tion, and it provides your system with greater operational simplicity and
flexibility.

As to special features—here are just a few!

B Operator uses a finger to select data directly on the display

B No operator training required

B Fewer operator errors—the operator’s eyes never leave the screen
B Extremely high stability, resolution, and reliability

B Screen matches the curvature of many CRT’s

B 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 DISPLAY PRODUCTS, INC.

Manufacturing
302 Loggot Drivee Kanata K2K1YS, 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
youre 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.
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Meetings

Voice and Video Seminar, George
Washington University, Washing-
ton, D. C,, Feb. 27-March 1.

Nepcon West '79, Industrial and
Scientific Conference Management
Inc. (Chicago), Anaheim Conven-
tion 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 Meet-
ing, 1EEE and Optical Society of
America, Shoreham Americana Ho-
tel, 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 Applica-
tions of Microprocessors, Informa-
tion Gatekeepers Inc. (Brookline,
Mass.), Sheraton Hotel, Philadel-
phia, March 19-21.

IECI *79 —Industrial and Control Ap-
plications of Microprocessors, IEEE,
Sheraton Hotel, Philadelphia,
March 19-21.

Eighth Annual Programmable Con-
trollers Conference and Equipment
Display, Engineering Society of De-
troit, to be held at the society’s head-
quarters, March 20-22.

Trends in On-Line Computer Control
Systems, Institute of Electrical Engi-
neers (London), University of Shef-
field, UK, March 27-29.

Technical Symposium East °79, So-
ciety of Photo-Optical Instrumenta-
tion Engineers (Bellingham, Wash.),
Hyatt Regency Hotel, Washington,
D. C,, April 2-5.
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Telecommunications,
memories and miCrocomputers...

The Mostek System Solution

4

: Only Mostek offers a
complete system for your tele-
communication applications.

s e = ot ]

Innovative design techniques

CODEC/Filter

give Mostek the edge in tele-
communication product fea-

tures. High density RAMs,
ROMs, PROMs and versatile
microcomputers complete the

Tone Dialer

Pulse Dialer

Memory Tone Dialer

Microcomputer Pulse Dialer

picture. Total compatibility
from a single source—that's
why we call it the system solution.

Designed by the leader

Mostek made its commitment to tele-
communication products in 1974 when we
built our first tone dialer. During the past year,
we've shipped over three million circuits and
earned a reputation as industry’s most depend-
able 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.

1
CODEC/Filter

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 concen-
trators, channel banks, or automatic call dis-
tributors, contact Mostek for the solution, 1215
West Crosby Road, Carrollton, Texas 75006;
phone 214/242-0444. In Europe, contact

Mostek Brussels; phone
MOSTEK.

(32)02/660.25.68.
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“There is
than ax

rﬁﬂ,Wg think CMOS analog

switching technology is one such idea’”’

——— e

LEADERSHIP IN
ANALOG SWITCHING.

Intersil has offered a number 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 de-
signed to fill the need as an easy-to-use, inex-
pensive switch for virtual ground switching into

Intersil 1967-

' éperational amplifiers. This family is primarily

intended for constant impedance switching mui-
tiplexing 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 voltage
CMOS technology. The advantages are T,
DTL, CMOS and DMOS compatibility. . .com-
bined 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 channel-
to channel shorting. Power requirements of the
IH5040 family of CMOS gates, up to 30 times
lower than previously available state-of-art de-
vices, open up new low power applications in
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portable and battery operated equipment.

HIGH PERFORMANCE
VARAFET CMOS GATES.

Intersil was first with a family of low power, high
level Analog Gates: The IH181 Series. The Family
incorporates two of our leading technologies:
CMOS and VARAFET.

The result is a series 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 di-
odes 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 perfor-
mance analog switches at lowest possible cost.

INTERSIL SALES OFFICES:

CALIFORNIA: Sunnyvale (408) 744-0618, Long Beach (213)
436-9261 - COLORADOQ: 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) 866-
7328 « TEXAS: Dallas (214) 387-0539 « CANADA: Brampton,
Ontario (416) 457-1014

INMaRS L

Analog Products — Hybrids/Gates

10710 North Tantau Ave., Cupertino, CA 95014
Tel: (408) 996-5000 TWX: 910-338-0171

(800) 538-7930 (outside California)

— [H401 IH5040
- IH181 _ IH5009
Send me Intersils New 20x24 Victor Hugo poster.

Name _

E11879

Company_

Address____ =

City— ___State. _ Mailing Code.

]
|
|
|
|
|
|
|
|
1 Gentlemen, Send me your literature on:
]
]
|
|
|
|
|
|
|
|
1

Country




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 reli-
ability 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
Distributor.

&

e 7
/ Switch to No.1 1

CUTLER-HAMMER

SPECIALTY PRODUCTS GROUP, Milwaukee, Wis. 53201
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GM robot sorts,
places objects
on moving conveyor

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

Hughes prepares
development system
for C-MOS devices

Swiss come up
with smaller
analog watch

CBS to test
French Antiope
videotext system

Electronics/January 18, 1979

Electronics newsletter

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 a moving
conveyor belt. Previous versions could work only on stationary surfaces. In
the unit, called Consight, a charge-coupled-device camera from Reticon
Inc. with a single line of 100 picture elements, is linked to a pair 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 a metal foundry environment,
will be installed on a production 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 n-
channel 6805 will be the core of a low-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 1 kilobyte of read-only
memory, 64 bytes of random-access memory, 20 input/output lines, clock,
timer, and a central 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-pin-
compatible version of the one-chipper. First versions out will use 5-um
channel lengths to give the 14-6805 a 1-MHz clock frequency. But when
the silicon-gate C-MOS process gets its first design-rule reduction to 3-um,
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
complementary-MO0S devices, manufactured under license from RCA’s
Solid State Products division. The full development system will be avail-
able within months, priced at about $10,000. It will also accommodate
MOS processors having 8080-type architecture.

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 elec-
tronic timesetting, plus other microminiaturized components. The techno-
logy is adaptable to less expensive models, although the firm has not said
when they will be along.

Télédiffusion de France, the government agency that handles the broad-
casting chores for the national radio and television networks, is pushing
hard to have its Antiope teletext system adopted by the Federal Communi-
cations 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.
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Panel to seek
standards for
bubble memorles

New bipolar group
at Natlonal plans
ECL thrust

Harris lists
bl-FET Innovations

Addenda

Electronics newsletter

As 256-K and 1-megabit magnetic-bubble memories begin to rise above
the commercial horizon, a task force of the Joint Electronic Device
Engineering Council’s JC-42 committee will meet at next month’s Interna-
tional 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 test-
market 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 innova-
tive linear device: a bipolar-field-effect-transistor (bi-FET) operational
amplifier with dielectric isolation in two models, that exhibit gain-
bandwidth 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/us and 120-v/us slew rates,
respectively and are packaged in TO-99 cans. The next step is to halve the
9,000-mil* die 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 1 million or 2 million chips a year. . . .
Texas Instruments is increasing the speed of its 16-bit microprocessors to
4 MHz. . . . Robert B. Heikes, who resigned his No. 2 slot 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 a new law that would
amend the Copyright Act of 1976 and permit them to copyright chips.
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“At MCT, We Take

The Sweat Out of
— Buying a
& Hot Handler...

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.

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.

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, con-
tact, MCT, Inc. P.O. Box 43013, St. Paul,
MN 55164 or call (612) 482-5170.

miere/c/component
technology

Incorporeted

Circle 35 on reader service card 35




SURPRISE!

Learn the latest in; Fiber

Optics!

Optocoupler CTR Degradatlon! Optical Scanning!
Back Lighting! And much, much more.

Here’s a key 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 communi-
cations and data transmission systems.

Optocouplers

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

CTR Degradation

Of special interest to experienced designers is
HP’s treatment of CTR degradation, a controversial
and frequently misunderstood subject among
users of optocouplers. Intensive research has been
undertaken by Hewlett-Packard in the past two
years to compile a detailed 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. Appli-
cations 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
a display based on designs incorporating the con-
cepts 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 sub-
stantially simplifies the traditionally difficult task of
designing an alphanumeric display into a system.
Learn how an alphanumeric microprocessor-based
display support unit may act as an interface between
a keyboard, a display, and a host 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 a hardbound copy of
the McGraw-Hill published Hewlett-Packard Opto-
electronics Applications Manual (retails at $22.50),
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 avail-
able. The authoritative presentations should give you
a good understandmg of optoelectronics today.
This is a one-day seminar (8:30-5:00 p.m.) and lunch
will be included.

Electronics/January 18, 1979



HP’s New Fiber Optic/
Optoelectronic Applications

Seminar is coming!

e MARCH 26,1979: Palo Alto, CA e« MARCH 28,1979: Portland ( Wilsonville), OR

e MARCH 27.1979: Concord, CA

OTHER LOCATIONS WORLDWIDE
APRIL:

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

Sweden, Finland, Norway, Denmark, Germany, Austria, Switzerland, Italy, Spain,

Netherlands, Belgium, France, United Kingdom

MAY:
JUNE:

Colorado, Canada, lllinois, Indiana
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:
NOVEMBER: Brazil

Singapore, Australia, New Zealand, Israel

e Fee - The total fee for attending the seminar is $125. 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.

o Schedule - This is a one-day seminar with scheduled hours from 8:30 a.m.
to 5:00 p.m. with a luncheon break from 12:00 p.m. to 1:30 p.m. One
break each is scheduled in the morning and in the afternoon,

» Cancellations. Substitutions — Cancellations made less than two (2 weeks
before a session date are subject to the entire seminar fee. Transfers
or substitutions may be made at any time.

1507 Page Mill Road, Palo Alto, California 94304

HEWLETT ﬁ PACKARD

r————_—————_————__—________ﬂ

SIGN ME UP!

COMPLETE THIS REGISTRATION CARD AND RETURN ITTO:
IN EUROPE: HEWLETT-PACKARD GMBH

HEWLETT-PACKARD
Neely Sales Region
3003 Scott Blvd.

Santa Clara, CA 95050

Components Marketing Europe
Postfach 1430
D-7030 Boeblingen. Germany

1. Please register me for the following Fiber Optic/Optoelectronic Applications Seminar:

I O MARCH 26, 1979: Rickey’s Hyatt House
I 4219 El Camino Real, Pajo Alto, CA 94306
O MARCH 27, 1979: Sheraton Inn Airport
| 45 John Glenn Dr., Concord, CA 94524
O MARCH 28, 1979: Holiday Inn South
l 25425 SW Boones Ferry Rd., Portland (Wilsonville).
| OR 97070

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

2. Enclosedismy [0 PURCHASEORDER O MONEYORDER [ CHECK for $125 made payable to:

HEWLETT-PACKARD —SEMINAR, 1979

NAME

COMPANY.

ADDRESS

CITY. STATE
TELEPHONE 2IP

3. O Please send me additional information on future seminars in my area.

L_________—______________—_J
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MANY
CUSTOM IC COMPANIES
CLAIM LEADERSHIP.

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."—NR AQO. (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 [C'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:L, 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 a custom SSi IC
made feasible a portable battery-operated Edit Code
Generator for EECO, how we reduced a complex
electronic requirement into a cost-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.

(1 Gnos_tic 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

38 Circle 38 on reader service card
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Significant developments in technology and business

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 £ 5 microvolts

Ideally, when the difference between
the voltages on an operational ampli-
fier’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 volt-
ages and currents. Intersil Inc.,
Cupertino, Calif., has come up with
a technique called commutating au-
tozero (CAZ) to markedly reduce
these offset errors. What’s more, it is
a model of simplicity.

Working in complementary-
metal-oxide-semiconductor techno-
logy, which is inherently noisy and
prone to offset error, designer David

Bingham devised a way to contin-
uously sample these errors, store
them on a capacitor, 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-dig-
ital converters. In contrast, Bing-
ham’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 low-
signal-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 a dozen analog
switches—six on each op amp to
switch among input and output pins,
internal resistor, and external capac-
itor.

“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 1 microfarad 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. Conse-
quently, the first Intersil product to
use the new technique, the ICL 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 C; is in series with op amp 2's input (b), canceling offset errors.

H

+INPUT — +INPUT
OUTPUT
AUTOZERO 0P AMP AUTOZERO
= 2
INPUT R, INPUT

(b)

C

A e,

OUTPUT
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More complex. By switching C, and C. 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 a single-ended kind (right) suitable for the CAZ amp.

CAZ operational amplifier, is opti-
mized for applications with signal
frequencies between dc and 10 hertz
and gains of no more than 100,
according to Skip Osgood, market-
ing manager for data-acquisition
products. Its commutation frequency
is a nominal 160 Hz, and he says it
will compete for sockets with mod-
ular 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 coeffi-
cient of V., which is guaranteed to
be less than 0.1 uv/°C. “We’re
measuring tempcos at 0.005 uv/°C,
typically,” Osgood claims. Long-
term temperature stability is a low
0.2 uv per year and minimum open-
loop gain is 90 decibels, he says.

The difference. For instrumenta-
tion applications, Intersil modifies
the CAZ op-amp technique to func-
tion as a differential rather than an
operational amplifier, as shown in
the figure above. The differential
signal is stored on a capacitor, which
is then switched to a CAZ op amp’s
single-ended input. At the same
time, a second capacitor is switched
from the CAZ amp’s input back to
the differential input—a variation on
the technique.

By combining a CAZ op amp with
extra analog switches and two addi-
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tional capacitors, Intersil created a
second product, the ICL 7605
instrumentation amplifier. Its com-
mon-mode rejection ratio is 100 dB
at 0.3 v above the positive supply
and 0.3 v 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 instru-
mentation-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. 0

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 Labora-
tories Inc. The dc-to-20-megahertz
scope is, in fact, aimed right at the
job that the more expensive dual-
beam instruments do so well: pre-
senting a stable display simulta-
neously 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 dc-
level-positioning function by provid-
ing 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 time-
base 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 atte-
nuator, 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 per-
forms two functions. It alternately
feeds the two input signals with their
position-determining dc offsets to
the display circuitry. It also alter-
nately 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 chan-
nel’s preamplifier has two outputs
(part b of the diagram). One output
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feeds a dc-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 vertical-
position signal to remove from the
trigger signal. In the composite trig-
ger, 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 Katz-
mann. A major problem occurs with
such equipment as computers, where
peripherals frequently have mechan-
ically controlled time signals rather
than crystal-controlled. Thus the
signal is likely to be slightly asyn-
chronous, and its constantly chang-
ing frequency means a constantly
changing dc-level signal, and conse-
quently a trigger signal with jitter.

Not only is the filter eliminated,
but the second electronic switch can
be optimized for the triggering func-
tion, Katzmann says. “You get a
clear jump from channel to chan-
nel.”

It is because of this clear jump
that Ballantine calls its new trigger
mode “independent dual triggering.”
“There is less interrelationship be-
tween the signals as the trigger sees

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 pass-
band 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/di-
vision and calibrated sweep speeds of
1 microsecond/division to 0.5 sec-
ond/division. All calibrated vertical
and horizontal range steps are accu-
rate to within *3%.

Fiber optics

Bell Canada tests
home fiber optics

In the world’s first field trial of a
fiber-optic system for home tele-
phones, Bell Canada has started a
two-year test of a voice, video, and
data service to 35 homes in Toronto.
“The purpose is to integrate all traf-
fic, whether it be voice, video, or
data, in a common mode and on a
common base in an effort to maxi-
mize productivity,” says Jack F.
Stinson, Bell Canada’s vice-presi-
dent—operations staff. *“This will
make it possible to ease the per-
capita burden of providing expen-

INPUT PRE: de-LEVEL HIGH-PASS HORIZONTAL
—]AMPLIFIER POSITIONER FILTER TRIGGER |—o
TO CATHOOE:
E"EHT"COHN'C — RAY TUBE
INPUT PRE- dc-LEVEL
—|AMPLIFIER POSITIONER Lo VERTICAL
(a)
INPUT PRE- ELECTRONIC HORIZONTAL
JAMPLIFIER SWITCH TRIGGER }—o
de-LEVEL
POSITIONER TO CRT
ELgv%}'TRgHNIC — o VERTICAL
INPUT PRE —
AMPLIFIER de-LEVEL
(b POSITIONER

Add a switch. Instead of one electronic switch (a), Ballantine’s new scope has two (b),
separating the circuits for triggering and for dc-level positioning.
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sive, far-flung telecommunications
service to a small population.”

The $1.75 million installation has
1.2 kilometers of graded-index fiber-
optic 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 infor-
mation 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 incom-
plete in the sense that it is not fully
digital. However, it was not difficult
to provide telephony and data-
signaling capabilities using available
analog components and techniques,
Stinson explains. Bell Canada found
that single telephone-channel sys-
tems with an analog subscriber
carrier could be interconnected with
the optical system after only minor
changes. These modifications in-
cluded a slight shift in the carrier
frequency and some changes in the
signal level.

The optical system is made with
off-the-shelf components. For exam-
ple, the 840-nanometer LEDs for the
transmitters are not perfect for this
sort of system, but such LEDs are
readily available and adequate for
this first test.

In fact, Bell Canada did not want
to wait for all aspects of an inte-
grated fiber system to be available.
The telephone company preferred to
get information on the interaction of
new techniques, on cable technology,
and on the electro-optic and opera-
tional aspects of the setup as soon as
possible.

The best subscriber installation
would use fiber in the loop plant (the
first switching center connection to
the residence), employ digital trans-
mission, and make use of integrated-
circuit technology. This will come in
1985 or thereabouts. For now Bell is
satisfied with having taken a giant
step in gaining practical experience,
according to Stinson.

Voice and video. Each individual
connection is designed to carry one
telephone channel, together with the
capability of a centrally switched,
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In the plant. A typical fiber-optic terminal at the switching plant has an optical transmitter
(left) and an optical receiver (right). Bell Canada is using analog transmission technologies.

one-way video channel from the
central office to the subscriber. It
can also carry the associated low-
speed data-signaling channel from
the subscriber to the central office
for video channel selection. This will
enable cable television or other video
services to be tapped as required.
Four of the residences will operate
on one fiber only in a duplex mode
for both transmission and reception,

and the rest will use unidirection
transmission over two fibers.

In various phases of the tests not
only will basic telephone service be
demonstrated, but customers will be
able to take advantage of such
services as conference television,
remote video surveillance, and a
video library. Later trials will
include interactive graphics such as
videotext. ]

sampling oscilloscope.

accordingly.

cable lengths.

Laser refines optical-fiber quality control

Corning Glass Works has developed a new way to keep close tabs on the
characteristics of fiber-optic cable during manufacture. The company is
concerned about the refractive index of the glass-fiber core, which must vary
parabolically with radius for wideband, multimode propagation. This relation-
ship ensures that light-propagating modes travel over the same optical
lengths and experience identical time delays. If they do not, transmitted data
suffers from pulse broadening or decreased bandwidth.

The technique, developed by staff member Robert Olshansky at the
corporate research laboratories in Corning, N.Y., is called a differential-
mode delay measurement. It uses a mode-locked krypton gas laser providing
a spot 10 micrometers in diameter. The laser's pulsed output scans radially
outward from the center of one end of a length of glass fiber. At the other
end, an avalanche diode detects the emerging light, which is displayed on a

As the spot scans, measurements are made of the arrival times for each
pulse peak, performance that can be predicted mathematically. The times
are correlated with the refractive-index profile in the fiber. Thus the quality of
the fiber is determined, and the manufacturing process can be adjusted

Olshansky points out that positioning of the fiber and obtaining the data
are computer-controlled and require less than five minutes. Moreover, the
data is highly sensitive to very small profile changes, he says.

This technique is a more valuable aid to the manufacturing process than
older profile-taking methods, he claims, because it represents an average
over the length of the cable. Other profile measurements involve only small

“The Corning technique is quite suitable for a manufacturing environ-
ment,"” Olshansky concludes. “‘Ultimately a small injection laser will be used.
It is no more difficult than other routine quality-control measurements.”
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MESFETS and SAW
improve uhf tuner

The Federal Communications Com-
mission may soon grant Texas
Instruments as much as $120,000 for
further development of an unusual
high-performance ultrahigh-fre-
quency television receiver. This pos-
sibility arose when the FccC, per-
suaded by a TI prototype it received
early last year [Electronics, March
16, 1978, p.57], launched a major
inquiry late last month aimed at
improved uhf receiver design and
transmission standards, as well as to
expand the number of channels
permitted in a geographic area.

“We haven’t negotiated [the addi-
tional contract] with TI yet, but
we’re certainly looking toward that,”
reports Paul Fox, an engineer in the
FCC’s Office of Plans and Policies.
The additional money would be
available as part of a $750,000
surplus congressional appropriation
that is being set aside for improving
uhf reception.

TI’s unusual approach uses a
mixer and amplifiers made of
Schottky metal-semiconductor field-
effect transistors (MESFETSs) to boost
television frequencies up to 346
megahertz. This is some eight times
higher than the 45-MHz interme-
diate frequency of conventional uhf
tuners, which is usually converted
down for signal processing.

Enter SAWs. At 346 MHz, TI
brings into play a pair of highly
selective surface acoustic-wave fil-
ters to reject unwanted interfering
signals. These SAW filters can be
made very small and with extremely
narrow bandwidths. Moreover, since
they are fabricated photolithograph-
ically, they can be made cheaply, the
firm believes.

Though additional development
work needed on the tuner has not
been spelled out, the FCC- has
expressed an interest in possible
design changes that would reduce
both the receiver’s noise figure and
its cost. Possible cost-saving steps
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Introducing FAST.

The quickwaytomake
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 a whole 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. f SPEED POWER CURVE |
The thing that makes this performance 60} CL=15pF |
possible is our time-proven Isoplanar process. \ TA=25°C
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Give your TTLa boost. .
If you're running with a Schottky/Low 40
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another generation of TTL logic. TSR T T T

It drastically cuts design time. Spesd—ns
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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
4 mW per gate function. Input thresholds are 1.5V and
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 foday. Or use the direct line at the bottom
of this ad to reach our Digital Division. Fairchild Camera
and Instrument Corporation, PO. 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
for using only one SAW filter instead
of the two in the present device, says
Darrell Ash, senior communications
engineer at TI's Central Research
Laboratories.

Another possibility is development
of an integrated circuit that could
house up to 16 active components in
the i-f portion of the receiver on a
single chip. Such application of
large-scale integration techniques
could reduce the cost of the tuner
even further than projected in TI's
original report to the FCC, Ash says.
According to that report, the first
1.5 million production-line units
could be made for about $9 more
apiece than conventional receivers,
which the Dallas firm estimates
would translate to an increase of $27
to $35 per unit in the retail price of a
TV set.

More improvements. Since deliver-
ing the final prototype version to the
FCC last January, TI has already
made several improvements in the
device, Ash says. Among other
things, an IC has been developed that
houses on a single chip all four
MESFETs used in the receiver’s
balanced silicon MESFET mixer. This
has reduced system noise from 14
decibels maximum in the prototype

device to about 10 dB maximum in
the redesigned version, Ash notes,
thus exceeding the original FCC goal
of 12 dB.

Since delivery of the prototype, Ti
has also reduced the unit to a single
5-by-11'/2-inch printed-circuit
board, in contrast to the two 5-by-
6-in. boards of the original design.

The prototype was developed un-
der a $200,000 FcC contract
awarded in August 1976. Ti pro-
posed its own set of performance
goals for the contract after a request
for proposals based on the FCC’s own
specifications attracted no bidders.
As Fox notes, there has been little
market incentive for TV manufactur-
ers—already squeezed by tight in-
dustry profit margins—to spend
money developing a tuner with the
improved interference-rejection
characteristics desired by the com-
mission.

Though TI had been working on
an improved TV tuner with its own
funds for several years before the
FCC contract, Ash says that work
has now stopped pending additional
FCcC funding or increased interest
from TV set manufacturers. An addi-
tional 18 months of work would be
necessary to get the tuner ready for
production, he says.

Communications

ACS controversy flares at FCC
over AT&T’s computer services

Where does data communications
end and data processing begin? The
Federal Communications Commis-
sion may be obliged to make that
Solomon-like judgment this year.
The immediate issue forcing the FCC
to take a definitive look is ACS—the
Advanced Communications Service
of the American Telephone & Tele-
graph Co., which wants a declarato-
ry ruling in order to begin the service
this year [Electronics, Aug. 3, 1978,
p- 79].

Meanwhile, a host of comments to
the FCC earlier this month by both
the communications and computer
industries heightened the developing
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controversy. Directly opposed con-
clusions were reflected in the com-
ments, and at least one valuec-added
common carrier threatens a court
appeal unless the commission rejects
the AT&T petition and instead inves-
tigates the communications compa-
ny’s “character” as part of further
proceedings.

Of those companies and trade
associations responding, 13 were
opposed to the ACS petition, 3 were
in favor, 2 straddled the fence, and |
reserved the right to comment later.

The split. Reflecting the division
within the computer industry, the
Computer and Business Equipment

Manufacturers Association (CBE-
MA) says ACS clearly involves data-
processing functions like manipula-
tion and retrieval, while minicom-
puter 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, Cal-
if., 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 “‘charac-
ter” into a common-carrier hearing.
Tymnet argues that FCC rules “une-
quivocably 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 commis-
sion’s broadcast rules require it “to
consider AT&T's past conduct in
evaluating this application” —a con-
duct that Tymnet charges shows “a
pattern of persistent and willful
violations” of FCC rules by using
Bell’s *“‘monopoly power in an unlaw-
ful attempt to restrict competition.™

After extensive legal research on
the question of restricting competi-
tion, costing in excess of $100,000,
Tymnet president J. Robert Har-
charik in an interview says he is
“outraged” by AT&T’s actions and
will appeal in court if the present “de-
fective and incomplete™ ACS petition
is approved.

Other charges. Two other ques-
tions are raised by Tymnet and other
competitors of ACS regarding exces-
sive delays in getting digital lines
and local exchange facilities from
AT&T. A decline in AT&T’s ability to
meet the 23-day timetable for instal-
lation of new lines—down to 60% to
65% today from 90% to 95% a year
ago, Tymnet says—is attributed by
AT&T to a shortage of skilled crafts-
men that runs as high as 50% in
some areas.

Tymnet asks the FCC: “Should
AT&T be offering a new competitive
service when it is unable to meet its
current obligation? What priority
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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 5V2-digit
DMM is capable of 200,000 count resolution, 0.004% accuracy and
1uV/1mQ sensitivity. It has six standard features no other 5%2-digit DMM can

offer you: 1. uP design of the 191 delivers unsurpassed accuracy, faster, because
firmware in the 6802-based ucomputer has replaced slower, less precise analog circuitry.
The P 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 4 conversions
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 a non-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
We t talk zeroing. The nearest competitive units offering push-
On button null standard cost thousands of dollars more than

the 191. 5. The 191 is capable of 2 and 4-terminal measurements

[ ] [ ]
rlce hl from 1mQ to 20MQ across 6 ranges. Simply adding two more sense
p un leads automatically enables Kelvin measurements. No changing

input terminals or pushbutton settings.

’
you re ho Okedo ° Thfnp: ;itzil:\te}l\f Il(ge%ti?lfsglistruments 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 youll be sold on a Keithley DMM.
For information on any Keithley DMM, call (800) 321-0560/ Telex: 98-5469.

In Ohio, call (216) 248-0400.

Keithley Instruments, Inc. Keithley Instruments GmbH KEI ‘ !’il;[_\ 177 MICROVC
28775 Aurora Road Heiglhofstrasse 5 ’

Cleveland, Ohio 44139 D-8000 Munchen 70

(216) 248-0400 (089) 714-40-65

Telex: 98-5469 Telex: 521 21 60

Keithley Instruments, Ltd. Keithley Instruments SARL

1, Boulton Road 44, Rue Anatole France

GB-Reading, Berkshire RG2 ONL F-91121 Palaiseau Cedex

(0734) 86 12 87 01-014-22-06

Circle #209 for demonstration 'e'ex: (8421204188

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, Digi-
tal Equipment Corp. told the com-
mission that it favors ACS, since *“us-
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
1BM’s market position.

However, a key feature of DEC's
pro-ACS stance, that the service will
resolve the problem of computer
equipment incompatibility, “‘is not a
valid basis on which to base policy,
even though it is a highly desirable
goal,” believes one FCC staff mem-
ber. O

Business

SMC and SSS ink
multiple agreement

Not long after Solid State Scientific
Inc., Montgomeryville, Pa., ap-
proached SMC Corp. in Hauppauge,
N. Y., to secure a second supplier for
some of its custom parts, the two
semiconductor manufacturers have
struck a two-pronged agreement:
they will exchange know-how and
cross-licensc one another’s patents in
n-channel MOS processing, and they
will second-source some of each
other’s current and future products.

For both, the pact, signed earlier
this month, seems a natural one—it
will broaden the technology base
both of these specialized companies
need to securc a niche amid the
commodity business of major chip
makers.

To sSs, a company whose $28
million in sales last year was
obtained mainly from complementa-
ry-metal-oxide-semiconductor cir-
cuits, the deal gives a Berlitz course
in n-channel technology. “We need
n-channel to broaden our customer
base,” explains Leonard P. Kedson,
president.

He regards the agreement as key
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Sitting pretty. SMC Corp.’s president, Paul
Richman, looks for more than royalties from
agreement with Solid State Scientific.

Growing. Solid State Scientific’s president,
Leonard P. Kedson, sees the acquisition of
n-channel expertise as a key to growth.

to his firm’s anticipated 40% to 50%
growth in the current year. Appar-
ently so, because in addition to
royalties for SMC’s patents, SSS has
paid the company an undisclosed
lump sum of cash in advance.

It expects immediate benefit from
the first part of the agreement.
According to Kedson, it will first put
its newly gained knowledge to use
to aid in the development of a new
high-performance C-MOS process it
calls HC-MOS, although he declined
to say just how.

Other rewards. For SMC, a $12
million company specializing in con-
troller chips for video displays and

floppy-disk and tape drives, the deal
is more than just another royalty
check (see “Two small firms with
international horizons™). “We’ve
had lots of licensees before,” ex-
plains Paul Richman, president of
SMC, “but with SSS we're looking for
a more intimate relationship.” He
adds that though it is not part of the
agreement, his company is interested
in obtaining a foothold in C-MOS
technology.

The second part of the agreement
is more clearly bilateral: each party
can choose to second-source the
n-channel parts of the other, paying
due royalties. Solid State will first

Italy and Yugoslavia.

Two small firms with international horizons

The agreement signed by SMC Corp. and Solid State Scientific Inc. further
enhances what appears to be a bright future for the two firms, each of which
has succeeded in attracting worldwide interest in its technology.

SMC is in the enviable position of owning basic patents in n-channel
metal-oxide-semiconductor processing that have resulted in royalities from
several large companies, including General Motors, Texas Instruments, and
ITT, and a cross-licensing agreement with IBM Corp. Late last year the
Hauppauge, N. Y., firm and EFCIS, the jointly owned subsidiary of Thomson-
CSF and CEA, the French atomic energy agency, signed an agreement by
which SMC second-sources the French firm's video controller chips. That
agreement provides SMC with a full line of controllers and extends its reach
into European markets for its own product line.

Solid State is active on the international scene as well—in fact, it does
40% of its business overseas. The Montgomeryville, Pa., company recently
agreed to supply the Soviet Union with liquid-crystal-display technology.
Though still subject to U. S. government approval, the agreement should net
Solid State royalties within the year. SSS also has similar agreements with

Solid State's agreement with RCA Corp. to second-source the 1800
complementary-MOS microprocessor family gives it access to some of
RCA's know-how and the option to make RCA’s silicon-on-sapphire parts.
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DATA
ACQUISITION
HANDBOOK

NATIONAL .
SEMICONDUCTOR

/o

Introducing, just probably,
the most inexpensive data
acquisition component in
the country.

And, without a doubt, the most important one.

National Semiconductor’s Everything-
you've-always-needed-to-know-about-data-
acquisition-systems-but-couldn’t-find-in-one-
place handbook.

It includes 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 busi-
ness. 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.

National Semiconductor Corporation
2900 Semiconductor Drive M/S 520
Santa Clara, CA 95051

|
|
Boy, can you guys save me time and money! Sendme |
your Data Acquisition device today. I've enclosed a $4 |
check for each handbook. |
l
|
|

Name
Title

Company
Address

L City State__ Zip

ZANational Semiconductor

Data acquisition
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whip up its n-channel process by
building three of SMC’s standard
products: the CRT5027 video timing
and control chip, the COMS5025
multiple-protocol universal synchro-
nous 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 wait-
ing for the dust to settle,” he says.
“It’s not clear which technology —n-,
p-, or C-MOS—will be the best solu-
tion 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 a possi-
bility,” Litus says. O

Consumer

Bally computer
uses plain language

Fearing that few people will actively
want to program their home coniput-
ers, the makers of these machines
are turning to simpler software pack-
ages. But whereas many personal
computers use some form of Basic,
Bally Corp. is coming out with a
custom language that uses words
instead of letter-number combina-
tions to make it seem friendlier.
Introduced at this month’s Con-
sumer Electronics Show in Las
Vegas, the new language also has a
more glamorous pedigree than most
software, being an offshoot of the
language used to create special
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1979: better forecast for semiconductors

While many sectors in the electronics marketplace are expecting a slow-
down 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 a good 1979 based on a very 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 a softening 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
Wars.” Called Grafix, the self-
teaching, user-expandable language
is to be a major feature of Bally’s
Level 111 home computer when it
hits the market during the third
quarter. The firm previously intro-
duced a Level | computer that oper-
ates with read-only memory car-
tridges containing video games.

Creative. Basic’s mnemonics and
typical programming-like syntax,
such as HLIN for horizontal line and
VLIN for vertical line, could confuse
potential users. Instead, the Level
111 program allows users to create
graphics by using words like “circle”
and “box,” according to Robert
Wiles, general manager of the
Franklin Park, Ill., company’s Con-
sumer Products division.

When a user is uncertain how to
specify a figure, its position, or its
color, he or she can type in “help,”
and the computer will begin a
sequence of directives that show the
proper method.

Users add new words to the Grafix
vocabulary simply by programming
graphics subroutines and then nam-
ing them. In this way, the language
can be expanded to the limits of
available memory. At present, the
system contains 32 kilobytes of read-
only memory and 20 kilobytes of

random-access memory, and provi-
sions exist for adding memory acces-
sories later, according to Wiles.

Grafix was developed by a team of
programming engineers led by Tom
DeFanti, professor of computer
sciences at the University of Illinois,
who created the software for “Star
Wars.” The language is loaded into
Level 111 from a software cassette.
Whereas Bally’s Z80-based com-
puter can interface to a black-and-
white television set or monitor, it is
best to attach it to a color set in
order to make full use of its 256-
color capability.

A Level 11l computer is built by
adding the special programming
keyboard and Grafix software to
Bally’s Level | video console. The
$300 video console is available now,
and the $650 keyboard and software
cassettes will be ready during the
summer, Wiles says. 4

Computers

IBM introduces
one-board computer

Although not unique in the market-
place, the new single-board Series/|
model 4952 computer unveiled ear-
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Adac System1000
handles a ton of I/O functions.

In its simplest form, the System 1000 functions as a low cost peripheral expander to
minicomputers. When incorporating a DEC LSI-11 microcomputer, it acts as a stand-alone
data acquisition and control system or as a remote 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 a few.
Discrete cards communicate with switch contacts, relays, thumb wheel switches, pumps, motors
and many other devices.

A single System 1000 provides up to 700 high level analog input
channels, or 128 analog low level input channels, or 700 digital I/O
functions. For even greater capacity, a bus repeater card allows
additional System 1000s to accommodate as many modules as
desired.

System 1000 in the stand-alone configuration can be sup-
plied with up to 32K of memory and DEC RT-11 software.

If you are interested in an extraordinary data acquisition

Ny,
system, you must check out the System 1000. Nothing compares ¥ i
with it 0
TS
it 0
b
J | Oy
CORPORATION

70 Tower Office Park « Woburm, MA 01801
617-935-6668

EINFUTS
PULSE GUTRUTS
MULTIBLE TRe
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News briefs

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 market-
ing its Magnavision last month [ Electronics, Dec. 21, 1978, p. 33]. Both firms
should announce initial marketing plans around October. The simpler capaci-
tive 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, Fideli-
ty Electronics Ltd. showed a chess computer that narrates each move.
Called the Model VCC Chess Challenger, it will retail for $325 upon availabili-
ty 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 a cushion containing two proprietary moving coil transducers; it
fits between one’s back and the seat.

BI-DIRECTIONAL

OCTAL BUS
TRANSCEIVERS
WITH 3-STATE
OUTPUT DRIVERS

MITEL's ISO-CMOS™ 54C245/74C245
VS

THE TTL 54LS245/741L5245
SAVE on Power Supply Requirements

& Wider operating voltage range
3V10 65V VS 5V+10%
® [Lower current drain
1mA VS 100 mA

REDUCE Generated Noise
® Controlled output rise and fall times
>15nS VS <15n§

REDUCE dc Loading of Bus Lines
® [ ower Input/Dutput leakages
104:A VS 100;:A

ND LDSS in System Performance
® Propagation delays

15nS VS 12nS
SAME 20-Pin Packages

Contact the leader in CMQS technology

for more information

1 745€JEFFERSON DAVIS HWY

.
ARLINGTON, VA, 22202
TEL 703-243-1600 [

i
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lier this month by 1BM Corp.’s
General Systems division is the
latest sign that the industry giant is
aggressively pursuing the minicom-
puter 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 Hewlett-
Packard charges per megabyte of
minicomputer memory—the indus-
try low till now —or the $2,200 Data
General charges for 32-kilobyte in-
crements for its new Nova 4 comput-
er [Electronics, Jan. 4, 1979, p. 206].

Using new 36-K random-access
metal-oxide-semiconductor memory

chips made at the General Technolo-
gy division, Burlington, Vt., 1BM
packs eight chips into a I-inch-
square module for a total of 32 kilo-
bytes. 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 Se-
ries/1 model, the 4953, needs six
boards and supports at most 64 kilo-
bytes 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 1BM notes that the 4952 offers
only 80% the 4953’s performance.
Although comparable in perform-
ance to the low end of competitive
machines, IBM’s Series/1 processor
carries higher price tags—and no
quantity discounts are offered.  [J
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System 19

Data I/O's System 19 PROM programmer talks
back to save you time and money.

It's a state 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: [/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 a simple procedural error is made and
locks up before the operator can make a
serious error and waste a device.

If something goes wrong during opera-
tions, the System 19 flashes one of 27 error
codes on the readout to lead you to the specific
problem quickly.

With a System 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 [/O's System 19 is priced
within just about everyone's budget.

You haven't shopped around until you've
looked at Data [/O. Let us show you the dif-
ference. Circle the reader service number or
contact Data [/O, PO. Box 308, Issaquah, WA
98027. For answers fast, call toll free:
800-426-9016.

DATA1/O

Programming systems for tomorrow...today
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NOW THERE'S A
MICRONOVA COMPUTER SYSTEM

There were five DiFazio
brothers who all happened to
be OEMs. One of the few
things they agreed on com-
pletely 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 a medical
patient billing system; Mario,
a point-of-sale system; Joe,

a warehouse inventory control
system; Tony, a laboratory

FOR EVERY DiFAZIO BROTHER.

instrumentation system; and
John, a factory data acquisition
and control system.

All of the DiFazio brothers
found that their system design
was made a lot easier because
Data General also offers the

Electronics /January 18, 1979



industry’s widest range of
microcomputer system soft-
ware and peripherals . . . such
as disc and diskette operating
systems, single and multiuser
Extended Basic, Business
Basic, Fortran IV, and Com-
munications (2780, 3780,
Hasp II) and sensor 1/0 soft-
ware packages. The wide
range of peripherals include
dual diskette and 10Mb car-
tridge disc systems, 180 cps
DASHER LP2™ printers and
DASHER " terminal 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 ac-
quainted with our family, just
send the coupon for the new
microNOVA systems bro-
chure!The microNOVA Cook-
book - A Taste of Success”
or call 617-366-8911, ext. 4735.

— s o EEs oas - -
r E1l8

I'd like to have your new microNOVA brochure.

I just can’t wait any longer. Have someone get I
in touch today:.

NAME

3

COMPANY
2. NO
ADDRESS
Cry
STATE Zit

Datit General Co l}x»rln L\\mlbn« M-\OI’;“ (hll)aﬂ‘)wl! ll u( wl
Canada) Lid., neral E: de Cun

an: vl

Fans, we. 766,51 Nlhlal eneral Au uuu«u)a? IH (-m-nlhl
1543 OL38. Data General Micklk- East, v, 952 (F

Conporation, 197r nucroNOVA, l)mmk uz o DASHE R.u

ks of Data General Comporation.
—————————

¢vDataGeneral

We make computers that make sense.
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TWELVE REASONS SN
WHY THE LI35 ISTHE | G l
i

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.

MOST PRODUCTIVE
LS| BOARD TEST SYSTEM
YOU CAN OWN.

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 a few more
probes after regular guided probmg finds the failing bus.
Without the Electronic Knife, you're faced with trial and
error replacement of LSI ChlpS Or skilled technicians
tying up the system for an hour or more per bad IC.

See the full line of Teradyne test equipment at
NEPCON WEST in Anaheim (Booth 449-450).

54

1

B

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 a large random-access
memory does if. With circuit structure immediately
accessible, the operator does not wait for commands
between probes. Other test systems that use fault dic-
tionaries 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 a human operator, the M150 speeds up board
diagnosis even more because its operation is both error-
free and fatigue-free.
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The L135 delivers the highest quality of
testing, thereby slashing costs for diagnosis
later at systems test and service out 1n 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 microproc-
essors 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 micro-
processors usually receive multi-phase inputs and gener-
ate multi-phase outputs. The L135 provides the neces-
sary, easy-to-program, precise phase controls over
driver inputs and comparator strobing.

7. The L135 tests and diagnoses

analog circuits.

Integrated ac-dc-parametric capability does it. The L135
offers many analog force-and-measure functions through
matrix connections, all completely integrated into system
hardware and software. If these capabilities aren’t inte-
grated into the test system, they must often be added to

accommodate the increasing analog content of LSI boards.

That prolongs test time and slows diagnosis considerably.

8. The L135 tests at dc and clock-rate

on the same channel.

All-sbeed pin compatibility does it. In clock-rate testing,
high-speed tests are usually applied on the same pins
tested earlier with dc. The L135 allows you to apply both
types of tests at the same system channel, eliminating
the need for awkward switching or extra channel capacity.

9. The L135 has enough clock-rate

channel capacity for the big jobs.

432 I/O pins does it. Big LSI boards have upwards of

250 edge-connector pins, all active. In addition, you need
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.

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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10. The L135 cuts total
programming time.

The P400 Automatic Programming 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 por-
tions containing modeled LSI devices. Total program-
ming time is shorter. The best of the so-called “auto-
mated 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 market place.

11. The L135 cuts system time
for debugging.

Immediate-response debug software does it. During test-
plan debugging, the L135 responds to the test engineer’s
commands and displays results immediately. Total
debugging time is cut to a fraction because the test
engineer is not distracted by system delays; he can con-
centrate on his circuit and his test plan.

12. The L135 readily assembles
the many parts of LS| test plans.

Structure-merge programming does it. Test plans origi-
nate in many places: manual patterns and circuit models,
learned data from known good boards, circuit and device
simulators, automatic pattern generators, etc. The
L135's structure-merge software and its straightforward
protocol assembles them all into a coherent package,
saving your engineers hours of tedious and costly work.

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

f EHADYNE;
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The 2114 from the
Royal Family...

- R
.s““
it saves .
) :" . ¢
\ A Y
power, .
y -

naturally

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 «+ features a common 1/0 structure with TTL

it. That's an inherited trait, and the L2114 is compatible three-state outputs, and more than
no exception. It draws only 240 mw which is adequate speed for second generation

about what you have come to expect from the microprocessor applications.

leading supplier of static RAMs. But, that’s You can learn more about the SEMI L2114 —

not all. We also have a “Power Down Part” or any other members of the Royal Family of
that operates on 2.5 volts and draws less than Static RAMs — by simply calling your local

100 mw. That's real power saving from the EMM SEMI rep or distributor, or contacting us

company that has been delivering 18-pin 1K x 4 directly at the address below. k
static RAMs for at least a year longer than wor

anyone else. And not only that, but we have a t
new MIL version on the way. Memory a

Em m 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 e NEW ENGLAND (617) 272-8163
® UPSTATE NEW YORK (518) 489-4777 e LONG ISLAND AND NORTHERN NEW JERSEY (516) 466-2300 ® SOUTHERN NEW
JERSEY (609) 795-4200 @ PENNSYLVANIA, MARYLAND, DELAWARE, VIRGINIA, WEST VIRGINIA (800) 257-8210 e ILLINOIS
(312) 345-4245 e OHIO (614) 457-2242 e MINNESOTA (612) 884-8291 e TEXAS (214) 341-2900 ¢ OREGON (503) 620-5800
WASHINGTON (206) 455-9180 ® SOUTHERN CALIFORNIA (213) 322-1120
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Nippon Electric wins
SBS award for five
Domsat terminals

Solar power
satellites to cost
$12 billion each . . .

... as NASA
seeks frequency
for the craft

Addenda
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Washington newsletter

Japan’s Nippon Electric Co. has made a major advance into the U.S.
domestic satellite earth station market by winning a contract 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 a control 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
build and orbit each system if two are launched per year. The study draws
heavily on National Aeronautics and Space Administration data using
satellite models capable of delivering 5-GW 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 Astro-
nautics. The AIAA, in a new position paper, says it favors a $30 million
annual effort over five years in ground-based research before any develop-
ment or demonstrations are undertaken.

The National Aeronautics and Space Administration is sparking a domes-
tic 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 a position 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 a number 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 MTS 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 Depart-
ment’s antitrust charges against the communi-
cations giant. If you count the book’s 38-page
index, it is a hefty 552-page rebuttal of monopo-
ly charges that comes on at least as strong as the
Government’s detailed charges late last year
[Electronics, Nov. 23, 1978, p. 98]. Like Interna-
tional Business Machines Corp., AT&T is fight-
ing 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 virtual-
ly mandated by telecommunications technology
and its need for a large and “complex, interde-
pendent switched network” to guarantee effi-
cient operation and reliable parts. These are
“fundamental industry principles” not consid-
ered 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 a matter of
law,” AT&T asserts, although the Government
must prove the opposite in order to show monop-
oly 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 West-
ern Electric Co. Citing a 1976 FCC judgment
opposing a Western Electric spinoff at that
time, AT&T quotes a statement by the then-
chairman of the New York Public Service
Commission that divestment would be *“a plunge
into the unknown” that might prove economi-
cally 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 “telecom-
munications industry” and “Bell System net-
work” are interchangeable—is puzzling a num-
ber of industry executives who note that AT&T’s
filing elsewhere cites the existence of 1,600

U. S. telephone companies as evidence that it is
not a monopolist.

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 destruc-
tion 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 Govern-
ment’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 mar-
kets in a way that imposes “increased communi-
cations 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 operat-
ing companies buy technologically superior and
sometimes cheaper products from industry.
Citing the Government’s charge that its first
large electronic switching system, the No. 1 ESS,
was *“‘an expensive failure” and that 1BM 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.” More-
over, 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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SPRAGUE SERIES ULN-2800A
HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAYS

NEW AGE IN THE
INTERFAGE RAGE

Now...8 drivers in one package switch up to
4 amps 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 INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE:

ALABAMA, Sorague Electnc Co . 205/883-0520 » ARIZONA, Sprague Elecine Co., 802/279-5435 « CALIFORNIA, Sprague Electnc Co . 213/649-2600,
Wm, J. Purdy Co. 415/347-7701, KCE Corp . 714/278-7640 * COLORADO, Wm. J. Purdy Co. 303/777-1411  CONNECTICUT, Sprague Electic Co
203/261-2551 * DIST. OF COLUMBIA, Sprague € lectric Co (Govt sales only). 202/337-7820 * FLORIDA, Sprague Elecine Co.. 305/831-3636 ¢ ILLINOIS,
D Ooian Sales, 312/286-6200 * INDIANA, Sprague Electric Co., 317/253-4247 = MASSACHUSETTS, Sprague
Erectric Co.. 617/899-9100. Sprague Electnc Co  413/664-4411 « MICHIGAN, Sprague Electne Co  517/787-3034 « MINNESOTA. HMR Inc 612/831
7400 « MISSOUR). Sprague Electric Oo. 314/781-2420 « NEW JERSEY. Sprague Electnc Co  201/696-8200. Sprague Electnc Co  609/795-2299
Tonkle Sales Inc . 609/ 795-4200 « NEW MEXICO, Wm ) Purdy Co , 505/266- 7959 * NEW YORK, Sprague Electric Co . 516/549-4141, Wm, Rutt, Inc..
914/699-8600, Sprague Electic Co. 315/437-7311; Mar-Com Associates, 315/437-2843 « NORTH CAROLINA, Electromc Marketng Associates, 919/
Eloctric Co.. 513/866-2170; Electronic Salesmasters, inc.. 00/362-2616 « PENNSYLVAMIA, Sprague Electric Co . 215/467-5252;
Tonkle Sales Inc.. 215/822-2080 » TEXAS, Sprague Electinc Co, 214/235-1256 * VERMONT, Ray Perron & Co., inc., 617/ 762-8114 « VIRGINIA, Sprague
Elecine Co., 703/463-9161 « WASHINGTON, Sprague Electic Co.. 206/632-7761 » WISCONSIN, 0 Dolan Sales. 414/482:1111 » CANADA, Sprague

Sprague Electnc Co . 312/296-6620

722:5151 « OWIO,
Electric of Canada. Ltd. 416/766-6123 or 613/238-2542
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All devices have open collector outputs and in-
tegral diodes for inductive load transient sup-
pression. Outputs may be paralleled for higher
load current capability. Furnished in 18-pin dual
in-line plastic packages, similar Darlington tran-
sistor 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

- Voemax) = 50V 50V | 95V
r Ic(MAX) = 500 mA 600 mA 500 mA
[ Type Number
=y — P B - -— — ~ —
General Purbose | ULN-2801A | ULN-2811A lULN-2821A
T v on - —
Ay ULN-2802A | ULN-2812A | ULN-2822A
5V . —
m s _[namo [wnimri oz
cmce;s1 5p\r{/|os ULN-2804A |ULN-2814A |ULN-2824A
T a —t - -
L HighOutout | i N-2805A | ULN-2815A | ULN-2825A

455812401

SPRAGUE

THE MARK OF RELIABILITY

a
c-‘ﬁgeral
ble®
dary
T and you thought we only make great capacitors.
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Relax!
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When you need electronic equipment without waiting,
Leasametric can have it on its way to you in minutes.

There’s no reason to call every one in the
book when you need electronic test equipment or
terminals. One phone call to Leasametric can solve
your equipment problems in minutes. You can
relax knowing your equipment is on its way to you.

AUTEX, Leasametrics nationwide com-
puterized inventory system, pinpoints the nearest
regional inventory center that has the equipment
you need. Within minutes, your order is being
processed and, in most cases, your equipment will

Standards and every piece is thoroughly
calibrated before it goes out the door. Test

and maintenance facilities are also maintained at
most of our dozens of local offices across the
country. When you rent it from Leasametric it
works!

Renting from Leasametric also makes good
economic sense. There’s no capital investment. For
a modest monthly payment you can be using
equipment that could never fit in your budget if

you had to purchase it.

be in your hands in 24 hours.
A Leasametric exclusive,
Internal approvals are shortened, too,

If its worth having, you know AUTEX instantly confirms

you can rent it from Leasametric. equipment availability and
Our continuously expanding inven-
tory includes a $35,000,000 rental
pool of over 23,000 items from the
top 500 electronic manufacturers—
including most of the items in the
Hewlett-Packard and Tektronix
catalogs.

Plus, weTe the first to get delivery on the
latest equipment. And, with our enormous buying
power and resources, chances are good thateven if
itisn't yet in stock we can locate it for you and let
you relax!

No small point, the Leasametric name
means the equipment you rent is in working order
when we ship it. Our regional maintenance
aboratones are traceable to the National Bureau of

starts your order on its way

because you can usually rent what you
need without major corporate approval
cycles. And, of course, renting
gives you a chance to use the very
latest models. You don't have to
watch a major investment in

equipment become gradually

obsolete. You can take advantage
of the latest technologies —check
out costly gear without committing
to one manufacturers hardware.

When you need it now, don’t wait and don't
take on the time-wasteful burden of trying to locate
it yourself. To order, or for our latest rental catalog,
call one of the relaxing toll free Leasametric
numbers shown below. Let us get the equipment
you need on its way to you in minutes!

Leasametric

In the West

In California, call (415) 574-4441

In the Central U.S.

Call 800227-0280  Call 800-323-2513

In lllinois, call (312) 595-2700

In the East

Call 800-638-4009

In Maryland, call (301) 948-9700

A Trans Union Company
1164 Triton Drive, Foster City, CA 94404
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RCA.Newsmakerin 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 BiIMOS 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 ultra- ,
highinputmpedanceandvery | Jihentieyre  omer
low input current. It also gives
you bipolar speed and high sup-
ply voltage operating capability: | Duel of the Duals
4 to 44 V, dual or single supply. T TR
And ?‘l"lc_l? rglore' | | BiMOS CA3240E | 0to (v*~3V) | 1to (v*=3V) | 50pA ]9 V/usec Yes

A A Bifet TLO82CP o (V- o (V*— 1 ec 0

et ke S PR A e T O
duction’ We’re making the 3240 MC1458SP 3to (v*-3V) | 5to (V*-5V) ] 500K pA | 16 V/usec -
in volume...more proof of BIMOS ease of manufacture. So you can get as
many as you want. Now.

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 IC experience is working for you. “ﬂ"
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Japanese tab
$235 miilion for
software, peripherals

West German
satellite would beam
TV into homes

Israel lands
aircraft deal
with Australia . . .

. . . and gets a shot
at Pentagon deals

Ferranti, Sperry
to bulld laser-gyro
for UK aircraft
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International newsletter

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 govern-
ment 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, a consortium 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. Accord-
ing to consortium leader Messerschmitt-Bolkow-Blohm GmbH, the satel-
lite 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 Aircraft Industries, the government-owned conglomerate that
includes seven electronics companies, has worked out agreements in princi-
ple worth tens of millions of dollars with Australia. The deal involves
refitting and renovation of the Australian air force’s 300 U. S.-made
Skyhawk and French-made Mirage warplanes. 1Al will install sophisti-
cated systems to make the planes flight-worthy well into the 1980s. Also,
1A1 will sell technology to Australian firms as well as a Westind executive
jet specially fitted for naval reconnaissance.

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, a division 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 a three-legged triangular pathway, formed by
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Swedish cop cops
fine for copping
data on ex-cop

Automated
information, please

Philips

coming up contracts

64

all over

Addenda

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].

The first culprit to be prosecuted under Sweden’s data law, which sets
strict regulations on the use of data banks, is a policeman. The 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 Ille-
et-Vilaine department in northwest France, subscribers will get special
handsets having an alphanumeric readout and keypad. Dialing information
will access a computer-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 mass-
produced 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 BV in the Netherlands has
been picking up contracts, they might be growing on trees. The firm has
received a $29 million order for the traffic control system of Mexico
City, including a central control system of several computers, 25 compu-
terized 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 back-
bone 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-MHz hardware to upgrade an existing 4-MHz line.

ITT’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 a view to purchase either outright or
as a joint venture. GEC Ltd. has already made an offer of purchase.
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The Cool One is the industry standard HM6147LP.
This high-speed static CMOS RAM offers total func-
tion compatibility with the standard 2147, 4K x 1, 18 pin
RAM, but with one very important advantage ... it
operates on one-fifth the power. Just 75mW active
10uW standby to be exact. It runs cooler to let your
system run cooler.

You get TTL compatibility in all areas. Including in-
put, output and operation on a single +5V power supply.

THE COOL ONE
DOES EVERYTHING
THE 2147 RAM DOES
BUT ON 1/STH THE POWER!

B e

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 low-
power consumption is one of your system needs ...
invest in a sure 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 « 1A, Cedar Rapids, PMA Corporation, (319) 362-9177 « IL,
Rolling Meadows, Sumer, (312) 991-8500 e« IN, Indianapolis, Eiectronic
Sales & Engineering, (317) 849-4260 » KS, Overland Park, PMA Corpora-
tion, (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 Marketir}%i (216) 659-3131 » PA, South Hampton,
Campbeli, (215) 322-6630 » Dallas, Data Components, (214) 358-
4288 « TX, Houston, Delta Components, (713) 783-6848 « Wi, Mil-
waukee, Sumer, (414) 259-9060 « Canada: Ontario, RFQ, Ltd., (416)
627-1445 « Quebec, RFQ, Lid., (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 Industrys First 25-MHz Memory Test System

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 a new 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
o 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

Unique Device Interface
e 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

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

<
»
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System Timing Accuracy
* skew specification guaranteed over 20% to
80% of waveforms, not restricted to a
single midpoint measurement

o 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
e 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

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

Get the Facts

industry’s fastest memory tester, but
it is the precursor of a whole new
generation of test systems. For more
information on this advanced

new system, send for a copy 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

Chemical reaction produces
color change in new ceramic
material; passive display can
be read in bright sunlight

Most research into electrochromics
has aimed at liquid displays, but this
once-promising technology has ‘hit
long-term chemical degradation
problems that appear to have no
solution,” according to Mino Green,
who heads up work on alternative,
solid-state electrochromic displays at
London’s Imperial College. Now a
solid-state technology looks set to
steal the limelight, thanks to the
development of a new class of
ceramic compounds—called super-
ionic conductors—and a broad, in-
terdisciplinary attack on the subject.

Work with test cells has been
encouraging, and, says Green, the
first experimental solid-state elec-
trochromic display, in which deep-
blue seven-segment numeric charac-
ters will be chemically formed on a
white ceramic background, could be
working within twelve months at the
Imperial College Department of
Electrical Engineering.

Unlike other technologies, the
electrochromic display operates by
producing a chemical color change.
“We are shifting atoms around and
not electrons,” says Green. Conse-
quently the displays are passive and
cannot be washed out by bright
sunlight, as are light-emitting diode
displays. This factor, plus an “aes-
thetically pleasing appearance,” may
make them useful in such applica-
tions as car dashboards, he adds. In
addition, they only consume power
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during read-write operations.

Starting point for the solid-state
electrochromic display is a new class
of ceramics developed initially for
use in high-energy-density sodium-
sulphur batteries. Called super-ionic
conductors, these hot-pressed ceram-
ics are used in batteries to separate
the reactants while at the same time
supporting a current flow between
them by the motion of sodium ions
through the separator wall. Ceramic
is ideal in the battery because it is
chemically inert, and that is what
makes it so attractive for electro-
chromic displays.

Test cell. In his first-generation
display, Green uses a sodium-alumi-
na substrate in which sodium ions
support an electric current. The
chromic compound is tungsten triox-
ide. This normally colorless com-
pound can absorb sodium ions, and

WORKING
ELECTRODE

CONTACT,

\

SODIUM-B-ALUMINA

as it does so, it turns a deepening
blue. “A complete ‘gray scale’ is
possible” says Green.

An electrochromic cell is formed
by radio-frequency sputtering a I-
to-3-micrometer-thick tungsten
trioxide layer onto the top and
bottom surfaces of the ceramic
substrate. Connection to the chromic
surface electrode is made through an
indium-tin-oxide layer sputtered
onto the surface which yields a
transparent conductive coating and
assures uniform coloration.

The display is written into by
applying a negative-bias voltage be-
tween the display-surface working
electrode and the counterelectrode.
The resulting current flow transfers
sodium ions from the ceramic sub-
strate into the tungsten trioxide
layer, where they are chemically
absorbed, causing a deepening color

REFERENCE
ELECTROOE SR
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«

CONTACT, -~

COUNTER

_\_C

1

\.
- SILICON
DIDXIDE

ELECTRODDE

Bright future. Test cell produces blue display on white background. Coloriess tungsten
trioxide darkens as it absorbs sodium ions from sodium-alumina substrate.
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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 temper-
ature-sensitive and can vary from |
second at room temperature to Yo 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 a hell of a long 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 technolo-
gy 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 char-
acterized device. At the same time
work will progress on second-genera-
tion technologies. O

Japan

Facsimile and voice
system links offices

Electronic mail service may be only
a gleam in U. S. Postmaster General
Bill Bolger’s eye, but in Japan one
private system is already proving its
economy. Installed by Nippon Elec-
tric Co. at the main headquarters
and branch offices of Nikko Securi-
ties Co., one of Japan's Big Four
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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 tele-
phone lines.

Not only does the system transmit
messages instantaneously at lower
cost than mail or teletypewriter
services, but it also can support tele-
phone 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 NEAX-
51 integrated electronic exchange
that switches both speech and data.
Right now one exchange is being
used in a star network because most
messages originate at headquarters
in Tokyo. More terminals will be
added as needed; the system can
support as many as |,000.

Storage and forwarding. Four 100-
megabyte 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-priori-
ty 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 multi-
drop branch lines. Since one termi-
nal 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 simulta-
neously or to any individual termi-
nal. Also, cost is an order of magni-
tude lower than a previous system
that had an individual circuit for
each terminal.

Terminals. NEC’s Nefax-6000 dig-
ital facsimile terminals have sepa-
rate transmitters and receivers with
a resolution of eight lines per milli-
meter. Redundancy reduction cir-
cuits enable the terminals to trans-
mit a standard letter-size page of
text with this high resolution in less
than a minute at a data 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 charge-
coupled-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 cod-
ing.

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 manu-
facturing 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,
LN \ including the DATAWEST line of array processors. Field proven
y standard modules (plus custom interface circuits if needed) can

be assembled to provide reliable, cost-effective systems to meet
4 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

For information I
DA1'AWE ST regarding DATAWEST products,

contact David Long, Director of Technical Marketing
CORPORATIO N,, 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
lines. It then transmits the type of
transition from point to point (from
black to white or vice versa), as well
as the run length from one transition
to the next. Because two adjacent
lines on a page generally have a very
high correlation, processing two lines
together greatly reduces the redun-
dancy of transmitted information.

At the receiver, the signal is
decoded to give a replica of the
pattern on each line and is electro-
statically printed on coated paper by
means of a multiwire stylus.

Both the transmitting and receiv-
ing terminals use 8085 microproces-
sors for input/output control and
automatic self-diagnostic functions.
The transmitter console includes a
10-key pad for selecting destinations,
various function switches including

selection of facsimile or phone, and a
journal printer for confirming input
information and certifying ad-
dresses. Among the microprocessor’s
functions in the receiver is genera-
tion of patterns for message serial
number and time of reception.
Studies by NEC compare the cost
of running the service with that of
postage for special delivery, which is
normalized as 100. On this basis, the
facsimile system operating cost, in-
cluding paper and power, is about 5,
and the cost for direct labor is also 5.
When more than 1,000 messages a
day are sent, the sum of these two
costs exceeds fixed costs, which are
system depreciation and line
charges, and total cost per message
is less than 20, or less than a fifth
the cost of sending a special delivery
letter. O

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 Preh-
Werke. By allowing direct silk-
screening 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 a cost advantage over film
circuits on ceramic or foil substrates.

Using the Seri-additive technique,
which derives its name from serigra-
phy, or silk screening, multilayer
arrangements and crossovers on both
substrate sides can be produced as
well as plated-through holes. Resis-
tors can be made in a wide 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 coef-
ficient 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 O to
=800 ppm/°C for values greater

70

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 enter-
tainment electronics industry.
Large-volume production will get
under way this year, says Wolf-
Erhard Steigerwald, senior vice pres-
ident 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 Stei-
gerwald. Not only does this increase
component density, but it also elimi-
nates the need for manual or auto-
matic component insertion and cuts
labor and device costs. The cost
benefits vary with the application, he
notes. “But generally, a Seri-additive
circuit with a number of fixed resis-
tors 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 simi-
lar goals. Among the most notewor-

thy rival techniques devised so far is
the U. S.-developed polymer thick-
film (PTF) 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 conduc-
tors made of the PTF paste do not
readily take to solder. The new tech-
nique achieves good solderability by
selectively coating the conductors
with a metal layer, preferably cop-
per, in a galvanic- or chemical-depo-
sition 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 con-
ductor, a result of the different
expansion coefficients of the materi-
als 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 a special resist layer and
by using a special thermoplastic.

The proprietary thermoplastic
substrate is nonflammable and resis-
tant 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-lami-
nate 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 com-
pound 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 a polymer 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 require-
ments. The EMM MICRORAM 3500 multi-
configuration memory makes all that pain
unnecessary.

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.

The outstanding characteristic of the 3500,

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

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 a con-
figuration to solve your Emm
memory system problems.

EMM cSp 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 conduc-
tor areas accept tin on passing
through the solder bath.

Conductors are made of a polymer
and metal-oxide paste in the third
method. After screening and curing,
they undergo a galvanic or chemical
process that deposits copper or nick-
el layers selectively on them. These
layers make the conductors electri-
cally conducting and at the same
time solderable. In all three methods
the curing process takes place at
220° t0 250°C. O

Canada

Feed-forward amp
stretches TV link

At 145 miles, the new coaxial cable
television transmission system link-
ing the capital of Canada’s Manito-
ba province with four rural commu-
nities 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 cqual 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, a design specialist for

installed the cable.

“Until now,” he continues, “con-
ventional cable TV was limited to
about 30 miles by the buildup of
noise and distortion in the cascaded
amplificrs. We expect our ampli-
tude-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 111 Electronics of Vancou-
ver, British Columbia, uses a phase-
distortion 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 feed-
back is so common that the feed-
forward concept has been neglected,
Rohne says. Moreover, it was not
possible until recently to get the
needed well-matched integrated-cir-
cuit amplifier chips. And, according
to Ronald Solomon, engineering
manager at Century I, the firm’s
delay lines use lumped inductance-
capacitance circuits instead of coax-
ial dclays—a far more practical
approach for shaped delay.

A typical feed-forward amplifier
(see figure) consists of a preampli-
fier, 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 a suitable delay through

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 nced to be perfectly matched,”
Rohne says. If this is done success-
fully, from 20- to 30-dB improve-
ment 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 video-
display circuit with hard-copy out-
put 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

Manitoba Telephone System, which delay line 1. The extracted error wait for optical technology.” O
DIRECTIDNAL DELAY DIRECTIONAL
AMPLIFIER > COUPLER LINE » COUPLER |——»
2 2 a RADIO
FREQUENCY
] [ OUTPUT
RADIO 3
FREQUENCY -
) DIRECTIONAL DELAY DIRECTIONAL
——— AR »1  COUPLER g U »|  COUPLER »| AMPLIFIER
1

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 a feed-forward amplifier to boost performance.
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New GE-MOV'li

Varistors for

improved transient

protection... via tighter clamping.

Original

New GE-Mov" I

Vatistor
New GE-MOV® || Varistors incorporate improved For a free design kit and samples of your choice,
processing methods which offer significant perfor- write, stating your application, current and voltage
mance advances in (1) clamping voltages, (2) current requirements, to General Electric Semiconductor,
handling, (3) transient energy dissipation . . . and c/o Bruce Bradley, West Genesee Street, Auburn,
yield the best combination of parameters for increased New York 13021, or call (315) 253-7321. In Europe
protection against voltage transients and improved contact The Electronics Trading Co., County Louth,
circuit reliability. Dundalk, Ireland (042) 32371, Telex 6500. 222-10
For example, the popular 120 volt V130LA10 has ®Registered Trademark of General Electric Co.
been upgraded in energy from 10 to 30 joules, peak
current handling from 1000 to 4000 amps . . . and

with no price increase!
GE-MOV® || Varistors clamp dangerous voltage

transients and dissipate them as harmless heat Theres more

thereby protecting expensive and voltage sensitive

components. to GE semiconductors
GE-MOV ® || Varistors are available from any autho- than meets the eye

rized GE Semiconductor Distributor or from any
GE Electronic Components Sales Office.

GENERAL @3 ELECTRIC
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FOR RENT

Intel's amazing new generation

Intellec” Series II

Microcomputer Development Systems
... everything you'll ever need to
develop a microcomputer-based product.




Rental Electronics, Inc.

I want to know more about the Intellec Series II now!

Tell me more about: (0 Model 230 [0 Model 220 O Model 210

Call me at

O Send me a copy of your free illustrated Rental Catalog.

O 1 might be interested in buying—on a money-back guarantee —some of
your late-model, well-maintained “previously owned” equipment. Send me
your just-published Equipment Sales Catalog.

O Also, I have a pressing need right now for the following:

Please phone me immediately at
NAME__ = TITLE
COMPANY
ADDRESS
crey_ 0 STATE_____
PHONENUMBER____ = EXTENSION.

Complete this coupon and return it today to
REI, 19347 Londelius St., Northridge, CA 91324. GSA #GS-04S-21963 Neg







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 a unique combination of fea-
tures for a moderately priced 100 MHz
storage scope: Variable persistence for
clear viewing of dlitches and low-duty-
cKcle traces; storage for studying single-
shot events; and third-channel trigger
view for convenience in making
simultaneous three-channel timing
measurements.

Excellent variable persistence
means a bright, sharp trace you'd ex-
pect only on a nonstorage 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 auto-
matic, which means you simplify set-ups
and eliminate smeared displays of digital
data. It's a powerful tool for capturing
those elusive glitches in data streams. In
Auto store, your 1741A is armed, and
as long as the instrument is fully opera-
tional and powered, will wait indefi-
nitely, reaJ;o to store a random, single-
shot 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 a two-channel variable persis-
tence/storage scope.

For measurement
convenience, the

1741A has a selectable 50 ohm input in
addition to the standard 1 megohm in-
put. A 5X magpnifier permits two-chan-
nel measurements as low as 1 mV/div
to 30 MHz, without cascading. You can
even select a special modification (TV
Sync) to tailor this scope for TV broad-
cast and R&D applications. Priced at
$4250*, the 1741A is an exceptional
storage scope value.

Call your local HP field engineer to-
day for all details. And for low-cost var-
iable persistence/storage in a 15 MHz
scope, ask him about HP’s new 1223A.

[
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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 trouble-
shooting. Ask your
HP field engineer
about them.

HEWLETT@ PACKARD

t507 Page Mill Road, Palo Alto, Califormia 94304

For assistance call: Washington (301) 948-6370, Chucago (312)
255-9800. Allanta (404) 955-1500, Los Angeles (213) 877-1282
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The longest in our
ong line of laser firsts...

Bell Laboratorics
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 communi-
cations, We’ve also devised a way to
make these highly transparent glass
fibers generate light. In fact, they are
the basis for a new 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.

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 a fiber
Raman laser over a kilometer in
length. Studying the ways light and
glass interact over such distances is
part of our research in lightwave
communications.

In these new light sources, a glass
fiber with high transparency and an
extremely thin light-guiding region, or
core, is excited by a pump laser. The
pump light, interacting with the glass,
amplifies light at different wavelengths
through a phenomenon known as
stimulated Raman scattering. This
light is fed back into the fiber by a
reflecting mirror. If gain exceeds loss,
the repetitively amplified light builds
up and “lasing” occurs.

Fiber Raman lasers have
conversion efficiencies of about 50%,
operate in pulsed and continuous wave
modes, and are easily tunable over a
broad wavelength range in the visible
and near infrared regions of the
spectrum.

We’ve used these lasers to measure
the properties of fibers and devices for
optical communications; and studies
of the lasers themselves have revealed
a wealth of information on frequency
conversion, optical gain, and other
phenomena. Such knowledge could
lead to a new class of optoelectronic
devices made from fibers, and better
fibers for communications.
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Looking back

These long lasers come from
along line of Bell Labs firsts:

1957: The basic principles of the laser,
conceived by Charles Townes, a Bell
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 helium-
neon laser. (More than 200,000 such
lasers are now in use worldwide.)
Also, a proposal for a semiconductor
laser involving injection across a p-n
junction to generate coherent light
emitted parallel to the junction.

1961: The continuous wave
solid-state laser (neodymium-doped
calcium tungstate).

1964: The carbon dioxide laser
(highest continuous wave power
output system known to date); the
neodymium-doped yttrium aluminum
garnet laser; the continuously
operating argon ion laser; the tunable
optical parametric oscillator; and the
synchronous mode-locking technique,
a basic means for generating short and
ultrashort pulses.

1967: The continuous wave helium-
cadmium laser (utilizing the Penning
ionization effect for high efficiency);
such lasers are now used in high-speed
graphics, biological and medical
applications.

1969: The magnetically tunable spin-
flip Raman infrared laser, used in high-
resolution spectroscopy, and in
pollution detection in both the
atmosphere and the stratosphere.

1970: Semiconductor heterostructure
lasers capable of continuous operation
at room temperature.

1971: The distributed feedback
laser, a mirror-free laser structure
compatible with integrated optics.

1973: The tunable, continuous
wave color-center laser.

1974: Optical pulses less than a
trillionth of a second 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
tuning range of the free electron laser
into the far infrared region—where no
convenient sources of tunable
radiation exist.

We’re working on integrated
optics—combinations of lightwave
functions on a single chip.

Lasers are helping us understand
ultrafast chemical and biological
phenomena, such as the initial events
in the process of human vision. By
shedding new light on chemical
reactions, atmospheric impurities, and
microscopic defects in solids, lasers
are helping us explore materials and
processes useful for tomorrow’s
communications.

Also under investigation is the
use of intense laser irradiation in the
fabrication of semiconductor devices.
The laser light can be used to heat
selective areas of the semiconductor
and anneal out defects or produce
epitaxial crystalline growth. Laser
annealing coupled with ion
implantation may provide a unique
tool for semiconductor processing.

We’ve played an important part in
the discovery and development of the
laser—an invention making dramatic
improvements in the way our nation
lives, works and communicates.

@ Bell Laboratories

From Science: Service
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Biomation’s K100-D-- 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 10ns-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 analyzerever.

PR — ' It starts with the micro-
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processor-controlled key-
board and interactive video

e ( e display. To give you fast,
j m [- - precise control, the display

— — - . = servesasa comprehens}xlve
e s wmwen wen control status menu, wit
_‘TJ :] - - . all selectable parameters

o :’ = ;'AM -n;v o in revTrsle &glleod' Pere,s

: a single, labelled key
K =l = for each function, corre-
sponding 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 ASCI,
or any combination, by selecting one of four control buttons
There's also a unique “sequence” key that enables you
to rearrange the order in which channels are displayed, to
aid indata decoding, to simplify side-by-side comparison
of timing signals and to enable you to cancel any channels
youre not interested in seeing. A separate key controls
horizontal expansion
That gives youan idea of the K100-D's display versatility.

Here's a picture of its astounding capture capability.

By providing timing
analysis of signals as fast
as 100 MHz, you can
capture logic signals with
resolution to 10ns. And
the 100 MHz clock rate
protects against obsoles-
cence as the speed of your
systems gets faster and
faster. The K100-D also has
a latch 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 a reference mem-
ory.Or using Search Mode
you can key in a specific
word and the K100-D will
find it in memory

To get the fullimpact of
the K100-D, you really
do need to have it at your
fingertips. That's why
we would like to arrange
a demonstration. 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

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 rescarch-
ers are working hard to supply them.

While it has been common prac-
tice 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, a designer might want
to put an operational amplifier IC in
a sensor 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 tech-
nology,” 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 semicon-
ductor 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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by Nicolas Mokhoff, Components Editor

commercial ICs at the higher 200°C
temperatures. Once this proves pos-
sible, it calls for minimum design
changes and minor process modifica-
tions 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 pres-
ent state-of-art feasibility for a high-
temp technology and recommend the
ICs and the minimum modifications
needed to make them work. Whether
high-speed bipolar, complementary-
metal-oxide-semiconductor on sap-
phire, or even integrated injection
logic will come up as a sure winner is
hard to tell at this moment.”

Following the completion, open
bids will go out to commercial IC
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 read-
only memories, op amps, |2-bit
analog-to-digital converters, power
amplifiers and power supplies, as
well as a slew of passive components.

Also, the Naval Research Labora-
tory is conducting an in-house inves-
tigation 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 metalization
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° and 10*

HA-2600 OPERATIONAL-AMPLIFIER PERFORMANCE

—55° to 125°C
Input offset voltage 6 mvV
Input bias current 30 nA
Voltage gain 70K
Common-mode
rejection ratio B0 dB
Positive-power-supply
rejection ratio 80d8
Negative-power-supply
rejection ratio 80d8
Supply current 3.7 mA

25°C 200°C
measured value measured value
12mv 19mV
6.5 nA 100 nA
166 K 1BO K
92 dB B6 dB
100 dB 90 dB
102 dB 91dB
2mA 3.6 mA
SOURCE HARRIS SEMICONOUCTOR
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Probing the news

hours—and that falls short of our
reliability goals of 300°C with an
MTBF of 10° to 10¢ hours.”

Pioneer. A pioneer of high-
temperature electronics has been
Sandia Laboratories in Albuquer-
que, N. M. There, researchers have
tackled problems of components
used in geothermal well-logging in-
struments for the last 2'% years.
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, manufac-
turing 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 gener-
ated by hot steam sources,” Palmer
points out. *“And there are numerous
other places that depend on geother-
mal energy.”

The other major area for high-
temperature electronics is the oil-
well drilling industry, where the
returns could prove lucrative. Palm-
er foresees an initial market of $20
million to $30 million a year, 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 pro-
gram, building and testing high-
temperature ICs: Harris Semicon-
ductor, RCA Corp.’s Solid State divi-
sion, and National Semiconductor.
That could stem from the fact that
there are a limited number of manu-
facturers that have military radia-
tion-hardened capability, an easier
stepping stone to hot ICs.
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Gate delay. These figures are from an PPL 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 manu-
facturer taking the deep plunge by
making standard-line devices speci-
fied 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 elimi-
nates all the parasitic active devices
inherent in the more common junc-
tion isolation, as a result of the extra
junction required to perform the
isolation function. This becomes
increasingly important at high tem-
peratures, where increased substrate
resistance, increased Hgg, increased
leakage current, and reduced Vg
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 contem-
plated by Harris are quad op amp
and quad comparator packages. Si-
multaneously, 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 high-
speed bipolar line, as well as possible
C-MOS-on-sapphire candidates.

Not one process technology is
being bypassed in this search. Even
though dielectric isolation looks
promising, C-MOS and I’L are also
heavy contenders. Bulk ¢-MOS,
however, has been shown to be
susceptible to electrical- and radia-
tion-induced latch-up, with the re-
sult that standard C-MOS devices
latch up at high temperatures. But
this can be eliminated with mini-
mum redesign, according to Palkuti.

GE, which will be surveying the
industry’s process technologies for
the Naval Research Lab, seems to be
leaning toward 1%L, a technology 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-tempera-
ture ICs. But GaAs is known for its
ability to withstand temperature
excursions up to 450°C or 500°C.
That quality should keep the materi-
al in the forefront of the race. O
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THE BEST-KEPT SECRET
IN OPTO-ISOLATORS.

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

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

—

—

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.

[ e | S l . - | R
| Number l Ratio % Voltage 1 Description Channels i Number [ | Ratio%® | Voliage [ Description _Char;n_els ‘l
[ 1 | 20 2500 Photo Transistor 1 N2 | 500 | 2500 | Photo Darlington 1
IL-5 50 2500 " T B _1‘ [ an32a T s00 | 2500 | _1'7 I ]
IL-15 6 1500 " 1| N33 | s00 LISOO | [
IL74 | 125 1500 " L | [0 1000 1 2500 | HighSpeed7sns | 1|
| 4Nz | 20 2500 " | TR 1000 1500 High Speed 200 nS. 1
4N26 20 1500 0 1 | ILCTs6 l 20 t 1500 Photo Transistor | 2 J
aN27 10 1500 " 1 ILD74 12.5 1500 " 2
4N28 10 500 " | , :j1L074 1 125 ]L_I_SOO_ B D -j 4 ]

litronix

AN AFFILIATE OF SIEMENS

THE LIGHTS FANTASTIC
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and Control 1/0 System

for all your signals.

The newest member of t
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only used in measure control applications.
contact closures, TTL or other voltage levels,

y inputs and low-level analog voltages. Its outp
contact closures, voltage levels and analog. In
n, the Series 500 provides the interface to the
controlling computer and a serial data link to remote sy

M in which the computer can
d control words to operate
urned to the computer over
etely integrated and cabled
ilable for most compu
able for most popular

em provides a sin

for any combination o
e with plug-in function
s to be handled - up to 16 fu
ndable to 256 function cards per site.
s any of the Neff 620 systems for low-level
isition.

how the Series 500 can simplify the

of your measurement/control application.

Circle -84 on reader service card



Probing the news '

Electronics abroad

French paint a mixed picture

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

Forecasters in France have dubbed
1979 the year of the phony recovery.
The phrase reflects uncertainty de-
spite forecasts that the Gross Na-
tional Product will expand between
3% and 3.5%, because alongside that
modest growth figure are much larg-
er 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 a phony recovery
for two reasons,” says Alexis West-
ermann, marketing director for ITT
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 Radiotechni-
que-Compelec, the major compo-
nents 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 squab-
bling left-wing parties in the legisla-
tive 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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by Andrew Lloyd, McGraw-Hill World News

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 govern-
ment 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 automa-
tion 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 inte-
grate 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 per-
formance is production and control
equipment, forecast to rise only 4%.
(Percentages are not adjusted for

FRENCH ELECTRONICS MARKETS FORECAST
(IN MILLIONS OF DOLLARS)

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

Total components
Passive and electromechanical
Discrete semiconductors
Integrated circuits
Tubes

1977 1978 1979
6,249 7121 8,070
1,846 2.068 2,261
1,538 1.841 2,223
2.260 2,564 2885
202 222 242
173 180 192
170 181 198
60 65 69
1.324 1474 1,645
757 835 918
166 181 204
174 204
227 254 81

Note: Estimates in this chart are the consensus nstimates of consumption of electronic equipment obtained
from a survey made by Electronics magazine in September and October 1978. Domestic hardware is
valued at factory sales prices and imports at landed costs. Exchange rate: S1 equals 4.50 francs
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NOW!
Measure
de, ac and
ac-on-dc
current vit
the F.W. Bell
current Gun
probe

on your
voltmeter,
multimeter or scope.

This new clamp-on probe lets
you read from O to 1 kHz and
from O to 200 A, accurately,
safely, quickly. No disturbing

the circuit or insulation. Clamps
over conductors up to %" dia.

Write for full specs today.

ELL e

4949 Freeway Drive East Columbus. Ohio 43229
Phone: (614) 888-7501 TWX: 810-337-2851
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inflation.) The stagnation—or
worse —comes mainly from the re-
luctance 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 televi-
sion. Sales of sets should bound up
again this year to reach nearly $990
million. This is good news for receiv-
er 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-and-
white 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 ma-
chines. French computer and com-
munications sales are likely to
receive a boost from a new program
of education and industry aid
announced by the government [Elec-
tronics, Dec. 21, 1978, p. 61].

Getting the word. Word-process-
ing 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 distrib-
uted data-processing systems, fac-
simile machines, and telephone-
related hardware.

The communications sector should
be a pacesetter among French elec-
tronics markets this year. Sales are
forecast to rise almost 20% to $2.22
billion, thanks largely to a 73% jump
in deliveries of electronic and semi-
electronic telephone central ex-
change equipment. Orders from the
government-controlled telecommuni-
cations agency have peaked. So

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

French telephone-equipment compa-
nies will be pushing hard for export
business.

Defense electronics figures to run
strong, but there will be slowing
home markets for items like broad-
cast equipment and air-traffic-
control 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 opera-
tions, is looking for a good first half
and a less 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 com-
ponents 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 a lot 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-semicon-
ductor production, and a joint ven-
ture between National Semiconduc-
tor and St. Gobain Pont 2 Mousson,
also to produce MOS circuits. O
Third in a series g Europ
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Awelcome
new concept in

oscilloscopes

HAVE YOU HEARD?

Digital Oscilloscopes Now Thoroughly
Outperform Analog 'Scopes, both
storage and non-storage, inthe band-
width range to about 10 MHz.

The improved performance appears
in many ways. Accuracies from 5 to
50times greater (depending on plug-
in unit). Resolution 2 to 160 times
greater. Storage that's superb; non-
volatile, adjustment-free, quick, to
provide from 400 to 3200 times as
much stored information.

Digital oscilloscopes are easier to
operate than any remotely compara-
ble analog 'scope. And, they are
amazingly versatile; doing just what
you'd expect any ‘scope to do, plus
many extraordinarily useful measure-
ments that are impossible with ana-
log 'scopes.

Without question, the best digital
‘'scopes in the world, by a wide margin,
are Nicolet's EXPLORER series oscil-
loscopes. There's one to meet your
needs, in the models and plug-ins
described below.

THE PLUG-IN UNITS

Each Has Touch-Button Storage Con-
trol. Touch a button to store your
choice of the next, or the last pre-
ceding, waveform. Touch another but-
ton to return to live action. All plug-
ins have retroactive sweep trigger.
This means that when you wish, the
waveforms displayed show what pre-
ceded the sweep trigger — and also
what followed. Each has conven-
tional trigger controls, sweep speed
controls, and amplifier controls. All
models permit you to see live wave-
forms superimposed on a stored wave-
form for high precision comparisons.
The two input models display and
store both signals simultaneously.
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Model 204-1
CLLEE and 204-2
3 "™ Theseareone and
. _w=_ two input units,
- O mme  with 50 ns rise
0 e o times, and 10 MHz
——8 2 bandwidth (3 db
Q. 3 norm). Resolution
-~O~ - is 0.4% and accu-
=/ 2™ racy £0.5%0f F.S.
o - |-

Equivalent storage
writing rate (ES-
WR) 50 cm/usec

Model 206-1

| IIIQ
T T 7" and 206-2
%' 8 [=C These are one and
| l; ?ﬂ! C‘] two input units with
: | I

differential ampli-
. U fiers, 500 ns rise

v B E-L ™ time and ESWR
g '=|'_ (j] 5 cm/usec. Reso-
@L S| e} Ution is 0025%,

34,_ accuracy 0.2%.

Minimum observ-
able signal amplitude 50 uv. 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.

Model 201
This unit provides two input channels,
50 KHz bandwidth, ESWR 500 cm
ms, 5 uv minimum observable signal
Otherfeaturesare 5 uv/hour; 2 uv/°c
drift; 10° input impedance; excellent
CMRR; and =0.05% accuracy and
0.025% resolution

MAIN FRAME

Both EXPLORER Il and EXPLORER
11l Provide Zoom-In Display Magnifi-
cation 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 IlI has a third bay, which
can accept either a plug-in disk re-
corder, or interface buss circuits, or
both. Choice of IEEE 488, RS 232
or parallel 12 binary.

NICOLET
= INSTRUMENT
GORPORATION
OSCILLOSCOPE DIVISION

5225 Verona Road, Madison, Wisconsin 53711
Telephone: 608/271-3333
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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 a decade 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 com-
puter architecture.

With the growing power of semi-
conductor devices making computers
increasingly similar and less costly,
it is the systems and applications
software offered that separates the
various vendors’ machines and ac-
counts for more than half of their
development budgets.

Furthermore, the software invest-
ment inherent in the design and
marketing of microprocessors and
microcomputers has added the semi-
conductor 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 archi-
tecture—a mixture of hardware and
software —which uses much micro-
code. 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 a major 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., West-
boro, Mass., with violating the anti-
trust laws with its software licensing
agreements. Fairchild was one of the
first of a growing 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 a truth table is usually also required.

Under either method of protection, the companies generally license
customers to use the software on a specific model of a machine. 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 emu-
late 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 poten-
tial manufacturers of microproces-
sors and board-level processors
which emulate any of the Nova line
of computers™ by “‘creating a scheme
of legal entanglement and threats
whereby any company which has
acquired a Nova computer ... will
be deterred from purchasing any
Nova-compatible processor manu-
factured 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 can-
not be patented —the Supreme
Court reaffirmed that decision last
October —computer companies have
been using a collection of other tech-
niques (see ‘“Modes of software
protection™). Software can now be
copyrighted, but this is not consid-
ered as absolute a form of protection
as a patent because only the expres-
sion is protected —not the content of
the program or the approach taken
to solve the problem.

Software licenses have thus be-
come the primary means of protec-
tion and are widely used often in
addition to a copyright notice by
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Teradyne finds the practical solution.
No. 9 in a series.

The test system administrator

A sensible way to manage multiple fest systems.

These days it isn't uncommon for a

semiconductor plant to have on \
line a dozen or more test =N =
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systems, each with its own %
test program library andits ¥ \(__——
own data output terminal. g <
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performed in real time
for fastest possible util-
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and translating jobs as well as its primary
management function.

The TSA has enough data-processing
capability to develop multiple Shmoo plots,
multiple ADARTS (distribution analyses),
and the like, and the processing is
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BACKPANEL
SYSTEMS

FABRI-PAK ™ multi-pin backpanel
systems feature a complete 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.

ﬁi FABRI=TEK nc.

NATIONAL CONNECTOR DIVISION

9210 Science Ctr. Drive / Minneapolis, MN 55428 /(612) 533-3533

I

I

I

I

I I'm interested in FABRI-PAK | Commercial | Military
| Send literature [ Call me
I
I
I
I
|

NAMEANDTITLE
COMPANY
ADDRESS

CITY ___ STATE________ ZIP
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Prbbing the news

both minicomputer and mainframe
manufacturers. This makes the anti-
trust charge the crux of the case. “It
certainly would help to know wheth-
er 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 soft-
ware 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 de-
signed 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 espe-
cially crucial to microprocessor mak-
ers, since it is one of the primary
basis of comparisons between ver-
sions.

In another case, National Semi-
conductor Corp., Santa Clara, Cal-
if., is suing Digital Equipment Corp.,
Maynard, Mass., claiming that four
of Digital Equipment’s PDP-11 pat-
ents are invalid for a variety of
reasons. This lawsuit is intended to
clear the way for National’s market-
ing 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 pe-
ripheral devices to the Unibus. Since
bus structure in general incorporates
both hardware and software, it
represents one of the intangible
aspects of a computer’s architecture.
As Crary notes, “Patents on soft-
ware 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 pat-
entability.”

DEC filed a countersuit last month
charging National with “wilful and
deliberate” infringement of its pat-
ents. In addition DEC points out in its
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Has your
- powet supply \
1’%5 :wfndor =
eft you
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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 a decade in major Military
and Space programs, these proven 1" x 17 x 2”
modules meet the toughest specs for size, weight,
performance and environment.

If you have a power 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!

/” ) e

5
POWERCUBE CORPORATION

EIGHT SUBURBAN PARK DRIVE
b POWERCUBE - vscusems o

A SUBSIDIARY OF UNITRODE CORPORATION (617) 667-9500
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Bowmar's new analog APM-100
It gives you what other |
panel meters don't

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. Unigue. 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!

Pr;bing the news

’ court papers that two prior court
challenges of the patents by Califor-
l nia Data Products and Lockheed
Electronics “‘terminated in consent
decrees of validity and infringement
| with injunctive relief against further

infringement.”
What makes the protection issue
| involved in these cases more signifi-
cant is the increasing number of
companies marketing hardware that
emulates another company’s com-
puters. Although applications pro-
) grams 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.

L R N R RN r I I m

Rugged. easy-to-mount.
14 standard ranges: 8 scales
Custom scales available.

Yet this system software, which
increasingly determines the charac-
teristics and performance of a com-
puter, can now be run on an emulat-
ing machine, thus making it, too,
subject to piracy. Since this repre-
sents a growing portion of the
computer and semiconductor compa-

— - 0
Bowmar/ALl Inc.
531 Main Street, Acton, MA 01720
-] 617/263-8365 / TWX: (710) 347-1441 ‘
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Xciton's a d Ilquld phase epitaxial
manufactdfing lines produce the
world's bnghtest green LED lamps
luminous intensities of 24 mcd can be
obtained with drive currents of 10mA.

Xciton's green LED can be used
interchangeably with existing red LEDs
without change in drive currents,

High efficiency green LEDs are avail-
able in the standard T-1 3% and 7.1
package — for volume applications and
custom needs.

Spec sheets for Xciton's other
Dptoelectromc products such as
High Performance LEDs, Resistor LEDs.
Tri-State LED, High Output Infrared and
Visible Emltters LED Hybrid Numeric
Displays and materials . . . are available
from your Xciton Sales Representative
or the factory direct call

Cliff Jurus at

XI:iInn Corp.

5 Hemlock St., Latham, N.Y. 12110
(518) 783-7726, TWX: 710-444-4962
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|P.O. Box 669, Hightstown, N.J. 08520

ISend me copies of “Design
|Techniques for Electronics Engineers"
|at $15.95 per copy.

| must be fully satisfied or you will refundl
'tull payment if the book is returned after ten-|
day trial examination. |
IO Payment enclosed D Bilt firm I Bill me|
Charge to my credit card:
|3 American Express [J Diners Club
|0 BankAmericard [J Master Charge

=Acc t No Date exp.
IOn Master Charge only,

first numbers above name

|Name Title
IConjpanv

|Street

I City State
| Signature
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not want to add fuel to the antitrust
fire. As for its instruction set, 1BM
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 pro-
tection. 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 market-
place on price and performance
grounds. O

| ny’s development outlays, system
1 IFrom Electronics . l l sc))/ftware bgcomes as zriticﬁl to
Magazine Book Series. : | protect as the schematics of the logic
h @ ' 1Zero-risk trial offer. } circuitry.
| Design Techniques | Although 1BM Corp., Armonk,
! for Electronics | N. Y., also uses machine-specific
: E:agliﬂ:ﬁ)%fs-t. | : | licenses, it has never legally chal-
| T e | | lenged a user of any of the many
| “Engineer’s | | processors compatible with its Sys-
I Notebook.” A | | tem/370. But most agree that is only
| Zgizt:,o:,s:bfe'm | | because the company, which is
24 med ) : solutions. $15.95 I | already charged with antitrust viola-
@ 10mA [Electronics Book Series : tions by the Justice Department, did
I
I
I
I
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HARD WORKING ECONOMY
OR HIGH PERFORMANCE
VERSATILITY-

THE 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, 1 mV 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

range of fixed and multispan voltages and tem-
peratures. The Model 110 features a litetime
guaranteed fine line thermal pen, roll paper and
is available for rack mounting or portable opera-
tion.

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 cali toli free: (800) 325-6400, ext
77. In Missouri: (800) 324-6600.
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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 a unique advan-
tage: 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 propri-
etary parts from either side of the
Atlantic. For example, this spring,
the Santa Clara, Calif., firm expects
to launch the first of its Z8000 prod-
ucts built around the 16-bit micro-
processor that parent AMD is second-
sourcing from Zilog Inc. [Electronics,
Sept. 14, 1978, p. 52], according to

Robert Sumbs, director of market-
ing, and James R. W. Clymer, man-
aging director of U.S. operations.
Z8000 products will include evalua-
tion boards and development sys-
tems, they add.

But even with its powerful paren-
tage, 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 enter-
prise. 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 microcomput-
ers 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 Gosch
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manager has yet to be found since
Anthony Holbrook left in November
to become AMD’s vice president of
bipolar operations. Leo Dwork, for-
merly manager of AMD’s bipolar
division, is acting as general man-
ager to help take some of the load off
AMD president W. J. (Jerry) Sanders
II1, who is also AMC’s chief execu-
tive officer. Clymer, formerly AMD’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 a profit-
able board business probably will
take longer than AMC thinks.

Competitors generally refrain
from commenting publicly about the
new company. However, a source at
one large East Coast board maker
says, “AMD is a noted bipolar chip
maker, so AMC has the proven 2900
microprocessor. Unlike most compa-
nies starting out in this field, they
have experience and resources be-
hind 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-equip-
ment manufacturers,” Sumbs de-
clares. On the other hand, part of the
market also lies in selling to “labora-
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FPS Exp;‘:lnds the-Scientific Universe
of PDP-11 Applications -

SIMULATION

200 x INCREASE

IN THROUGHPUT +

The FPS AP-120B Array.Processor

A greut contribution to technology. the
DEC PDP-11". but it cun’t give you the
computational power required for muny
scientific upplications. That’s why FPS
developed the AP-120B Array Processor.

The AP-120B Array Processor gives
economicul minicomputer systems the
extraordinury computational power of
large scientific computers. For example,
an AP-120B has been used in a PDP-11 34
system to reconstruct and anulyze com
plex digital images. Without the AP
120B. the task would tuke more than two
hours. With the AP-120B. it tukes less
than thirty seconds that's a 240X
improvement!

A PDP-1170 und AP-120B would offer

evengreater duta handling capabilities.
The FPS urchitecture is no secret. Inter
nually synchronous operation und seven
purallel duta paths provide unequalled
cost performance, reliability, and pro-
graummability. Programmable 1 O units
also enuble exceptional features, such
as direct control of disc¢ storage and real
time data flow.

Controlled by simple subroutine calls
from a FORTRAN program in the PDP-11,
or other host computer, FPS Array Pro-
cessors can he 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.

. FPS MAKES GREAT COMPUTERS BETTER

Hundreds of FPS Array Processors arein
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 main
frame for their application.

Find out how this new power in comput
inry (typically under $50K complete) can
benefit your application. For more
informeation and an FPS Array Processor
hrochure, use the reader response
number or coupon helow, Forimmediate:
consultation, contact Floating Point
Systems directly.
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The Age of Array Processing Is Here...und FPS Is The Array Processor Compuny.

Floating Point Systems, Inc.
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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 erlcontralfonctions,

a controller board run by its own

* Design factors affecting microcircuit :
reliability » TTL, MOS, linear; SSI, MS, LSI; 8085A and designed to be a truly
intelligent peripheral, Sumbs says.

flatpacks, cans; plastic and hermetic seals
£ 2 Three boards are already out: the

» Screening for technology- and package- .
related malfunctions « Thermal-mechanical stress analyses ¢ Burn-in stress $595 95/6011, which can be added
to Intel boards to give them floating-

analyses ¢ Screening cost effectiveness ¢ Reject rate distribution « 104 pages

Probing the news

tory environments that buy one or
two boards each.”

To get that business, the company
created in its first year four Intel-
bus-compatible boards, led by the
9574000, which it calls the indus-
try’s most powerful single microcom-
puter board [Electronics, Oct. 12,
1978, p. 34]. In development is a
4005 version with less on-board
read-only memory and more periph-

* Ordering No. TRS-1, $30 per copy ($36 non-U.S.) prepaid

Reliability Analysis Center

RADC/RBRAC + Griffiss AFB, NY 13441 « Tel. (315) 330-4151; Autovon: 587-4151

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

" *3%

OF YOUR NET INCOME
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*TOTAL TAX BITE

Computed by estimating effect
of exemptions and subsidies

United States

Virgin Islands
OFFERS A TOTAL TAX PACI(AGE.

Benelits 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

INDUSTRIAL DEVELOPMENT
COMMISSION

MORRIS MOSES—DIRECTOR
P.O. Box 1692 EL 9-1 St. Thomas
UNITED STATES VIRGIN ISLANDS 00801
Phone 809/774-1417 Telex DEPTC OM 3470063

DO YOU QUALIFY?

write
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point capability, the 95/1032 32-k
random-access memory board, and
the 95/5032 32-K erasable program-
mable read-only memory board.

For even more processing punch,
AMC is considering a new 8085A-
based board designed as a central
processor board instead of a mono-
board computer. It would have 20-
bit addresses and 64 kilobytes of
memory so that it could track more
data. Another possibility is a super
78000 board based on AMD’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 compo-
nents are primarily updating the
machines they have, but there’s
surprisingly little interest among
8-bit users to stay machine-
language—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 comple-
mentary parts for their joint ven-
ture’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.  []
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ON THE BENCH,
THE MOST ADVANCED DVM.

IN SYSTEMS TOO.

03828 01017 mULTINETER

a1 Dol
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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 sub-
tract any numerical value to set
your prescaled units to the right reference point.

If you're looking only for a good/bad indication, use
LIMITS and key in both high and low tolerance values on
any function. After that you'll get a friendly “Hi, Pass or
Lo” reading at full accuracy.

The 8502A remembers its highest and lowest read-
ings. Leave it unattended on a stability test, for example,
then touch PEAK, Hi and LO later to observe the amount
of drift that occurred.

Want 6%2-digit resolution? Press Hl
RES and get iton all functions. This lets
you utilize the full instrument accuracy
—6 ppm on DC volts.

The 8502A is fast—up to 250 read-
ings/second on the bench, 500/second
in a system. This speed is put to work
to provide noise rejection through digit-
al averaging. Adding analog filtering
gives you up to 100 dB NMR.

Calibration memory is a Fluke ex-
clusive that saves time and money.

Circle 218 for information
Circle 97 for demonstration

Without removing the voltmeter or taking off covers, sim-
ple recalibration is done from the front panel in a few
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, a fea-
ture not available in any other precision DVM.

We even provide diag-
nostic error codes 1o keep
you out of trouble by iden-
tifying programming mis-
takes and hardware errors.

For systems use, we of-
fer more interface options
than anyone: |EEE 488, RS-232 or full parallel. And, a
switchable front/rear input option is available.

U.S. base price: $2595.

c "

Crror .

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) B.V., P.O. Box 5053, Tilburg,
The Netherlands. Telephone: (013) 673973. Telex: 52237.

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

6104-8002

®



A lot 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 a licensed 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 a supply that will be going strong
when you move into production.

j r— ——

Signal to Total Distortion DF331/DF332 Pair

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.

o
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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.

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.

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/B signaling
capability eliminates external circuitry

and further simplifies timing requirements. An
internal auto zero feature holds input

offset voltage to a minimum. And designers
working on conference calling PABX
applications will like our decoder’s fast conver-
sion rate. Since it operates four times

faster than the encoder, you can design with
multiple time slots to a single decoder.

Get us on the line: (408) 988-8000.

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.

T Siliconix

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

They’re solving big problems.

They’ve leamed what computer power is all about. HP’s System 45 desktop computer
provides the simplest, most direct way to a solution—from the problem in your mind to a final report
or plot, quickly and easily. That’s why more and more problems thought to need
a big computer are now being solved by System 45.
This powerful graphic, computational tool operates with a wide 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 a big computer.

or engineering environment. All interface cards, cables and I/0 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 a demonstration.

Hard copy record from CRT display  4-colat plot of three-variable data
of non-linear regression curve. in @ scattergram.

CRT grephic display of input Printer' Piotter output of
to Fast Fourier Transform. praiect schedule (GANTT chart)

HEWLETT ﬁ PACKARD

3404 E Harmony Road, Fort Coliins, Colorado 80525

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 9551500, Los Angeles (213) 877-1282
Ask for an HP Desktop Computer representative

Circle 240 on reader service card



Digital signal processing is here.




TRW takes another ste
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 VLS| technology. They're TTL
devices that bring all the advan-
tages 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 proces-
sing of video
signals,
you can
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.

Our inexpensive A/D conver-
ters 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 oper-
ating as flash converters, rather
than depending on tedious, suc-
cessive-approximation techniques.

Our TDC-1007J features full

Electronics /January 18, 1979

eight-bit resolution. It is a single
chip with 255 comparators and a
resistive voltage divider. Activating
a single device pin strobes

the comparators, encodes all their
binary outputs into an eight-bit
word, and stores the word in an out-
put latch. All this can happen 30
million times a second—now that's
video-speed data conversion!

The TDC-1007J provides four
output data formats and does
not require a sample-and-hold
circuit at the front end; it is unsur-
passed for both NTSC and PAL
color video systems

Our six-bit converter chip, the
TDC-1014J, is no falioff from the
larger device—it is made with
its own 63-comparator mask set
and features all the speed, linear-
ity, and utility of its big brother.
Use it for applications that call for
reduced resolution and cost—
like ultrasound, X-ray, radar, and
CCTv.

Both the eight-bit A/D and the
six-bit A/D are packaged in
industry standard DIPs. The larger
-1007J has 64 pins; the smaller
-1014J has 24. They are both
powered by +5V and -6V supplies;
the -1007J uses 2W and the

-1014J needs only 750mW. Both
are radiation hard.

The TDC-1007J (in 100s)
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 ali
monolithic devices.)

Like all TRW LSI products,
the TDC-1007J and -1014J are
available from stock at Hamilton/
Avnet. For more information,
send in the coupon or talk to one
of our digital signal processing
experts at 213/535-1831.

TRW LS| Products

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

Redondo Beach, CA 90278

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

Name

Company

D/ Dept Mail Code

Address

City

State Zip

TR w LS/ PRODUCTS

...for Digital Signal Processing
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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

through 100%. Modulate or sweep
the frequency through three
decades. Modulate phase plus or

competition. You'll see that, once
again, we've caught the other
guys napping.

minus 30 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

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

WAVETEK

Circle 104 on reader service card

versatile test instrument we make.
Model 148 contains two complete
generators: a main function
generator and a modulation
generator.

The main generator outputs
200pHz to 20 MHz with up to 30
volts peak-to-peak. You can
modulate the amplitude from zero

148
20 MHz AMIFM/PM GENERATOR MODEL

f ShLLP—
U
“, coN‘ me | .

i 13 .‘“ ‘ \ ‘
‘ _ MODULATION — war
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20MHz inthe AM, the PM,
and the FM.




Technical articles
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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

O 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 instruc-
tion, 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.
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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 similari-
ty allows the code to be more easily read, whether by its
author or by others, so that it is more painlessly modi-
fied, 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, high-
level languages make less efficient use of the computer.
In general, they require more time for execution and

105



APPLICATION
PROGRAM 1

1. Target. A well-equipped computer or development system uses a
nested hierarchy of software tools. System hardware is surrounded
by the operating system, which provides resource management.
Translators reside in the next level out with other utility programs.

more memory space—both often critical factors in
microcomputer systems. And although memory costs are
falling and system clock speeds are on the upswing,
space and time savings will remain important because
another trend is toward single-chip microcomputers
having built-in and hence limited read-only-memory
(ROM) space. Moreover, microcomputers are tackling
more real-time processing applications, where every
microsecond counts,

Also, from the programmer’s viewpoint, lengthy
programs in a high-level language can take a long time,
even an hour, to compile from source code into machine
language. About the only way to speed up the process is
to cross-compile on a more costly computer; but then
users often have to wait for access to the larger
machines, and during debugging that can be intolerable.

Evidently, then, an ideal high-level language for
microcomputer system design would have to have some
remarkable qualities. While producing compact, highly
efficient machine code, it would be generalized enough
to support good programming practices and be
machine-independent —requirements that tend to negate
each other. Moreover, if the language is to be compiled,
the compiler should be resident. That is, it should
execute on the same microcomputer that the software is
being developed for, to avoid the cost and inconvenience
of cross-compiling, or transferring programs from one
machine to another (see “Two types of translator,”
p. 108). Compilation time should also be as short as
possible, and this, too, is tough for a microcomputer.

One way of avoiding these problems is to opt for a
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macro-assembly language, which is at a higher level of
organization than assembly language but at a lower one
than high-level languages. Such a language assigns
symbolic names to lists of or to individual assembly-
language 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, a library of well-defined
macros may be more valuable than a high-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. Develop-
ment system manufacturers are aware that hand optimi-
zation 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 embed-
ding of assembly-language routines in their low-level
object code. The next article in this series, to be
published in the Feb. 1 issue, will be devoted to optimiza-
tion with assembly language.

Such high-level system-development languages now
come as integral parts of extensive software packages
supplied with major development systems. In some cases,
the software support available from chip makers now
approaches that of the minicomputer manufacturers.

Figure | shows the hierarchical structure of the soft-
ware tools available on a typically well-equipped devel-
opment system. This type of diagram can be drawn for
Intel’s Intellec, National Semiconductor’s Starplex, and
Zilog’s ZDS, among others. The concentric circles are
not stationary. Rather, they can be rotated so that
various paths can be assumed from the user environment
to the target hardware. The bull’s-eye represents the
hardware of the development system: the central
processing unit (CPU), the core and mass memories, and
the various peripherals. The next level out, with memory,
task, and input/output (1/0) control, is commonly called
the operating system.

It is customary to classify high-level languages in
terms of their suitability for either application or system
programming. Application languages are used for scien-
tific or business calculations, to manipulate mathemati-
cal or textual information, as Cobol does, for example.
System languages handle more basic machine operations
like tasking, memory management and allocation, and
process prioritization.

It is worth noting, however, that with regard to micro-
computers, the division between high-level application
and high-level system languages breaks down. On micro-
computers, languages like C and Pascal can be used
successfully for both purposes. Also, Basic, though
regarded as an application language, is being put into
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A macroinstruction, or macro, is a collection of assembly-
language 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 assem-
bly-language mnemonics with easier-to-read statements.

BSAL stands for Block-Structured Assembly Language.
It is part of a software system that contains a relocat-
ing/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 wouldsay 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 one-
to-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 assem-
bly-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

Ready-made macros

compiler. At present, it can run on any 8080 or 8085
microcomputer having at least 8 kilobytes of memory.
SMAL 780 programs can be written free form, in the sense
that statements may be written anywhere on a line or
across sevefal lines because carriage returns, line feeds
and comments are equivalent to blanks. As in BSAL, each
statement is terminated with a semicolon.

SMAL /80 also replaces assembly-language mnemonics
with easier-to-remember statements. To increment the
accumulator, it supplants INR A with + + A. (This is remin-
iscent 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 SMAL/80
Binary %01000001 B‘01000001
Octal - 0"101°
Hexadecimal #41 H'41" or X'41°
Decimal 65 D65’
Character YA C'A’ or ‘A’

ROM to direct the activity of microprocessors in intelli-
gent products, thus functioning as a system language.
One high-level language that has been widely adapted
for use on microcomputer systems is IBM Corp.’s PL/1.
Intel Corp. of Santa Clara, Calif., Zilog Inc. of Cuperti-
no, Calif., and Rockwell International Corp.’s Electronic
Devices division in Anaheim, Calif., offer the microcom-
puter 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/1, 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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first implemented as a two-pass cross-compiler that
generated down-loadable code for the 8008 microproces-
sor [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 attri-
butes 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

107



PROCEDURE -

GIN -REPEAT-FUNCTION - |F - TREN- CAE

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

Two types of translator

MACHINE

4

MACHINE

COMPI LERH ASSEMBLER ]I-)
COMPILHNTERPRETER

HIGH-
LEVEL
LANGUAGE
PROGRAM

)

MACHINE

R ——

|

INTERPRETER MACHINE

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 optimi-
zation.
® 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.

object code and the compiler is said to be slow. But the
language and the ISIS-1I operating system are also
praised for having numerous helpful user features.

To develop software on its MCZ series of microcom-
puters and its ZDS series of development system, Zilog
offers the PLZ family of two closely related languages.
The high-level PLZ/SYS is a procedure-oriented language
that blends elements of Pascal, Algol, PL/1, 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 a structured 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 a one-chip microcomputer with internal ROM,
almost always needs only the low-level PLZ/ASM.

PLZ meets many of the requirements of a good micro-
computer 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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symbols are either internal, external, or global. Inter-
modular 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 PL/M).
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 state-
ment to provide selective execution of various state-
ments, 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 R10 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 high-
level 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 a bonus, a PL/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 a program 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, condi-
tional 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/1. MPL is resident in Motorola’s Exor-’

ciser 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 embed-
ded assembly-language statements at the source level.
National Semiconductor has a language called SMPL to
develop software for IMP-16 and Pace microprocessors.
Signetics offers PLuS for the 2650 (also written by
Kildall). 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 micro-
processor 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 begin-
ning 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 program-
ming. 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 struc-
tured 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 modifi-
cations. 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, a committee sponsored by the Ameri-
can National Institute of Standards gathered for the first
time last month to discuss Pascal, and other such activi-
ties 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. UCSD’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
a multitude 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 compa-
nies have been steering UCSD Pascal toward industrial
environments by implementing the interpreter in hard-
ware. Recently, for example, Control Systems Inc. of
Kansas City, Kan., introduced its Universal Develop-
ment System 470, which has the UCSD interpreter in
ROM [Electronics, Dec. 21, 1978, p. 128]. After the user
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5. Three sizes. Of the many versions of Basic, TI's is called Power
Basic. Knowing full well that in ROM-based controller applications
space savings are important, 7| provides a configurator to whittle
down the ROM requirements (shown in color).

gate packages in the most cost-effective way, there just
isn’t enough slop left over to warrant using a high-level
language. It’s like trying to replace a few gates with a
fancy LSI package—you can’t afford it, and so you keep
the gates.”

Bob Swartz, vice president of the Mark Williams Co.,
Chicago, Ill., would say that Russo and others like him
are in a gap where high-level languages cannot be used
effectively. “Almost all high-level languages are adapta-
tions from data processing and not specifically designed
for microcomputers. Therefore, they don’t have the kind
of control that the industrial application needs, like bit
manipulation and interrupt-handling capabilities,” says
Swartz. And on the other end is assembly-language
programming, which most industrial applications still
use. “There’s a big gap in between, and nobody seems to
be asking the engineers what they need,” he says.

He also feels that compilers are a mistake for many
microcomputer users. “Compilers are really meant for
large machines that get paid for by being used all the
time. Intelligent interpreters are really the way to go.
You can tinker around with them, add new devices, and
debug and maintain programs in the field.” The Mark
Williams Co. currently markets a Basic interpreter
called XYBasic that is geared to the industrial user
[Electronics, Sept. 14, 1978, p. 224].

Whether to use an interpreter or a compiler for indus-
trial software development is another controversial ques-

112

GIN «REPEAT-FUNCTION « |F - THEN- CAS

tion. 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
code is best, at least for large, industrial projects. “For
small systems, sometimes the interpreter itself will be as
large as the user’s program, and it’s three to five times
slower,” he says.

Gates also sees lack of programming support in micro-
computer software: “Industrial people need better real-
time operating systems, better data-base management
systems, and there’s a lack of utility programs.”

Next year, to help bridge that gap, Microsoft plans to
add to its support of 8-bit machines with four new
software products. It will introduce an APL interpreter
[Electronics, Dec. 21, 1978, p. 68], a Basic compiler, a
data-base management system, and a superset of Pascal,
all aimed at the microcomputer user.

“Pascal is good for both system programming and
application programming, but most versions of the
language make use of pseudo-code, which renders them
unsuitable for industrial programming,” says Gates.
Microsoft’s Pascal will instead generate real code, and it
will be heavily influenced by the language C, a Bell Labs
creation. ““C’s notation is not only compact, it makes it
easy to design the compiler as well,” says Gates. “I hope
to push it on the development system people— Zilog,
Mostek, etc.”

Gates is also interested in the new 16-bit machines
and expects to do Cobol and Basic for the 8086 and
Z8000. “The newer processors are so much faster and it
will be easier to set up multi-user systems,” he says.
“Also, hard disks seem to be growing more popular for
microcomputers. The microprocessor is so general-
purpose that it’s getting harder and harder to distinguish
between a development system, a small-business system,
and an intelligent terminal.”

Kildall, now president of his own firm, Digital
Research Inc. in Pacific Grove, Calif., maintains, “Sys-
tem languages in general are just a cut above assembly
language. You really need access to the machine’s facili-
ties like interrupt control and the 1/0 ports. So you have
to be able to generate machine code that’s competitive
with hand coding. With interpreters, you can get really
dense code, but you pay for it in time. In systems based
on ROM, you just can’t run as fast as the machine itself.
Interpreters have an overhead that you can’t get rid of.”

Adds Zilog’s Gibbons: “When a person uses a ROM as
opposed to a magnetic device for program storage, that
person is obviously concerned with the size of his code.
I’'m not certain this person has ever been satisfied with
high-level languages, and I don’t know if he ever will.
He’s almost by definition interested in hand-tooling his
programs. It’s our goal and the goal of others to
ultimately satisfy that person. But when you go through
a list of people who need software, it’s those people who
will get it last, because their requirements are the most
stringent.” O
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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, Fuke Trendar Corp., Mountain View, Calif. *

[J In the course of changing system design radically,
microprocessors arec 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 microcom-
puters, 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 bidi-
rectional buses and the soft failures that characterize
microprocessor-based s* stems. What is required, then, is
the use of new diagnostic algorithms developed for
microcomputer testing,.

Moreover, testing of systems can be significantly

*Michael Lippman is now with EG&G Reticon, Sunnyvale, Calif., and Edward Donn Is now
with Electr- Scientliic Industries inc., Portland, Ore.

cased by waking testability into account during the design
stage. Such designing for testability will simplify trou-
bleshooting 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 cffect on micro-
processor board testing. Written in the processor’s own
language instead of automatic-test-equipment lan-
guages, a resident test program will provide large
volumnes 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 opera-
tion 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
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1. All aboard. The functional subsystems of a microcomputer board are partitioned physically and electrically, thanks to its inherent bus
architecture. This coramon system bus provides access simply by addressing the desired memory or input/output section on the board.

Electronics /January 18, 1979 113



INITIALIZE
MEMORY ADDRESS POINTER
(TEST PATTERN IS 80 HEXADECIMAL)
(INNER COUNTER 1S 256 ITERATIONS)
(OUTER COUNTER IS 4 ITERATIONS)

LOOP

WRITE TEST PATTERN
T0 MEMORY LOCATION
»|{  ACCESSED BY POINTER

MEMORY -
LOCATION CONTENTS
=TEST F;ATTERN

INCREMENT
MEMORY-ADDRESS
POINTER

I

DECREMENT
INNER COUNTER

SHIFT MEMORY TEST
PATTERN
1 BIT RIGHT

DECREMENT
OUTER COUNTER

ELOOP
(MEMORY
ERROR)

TEST
DONE

8080 RAM TEST ROUTINE
A Label

Instruction

causal failure, in contrast to the random-logic combina-
torial 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 differ-
ent functional modules (Fig. 1). Such functional parti-
tioning gives easily diagnosable modules and minimizes
the switches, sockets, or gating dedicated to testing.

Easy testing access

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 a board.

It is worth emphasizing again that testing micro-
processor-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 a stuck 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 1 to 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-
access memory use only 30 bytes of program code to generate
about 427 kilobits of stimulus data. The flow chart for this self-test
procedure shows the simple repetitive pattern that is used.

Comments

ddress/program code
0041 210010 1 BEGIN
0044 3E80 2
0046 0604 3
0048 OEOO 4
5
6
004A 77 7 LOoOP
0048 BE 8
004C C25C00 9
004F OF 10
0050 23 1
0051 0D 12
0052 C24A00 13
0055 05 14
0056 C24A00 15
0059 C34100 16
005C C€35C00 17 ELOOP:
1000 18
1000 19 MEM:

LXI H, MEM
MVI A, 80H
MV B, 04H
MV C, OOH

;NOTE:1024 RAM LOCATIONS ARE COUNTED BY INNER X OUTER =

MOV M, A
CcmP M

JNZ ELOOP
RRC

INX H
DCR c
JNZ LOOP
DCR B
JNZ LOOP

JMP BEGIN
JMP ELOOP
ORG 1000H
D5 1024

;LOAD MEMORY ADDR PTR {H, L)
JNITIALIZE MEMORY TEST PATTERN
JINITIALIZE OUTER COUNTER = 4
JANITIALIZE INNER COUNTER = 256

;256 X 4 = 1024

JWRITE TEST PATTERN TO MEMORY
;CHECK MEMORY LOCATION WRITTEN
JUMP IF THEY'RE NOT THE SAME
;SHIFT PATTERN 1 BIT RIGHT

JINCR MEMORY ADDR PTR

;DECR INNER CTR

;LOOP IF INNER COUNTER NOT 0
;DECR OUTER COUNTER

;LOOP IF OUTER COUNTER NOT 0

;DO IT AGAIN (MAINTAIN INT ENA SETTING)
;TRAP MEMORY ERROR

;BEGINNING MEMORY ADDRESS IS 1000H
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The basic rule in software initialization is to first write a test
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, initializing a micropro-
cessor 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 regis-
ter 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

Software initialization can be tricky

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 instruc-
tions. 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.

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 a go/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 170 features require any notable modification of the
test program.

Self-testing can radically reduce the amount of auto-
matic 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 algo-
rithms 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 a bad board, sometimes only a
bad set of boards; but seldom can they pinpoint a bad
component on a board.

With random logic, diagnosis of board failures is a
simple procedure, since the dominant failure mode in
such systems is a stuck pin. To find this type of fault, it is
necessary to start with a board’s edge failure and work
back to locatc 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. More-
over, 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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problems only show up when the whole circuit is operat-
ing at speed with realistic data. Morcover, 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 a circuit go in only
one direction. So the bidirectional bus dictates an algo-
rithm 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 8 each 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° 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 tech-
niques recently evolved for testing large-scale integrated
devices [Electronics, May 25,1978, p.141].

The sequential diagnostic algorithm

Although sclf-test response data is a go/no-go indica-
tor, 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-statc 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 a read 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 a bad node by probing for a device 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 neced for sequential diagnostic algo-
rithms. It is necessary to make the designs testable from
the start, so that specific hardware and software require-
ments 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 arc unique to microcomputer boards.
These procedures can be grouped into five categories for
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discussion: access to the board under test, synchroniza-
tion and control of the board by the tester, initialization
of the devices on the board, self-testing, and some
miscellancous 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, pref-
erably 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
170 module or board is often one component in a single-
board 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 mecasure the
response of the outputs, it must have access to all on-
board 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 nced a technique that disables
the board’s oscillator and feeds in a clock 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.

Synchronized clock rates

Sometimes systems neced several clock rates, as in a
setup with a microprocessor and a universal asynchro-
nous receiver-transmitter. If these clocks are unsynch-
ronized, they will almost surely preclude testing the
system as a whole. There is a way around this roadblock:
generating the multiple frequencies by counting down
from a common multiple oscillator.

Another essential signal that must be provided is a
start-up synchronization so that the tester knows precise-
ly when the microcomputer’s self-test program begins
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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, a single resct 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 pulsc 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. 5b will
perform the synchronization.

An important test consideration is to permit the tester
to supply microprocessor control signals, such as recad
and write strobes and status identifiers. The external
control signals should be multiplexed onto the system
control bus along with the processor’s hold request. In
this manner, the tester can replace the processor to
emulate direct-memory-access or peripheral devices.

All memory elements in the system must be initial-
ized: not only the hardware latches and counters, but
also random-access-memory locations and all processor
and peripheral-chip registers that will be read. To get to
the RAM locations and these registers, it is possible to usc
software initialization, that is, to gain access through the
system’s program. However, using this relatively new
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5. Reset sync. A tester’s unsynchronized reset signal can cause a microcomputer 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 initiali-
zation 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
a memory element except for testing, it must be done to
allow diagnostic analysis.

For easy access, the sclf-test code should be included
with the application program. It usually will take up less
than 1,024 bits of memory. Of course, the microproces-
sor 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 a good 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 decod-
ing for access to it. Room for onec 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 a signal can overlay the self-test program onto the
application program. Unfortunately, any overlaid memo-
ry spacc 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 cflective 170 test. Many serial-
communications peripheral chips, like the National 8250
asynchronous-communications part, have a program-
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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 virtual-
ly an automatic design procedure when assigning various
system components to memory or IO 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 repeti-
tively 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 1/0 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
10 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 a production line
to a halt.

More and more brand-new components are being
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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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7. Which one? Since analog-to-digital converters have an inherent
uncertainty of % 1 bit, analog inputs of the same voltage can produce
different digital outputs. This characteristic will present special prob-
lems when doing the testing of microprocessor-based boards.

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 prob-
lem, but analog-to-digital converters can have an inher-
ent uncertainty. For the same input voltage, one convert-
er could produce 01111111 and another one 10000000,
although both are operating within analog specifications
(Fig. 7). Although the possible output values will be
closc to nominal, it is very difficult to measure the
difference in real time.

Alternative solutions

One solution to this problem is to test a-d converters
separately from the system to sec if thcy meet specifica-
tions. The design rule here is to provide access to the
converter’s output so that a known 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 wisc to avoid using a collection of dissimilar
microprocessors simply to obtain technical nuances.
Families of microprocessors and microcomputers are
designed to work together through common instruction
scts, hardware, architectures, and timing requircments.
A design built around similar processors will be much
casier to test than a design involving different ones. [
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Designer’s casebook

Standard ICs provide
raster scan interface

by Serge Poplavsky
University of New South Wales, Kensington, Australia

One master oscillator and a few counters, flip-flops, and
gates make a baud-rate clock with a sync generator that
produces horizontal and vertical puises for noninterlaced
raster scanning of a cathode-ray tube. In it, standard
integrated circuits are used to generate rates up to 38.4
kilobauds (the upper limit of most generators is only
9,600 bauds) and sync pulses for producing 312 lines at a
50-hertz refreshing rate (or 260 lines for a 60-Hz rate).
Thus the circuit is a low-cost solution to building an
important part of any data terminal.

All clock rates are derived from one crystal-controlled
oscillator, A;, which uses the 7209 and a crystal cut for
7.9872 megahertz. The master clock frequency is then
divided by 13 by A,, the 74LS161 presettable counter.
A, gencrates a frequency 16 times 38.4 kilobauds, suit-

able for interfacing with universal asynchronous receiv-
er-transmitters or similar modems.

This frequency is further divided by Aj, the 14040
binary counter. Thus, rates extending from 16X300
bauds to 16 X 19.2 kilobauds will appear at its output.

Sy, which is used in A4, the 74C151 one-of-eight-line
multiplexer, sclects 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
number 1), selects a baud rate of 600, and so on.

The horizontal sync pulses for the cathode-ray tube
are derived from As and a four-input NAND gate, which
generates a frequency of 15,600 Hz, each pulse lasting 4
microseconds. The vertical sync frequency, either 50 or
60 Hz, is obtained from A¢—A; and a four-input NAND
gate.

Dividing the horizontal sync pulses by 312 or 260 (for
50 or 60 Hz, respectively), the binary counter, As, which
in this case is wired as a divide-by-312 device, drives two
flip-flops (A). A, resets the counter and generates verti-
cal sync pulses, cach 256 us long. O

Designer’s casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly
the circuit’s operating principle and purpose. We'll pay $50 for each item published.
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Versatile. Using standard integrated circuits, combination baud-rate generator and sync generator for CRT works up to 38.4 kilobauds and
can be wired to generate sync pulses suitable for a 50- or 60-Hz refreshing rate. All frequencies are derived from one oscillator.
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Gates replace PROM in
Intellec-8 bootstrap loader

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).! 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 O to
3800H. To avoid the manual programming required

after each power-up, the previous solution was to use a
PROM programmed with the instruction (C3 00 38).

The logic signals required on data bus lines Dg-D; for
achieving the three-byte jump instruction are shown in
Fig. 1a. 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., Q., and
Qs) alone are stepped with system clock DBIN, they
generate the signal pattern shown in Fig. 1b. Compari-
son of Fig. 1a and |b reveals that the identical patterns
of lines Do~D, and D¢-D5 can be generated by forming
the logic function Q, + Qs. It is also seen that bits D3, Dy,
and Ds are identical to the Q; output of the shift register
and the D, bit is identical to the Q; output, so that the
Q: and Qs 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 S, need only be placed in the monitor
position for automatic loading on power-up. O

References
1. “PROM adds bootstrap loader to Intellec-8 development system,” Electronics, April 27.
1978, p. 126.

Instruction Op code Dy Dg Ds D4 Ds D2 D, Do Condition Q, Q, Q,

c3 1 1 0 0 0 0 1 1 RESET 0 0 0

JMP 3800H 00 0 0 0 0 0 0 0 0 AFTER FIRST DBIN 1 0 0

\\ 38 0 0 1 1 1 0 0 0 AFTER SECOND DBIN 1 1 0

(AFTER JMP) FF 1 1 1 1 1 1 1 1 AFTER THIRD DBIN 1 1 1
(a) (b)

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 Dy,—D. and D¢—D; signals
if function Q. + Q; is formed with logic gates. Q, output is by itself identical to Ds, D., and Ds. Q; output is identical to D,.
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D Q D D Q.
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| BuFFERs: 176 7417 ‘ V D4 wa (805
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2. Implementation. Circuit for accessing system’s monitor uses open-collector logic gates, which replace programmabie 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 AI!

Now allwire stripping from 12 to 30 AWG can be doneinone
step, with one tool! No need for two or more tools to handle
different size wires ... THE STRIPPER'S built-in sensor auto-

matically adjusts to cut andstrip solid orstranded 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
enoughto cutand strip as many as six conductors simultan-
eously in bonded or molded cables! Fiberglass, reinforced
nylon body is virtually indestructible and electrically in-
sulated from any shock hazards.

Other Tools In The Paladin

Wire Handler Line.

.

Crimpex With Integral Dies Crimpex With Corex Coaxial Wire Stripper  New Desoldering Tool
Removable Dies

|
8 Paladin Corporation
31332 Via Colinas = Westlake, CA 91361 = (213) 991-4970

Circle 122 on reader service card



Circuit phase-locks
function generators over 360°

by Lawrence W. Shacklette
Seton Hall University. South Orange. N. J.

This circuit locks a low-cost function generator without a
voltage-controlled-oscillator (VCO) input to a second
inexpensive generator having such a phase-reference
feature. A J-K flip-flop, two one-shots, two comparators,
and an operational amplifier are linked in a feedback
arrangement that includes the programmable generator
as the vCO in a phase-locked loop (PLL). The resultant
circuit provides a selectable phase shift between genera-
tor outputs over the range of 0° to 360°.

In operation, the output of the low-cost generator, v,
passes through a high-pass filter to a zero-crossing detec-
tor that employs a 311 comparator (M,), as shown. A
dual monostable multivibrator and J-K flip-fiop follow.
Aithough these two devices can be eliminated, they
enable the phase-locked loop to be operated at the center
of its locking range for any phase shift. This arrange-
ment ensures that two often desired phase angles, 0" and
180°, fall within the capture range of the PLL, so that if
locking is lost, it will be automatically regained.

The outputs of the dual one-shot, M,, wired so that
each fires on opposite edges of the signal applied to its

inputs (see timing diagram), are fed to the OR input of
M;, whose on time is sclected by potentiometer R,. Thus
R, controls the amount of phase shift.

M; produces two pulses for each cycle of v, and
triggers the J-K flip-flop, M4, on each negative edge.
The flip-flop thus produces a square wave with a
frequency equal to v,, but shifted in phase by up to 180°.
An additional shift of 180° can be obtained by using
switch S to connect the Q output of M, to the inverting
input of the 3900 Norton amplifier.

The adjustable-phase square wave serves as a refer-
ence signal for the phase-locked loop, which is composed
of the 3900, a low-pass filter, a buffer (307), and a vCO
(the second function generator, a Hewlett-Packard
3311A). The input signal to the vCO is a negative dc
voltage that is the inverted sum of the filtered output of
the 3900 and the voltage selected by the offset control,
R,. By turning the generator’s front-panel control or R,,
the free-running frequency of the loop can be adjusted.

Because the reference signal is a square wave, the PLL
will lock onto either the fundamental of v, or its odd
harmonics. Selection of a particular harmonic is made
by adjusting the free-running frequency to the approxi-
mate value of the harmonic desired. Half-multiple
harmonics ('2f), %f\, %:f), etc.) can be produced at v, by
breaking the Q,~A, connection between M, and M; and
tying A, to + 5 volts. Even harmonics can be obtained by
using the remaining flip-flop in the 7473 as a divide-by-2
counter, and placing it between the output of the vCo

22 k2

10 k2

HP 3311A

PHASE-LOCKEO LOOP

and the 3900's noninverting input. a
BV 5V
Ry
47kQ I
2 |3 |u |16 SB 14 0k
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4
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Phase-locked. Comparators, one-shots, and flip-flop combine to provide stable locking of generators without phase-reference feature to
those having a VCO input. R and S are used to select phase of v, with respect to v.; phase can be adjusted from 0" to 360°. M. 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 a TV receiver

by Mitch Goozé™* and James Farrell, Motorota inc.. Semiconductor Group. Austin, Texas

0J By using the consumer’s color TV set as a display, the
most expensive component of video games and personal
computers can be eliminated. Although this approach
may be advantageous from a marketing standpoint, it
can be a designer’s nightmare, especially if the add-on
device contains a microprocessor.

A typical interface between a TV set, which requires a
radio-frequency analog input, and an intelligent game or
home computer that uses digital logic could require as
many as 25,000 transistors or 280 small- or medium-
scale integrated circuits. In an effort to reduce the
amount of hardware in the interface, several integrated-
circuit manufacturers have condensed the digital-to-
video function onto one large-scale integrated chip.

*Now with American Mk-.rosTstems inc.. Santa Clara, Calif.

A video-display generator (VDG) reads digital data
from a microprocessor-controlled random-access display
memory (sometimes called a refresh memory) and
converts it into analog video waveforms that contain
brightness and color information. The waveforms are
synchronized with the Tv raster by adding timing pulses.
These signals then go to a chroma modulator, which
encodes them into a composite rf signal that replicates a
TV transmission on Channel 3 or 4.

This article describes the operation of one such video-
display-generator chip, Motorola’s n-channel metal-
oxide-semiconductor MC 6847, within a microprocessor-
controlled video game. Operation of the chip within a
game is governed by the National Television System
Committee Standard; this standard defines the format

ADDRESS
MICRDPRDCESSDR
{MC6802) DATE

,_.————I CONTROL
T

128-8Y-8-BI
RAM |
|

MDDE TRI-STATE MISC. DISPLAY
SELECT X 4 BUFFERS LDGIC
(1DF12) (3-8797) (3-74LS00 SERIES)
VIDED DISPLAY DISPLAY MEMDRY P -
GENERATOR 1K-BY-8-BIT F:ER'IEI? EE@EL %E:ggam
(MCGBH) RANMDED';JDARSCESS ADAPTER MEMDRV
(2-MCM6614) {mMC6821) (MCME8316)
Y| RY| BY I
COMPDSITE
VIDED PLAYER CONTROLS
CHROMA (CHANNEL 3 DR 4)
MDDULATDR |———— » Tp TV SET
Bg;;fanzn MC1372
I MH
ganxs ‘ - == 3.579545 MHz
TANK CIRCUIT TUNED TD
L CHANNEL 3 DR 4

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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In 1953, the National Television System Committee estab-
lished 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 color-
defining 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 sepa-
rability 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 resolu-
tion the color picture could have. The tradeofi here is
resolution for bandwidth. To define a high-resolution
pattern of rapidly changing colors requires a high-frequen-
cy signal, which in turn requires a wide-bandwidth trans-
mission. 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 low-
frequency signal defines color, while smaller areas are

Playing by the rules

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 = 0.58G + 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 frequency-
modulate 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 resuitant, 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 propor-
tionately from Y to obtain green.

8
" Y (LUMINANCE) — SIGNAL s
o INVERTER
1.5-MHz
LOW-PASS 10
FILTER } CARRIER
MOOULATOR
BLUE
FROM
coLoR .
AMERA
(OR REO
MEMORY)
6 3579545 MH2
GREEN

L__ PART OF CHROMA __|
MOOULATOR

and bandwidth of television broadcast signals used in the
U. S. (see “‘Playing by the rules,” above). Since a video-
game output must duplicate a TV 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: object-
oriented and random-access-memory—intensive. In an
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object-oriented system, a fixed 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 modula-
tor. 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 sophisti-
cated 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
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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. | 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 trans-
lates into higher system cost. By combining the advan-
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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,
[2-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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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 a particular VDG mode are a function of how
many dots a data 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 highest-
resolution mode, each byte controls 8 dots (one per bit),
so the required RAM size goes up by a factor of 12 to
6144 by 8 bits.

Both alphanumeric modes divide the screen into a
32-column, 16-row matrix of character boxes. Each box
is 8 dots wide and 12 dots high and contains one charac-
ter. In the internal alphanumeric mode, a read-only
memory inside the VDG generates | of 64 characters in a
S-by-7-dot pattern that fits inside the 8-by-12-dot box.
The 6 least 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 a black 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
generates 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.
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The two semigraphic modes are designated semi-
graphic-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-L0) of the
internally generated data word select 1 of 16 patterns of
element illumination, while three of the four most signif-
icant bits (C2-C0) select one of eight colors for the
illuminated dots. In this mode, the screen becomes a
64-by-32-element display, with each element 4 dots wide
by 6 dots high. Each data word controls four of the 2,048
24-dot elements, so the mode requires a 512-byte RAM.

In the semigraphic-6 mode, each 8-by-12-bit box is
divided into six elements. The 6 LSBs of the data word,
which comes from an external ROM, select | 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 require-
ments 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-192 color graphic mode,
duc to the NTSC’s finding that the eye cannot distinguish
colors of small objects like individual dots.

The best of both worlds

To reduce the amount of RAM required for its denser
display modes, the MC 6847 operates in a hybrid system
architecture. Called indexing, this approach offers the
advantages of both object-oricnted and RAM-intensive
systems, while cutting RAM requirements for the high-
density graphic modes from 6,144 by 8 bits in RAM-
intensive systems to 1,024 by 8 bits. The hybrid architec-
ture has a disadvantage, however: aithough it requires a
sixth the memory, the memory must be twice as fast.

The indexing system uses a technique called indirect
memory mapping. Here, the display area is arranged in a
32-by-12-element matrix, with cach element an 8-by-
16-dot box. Thus the screen contains 384 elements which
are numbered from 0 in the upper left-hand corner to
383 at the lower right (Fig. 3). Each box is assigned a
byte in the upper half of a 1,024-by-8-bit display RAM.
The lower 512 bytes contain the codes for 32 objects; the
remaining 128 bytes are used as a scratchpad during
computations.

Accelerated timing is the key to the indexing
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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.

During the first two cycles of the clock, the vDG
addresses the RAM location assigned to the clement
being scanned by the electron beam. This location
contains the address of the 16 bytes in RAM below, which
define the object to be displayed in that screen clement.
The object’s address is latched at the end of the first two
cycles, then applicd back to the RAM at the start of the
next two, when the object code is sent to the video-
display generator.

This procedurc repeats until all 384 elements are
scanned. To change the screen position of an object, the
microprocessor changes its address pointer in the upper
384 bytes of display RAM. One of the objects is typically
background (no object); the remaining ones are select-
able in one of four colors.

Since the display memory is accessed twice as often in
this system, RAM access-time requirements change from
450 nanoseconds for a RAM-intensive system to 200 ns
using this approach. The cost of this doubling in memory
speed is more than offset by the 6:1 reduction in size of
memory required for high-resolution operation. O
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DEVELOPMENT TIME FROM
YEARS TO MONTHS.”

Bob Spencer, General Manager Exsysco,
Large Computer Division of National Semiconductor

The dynamics of the computer
industry demands that manufac-
turers capitalize on opportunities
during the limited lifespan of the
“cument” technology. That's why
initial development time is crucial.
One sure way fo 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 pro-
totype with another six months to
get info production. With Augat
boards, we reduced this cycle to
a few months and started produc-
tion the day we approved the
profotype. 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
o design and develop dozens of
different, large multi-layer boards
can easily run into the hundreds of

thousands of dollars, not to men-
tion staffing and equipment. The
Augat approach drastically re-
duced these costs allowing us to
concentrate our resources on other
critical design elements.”
Packaging density is also vital in
evaluating interconnection alter-
natives. “The multi-layer approach,

would have required 15
layers to achieve the
same density that Augat
gave us.”
National
builds the
Advanced

£)

Systems™ 4 and 5 com-
puters for [TEL. These systems
must offer high reliability. “As the
temperature inside a computer
goes up, the reliability goes down.
Augat boards reduce the temper-
ature 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

with boards of typically 475 IC’s,

by pulling the old chips and plug-
ging in new ones. We also elimi-
nated the cost and logistics of
stccking hundreds of different,
completed PC boards. Now we
simply stock IC’s.”

(AR N AR Y
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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, per-
forms with no noise or transmission
problems.”

Throughout the computer
industry, you'll find Augat boards
at work in all kinds of logic appli-
cations delivering high speed per-
formance 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,
Afttleboro, Massachusetts 02703,

‘Registered Trademark Gardner-Denver

AUGAT

Augat interconnection products,
Isotronics microcircuit packaging,
and Alco subminiature switches.

Circle 129 on reader service card
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How to tell a clad connector

It’s easy to think of connectors  For example, the shortcomings

as all being pretty much the of connectors with monometal
_same. But actually, there are  contacts have long been known.
™. significant differences Alloys, though more versatile
™. between ordinary than monometals, haven’t been
‘ connectors and  able to provide the range of
clad con- characteristics demanded by
nectors. today’s applications.
. And most gold platings, such
R as flash gold, are too thin for any
kind of durability. They tend to
i be porous and vulnerable to

abrasion and intermittencies.
And they're wasteful and costly, Cross section of a 3-layer pressure-bonded
because you really need gold composite metal.

only at the point of contact. can almost always offer our clad
‘The optimum solution, then,  connectors for less than you'd pay
would be a combination  cusuepsve for an ordinary connector.
of metals that provide » 'r:‘f,’;lf;’f‘;mm s« And because we manu-

the exact characteris- ., facture our connectors
tics required for the ' W/ /| = from start to finish at a
specific application. As ., /1

/ single site, you not only
of today, thereisonly  “" % get a low priced connector,
one way to produce T |

rodh b Wnies but ahigh quality connec-
such a combination. L <] tor, too.

It’s a bonding process pioneered

and developed by Texas Instru-  Qur toughest customer.

diff metal to another is simple in
The clad erence. concept but difficult to execute.

Basically, a clad metal is two This probably explains why

or more metals bondedatthe oo are s few manufacturers
molecular level into a composite. of clad metal, Of these man-

There’s no need for intermedi- facturers, Tl is far and away the
ate adhesives or brazing alloys. :

It’s simple, it’s clean and it’s
permanent.

In T1 connectors, a strip
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 ap-
pears 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 strip matenial




from an ordinary connector.

Clad metal strips are stamped into contacts by
high speed presses.
largest in the world.

We are also the largest semi-
conductor manufacturer, which
gives us an intimate knowledge of
connectors and their electrical re-
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 tough-
est customer. Which is why our
connectors have to be the best.

Cross Section of H4 Series Edgeboard Connector
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Custom features,
standard prices.

TT's gold inlay is easy to spot.
But there are other features,
usually associated with custom-
ized connectors, that aren’t so
easily seen. These features
come with all standard TI con-

nectors and sockets, along with
off-the-shelf availability.

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

Ask for our catalog.
It's beautiful
and its free.

Now that you know there’s a
big difference between clad
connectors and ordinary con-

They include the following: nectors, you'll probably want to
A t:;;eglal‘edgtgﬁ gtnp Clad metal is- see wkflfat wVeV have
asimizes contact  Moreeomiucte  Homogmems SO ol
pressure and per- More durable More reliable nating cata-
gnfesiflaStl,‘t?OnSl- Non-porous More dense l%g - “’Iéhe
ve insertion. exas Con-
Face grip Wrought Lesscostly  pection”—
contgdcts that that tells
provide —

excellent inser-
tion/withdrawal
force ratios.

the whole story
about TI clad
connectors —

Pre-loaded and sockets —
contacts for and presents
faster, easier the products
production in- in detail with
sertion of IC’s. accompanying

And individ- descriptions,
ually replaceable illustrations
contacts which and specifi-
can be changed cations.
without remov- For a copy,
ing an entire just call or
SOCket. from its Fire assay helps Texas Instruments write Texas
mounting. metallurgists determine precious metal purity,  Instruments

In most cases fundamental to achieving high reliability. Incorporated,
you'll be able to Connector
find the connec- JSESEEEEERErITErrErEEaNS Systems
tor you need «  Department,
among our Mail Station
standard offer- ' ! 2-16, Attle-
ings. But if you LiiSamt B ainlibanneicn boro, Massa-

have a complex or unusual appli-
cation that calls for a custom-
designed connector, tell us about
it. We've helped hundreds of

chusetts 02703. Tele-
phone (617) 222-2800,
extension 268, 269

or 7327.

a2

TEXAS INSTRUMENTS

INCORPORATED
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low-power swifchers
win OEMSs’stamp of approval.

Here’s why.

Lowcost. 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. soschert | “\“““‘“
W

et

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 a minimum of design time.

Boschert experience and
feliability. 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 a Boschert represen-
tative. 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. Augat Inc., Attleboro. Mass.

[0 High wiring densities and low profiles are a combina-
tion often hard to beat when loading printed-circuit
boards with components. When such a wiring method
can lower costs over the established high-density low-
profile techniques, then it is a strong contender for a
myriad of electronics applications.

This advanced interconnection technique is planar
stitch-wiring. [t is based on welding nickel wire to stain-
less steel pads on special pc boards. Especially for lower
production runs, it already is competitive with multilayer
board techniques.

Welded wires

In planar stitch-wiring, point-to-point circuit intercon-
nections are made by electrically welding lengths of
Teflon-insulated solid nickel wire to stainless steel pads
on the pc boards. On both sides of the board, the weld
pads form a grid around the plated-through interconnec-
tions into which the components are inserted. Figure 1
shows an example of a finished board.

The interconnections may take the shortest distance
between points, or they may be routed indirectly accord-
ing to the designer's wiring map. Twisted-pair connec-
tions may be made; also, weld pads on the components
side may serve as interconnects, so long as the wires are
channeled around the components’ locations.

Like the Multiwire technique, planar stitch-wiring can
bond wire continuously [for a Technology Update on
automatic wiring, see Electronics, May 25, 1978, p. 134].
The insulated wires used in both techniques can be
layered, which provides the high density of interconnec-
tions. 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 produc-
tion 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-

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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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 develop-
ing 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
pounds per square inch. Nickel wire and the stainless
steel used for the weld pads have the bonding points and
corrosion resistance necessary for clectric welding, as
well as the required differences in resistivity. The nickel
provides a strong connection, resistant to shock and
vibration, because it bonds without recrystallization or
embrittlement.

The weld process

In the welding process (Fig. 2), the insulated wire
automatically feeds through a hollow upper electrode
and is pressed against the weld pad. The electrode is
under pressure and mechanically displaces the Teflon
insulation until a metal-to-metal contact is made to the
weld pad—connected by the plated-through hole to a
similar pad on the other side of the board, where the
lower electrode is resting. The wire is slightly flattened
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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 weider, the
desired board pad is automatically positioned under the fixed weld-
ing head. The operator then actuates the head and cuts the wire, and
the machine moves the board to its next position.
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for a increased surface area, and a 2.5-millisecond high-
current pulse from a capacitive-discharge power supply
produces the bond.

Typically, the bond strength will be 85% of the ulti-
mate 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 semiauto-
matic process. In the manual approach, the operator
follows a wire list in positioning the board for each weld.
In the semiautomatic approach (Fig. 3), a punched-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 differ-
ence 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 steel-clad board

Planar stitch wiring does require a special pc board,
which begins with a core of FR-4 flame-retardant epoxy-
glass. Laminated to both sides are sheets of 0.003-in.
stainless stecel, electroplated on their inner side with a
thin layer of nickel and with a 0.0015-t0-0.0020-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 a minimum 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 are 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 (1Cs) 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 circuit-
ry that an engineer may require. Additional voltage and
ground planes may be gained with inner layers tied
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MULTILAYER
RECURRING COST:
$225 PER BOARD
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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 arc
available, including standard nickel-gold cdge connect-
ors, two-picce right-angle conncctors, and flat cable
inter-connectors. Morcover, component mounting is
available in a number of options: direct mounting, wave-
soldered low-profile dual-in-linc-package sockets, or
machined socket pins.

A prime advantage of planar stitch-wired boards is the
high wiring density —the ability to layer a large 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 a standard cabinet with as
little as 0.5 in. in between. By insuring compatibility
with wirc-wrapped boards, many systems using wire-
wrapping can be cxpanded by sclected board replace-
ment 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, cspecially at emitter-coupled-
logic speeds.

Another advantage of this wiring method is its flexi-
bility. which makes it suitable for prototyping. Since it is
casy to apply wires to the interconnection points or to
change them, there is no need for breadboards when
designing and debugging a new circuit or when expand-
ing an existing cnc.

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 accommo-
dated on cach pad. Even if a welding machine is not
readily available, there is room for soldered connections

Electronics/January 18, 1979

BREAK-EVEN POINT

ONE SYSTEM = 10 OIFFERENT BOARO
ASSEMBLIES INCLUOING
ONE MOOIFICATION

o
(=]
2
<<
(723
=2
(=]
x
=
L <3
—
123
(=4
(%]

MULTILAYER NONRECURRING COST: 548,8{)8

PLANAR STITCH-WIRE NONRECURRING COST: $25,724 l

|

18
NUMBER OF SYSTEMS

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 produc-
tion of circuits that arc 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 a third
to a half, 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 a standard planar board is about half
that for a multilayer board, while a custom stitch-wired
board was about 65% of the cost of a multilayer unit.
The study was fairly extensive, comparing nonrecurring
and recurring costs for a typical small system with and
without modifications.

The resulting computations, in the table and Fig. 4.
arc 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, nonrecur-
ring costs for stitch-wiring should be less than half the
amount shown in the table.

For 10 board assemblies per system with no modifica-
tions, stitch-wiring has a $9,900 savings in nonrecurring
costs. However, it has a higher recurring cost, resulting
in a break-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 arc 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

y— New board Secocrl)dn?i(gala]r'gt?gnsame Modification
Hous | Matecl | hous | Material | oy | Materia
Layout and artwork 90 $24.00 60 $24.00 45 $24.00
Board detailing and preparing numerical-coded drill tape 6 2.00 6 2.00 6 2.00
Assembly and parts list 24 1.00 8 1.00 2 1.00
Schematic 40 1.00 40 1.00 4
Tooling 7
Setup 6
Drawing check 32 23 1
Subtotal 205 137 68
$28.00 $28.00 $27.00
Labor cost at $22.50 an hour $4,610 $3,080 $1,5630
OTA 4,638 08
Custom board Standard board Modification
Planar stitch-wire boards Hours Mz;esrtial Hours lul?;)es'tial Hours M?:g,s'tial
Layout and artwork 38 $ 8.00
Board detailing and numerical-coded drill tape 6 2.00
(computer-aided design)
Cover detail 4 1.00
Assembly master 24 1.00
Assembly drawing and parts list 6 1.00 6 $ 1.00 2
Schematic 40 1.00 40 1.00 4
From-to wire list 24 24 1
Keypunch and computer service 5 30.00 5 30.00 1 $15.00
Tooling 40 20.00
Setup 5 5
Drawing check 24 9 2
Subtotal 216 89 10
$64.00 $32.00 $15.00
Labor cost at $22.50 an hour $4,860 $225

point 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 mili-
tary tank, which has a harsh shock and vibration envi-
ronment. Cubic Corp. is flying a number of planar
boards on an electronic package for a drone aircraft.

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
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from the Avionics division of International Telephone
and Telegraph Corp. Another aerospace firm used the
planar method in a back panel.

To enhance the attractiveness of this wiring method,
there is some down-to-earth research needed on equip-
ment development. For instance, a study 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 a tool 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 stitch-
wired boards, which promise to substantially cut produc-
tion costs. It is based on a technique called parallel-gap
welding, which will be designed for incorporation into
both the microprocessor-controlled semiautomatic weld-
ing machine and the manual unit. O
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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, Calit.

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 complex-
ity 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 charac-
ters to define the various parts of a message, thereby
boosting throughput and greatly simplifying implemen-
tation. In addition, the newer protocols provide advanced
error-checking techniques, data transparency, and full-
duplex capability.

Western Digital Corp.’s SD1933 (and the version soon
to be produced as a second source by National Semicon-
ductor Corp.) is the first data-link control chip to fully
support all three bit-oriented protocols: IBM Corp.’s
Synchronous Data Link Control (SDLC), the Interna-
tional Standards Organization’s High-Level Data Link
Control (HDLC), and the American National Standards
Institute’s Advanced Data Communications Control
Procedure (ADCCP), 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 SD1933 generates modem-controlling signals for
total link control. It interfaces a parallel digital system
with a serial data-communications channel. To under-
stand 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, a control 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 O1111110.

Picturing the frame

There are two addressing modes: the basic address
mode, which uses a single 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 a 0, then
the next byte is an extension of the address field. The
field is terminated by putting a 1 in 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 (un-
numbered), 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 16-bit frame-check sequence to all 1s. Next,
the binary value of the transmission to be sent is multi-

4

ADDRESS CONTROL
FLAG (10R MDRE (10R2 INFORMATION FIELD FRAME-CHECK FLAG
{61111110) | [ADCCP AND HOLC] | [ADCCP AND HOLC (ANY LENGTH) SEQUENCE (16 BITS) | (01111110)
8-81T BYTES) 8-8IT BYTES)

1 —{ (-

A ]

N J
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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Abort a sequence of 7 to 14 consecu-
tive binary 1s 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 SDL.C

the field that defines the source
or destination of a frame; it
follows the opening flag of a
frame

any asynchronous data-commu-
nications protocol: transmission
in which each character is individ-
ually synchronized by the use of
start and stop bits; the length of
the gap between characters is
not necessarily fixed

Binary Synchronous Communica-
tions: a character-oriented syn-
chronous data-communications
protocol developed by IBM; the
predecessor of SDL.C

a one- or two-byte (ADCCP and
HDLC only) field that follows the
address field and is used for
sending commands and re-
sponses required to. control the
data link

cyclic redundancy check: an er-
ror-checking technique that uses
a sophisticated mathematical al-
gorithm

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 vali-
date transmission accuracy; it
uses CRC

ADCCP

Address field

Asynch

Bisync

Control field

CRC

Extended address

FCS field

Data-link control: a glossary

Flag a bit sequence (01111110) used
to delimit frames
Full-duplex simultaneous independent trans-

mission of information in both
directions

an address of all 1s, 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 second-
ary stations

a bit pattern of one 0 followed by
seven 1s, which is recognized by
secondary siations as permission
to transmit

High-Level Data Link Control: the
International Standards Organiza-
tion’s (ISO 3309) version of SDLC
a sequence of 15 or more con-
secutive 1s, indicating that the
data link is to be idled

information field
nonreturn-to-zero-inverted cod-
ing: a coding 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 Re-
ceive: IBM's earliest synchronous
data-communications protocol;
predecessor of Bisync

an encoding and decoding meth-
od used within a frame to guaran-
tee that there are no more than
five 1s in a row, thereby ensuring
data transparency

Global address

Go-ahead mode

Go-ahead pattern

HDLC

Idle

i-field
NRZI

SDLC

STR

Zero insertion
and deletion

plied and divided by appropriate polynominals. The
integer quotient is then ignored and the complement of
the remainder is transmitted. The receiver performs a
similar computation on each incoming frame, including

SYNCHRONOUS DATA-LINK CONTROL CHIP FUNCTIONS

Transmitter Receiver

Zero deletion

CRC check

Aborted frame detection
Residual byte detection

Zero insertion

CRC generation

Abort generation

Residual byte transmission
Variable-byte-length transmission Variable-byte-length reception
Go-ahead (loop} mode

NRZI decoding

Idle detection

Go-ahead (loop) mode

NR2Z! encoding

Flag generation
Invalid frame detection
Address comparison
Address extension

138

the frame-check sequence. If there are no errors, the
receiver’s FCS equals FOB8 (hexadecimal).

The information field may be any length, including
zero. Thus the minimum frame, not counting flags, is 32
bits long. In SDLC, the information field length must be a
multiple of 8 bits; consequently, the SD1933 can gener-
ate and receive a residual byte of 1 to 7 bits.

Aborting the frame

Besides flags, two other bit sequences have meaning,
and both are important features of the three bit-oriented
protocols. A transmitting station may end a frame by
sending an abort—a sequence of 7 to 14 |s. The receiv-
ing station will then ignore the frame, and it may not
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 O is detected.

Another attribute of these protocols is zero insertion

Electronics /January 18, 1979



and deletion, which ensures data transparency. Within
L L 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 misin-
terpreted 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
"m‘.‘!w'w. Tl | N the loop.

R g : Whenever a secondary station receives the go-ahead
pattern (a O followed by seven or more consecutive Is), it
may, at its option, suspend repeating and put its own
5 ‘?x.r. bt $ transmission on the line. When it is finished, it sends a

| s i’ p 2 . »” go-ahead pattern, deactivates its transmitter, and again
it t,a 1 n “l‘ vll i ‘ . becomes a repeater.

f‘“ﬁ"

Performing the functions

The SD1933 performs all the functions required by
. the SDLC, ADCCP, and HDLC protocols (see the table).
- s{'ﬁ ‘l TR r Built with n-channel metal-oxide-semiconductor tech-
it it ¥ nology, it uses a single S-volt supply and is transistor-

r DATA-ACCESS BUS DAL, - DAL, J
3 3
COMMAND COMMAND COMMAND RE%'L\SER STATUS ADDRESS |ggénsr}lé;T TRA';"%MLlDTTER
REGISTER | | | REGISTER2 | | REGISTER3 [ |  MOLD REGISTER REGISTER | L
NRZi = J '™ NRZI
B IVED [ NONRETURN-TD GO-AHEAD J w2
1| ZERO-INVERTED "| CONTROL DECODING TRANSMITTED
CODING FLAG DATA
ABORT
T COMPARATOR ABDRT AND FLAG INSERTION
——— - 1
ZERD RECEIVER TRANSMIT ZERD
(—"| DELETION REGISTER REGISTER INSERTION
i J
CYCLIC-REDUNDANCY- |[CRCERROR | CRC-GENERATION !
CHECK REGISTER REGISTER
LooP .
s
WE
RE — COMPUTER MODEM CLOCK
_ INTERFACE CONTROL > INTERFACE CONTROL | conTROL
Ag ’
A, —»
1
Ay —*

A T

DRQ1 DRQO INTRQ EOB MISCIN MISCOUT RTS CT§

R DTR 1XO0R32X RC

0l ——=
| —
B —
89—
g —
g

A

2. Layout. The architecture of the SD1933 data-link control chip is fabricated on a chip 300 miis by 300 mils (top). Internal interconnections
(bottom) use 40 external pins for interfacing a parallef 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 infor-
mation (abort, flag, FCS, or data), the number of bits per
byte, and the number of bits in the residual byte. Simi-
larly, 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 reccived, whether an idle was received,
and so on. The interrupt register indicates if end-of-
message signals have been received and if frame trans-
mission is complete. [t 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). Rl 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 | is sent), the transmitter encodes the transmit-
ted 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 phase-
locked loop to provide the synchronization, thus allowing
connection to asynchronous modems as well. However,
the loop requires data transitions to do this. Zero inser-
tion 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 (EOB) option allows easy trans-
fer of blocks of memory by direct memory access. Acti-
vated at the end of the data block, it causes automatic
transmission of the frame-check sequence and a flag.

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 control-
lers. 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

142

Lots of protocols

Since the advent of synchronous data communica-
tions, a wide variety of protocols has been developed
by various military agencies, universities, and compa-
nies. The most widely used have been those generated
by IBM Corp.

The earliest were the Synchronous Transmit and
Receive (STR) and Binary Synchronous Communica-
tions (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 STR and Bisync are indepen-
dence of code structure, full information transparency
without the use of control characters, a single stan-
dard-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 Insti-
tute’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 a system is gencral enough to be configured for a
wide variety of applications. For example, the host
processor and remote terminals could be located respec-
tively 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-process-
ing 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 170 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 control-
ler. It is modified for cach 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 a printed-circuit board with a 40-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. O
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How can a company
that makes so many interfaces,
and delivers them so fast,
make them so good?

The finest components. Hand
assembled. Each skilled MDB
craftsperson working alone to
produce a product and submit it
for testing. That's what makes
MDB computer interfaces the
best available, bar none.

Full year warranty.

MDB 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.

MDB is the leading
independent manufacturer of
interface products. We sell and
service direct here in the United
States. We have stocking and
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servicing distributors worldwide.  for the computer you're using. It
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printer and card reader control-
lers and other plug-compatible
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Eclipse; Interdata and Hewlett-
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1995 N. Batavia St., Orange,

CA. 92665 (714) 998-6900
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Engineer’s notebook

Unspecified 8085 op codes
enhance programming

by Wolfgang Dehnhardt and Villy M. Sorensen
GSI, Darmstad!, and Sorensen Software, Seeheim, West Germany

Ten operating codes and two flag bits previously
unknown to most users of the 8085 microprocessor will
enable programmers to write more efficient routines.
The new members of the instruction set, which were
stumbled upon during the testing of an assembler-
disassembler module, include seven op codes that involve
the processing of register pairs, two that involve jump
operations with one new flag bit, and one that performs a
conditional restart on the overflow indication of the
other flag bit.

The seven register pair instructions (all with |6-bit
operands) consist of a double subtraction, a rotate, a
shift, indirect loading and storing of a word, and two
offset operations. Either BC, DE, HL, or SP are the
designated register pairs used in these op codes.

The mnemonic names of the instructions have been
selected to be compatible with the 8085's existing
mnemonics. In the double subtraction (DSUB), register
pair BC is subtracted from HL. This instruction thus
performs the opposite task of DAD B, a well-known
instruction. The instruction RDEL rotates register pair
DE left 1 bit through the carry. ARHL is an arithmetic
shift to the right of HL. It serves to divide HL by 2,
except in cases where HL is — 1.

All 16 bits of register pair HL can be stored indirectly
at the address contained in the DE pair by specifying
instruction SHLX. To load HL, LHLX must be employed.

As an example of how this instruction can be used to
cut instruction steps, consider the common sequence
used for a routine table jump shown in part (a) of the

figure. By assigning the register DE for HL 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
the byte by selecting the instruction LDHI, which simpli-
fies array addressing. Usually, the architecture of 8080-
type systems dictate the addressing of arrays in what are
called pages of 256 bytes. This restriction means that the
starting address of an array must be placed near the
beginning of a page. A typical call is as shown in part (b)
of the figure.

The page limitation is bypassed using the LDHI
instruction code and constant indexes. The starting
address of the array can now be placed anywhere, and
addressing occurs as shown at the bottom of part b.

Any additional byte can be combined with register-
pair SP in DE if instruction LDSI is specified. This
instruction is designed for operating system routes that
transfer arguments on the stack. An example sequence,
shown in (c), stores HL into the 16-bit word located as
the second item below the top of the stack.

The jump and restart instructions work in conjunction
with the two discovered flag bits, X5 and V. Op codes
JX5 and JNXs jump depending on the state of the X5
flag. Op code RSTV makes a restart call to hexadecimal
address 40 if the V flag is set; otherwise it functions as a
no-operation instruction.

Flag bit V indicates a 2's complement overflow condi-
tion for 8- and 16-bit arithmetical operations. Flag bit
X5 has been named for its position in the condition code
byte and not for its function. It does not resemble any
normal flag bit. The only use for this bit found thus far
are as an unsigned overflow indicator resulting from a
data change of FFFF to 0000 on executing the instruc-
tion of INX and as an unsigned underflow indicator from
a data change of 0000 to FFFF on executing DCX.

The new 8085 instructions are outlined in the table. O

Source statement Comments
MOV E,M ;ROUTINE ADR LOW BYTE
INX H ;HL=TABLE ADR
MOV D.M ;ROUTINE ADR HIGH BYTE
XCHG ;DE = ROUTINE ADR
PCHL ;GO TO ROUTINE ADR
__ . -l

LHLX ;,DE = TABLE ADR

(a) PCHL ;HL = ROUTINE ADR

Source statement Comments
LXI H, ARRAY ;JARRAY BASE ADR
MVI L, INDEX ;B-BIT INDEX, HL = ARRAY ADR
LXI H, ARRAY ;JARRAY BASE ADR
LDHI INDEX ;B-BITINDEX, DE = ARRAY ADR

(b)

Options. Newly discovered operating codes for 8085 shown in table
enables the writing of more efficient programs. Program for table
jump (a, top) may be reduced significantly when new instruction (a,
bottom) are implemented. Array routines (b, top) can be rewritten
(b, bottom) so that arrays can be addressed across page bounda-
ries. Data words can be entered at any point in a stack register (c).

144

Source statement Comments

LDSI 2 ,DE=SP+2

SHLX JREPLACE 2. ITEM ON STACK
(c) i
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NEW CONDITION CODES:

Condition code format

§ 2 X5 AC 0. P _W¥M €

DsSuB {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.

00001000 (08)

cycles: 3

states: 10

addressing: register

flags: Z,8,P,CY,AC, X5,V

ARHL (arithmetic shift of H and L to the right)

(H7=H7); (Hn—1) = (Hn)

{L7=Ho); (Ln=1) = {Ln); {CY) = (Lo)

The contents of register pair H and L are 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 CY flag is affected.

00010000 (10)

cycles: 2
states: 7
addressing: register
flags: cYy

RDEL (rotate D and E left through carry)

(Dn+1) = (Dn); {Do) = (E7)

(CY) = {D7); (En+1) = (En); (Eo) = {CY)

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 CY flag and the CY flag is set to the value shifted out

of the high-order bit. Only the CY and the V flags are atfected.

00011000 (18)

cycles: 3
states: 10
addressing: register
flags: CY, Vv

LDHI (load D and E with H and L plus immediate byte}
(D) (E) = (H) {L) + {byte 2)

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

00101000

(28)
data
cycles: 3
states: 10
addressing: immediate register

2's complement overflow

Underflow {DCX) or overflow {INX)
X5=01-02+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 02.

RSTV (restart on overflow)

flags:

none

If (V):
({(SP)—1) = (PCH)

((SP)—=2) = (PCL)

(SP) = (SP)—2

{PC) = 40 hex
If the overflow flag V is set, the actions specified above are
performed; otherwise control continues sequentially.

m001011l (c8)

cycles: lor3
states: 6or 12
addressing: register indirect

flags: none

SHLX {store H and L indirect through D and E)

((DHEN = (L)

({D)(E)+1) = (H)

The contents of register L are 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.

|11011001I (D9)

cycles: 3
states: 10
addressing: register indirect

flags: none

JNX5 {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 3 and byte 2 of the current
instruction; otherwise control continues sequentially.

11011101 {DD)
low-order address
high-order address

cycles: 20r3
states: 70r10
addressing: immediate
flags: none

LHLX  (load H and L indirect through D and E)

(L) = ({D)M(E))

{H) = ((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.

|111o11o1| (ED)

cycles: 3
states: 10
addressing: register indirect
flags: none
JX5  (jump on X5}

LDSI (load D and E with SP plus immediate byte)
(D) {E) = {(SPH)(SPL) + (byte 2)

condition flags are affected.

00111000

data (38)
cycles: 3
states: 10
addressing: immediate register
flags: none

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

If (X5):

(PC) = (byte 3) (byte 2)

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

11111101 (FD)

low-order address
high-order address

cycles: 20r3
states: 70r10
addressing: immediate
flags: none

NEW 8085 INSTRUCTIONS

V =bit 1
X5 = bit 5

Electronics /January 18, 1979

145



¥t it about fime

G

o

re moving experien

Instead of sitting around just wondering Sure, there’s a 98.9041 per cent chance of kind of company. And if you and your fam-
what it would be like to join the nation’s sunshine every day and you can swim in ily like the idea of moving to Florida’s Sun-
number one avionics team you owe it t0 the middle of winter, But equally as impor- coast, where your new salary with
yourself to find out. Over 80 longterm tant, you can watch a Broadway show or Honeywell-in-Florida will be worth
sub-contracts and millions more in diver- Las Vegas headliner talent, catch major thousands more a year, rush us the “In-
sified R&D business have created exciting league NFL football or NASL Soccer, enjoy stant Application” in complete confidence,
and secure career opportunities for top first class opera and symphony concerts, of course.

engineers with Honeywell-in-Florida. A or tour one of the many art museums in the
higher after-tax take-home pay, a lower area. Or you can take the whole family to
cost of living, a more exciting career chal- nearby Disney World, Circus World, or :':'d""':'g t'efmd"'“ld:' for Engineers in
lenge, and a new life in one of America's Busch Gardens. Whatever you want to do e fo <.>w ng .sc plines:

““most liveable” cities where vacation be- is here for you. On Florida’s famous Sun- Mechanical Design

gins every day after work. It all adds up to coast. The family place. Software Engineering

H \l-in-Florida. . . Systems Engineering
oneywell-in-Florida If being involved with something really sig- Computer Systems

You'll appreciate Honeywell-in-Florida’s nificant is important to you, then we’re your Digital Design

commitment to engineering excellence. Analog Circuit Design

And the freedom you'll have to realize your H Avionics Division Reliability Engineering
in

Honeywell-in-Florida has immediate

full career potential in a company which on e ell Analog Design
recognizes and rewards achievement. : Production Test
da place in the sun for yout  Production Build

Welcome To The Good Life! ; ) Electronics Design
Honeywell is an equal opportunity employer

Living on Florida’s famous Suncoast is actively seeking applicants under its Affirmative

more than just sun and sand and fun. Action Program. *Christian Science Monitor.
r-------------------------------------------------------. L 1 1 1 J -------------'
' “INSTANT APPLICATION” :
! Name — __ Duties _ B _ Duties [
! Address _ _ I S . S } - EEE—
1 City _ State _ _ _ ) S N |
. Zp —___ Previous Employer __ __ Previous Employer E
I Home Phone R _ S N . - _ s
: Business Phone — Dates Employed Dates Employed :
| Job Applyingfor ___ Job title . - — 1
e Malii to: G Manthos Job title ___ - ———
1 Present Employer — S Avionics Division, Duties __ - S :
| I S Honeywell-in-Florida - —— — 1
: Salary requirements S . 13350 U.S. Hwy 19 - S - :
H o o - Pinellas County, Fiorida 33733 Education - B |
: ll;resent salary _ H 6‘°i'i°é"°" ell Other Experience __ - E
! DatesEmployed = yw e N — |-
i. Jobtitle - in A place in the sun for you! ll
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Selectors squeeze data
into random-access memories

by Thinh V. Nhuyen
Technology Service Corp., Los Angeles, Calif.

In interfacing a random-access memory (RAM) with a
computer or a central processing unit, it is hard to utilize
the maximum space available in the RAM because its
word and bit organization is incompatible with the struc-
ture of the data bus. For example, a RAM might be
configured as a 16-word-by-8-bit device, whereas the
data bus might be configured to accept data organized in
8 words by 16 bits. Worse yet, no standard-sized RAM
may exist for a desired data-block organization.
Although there is no hard-and-fast scheme for interfac-
ing, the circuit shown in the figure, which in this case
configures data in a 128-word-by-1-bit block although
accepting the same data from an 8-word-by-16-bit bus,
will yield insight on how to solve similar problems.

Since no 128-word-by-1-bit RAMs exist, two 7489
16-word-by-4-bit devices are used. One stores 64 even-
addressed 1-bit words; the other stores the remaining

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 6 of the 7-bit counter are
used for addressing. Bit 3 enables data to enter the
correct RAM in blocks of 4 bits. Thus all available
locations in both RAMs will be filled with data.

On recadout, two four-to-one-line selectors (74153s)
and a two-to-one selector (74157) extract the desired
data in sequence from both RAMs. During the read
operation, bits 3 10 6 arc used for addressing the RAMs,
as before. Bits 0 to 2 address the appropriate data
selectors: bit 0 selects either odd- or even-location data
(in order) from the 74157, and bits | and 2 direct the
data from the 74153s to the input of the 74157. Thus
128 1-bit words appear at the output.

Because data from the bus is loaded into the RAMs
8 bits at a time, the clock rate of the RAMS’ address
counter should be twice that of the bus line’s data rate.
To say it another way, the 7-bit counter should run 16
times faster than the computer’s clock.

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techmiques, and other ideas for
saving englneering time or cost. We'll pay $50 for each item published.

7489 RAM
MSB LSB
BIT BéT B:T BIT
74157 J
m——
0 oy LSB BITO e a2 74153
! 1412 10 BITO Co Joo
2 o BIT1 §22/20| 18|16 | giT1 ¢ o
3 EVEN Yo}
ADDRESSES . BIT 2 C2 lOO
4 o BIT 2 i BIT3 Cfi LAY,
5 < )4
8 a
=] ¢ giT3 |'20]!18| 16| e} ADDRESS
= e
=} seLecT] MSB 120 |126| 124 122 DATA OUT
g’ _—%H .
ol s N 1
= o SEeEeT) g8 eito |7 (8|3
E 10 1R+ BITO Cofoo. ° % SELECT
- giT1 |23|afs|ir] BT ¢ lor
" 000 BIT 2 c
12 ADDRESSES L 210
BIT2 2 BIT3 Cfly
13 ©
14 H9 N7 inNsing
o BIT 3 74153
15 MSB 127]125 123 {121 f
V.
BUS LINE 74157 ADDRESS A4
i(mT 3) A
a) (BIT 3-BIT 6) by 'y
BIT 2 BIT1 BITO

7-BIT COUNTER
(7493s)

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-g-bit data bus
uses selectors for mapping data into two RAMSs, one of which contains the even-addressed data, the other the odd-addressed data.
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Engineer’s newsletter

Latch’s metastabllity Simple circuits that synchronize a one-shot to a system clock independent
of the input signal’s arrival at the one-shot may generate glitches if
may generate flip-flops are used to do the job, says Roy C. Ogus of Xerox Corp., Palo
synchronizer glitches Alto, Calif. He therefore disputes the effectiveness of a circuit (described
in Electronics, July 21, 1977, p. 107) in which a flip-flop, driven at its D
port by a differentiated 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 differentia-
tor, 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 a second 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.

Where to get Lake Shore Cryotronics Inc. has announced a service that few offer —
determining a material’s thermal properties at low temperatures. Given
thermal properties samples of a material in disks % inch in diameter by "4 inch thick,
measured 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 '& by "4 by 1Y inches in size, Cryotronics will specify the
material’s thermal conductivity with a table and a plot of thermal
conductivity versus temperature. Both specific heat and thermal conduc-
tivity tests are performed in an adiabatic calorimeter, a method that limits
errors to a maximum of 5%. For complete details and pricing information,
write Cryotonics at 64 E. Walnut Street, Westerville, Ohio 43081, and
specify data sheet SH-TC.

National conducts There’s still time to enroll in National Semiconductor Corp.’s three-hour

seminar on interface design and applications. Special emphasis is on line

nationwide seminars driver/receiver fundamenfals, the sffe range ovepre which peripheral drivers

on interface design 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

Our DMTP-9 programmable card
printer/plotter does both —
prints the full alphanumeric ASCII
character set, and prints graphics
for plotting too.

All it took was combining our long-life
5 x 7 dot matrix needle head with a step-
ping motor that controls ticket positioning
until the message (alphanumeric or graph-
ics) is complete. Result: both analog and
digital data, on the same card.

Use it with blood — gas and other medical
analysis instruments. Extend the capabil-
ities 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 char-
acters per line, and approximately 39 lines.

conPa

MICROSYSTEMS

=N L

e—
COMPAS

The cost effective Debug Board for the 6500 micro-processor
family featuring:

¢ 2K RAM * SYSTEM SOFTWARE

¢ INCIRCUIT in EPROM
EMULATION * SERIAL & PARALLEL

¢ HARDWARE BREAKPOINT LOAD CAPABILITY

* SYMBOLIC DISASSEMBLY * SCOPE SYNC

* RS-232C or CURRENT
LOOP

P.0. Box 687 515/232-8187
COMPAS, inc. 224 SE 16th Street
Ames, Jowa 50010

Circle 219 on reader service card

Circle 149 on reader service card

* SMB 15,6, 12,24 VDC * MMB 1.5VDC

* 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

Adjustable for table-top or wall
mounting, the DMTP-9 is avail-
able with controllers, power
supplies and interconnect
cable systems for complete
microprocessor/microcom-
outer compatibility. For more
details, call or write:

Practical Automation, Inc.,
Trap Falls Road,

Shelton, CT 06484;

(203) 929-5381

PRACTICAL
AUTOMATION

INC.

CB-12A

Sound transducers. solid state electronic micro-
buzzers or piezo ceramics. Count on Citizen for
reliability, competitive pricing, and immediate
delivery whenever you need a buzz.

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

Circle 221 on reader service card 149



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

If you haven’t checked into our 8-bit
line recently, take alook at what you've
been missing.

Our 8-bit Families We've got everything you need in 8-bit
#PDB0SOAF [.PD8085A | uPD8M48 | uPD780 | processors—plus a full
#PD 8080OAF  |uPD 8085A nPD 8048 uPD 780 assortment Of industry
ﬁEB 0 ﬁgg si3s | M0 standard peripherals and
PD 804 (LRI memories. And we’ve got

I 1 > A

PD 8155 - them all in volume, ready

#PD 8156 > to ship
#PB8212 . -
WPB 2L ) Not only do we support
e ' the entire 8080A family; we o 0
1PB 8228/38 —_— also offer the lower-cost e
uPD8251/A s _| single-chip 8048 family and
uPD 8253 » the higher-performance
PDBTST > 8085A series.
I > And for those with
In » . : B

4«PD 8355 - applications that require the
KPD765 > capability of a Z80™ we have

the fully compatible uPD780—supported by
_— the full family of 8080 peripherals.

REPS: Action Unlimited, Arlington, TX; Spring, TX. Burton-Medley Associates, Grandview, MO. Cerco, San Diego, CA. Contact Sales, Inc. Burlington, MA. D/Z As-
sociates, Inc., Denver, CO. Electronic Innovators, inc., Minneapolis, MN. Eltron, Phoenix, AZ. HLM Assoc., Northport, NY; Parsippany, NJ. Imtech, Inc., Cleveland, OH;

Dayton, OH. Kaytronics Limited, Ville St. Pierre, Quebec; Downsview, Ontario; Surre
Associates, Willow Grove, PA. R.C. Nordstrom & Company, Lathrup Village, MI. Pe

y, British Columbia.L & M Associates, Pikesville, MD; Montpelier, VA. Harry Nash
rrott 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: Aimo 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 a wide range
of high-performance peripherals, including our
IBM-compatible, double-density, double-
sided floppy disc controller, the uPD765.

NEC not only means advanced technol-
ogy and volume delivery; we also offer remark-
able 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 serv-
ices. And our engineers are always available
to help with specific application problems.

Our new catalog will give you a better
idea of just how much we cando
for you, not just in 8-bit
products, but also in 4-bit
single-chip processorsand 4
1K, 4K and 16K memories. 4

For your free copy, 4
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

oNEChetore younil. ™ NC
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; Co-
lumbus, OH. Intermark Electronics, Sunnyvale, CA; Santa Ana, CA; San Diego, CA. Kent Electronics, Houston, TX. G.S. Marshall, Sunnyvale, CA; Irvine, CA; EI Monte,
CA; San Diego, CA; Phoenix, AZ. Milgray Electronics, Inc., Freeport, NY; Orange, CT. Reptron Electronics, Inc., Livonia, MI. Resco/Raleigh, Raleigh, NC. Semiconduc-
tor 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., Buf-
falo, 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.

£1-3
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= ® For your Free Rental Catalog call collect
uICKOr enm‘ 518-372-9900 or your nearest sales office
listed below, or write the General Electric

Innr um¢nu Company, Apparatus Service Division, Building
4 Room 210, Schenectady, NY 12345.

One simple DC voltage recorder or a

e el LR RIIC e s M e i)
Electric Instrument Rental can meet all IS0 (415) 436-9760 » COL  DEAVER 1339 350 3000 o CONN. solveancney 1203) 621-
4059 » FLA. JACKSONVILLE (904 { 3 7510615, MIAMI (305) 6960811 © GA. ATLANTA {404)
your needs. 4575563 o ILL CHICAGO (219) 933-4500 or (312) 854-2994 « IND. INDIANAPOLIS (317)
3 s 00 o) 2 31 FLA MM e i MB B
We stock in depth. Our computer con- 6700« MINS lorlajllguumus (;SIIZ 52'33’3‘9?&&% wrsrss" CIZTOVISSIG 2314347 w316
oo N B ocorders by 100 ol i B Ry Sh
B, Draneir Honeroo oo aus. Sould el BB ot SRR L
e e L S IR U O, ekt ol 7 s X, Beulon” 73 SEcid, i ol e
menfs Corefu”y |n$peCfed, OCCUrOfely CO"_ 4576 ¢ VIA(SN’SEAITI.E(ZOG) §575-2987 e W.V (CHA’RI.ESTON 304, 3450920-w(|sc) MIL.
brated and ready to ship, usually the day WAUKEE (414) 744-0110 « PUERTO RICO PONCE (809) 8434225 or 4625

you call.
GE has 6 stocking inventory centers, 40

sales offices and more than 15,000 instruments
including the recorders you need—right now. G E N E R A |. E |.E C T R | C
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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 a standard 16-pin DIP

by Bill Arnold, San Francisco regional bureau manager

To perform the filtering required by
telecommunications, acoustic analy-
sis, and other medium- and low-
frequency applications, engineers
usually turn to active filters whose
less than ideal RC networks often
yield less than desirable results.
Reticon Corp. claims a better solu-
tion: 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
threc bandpass and two low-pass
filters. The bandpass units have
bandwidths of one-third, one-half,
and one octave, with center frequen-
cies variable from 5 Hz to 10 kHz.
Because of the switched-capacitor
design, the center frequency is deter-
mined by the frequency of an exter-
nal clock: no precision external
components are needed.

The low-pass devices are an equal-
ripple 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 1 Hz to 30 kHz.
Broadband signal-to-noise ratio is
typically 70 dB, and insertion loss is
typically 6 dB.

Key specifications for the band-
pass filters include a maximum in-
band harmonic distortion of 1% and
center-frequency and gain tempera-
ture 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 n-
channel 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-capac-
itor technique, what counts is the
ratio of capacitances.

These capacitances can be real-
ized in n-MOS technology by stack-
ing two layers of polysilicon around
a layer 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 full-
octave bandpass filters have a

signal-to-noise ratio, in the pass
band, of more than 80 dB. Insertion
loss is 0 dB, and maximum peak-
to-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 peak-
to-peak signals upto 4 v.

Besides these standard products,
Reticon can also make a varicty of
semi-custom filters using the same
combination of techniques, accord-
ing to analog product marketing
manager David D. Arnold.

Reticon Corp., 345 Potrero Ave., Sunnyvale,
Calif. 94086 [338]
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Curve. Computer-plotted graph shows frequency response of one-third-octave R5604 filter
for a center frequency of 1 kHz and for two slightly offset center frequencies.
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Why should I pay for Electronics
When other magazines in the field
are free?

Think of it this way: Would the other right now), isn't it worth 58 cents? That's the
publishers in the field give away their magazines cost per copy based on a one year US.

if they could sell them? subscription. Based on our long-term
Another question: Would 93,067* subscriptions, the cost is even less.

worldwide subscribers pay to read Electronics Send in a subscription card from this

if it weren' a far better magazine than the magazine. If someone has beat you to them,

“giveaways"? write subscription department, Electronics,

And finally: If Electronics is worth your McGraw-Hill, 1221 Avenue of the Americas,
time (which you are investing in the magazine New York, N.Y. 10020.

“ABC Publisher’s Statement—June 1878

Electronics Magazine.
The one worth paying for.

154 Electronics /January 18, 1979



UNDER $2500

UNDER $1400

UNDER $4500

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 | and Dash |I. 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 DIVISION
ATLAN-TOL INDUSTRIES, ING.

Atian-tol Industnal Park /West Warwick, RL 02893/(401-828-4000)
Circle 155 on reader service card




Now supports F8, 3870, 3872.




Because
who has time to learn
a new system
when a better chip

comes along?



New products

IEEE-488 reaches beyond 20 meters

Bus extender allows operation at distances up to 1 kilometer 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 stan-
dard 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 trans-
parent bus extender from Hewlett-
Packard, which is designated the
model 37201 A.

“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 abili-
ty 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
connects and requires no software
changes in the controller program
nor any special protocols, he says.

For applications over long dis-
tances, the 37201 A may be linked to
a standard telephone modem to
connect any points in the world that
can be connected by telephone. If the
points are connected by a four-wire
leased line, a single controller can
communicate one at a time with up
to 32 instrument cluster sites in a
multidrop arrangement.

The bus extender hooks on to the
bus like any other instrument or
controller. It accepts parallel bus
characters and converts them into a
serial bit stream, buffering and
grouping them for transmission at
rates up to 20 kilobits per second
synchronously or 1,200 bits/s asyn-
chronously. All communication. be-

DEVICE DEVICE
1 2

CON-
TROLLER

HP-1B
EXTENDER

DEVICE
13

HP-18
EXTENDER

TWIN-PAIR CABLE

DR
j‘/”i//f_:_- TELEPHONE CHANNEL

/‘r'

DEVICE DEVICE DEVICE
1 2 14

168

tween extenders is full-duplex and
all data is checked for transmission
errors; if errors are found, the data is
retransmitted until it is error-free.

“Besides errors, another thing you
don’t want is for a telephone-linked
system to lose control of the phone
on the remote end,” he points out.
Otherwise, the remote phone might
be left off the hook should something
go wrong with the communications
link after the call was established.

To prevent this sort of problem,
the bus extender automatically
hangs up the phone within a minute
of detecting a communications mal-
function. “The alternative is to send
someone to the remote site to hang
up the phone. If the instruments are
measuring weather conditions in the
Arctic, that can be a problem,”
Loughry quips.

In a twisted-pair setup, if the
cable is inadvertently cut or discon-
nected, it can be reattached and the
37201A will quickly recover synch-
ronization automatically. A remote
site can be effectively disconnected
by an idle command from a control-
ler, Loughry says, allowing the
remote system to be serviced without
tampering with the interface hard-
ware. Automatic dialing under pro-
gram 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. Mod-
ems that are compatible with
RS-232-C/V.24 are required for
telephone links.

Inquiries Manager, Hewilett-Packard Co.,
1507 Page Mill Rd., Palo Alto, Calif. 94304
(339}
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Things are looking up. Thanks to Build-
boards by CAMBION. A totally new way of
looking for, and getting, the right connection.

Youdesign it. New CAMBION Buildboards
are versatile, design-it-yourself, wrappable IC
socket boards. They come in 4 standard sizes,
with 3 general purpose board styles per size.
Some Buildboards take popular 14 and 16
pin types intermixed; some take any mix of
CAMBION sockets from 6 to 64 pin simulta-
neously, so designers get unmatched flexibility.

What's more, they're pre-drilled, include distrib-

uted 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

Buildboards by
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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 eco-
nomical. If CAMBION is the fabricator, just send
us the overlay drawing or a reproducible copy.
We'll assign you a part 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. A great new right connection from
CAMBION. Write or call: Cambridge Thermionic
Corporation, 445 Concord Avenue, Cambridge,
MA 02138. Phone: (617) 491-5400.

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 walk-
ing back to his office :
when the pain hithim.

In less than £
three minutes,
an ambu-
lance with
two para-
medics arrived.

But as they began
to work, arrhythmia—
erratic, wildly un-
controlled heartbeat—
setin.

Then his heart
stopped altogether.

A MIRACLE
OF ELECTRONICS.

Fortunately, the ambulance
was equipped with a Motorola
APCOR Coronary Observation
unit.

It put the paramedics in
Immediate touch with an
emergency physician at the
hospital miles away.

Not just by voice com-
munication; that doesn’t give
a doctor 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.

A miracle of
electronics—

’r A

— e SN
-

microelectronics—was about
to show what it could do.

on the spot.
In a few minutes, the
man's heart began to beat.

TECHNOLOGY DOES He was once again on his way
THE TALKING. to being alive, in every sense
of the word.
A lot of things were
happening at once. MICROCIRCUITS
The medical MAKE IT HAPPEN. |

assistants at the scene
were talking to the
emergency room at

APCOR is made possible by
Motorola microcircuits, tiny

the hospital. information processors that
And the Motorola transmit both electronic
APCOR was also talk-

Ing to the doctor in
a language only a
doctor could under
stand—Dby trans-
mitting the
patient’s EKG.
The doctor
could then treat
the patient
almost as
if he were




THIS MAN BACK TO LIFE.

signals and the human voice.

Microcircuitry is also at
the heart of the many
other kinds of two-way com-
munications

equipment
we make.
But com-

=

munications

equipment IS A microcomputer,
drawn larger

only part of et

what contrib- 3
utes to our nearly two billion
dollars a year in sales.

MAKING ELECTRONICS
HISTORY.

Thanks to Motorola micro-
electronics, we create all
kinds of remarkable
systems that
would

have been inconceivable not
long ago.

A system to help power
companies handle peak loads
without danger of blackouts.

An electronic car-engine
management system that can
save gasoline.

Even a communications
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 elec-
tronic ignitions into them) and
later put

popular-

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 manufac-
turers dedicated exclusively to
electronics, as well as one of
its foremost designers of cus-
tom and standard semi-
conductors.

Many of the things we

make are changing people’s
lives.

Others are actually saving

them.

priced @ MOTOROLA

Making electronics history

since 1928.
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APCOR, Motorola and ® are registered
trademarks of Motorola, Inc.
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For further information, write Public Affairs
Ottice, Corporate Offices. Motorola. Inc.. !
1303 EsAlgonquin Road, Schaumburg, Hllinois 60196,




How to defend against attack by air,

Series | panel sealed lighted pushbuttons are qual-
ified under MIL —S—22885.

) FW solid state self-contained proximity controls| |
provide high reliability and long life.

pY ' {r — i |
_*—\. u' V, ' i

1 /
Z 2 <. N 'l &
l / = ; L ‘—‘—‘:—J i
‘ Panel sealed solid state keyboards in a varjety ¢f || \
/ : / ‘ ‘ IL—2F S. | b )
KR [ f ' | ‘
X ‘ .____.j‘\l \,\:jl T\ L
U u ! ® 1

=in

LI00

TL toggles offer environment-pr.
many circuit options. TW prgxi
versatility in a smaller size.

g an
des switchin

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

\

EN is environment-proof limit switch with varie
of actuators, circuitries, and electric ; '
is hermetically-sealed version.



a or dust.

or use in extraordinary con-
litions, MICRO SWITCH
builds some pretty extraor-
linary devices. Sealed to

eep the environment out

keep on working in a

ide variety of aerospace,
ransportation, ordnance and
narine uses.

Uses where they simply
an't afford to fail.

HE and HM switches
tter true hermetic sealing,

ith metal-to-metal, glass-to-
netal construction.

There's the FW solid
tate proximity control for

gh reliability in severe en-
hronments. For high tem-
verature uses up to +1,000°F,
here's the HT line. The SE

d XE basic switches are
he smallest environment-
yroof basic switches otfered
y MICRO SWITCH.

MICRO SWITCH also
nakes toggles with a variety
f locking configurations

d different-shaped levers,

cluding colored tab levers.
ntegrated Wire Termination
system is also available.

And there's also a com-
lete line of Series 1 lighted
yushbuttons. They're built to
pst hundreds of thousands of
yperations, and ofter round
r square buttons, momen-
ary or alternate action and
olid state options.

Every bit as rugged as
he buttons, switches and
pggles, MICRO SWITCH
eyboards offer panel sealing
lus solid state Hall-etfect
echnology for reliability.

MIC(RO SWITCH will
yrovide you with factory-

ained held engineers for
pplication assistance and a
etwork of Authorized Dis-
ibutors for local availability.
or complete information,

ite us for details or call
15/235-6600.

ICRO SWITCH

FREEPORT. ILLINOIS 61032
DIVISION OF HONEYWELL

Circle #162 for Data

RO SWITCH products are available
otldwide through Honeywell International
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New products

Microwaves
10-GHz transistor
delivers 12 dBm

GaAs FET has 3.1-dB noise
figure at 14 GHz, is housed
in a microstrip package

A 10-GHz microwave chip transistor
that can operate linearly while deliv-
ering 12 dBm is rare enough. Supply
it in a microstrip package that meets
the environmental requirements of
MIL-S-19500 and the test require-
ments of MIL-STD-750/883, and
you have something unique.

Such a transistor is the HFET-
2201 from Hewlett-Packard’s Mi-
crowave 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 com-
munications. 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
4 mm 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

maA for a drain-to-source potential of
35v.

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
2 GHz. 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 4 GHz. Maximum achiev-
able 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 transis-
tor is available in five forms, so that
the same device can be used cost-
effectively 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 pack-
age. At 500 MHz, they offer maxi-
mum gains as high as 15 dB and
typical noise figures as low as 2 dB at
10 mA, depending on packaging.

The transistors are fabricated
using ion implantation and gold top

163



We’re Electronic OEM
parts specialists;

Gries small die
castings cut
costs & assembly

SAMPLES PROVE IT!

Gries can give you components
in one cast-assembled unit
die-cast intricate forms and
threads with screw machine pre-
cision make tiny housings. Count
on Gries zinc and plastics pro-
duction techniques to control
your costs.

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

GHI[S 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

\ In Canada: Gries Div., Dynacast Ltd., Lachine, Que.

Plants in New Rochelle, N.Y., Spartanburg, S.C. and Santa Ana, Calit.

Circle 164 on reader service card

INDICATORS

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

PrOJECIS® 3680 wyse fos
i Unimited  @5aonss
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New products

.

metalization. The former facilitates
precise control of dopant densities
and gradients and, by using arsenic
ions, yields a high transition fre-
quency —the frequency at which the
small-signal forward-current trans-
fer ratio (common-emitter) extrapo-
lates to unity—and concomitant
noise-figure improvements.

The gold top metalization pre-
vents 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 oscil-
lators and amplifiers.

Transistors are offered in two
types of plastic packages: a three-
lead MACRO-T, BFR96, and a
four-lead MACRO-X, MRF961.
Both are suited for use in micro-
wave-transmission cable-television
systems, with the MACRO-T offer-
ing a direct replacement in existing
board designs and the MACRO-X
providing 2.5-dB higher gain that
results from its opposed-emitter de-
sign. 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 strip-
line package that allows it to be
specified for 2-GHz operation. Com-
pared to the same die in a
MACRO-T package, the MRF962’s
gain is typically 6 dB higher.

Motorola Semiconductors, P. O. Box 20912,
Phoenix, Ariz. 85036 [403]
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For a product as critical
as custom I’L circuits... .
= [\

= = 3=

i
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' youneed
= acompany
. as reliable
.= w88 CHERRY

Cherry has been combining both digital and linear
functions on the same chip since the infancy of I2L
logic. Long experience, integrity of design, tech-
nological innovation and manufacturing excellence
are only the beginning. You’ll never meet a group
of engineers more eager to work with you to solve
YOUR problems. Engineers ready for the challenge of new
design concepts. Eager for your business.

It really doesn’t matter what your IC problem is. Whether
the solution is one of our standard digital or linear bipolar ICs—
or the most sophisticated custom design—Cherry has or can
provide the right solution. At the right price. With the right
delivery date.

All this from the folks at Cherry: A trusted name
in industry for more than 25 years.

SEND FOR OUR FREE 36 page catalog of
digital and linear ICs. Includes low level amplifiers—
differential amplifiers—level detectors—DC to DC
converters— timing circuits — motor speed controls —
optical detector systems—camera controls—
flip chips.

=

i
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CHERRY SEMICONDUCTOR CORPORATION




VAX-"An implementors dream.”

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

For the Numerical Algorithms Group,
the plain fact is this: “Software imple-
mentation was faster on the VAX-11/780
than on 25 other major machines.”

Before VAX, Dr. Ford’s staff had im-
plemented NAG’s complex FORTRAN

Mark 6 Library on 25 major machines
ranging from minis to mainframes, in-
cluding the Burroughs 6700, CDC 7600,

Univac 1100, and IBM 370. The average
implementation time was 13
man-weeks.

VAXtook five.

In Dr. Ford’s words, “The NAG
FORTRAN Mark 6 Library 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 re-
quires the correct functioning of the 345
library routines to a prescribed accuracy
and efficiency in execution of NAG's
suite of 620 test programs. Whilst the
activity is a significant examination of a
machine’s conformity to the ANSI
standard of the FORTRAN comwpiler, its
main technical features are file creation,
file comparison, file manipulation and
file maintenance.”

And then there was the record of VAX

reliability: “No problemswere encoun-  than the most powerful 32-bit computer
tered in the VAX/VMS software even in its price range. That VAX is truly
though approximately 3000 files were “’animplementor’s dream.”

being handled. The operational availa- For more information, simply clip
bility time for the machine was close to the coupon.

100%, an outstanding statisticfornew = ——————_ __ _ __ ________
hardware and a new operating system.” O Please send me your new VAX-11/780 color

What all this demonstrates is that brochure. . ‘
P O Please send me your detailed Technical
some of the most sophisticated FOR- Summary.

TRAN routines in the world implement
easily on VAX. That VAX capability ex-
ceeds that of many machines far more
expensive. That the VAX-11/780 is more

O Please contact me.

Name Title

Company —

Telephone

My application is:

Education—_ Government

Medical Resale

Laboratory __ Other

Engineering

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.

l |
| |
| |
1 |
| |
| |
| |
| |
| |
| l
] |
I Address |
: City State Zip :
| |
l l
| l
| |
| l
| l
| |
| |
] |
| I

dlilgliltlall
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Zap!
Your syls)tem’s
tested.

Test in ‘‘real time’’ up to S megahertz and drastically cut

development time and costs.

With the force of the MicroSystem Ana-
lyzer, developing diagnostics now can be a snap.
Operating in real time at microprocessor speeds
up to 5 MHz, the MicroSystem Analyzer speeds
total development time, performs hard- s
ware/software integration, and gets
your prototype into production faster.

A Whole New Way of
Microprocessor System Testing

With the MicroSystem Ana- d
lyzer, you now can control your sys-
tem with In-Circuit Emulation, and e/
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 a wide range of tem-
peratures, operate without a built-in test source,
and perform fault detection in multiboard sys-
tems. 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
—Z780, 8085A, 6800, 8080, with more to
come—and uses a series 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 devel-

opment, 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.

MILLENNIUM

———

MILLENNIUM SYSTEMS. INC
19020 Pruneridge Avenue, Cupertino, CA 95014
Phone: (408) 996-9109 TWX: 910-338-0256
A subsidiary of American Microsystems, Inc.
Gentiemen
OK. you got my attention. Now I'd like you to prove ycur Micro-
System Analyzer can shorten my development cycle. test systems
and boards faster than anybody else, and save me a ton of money
in the process
PLEASE:
Callme to set up a live demo on my Z80A, 8085A, 6800, or 8080 system.
Send me complete information on the MicroSystem Analyzer today!
NAME R - R
TITLE__ _ — ——e —

COMPANY. - =
ADDRESS

CITY. STATE_

PHONE_ _EXTENSION__ - S

T



New products

Semiconductors
Chip mates
drives and CPUs

Format-independent
data handler works with
cartridges and cassettes

Central processing units are bus-
oriented. Cartridge and cassette
drives, however, accept and supply
data in a serial format. When hook-
ing a CPU to a drive of this sort, a
number of chips are needed to
massage the data in both directions
to ensure compatability between the
inherently dissimilar devices. To
make this task more manageable,
Standard Microsystems Corp. has
designed the CCC 3500 cartridge
and cassette data handler.

During a write operation, this 40-
pin metal-oxide-semiconductor inte-
grated circuit receives data from the
processor and shifts it out bit-serially

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 synchroniza-
tion by detecting the sync byte and
transfers data on a byte-by-byte
basis back to the Cpu.

The 3500 also takes care of many
control functions. For example, it
detects data overrun and underrun
error conditions and flags them
through its status lines.

Another special feature of the chip
is its separate read and write regis-
ters. Separate registers allow read
and write operations to occur con-
currently when dual-headed drives
are used. Such drives may read and
write simultaneously to verify data,
thereby upping both throughput and
reliability.

The 3500 is format-independent
and can be interfaced with any exist-
ing drive for standard or mini
cassettes and standard or mini 3M-
type cartridges. According to John
Tweedy, product planning manager
for SMC, “Data coding and decod-

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 kilo-
bits/second. “The fastest I've seen
for a 3M cartridge is 192 Kb/s,”
says Tweedy, “and a standard rate is
about 48 Kb/s, making our chip
capable of handling rates more than
five times as fast.”

The 3500 has a three-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
Bivd., Hauppauge, N. Y. 11787. Phone (516)
273-3100 [411]

Static RAM crams
8 kilobytes into 18-pin DIP

How do you put a 1-K-by-8-bit static
random-access memory into a dual

-2V
BV GNO CLOCK
WRITE CLOCK
‘ WRITE | WRITE DATA
CCC 3500 WRITEDATA 1 encoDER
STATUS READ CLOCK
ENABLE READ | geap DATA
WRITE DATA STROBE CCC3500 DATA
PO ™D 0RESS 8U READ DATA | RECOVERY
2 FILL BYTE STROBE CIRCUIT
= AOESSSS SYNCH BYTE STROBE
2 CONTROL READ GATE
a DECODER

READ DATA ENABLE

READ DATA REQUEST RESET

ORIVE STATUS ENABLE

DRIVE CONTROL STROBE

THREE-
STATE
BUFFER

CASSETTE/CARTRIDGE DRIVE

e TTT—

ORIVE CONTROL

OUTPUT
LATCHES

TO OTHER ORIVES
IN SYSTEM
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PCB Flexibility
with Bendix Bru h
Connectors.

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 Con-
nector. Here's what you get

Bendix Brush Connectors increase circuit count

per board.

* Reduce number of boards by allowing more cir-
cuits 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.

+ 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, 3 and 4 row configurations.

e 90° and straight PC, solderless wrap, crimp re-
movable terminations with muiltiple lengths and
plating options.

Bendix Brush contacts improve electrical charac-

teristics.

* Highly redundant contact sites with multiple elec-
trical paths and wiping action.

» Gold plated wire bristles mesh together intimately
with gas-tight junctions.

» Stable contact resistance even after extreme me-
chanical durability abuse to 20,000 matings.

For fullinformation, call (607) 563-5302, or write
The Bendix Corporation, Electrical Components Divi-
sion, Sidney, New York 13838

Bendi

We speak connectors.

Electronics /January 18, 1979
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Lab Accuracy
Volksmeters

LM-4A $250
0.03% Accuracy

LM-40A $209
0.1% Accuracy

® Measures VDC, VAC,
Ohms, DCmA & ACmA.

e Auto zero & Polarity.

e Battery powered with
charger unit included.

®1.9"H x 2.7"W x 4.0"D.

e Large 0.3" LED display.

Non-Linear Systems, Inc.
Originator of the digital voitmeter.
Box N, Del Mar, California $2014

Telephone (714) 755-1134 TWX 91.-322:113%
Circle 172 on reader service card

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 TMof ATE& T
FDI also manufactures

Active Filters, Sinewave
Oscillators, Touch Tone* Detectors
and other Communications components.

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

(617) 374-0761, TWX 710-347-0314
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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 — multi-
plexing.

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, how-
ever, 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 in-
put/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.

The RAM also has an unlatched
chip select that holds the chip inac-
tive 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 con-
trol 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 79¢, whereas in
quantities of 10,000 pieces, the price
drops to 65¢.

Cherry Electrical Products Corp., 3600
Sunset Ave., Waukegan, lll. 60085 [417]

Sample-and-hold amplifier
has short acquisition time

Designated the NE5537, a monolith-
ic sample-and-hold amplifier circuit
uses ion-implanted field-effect tran-
sistors in combination with bipolar
devices to obtain an acquisition time
of under 10 us. 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-tran-
sistor-logic and complementary-
metal-oxide-semiconductor devices.
The output can drive a 2-kQ load.

Housed in a TO-S can, the 5537 is
available from stock. In 100-piece
quantities, they cost $3.50 each.
Signetics Corp., 811 E. Arques Ave., P.O.
Box 9052, Sunnyvale, Calif. 94086. [415]

*
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A new horizon
in systems capability.

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

Over 34,000 readings per
second, a ‘third generation’
IEEE-488interface and built-
in diagnostics combine to
make the new Series 6000
the ultimate systems instru-
ment.

The Racal-Dana 6000 is the cul-
mination of ten years of benefits-
oriented engineering, incorporat-
iNg many measurement capa-
bilities never before available...
at a price that's less than a tra-
ditional systems DVM.

A sample and hold option,
when used with the high speed
digitizer, allows precise timing of
measurements and extremely
short sample times. Full annun-
ciation of all programmed con-
ditions assures easy software
development.

Automatic timeouts during
input setting, and inhibited out-
put during autorange prevents
erroneous readings. Five pro-
grammable 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 in-
strument so unique that it even
needed a new name. More im-
portant, find out how it can save
you valuable systems dollars

while cutting your systems
design time. Call or write
today.

RACAL-DANA

[RACAL)

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.
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Is it your problem? You'll find it

most often in a new product or system as it
emerges from the development stage.
We've treated and cured many a case 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 a computer terminal; C-MQS
multi-layer hybrid for a PBX in a unique
low-cost, hermetically sealed package—just
to name a few cases.

Our service includes everything from de-
signing 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.

Whether it's a matter of original circuit
design, production to your schematic, spe-
cial thick film printing and assembly, or

a combination of all three, call us. We'll work
out the answer for you, complete with
exacting QC in the size and style of pack-
age you need.

Why suffer with Hybrid Circosis . .. let your
hybrid circuit problem become ours.. . now.

*Hy'-brid Cir-co’-sis — n.— Difficult
and time-consuming deveiopment
of afunctioning hybrid circuit. often
complicated by excessive costs and
late delivery.

The Hybrid Problem Solvers

L) microsystems

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,
CA94043 415-965-3900

Circle 242 on reader service card

New products

Computers & peripherals
Prime aims at
IBM’s midsection

Four 32-bit machines and
enhanced software also
compete with VAX 11/780

Four new 32-bit computers and
enhanced distributed processing soft-
ware 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 top-
of-the-line 750 has 16 kilobytes of
cache memory, an instruction-
prefetching unit, two-way inter-
leaved memory, a burst 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, di-
rector 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 mega-
bytes of main memory. The 450,
similar to the 550, supports up to 1
megabyte of memory.

At the same time, Prime re-
vamped its Primenet networking
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with

New, high capacitance O/PAC*power distribution ele-
ments are the exciting, revolutionary way to eliminate
decoupling capacitors from printed circuit boards.
Rugged Q/PAC elements are easy to install and in-
crease system reliability through reduced part count.

Q/PAC elements are available in capacitance values up
to 0.05uf per inch in lengths up to 16 inches. Configura-
tions allow for either vertical mounting or horizontal
installation under DIP packages.

*patent Applied For

Q/PAC elements eliminate the need for on board
power traces and extra board layers. They maximize
packaging density and minimize signal interconnection
problems.

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.

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

Rogers Corporation

ROGEIE Chandler, Arizona 85224

For immediate need circle #174

EUROPE Mektron NV, Gent, Belgum JAPAN Nippon Mekiron Tokyo
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Now a Triac, SCR
& Diode Tester
for under $4,000!

Call Collect
John W, Bailey
(214) 234-4173

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:
Nl DEIPES A BIRD, me.

Manufacturers of Scientific Instruments
P.O. Box 27324 « Richmond, VA. 23261
804/264-7590
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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 pro-
grams in the same or another Prime
computer. Remote terminals at-
tached 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 mod-
els 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 geo-
graphically dispersed units over syn-
chronous communications lines or
X.25 packet-switched networks.
Primenet software costs $12,000
with X.25 compatibility, $7,000
without.

Available for delivery next sum-
mer, 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 sched-
uled 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-busi-
ness-oriented language that would
take full advantage of the VAX-
11/780’s 32-bit architecture need be

patient only a little longer. Starting
in March, copies of VAX-11 Cobol-
74 will be available for a single
license fee of $7,700.

Conforming to ANSI’s 1974 stan-
dard, the language implements the
nucleus, table-handling, and in-
put/output modules for sequential,
relative, and indexed-sequential file
access. Also provided are interpro-
gram communication and a library
facility.

VAX-11 Cobol-74 will accept
packed decimal data and can use the
VAX-11 string manipulation in-
structions. 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 deliver-
ies. The multikey, indexed-sequen-
tial-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
1BM RPQ 7HO0284 graphics attach-
ment 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 ob-
tainable or available for lease at
$348 a month for 36 months, the 618
will be available in March 1979.
Tektronix Inc., P.O. Box 500, Beaverton,
Ore. 97077 [364]
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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 laborato-
ry-quality signal generators, West
Germany’s Rohde & Schwarz is now
aiming to meet the needs of person-
nel who must provide field service
for modern high-performance receiv-
ing 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 Burk-
hart, who headed its design.

The SMS combines the latest
synthesizer technology with micro-
computer control in a fully program-
mable instrument—one that option-

178

ally can work with the IEEE-488
general-purpose interface bus. The
basic unit covers the range from 400
kHz to 520 MHz with a resolution of
100 Hz; an optional doubler extends
that range to 1,040 MHz. The gener-
ator’s output level can be set in 0.1-
dB 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¢/°C. An optional-

temperature-controlled reference os-
cillator improves this to one part in
107 from 0° to 50°C. The standard
oscillator has an aging drift of one
part per million per month; the high-
stability option drifts only 1 ppm 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 indica-
tors for frequency, level, and modu-
lation, makes the SMS easy to oper-
ate. The values for the displayed
parameters may be entered directly
from a single 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 three-
digit 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 frequen-
cy-doubling and IEEE-488 bus op-
tions add $1,040 and $245, respec-
tively. 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 pro-
duction lines or in the field, for

example, where having a program-
mable oscilloscope would be desir-
able. 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. Con-
sisting of four individual units—the
model 5810 oscilloscope, the 5812
programmer, the 5811 program-
control unit, and the 5813 multi-
probe controller—the series sepa-
rates the functional aspects of a
programmable scope so that only
those required need be purchased.

The 5810 is a 20-MHz dual-chan-
nel 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-transistor-
logic-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 se-
quence and select a particular 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 Zach-
mann 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 polycar-
bonates are designed to do just that.

The X463UW gives you “‘Space Age" performance in cir-
cuits demanding the smallest possible size. Capacitances
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 x mfd minimum at 25°C. DF is
less than 0.3% at 25°C and 1 KHz. And stability? In humidity
and shelf life tests the stability of the X463UW is actually
two to three times better than polysulfone

You get all that because we've applied the latest in com-
ponent technology to combine the improved electrical per-
formance of polycarbonate with dramatic size and weight
reductions made possible by the use of our exceptionally
reliable metallized dielectric

We also put the same kind of effort into our engineering
services and our field support. Try us. We can help reduce
the tension. Give us a call, or write: TRW capacitors, An
Electronic Components Divi
sion of TRW, Inc., 301 West
‘0" 8t., Ogallala, Nebraska &

69153. Tel: (308) 284-3611

TRW c.raciors

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 1/0 combination

The strategy at Analog Devices in its
maturing microcomputer analog in-
put/output subsystem business
hasn’t always got the company out
first with boards that mate with a
given system, but there has usually
been a performance and price attrac-
tion. The story is no different with
the latest series—the RTI-1250,
intended for users of Digital Equip-
ment 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 170 board,
and the -RTI-1252 analog output
subsystem. Each is on a single half-
quad-sized board; each includes an
on-board dc-to-dc converter as stan-
dard; and each appears to the micro-
computer as a block of four memory-
mapped address locations.

Whereas competitive input boards

ANALOG
DEVICES

7

i

180

offer 16 single-ended input channels
(8 differential), the RTI-1250 pro-
vides 32 single-ended inputs (16
differential). There are two ver-
sions—one with a resistor-program-
mable-gain instrumentation ampli-
fier (RTI-1250-R), and one with a
software-programmable-gain ampli-
fier (RTI-1250-S). The latter allows
the user to select gainsof 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 man-
ager 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-programmable-
gain amplifiers. He is especially
enthusiastic about the RTI-1251
combination board, maintaining that
it is the first 170 board that offers 16
channels of 12-bit input plus two
12-bit digital-to-analog voltage out-
puts. “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 v of
analog output in several ranges.

Finally, the RTI-1252 board pro-
vides 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

ANALOG
DEVICES

on/off applications.

“We’ve done something interest-
ing,” 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.” Option-
al voltage-to-current converters are
also available for 4-t0-20-mA out-
puts. Delivery time for all units is
three to four weeks.
Analog Devices Inc., Route One industrial
Park, P. O. 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 con-
version 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-DAS8B. The four-
channel boards differ in powering
and price; the A model has an on-
board + 15-v dc-to-dc converter and

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

monotonicity. Under microprocessor
control the 1262 readily supports:
...different input codes (BCD, in-
verted BCD, and several binary
codes);
...different number of input bits
{up to 12) and,
...different analog outputs (volt-
age or current) in either polarity.
And it handles both DACs which
require full time data or those for
which data must be latched through

strobing signals (microprocessor
compatible).

Test results are presented in 2 sec-
onds 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 super-
position (bit addition) error.

Test fixtures the key

The instrument achieves its flexi-
bility through a number of per-
sonalized test fixtures. You can be
testing BCD current DACs one mo-
ment, and binary voltage DACs the
next, simply by changing test fixtures
according to the pin configuration of

Model 1262 accuratel
wide variety of DACs for linearity,
montonicity. Price: $2960.

reads

the test fixture. Each contains a zero
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, pre-
test 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
write, Electro Scientific Industries,
13900 N.W. Science Park Drive,
Portland, Oregon 97229, phone
(503) 641-4141.

ELECTRO
SCIENTIFC
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One drop of Eastman 910
adhesive bonds a neoprene
gasket toa molded ABS
cover in a rug shampooing

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

Eastman 910 adhesive is
So strong, fast and easy to
apply that it can be used for |
many small repair jobs as
well as for product
assembly.

For more information, write

Dick Blair,Eastman

Chemical Products, inc .
Plastics Products Oivision
Kingsport, Tennessee 37662

&

Eastman Cmmoi:aal Products, Im: 2 smﬂdlr"y
Eastman's trademark for cyancacrylate adhesives
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costs $630; the B model requires an
external source of *15-v, 160-maA
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 comple-
ment inputs into analog signals using
12-bit d-a converters whose outputs
settle to within £ least significant
bit within 4 us. The slew rate is 20
v/us.

Output ranges are jumper-selecta-
ble from among unipolar ranges of 0
to 5 v and 0 to 10 v and bipolar
ranges of +5 and £10 v. Zero and
offset temperature drift are S ppm of
full-scale range/°C, gain tempera-
ture drift is 30 ppm (full scale)/°C,
and maximum nonlinearity is within
t'4;LsB.

With their output impedance of
50 mQ, these boards can deliver up
to 5 mA. They are specified for
commercial temperatures and are
optionally available with 16-bit digi-
tal ports, each of which replaces a
d-a converter. Delivery time for all
models is from four to six weeks.
Datel Systems Inc., 1020 Turnpike St.,
Canton, Mass. 02021, [383]

Intelligent converter works
with Multibus or alone

Compatible with systems built
around the Multibus, the MLZ-
DAQ can be used as an intelligent
analog-to-digital conversion board.
But because of that intelligence, it
can also be used as a stand-alone
data-acquisition system.

Seat of the system’s intelligence is
the on-board Z80A microprocessor,
which can converse with other exter-
nal devices by means of two RS-
232-C communications ports. The
unit is supplied with 1 kilobyte of
read/write memory and sockets for 4
and 8 kilobytes of erasable program-
mable read-only memory.

The MLZ-DAQ’s conversion ca-
pabilities spring from the use of an
ADAM-12 or an ADAM-12APG
module, which can accept 16 or 32

channels of analog inputs in either
the 0-to-5-v or the 0-to-10-V unipo-
lar range or the *5- or the £10-v
bipolar range. For differential moni-
toring, 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., Madi-
son, 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-bi-
nary-coded-decimal (BCD) convert-
ers offers users a choice of scale
factor so that the three- or four-digit
output can be tailored to the toler-
ances of a particular application.
Inputs, from a synchro or resolver of
11.8 or 90 v at 400 Hz, are converted
into BCD outputs with errors that
will not exceed £6 or *30 minutes

@1

we conviRTiR

of arc, respectively.

Outputs can represent either uni-
polar or bipolar ranges and are tran-
sistor-transistor-logic—compatible. A
reference input of either 26 or 115 v,
400 Hz, is required in addition to
15-v and 5-v power; synchro and
reference inputs are isolated.

Units are available for the com-
mercial and industrial operating
temperature ranges and are priced at
less than $375 in production quanti-
ties. Delivery time is four weeks.
Computer Conversions Corp., 6 Dunton Ct.,
East Northport, N. Y. 11731. Phone (516)
261-3300 [385]
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Theonly
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.

e Field proven in NCR products e Prints up to 120 lines per minute For delivery information, prices,
or literature, please contact us at

e Produced in quantity with NCR e Completely flexible — you ) ) .
quality control control the electronics g(E:F:/I E'\;Iagrl:;?rr‘l;gpagdBl\ginsuzf;cturlng.
e Works as printer and/or e Attractive quantity pricing ithaca, New Yori( 1‘48‘50 ‘
plotter because of unique single (607) 273-6066.
wire design

e Multiple copy capability

e Disposable ribbon cassette is
operator changeable

NIC R

e No messy spools or tricky
Engineering and Manufacturing — Ithaca

threading
Circle 183 on reader service card




New products

Components

IC cuts CRT
distortion

Pincushion eliminator
comes in a 24-pin DIP,
is priced starting at $75

Pincushion distortion has long
plagued manufacturers of precision
cathode-ray-tube displays. Existing
solutions have been costly, cumber-
some, or ineffective. Now, however,
Intronics Inc. is offering a series of
monolithic devices that are much
less expensive as well as more accu-
rate than anything that was avail-
able previously.

The C300 series will replace
complicated and expensive diode
breakpoint circuits or clumsy mag-
net-positioning schemes. “The C300
series will offer a continuous func-
tion, whereas diode breakpoint cir-
cuits have not,” points out Herbert
F. Wise, vice president for engineer-
ing. It will also replace an earlier,
more expensive, C100 series of
correction modules.

Hermetically sealed in |6-pin dual
in-line packages, the C300 units will
operate from 0° to 70°C. Moreover,
military versions, the C400 series,

Pincushion. When pincushion distortion
occurs, the effect is to make squares appear
as shown by the colored outline. This distor-
tion appears in all flat-faced tubes because
the distance from the center of deflection to
the screen varies with defiection angle.
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come 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 C310 has a typical
error of 2% of the full on-axis screen
dimension. For the C311, the figure
is 1%, and for the C312 it is 0.5%.
For the C410 and C411, the figures
are 1% and 0.5%, respectively.

Settling time to within 0.1% of
full-screen dimension is typically
2 us for all models, and typical 3-dB
bandwidth for all models is 7 MHz.
The maximum slew rate for all units
is typically 200 v/us.

Other typical specifications in-
clude an end-point temperature coef-
ficient of 400 parts per million/°C
for the C300 series and 350 ppm/°C
for the C400. Offset temperature
coefficient is 75 uv/°C for the C300
family and 50 uv/°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 C410 goes for $150
each and the C411 is priced at $225.
Delivery for all units takes four to
six weeks.

Intronics Inc., 57 Chapel St., Newton, Mass.
02158. Phone Peter de Hollan at (617) 332-
7350 [341]

Small capacitors withstand
4'/>-b pull on leads

Built to withstand a pull of greater
than 4 Ib on its axial leads, the
type 608 foil-wound capacitor is
small enough to be used in high-
density circuits and encapsulated
military assemblies. The polyester-
dielectric elements are available with
100-v ratings in values from 0.001 to
0.10 uF and with 50-v ratings from

0.012 to 2.0 uF. Tolerances range
from £1% to +20%.

Prices vary according to capaci-
tance, tolerance, and voltage rating.
A 0.001-uF capacitor with *20%
tolerance and 100-v rating, for
example, costs 63¢ in quantities of
1,000.

TRW Capacitors, 301 W. O 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-by-
seven-dot matrixes controlled by a
microcomputer. The 1%-in.-high,
light-emitting-diode matrixes are vi-
sible from over 90 feet away at view-
ing 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-

ters, so four eight-character mes-
sages 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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784/027 = 435/278
INTEGRATED professional books MICRO-
CIRCUITS PROCESSOR
by F. F. Mazda for only APPLICATIONS
Pub. price, $24.95 MANUAL
Club price, $18.95 S 9 5 Pr)'/c'Motorola.
Pub. price, $35.00
;JBISE/:S-BANMYSIS Club price, $25.00
OF COMPUTER
SYSTEM 273/634
| S
by B. Beizer
Pub. price, $22.50 va ues u p & ORGANIZATION
Club price, $17.25 by J. Hayes
to $62. 50 Pub. price, $22.00
785/503 Club price, $16.50 B .
DATA COM- A
MUNICATIONS: 784/450 —
Facilities, DIGITAL x4
Networks, and . COMPUTER et
Systems Design Two special honus books come to you DESIGN =
by D. R. Dotl A A A by R. Kline
Pub. price, $24.95 for $2.95 with your first club selection pub, price, $1950 | =
Club price, $18.95 Club price, $15.75
785/147 Be sure to ider these books as well— 353/670 !
:‘l“l'l‘lg;ga}(ig’. 785/49X 785/074 784/71X 785/201 EI:%'[‘:(E);SORS
PROGRAMMING THE STRUCTURE  MINI- MICRO-
o  ELECTRONIC FOR MINI- OF COMPUTERS  PROCESSORS PROCESSOR & SMALL DIGI-
AU OF TABLES, COMPUTERS AND by D. SYSTEMS TAL COMPUTER
mEme  SYMBOLS, b 1t COMPUTATIONS  Heiserman DESIGN SYSTEMS FOR
ALt y J. C. Cluley
M MEASUREMENTS by D. L. Kuck Pub : 9.95 by E. E. ENG'NEERS l
wsen BB g UES Pub. price, $17.50  BY D. L. Kuc et Bl iog i SCIENTISTS
' e . Club price, $13.50 Pub. price, $23.95  Club price, $8.45 ngman
l Rt by R. H. Ludwig Pub. price, $19.50 by G. A. Korn

pa? 768/749
?&EE%E&"WE "“ I‘Dllllcl(ll‘v O“GP E%E:cggm ;
e to new members of the PROGRANMING
by W. F. Leahy S

Pub. price, $19.95
Club price, $14.95

491/380

MICRO-
COMPUTER-
BASEQ OESIGN
by J. Peatman
Pub. price, $24.50
Club price, $17.50

COMPUTER PROFESSIONALS’

any two

of these great

CLUB

Club price, $18.95

Pub. price, $9.95
Club price, $8.45

784/795

DATA PROCESS-
NG COST
REDUCTION

ANO CONTROL
by D. H.
Brandon

Pub. price, $17.95
Club price, $13.50

] Pub. price, $17.95
Club price, $14.25

Club price, $15.95  pub. price, $27.50

Club price, $18.95

save time and money
by joining McGraw-Hill’s

COMPUTER PROFESSIONALS’

BOOKCLUB

G

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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-—— MAIL THIS COUPON TODAY ——_

COMPUTER PROFESSIONALS' Book Club
P.0. Box 582, Hightstown, New Jersey 08520

“Please enroll me as a member and send me the three books mdicated. | am to recewe the
two bonus books at the introductory price of $2 95 plus my first selection. plus tax,
postage. and handling. If not completely satisfied, | may return the books within 10 days
and requést that my membership be cancelied. If | keep the books, | agree 10 take a
minimum of three additional books during the next two years at special Club prices
{guaranteed 15% discount, often more). | will receive the Club Bulletin 13 times a year. If|
want 10 examine the featured selection. | need take no action. It will be shipped automati-
cally. It, however, | want an aiternate selection — of no book at all — | simply notify the Club
by returning the convenient card always enclosed. | will alwa,s have amimmum of 10 days
in which to return the card and you will credit my account full ‘ including postage, if this is
not the case. Membership in the Club is continuous but cancelable by me at any ime after
the four-book purchase requirement has been filled. 7his order subject to acceptance by
McGraw-Hill Orders from oulside the contmental U.S must be prepard. Company,
busness, of mstilulional 1ax exemplion stalus is not applicabie lo purchases made mm:%l:
individual Club memberships. All prices subject 1o change without notice Offer
new members only A shipping and handiing charge is added 10 all shipments Members
are billed when books artive

Write Code # of 1st Write Code # of 2nd Write Code # of 1st
bonus book selection here  bonus book selection here book selection here

I L

Name

Address

City State Zip

EXTRA SAVINGS: Remit in full with your order, plus any local and state tax.

and McGraw-Hill will pay alt regutar postage and handling charges. P39370
-
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Circle 186 on reader service card

New products

$240 in quantities of 100 and is
available from stock.

Logic Electric, P. O. Box 5154, Kingwood,
Texas 77339. Phone Curt Hamilton at (713)
446-1021 [345)

Tough automobile relay
plays to the pits

Electromechanical relays of the type
used in automotive electronics usual-
ly employ a design in which the
contact arm is of a separate piece
from the remainder of the relay,
joined to it by a piece of copper braid
and retained by flanges and a spring.
Under the recurring influence of
severe shocks like those induced by
New York City potholes, the ele-
ments retaining the contact arm can
be altered, thus producing failures
that may be permanent or puzzlingly
intermittent.

In addressing this kind of prob-
lem, 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, double-
throw versions mountable on
printed-circuit boards, the relay em-
ploys a different design: its bobbin
and the contact arm are cast as a
single part.

Wrapped around the bobbin is a
coil with a resistance of 130 €, so the
unit consumes less power than com-
petitive 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 a lifetime of 750,000 opera-
tions.

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 mid-
February.
Gulf and Western Manufacturing Co., Auto-
motive Operations, 24114 Research Dr.,
Farmington Hilis, Mich. 48024. Phone Ken
Conrad at (313) 478-8140 [347)
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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 a variety 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) suit-
able 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, con- IJIA I_IGI‘IT

tact 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 Bivd., 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

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 i1C
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.

[@SCANBE

DIVISIDN OF ZERO CORPORATION

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

Circle 232 on reader service card

MOTOR-ANALYSIS
SYSTEM
with
NEW 3-WAY READOUT

a2 FRICTIONLESS DYNAMOMETER
?‘ Power-absorptiondynamometers utilize
= friction-free hysteresis brakes for longest life,
g precise repeatability, smooth torque appli-
cation independent of speed. Models from
!

2.50 oz.in. to 200 Ib.in., with English, met-
ric, or Sl calibration.

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

4% owr catslog in
All dynamometers and readouts offer many v
exclusive features and capabilities. Request
information today.

f—E MAGTROL,INC.

70 GARDENVILLE PARKWAY WEST  BUFFALO, NEW YORK 14224  716-668-5555
Circle 233 on reader service card

or calt us toli-free at
800-828-7844
(oxcept New York Stete)
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Loch Katrine in the Trossachbs — ubere Glasgow draws much of its exceptionally pure wa
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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 a third 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.
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So if your processes need pure
water, get in touch, We'll help fill in
the facts and figures for you. And
wc’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 UK, and to
forcign 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
Ofticer, City of Glasgow District
Council, Sun Life House, 116 West
Regent Street, Glasgow G2 2RW,
Telephone 041-332 9700.

&
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GLASGOW

city to build on
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Why our monitors
are good for your image. \

POWER
OEGAUSSE

UNDERSCAN

|

CONRAG

With a Conrac 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 a broad
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 a monitor
that fits your system'’s needs. Standard or custom,
Conrac quality is more than screen deep.

Circle 190 on readet service card

r SRIGHTNESS 1
®

[— CONTRAST —7

paresy

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.

P ———————
[ —
[ e—

CONRAC

We’re more than meets the eye.




Fewer parts make
analog function ICs
cheaper and better

Cabie lets
programmer
emulate PROMs

40-W V-MOS FET
sells for 50¢

Signali conditioners
make It easlier to
acquire data

Price cuts
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Products newsletter

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 a number 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, a single 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 50¢ 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
VNIOKM, is an 80-v, 0.5-A transistor with a source-to-drain on-state
resistance of 6 Q. 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 transduc-
ers with computers. Designed to work with strain gages, thermocouples,
and resistance temperature detectors, the modules are intended to elimi-
nate 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 voltage-
to-current converter and an isolated v-I converter 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 per-
gram 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 a two-channel unit to $4,600
for a 16-channel machine.
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CLASSIFIED SALES REPRE-SENTATIVES

Cleveland Mac Huestis 216/781-7000

Atlanta 404/892-2868 Dallas Mike Taylor 214/742-1747 Houston
Boston Jim McClure 617/262-1160 Denver Shirley Klotz 303/837-1010 Los Angeles Ana Galaz
Chicago Bill Higgens 312/751-3733 Detroit Mac Huestis 313/873-7410 New York Larry Kelly

a L] a
CIaSSIerd seCtlon FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

Mike Taylor 713/659-8381 Pittsburgh
213/487-1160 San Francisco Peter McGraw 415/362-4600
William Eydt 203/359-2860

212/997-3594 Stamford

Sales Manager—Mary Ellen Kearns—212/997-3306

Philadelphia
Dan Ferro

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, ECL, 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.

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

Tektronix

COMMITTED TO EXCELLENCE

\

/
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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 in-
stallation work is involved. Requires
Master's degree in Electronics
Engineering and no experience or a
Bachelor’s degree and two years re-
lated experience. Residence at Mc-
Donald Observatory, P.0. Box 1337,
Fort Davis, Texas 79734 or apply: Of-
fice of Personnel Services, The
University of Texas at Austin P.0.
Drawer V, Austin, Texas 78712, An
Equal Opportunity/Affirmative Action
Employer.

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

Sales Manaxor Electronic Tools
$100,000.—A New Line of Patented
Tools for the electronics industry to
be introduced nationwide. Test mar-
keting successfully finished. Product
1s consumable item. Need is for a
highly qualified sales manager
experienced in that market. Sales
thru distribution and direct. Write to:
McGraw-Hill Pubfications Company,
Liebigstrasse 27C D-6 Frankfurt/
Main 1, Germany. Tel. (0611)
720181.
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..DanFerro .. 215/568-6161
412/391-1314




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 bright—
1980 and beyond are even brighter. That’s where you come in.

We need the engineering staff to build on this success pattern. Qur Opportunity Spectrum is broad and includes
all levels of experience and career responsibilities. We need engineering professionals in the following disciplines.

« Digital & Analog « Electro-Optical o Electronic Packaging
« Circuit Design « Telemetry Systems + Test Systems

« Guidance & Control « Microwave/Antenna « Radar Systems

+ Systems « Microelectronics « Signal Processing

» Avionics + Reliability « Components

« Test Eduipment Design « Power Supply o Dynamics

« Military Operations Research

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.0O. Box 2507/Pomona. California 91766

An Equal Opportunity Employer M/F, U.S. Citizenship Required

e
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Wanted: Innovators

Innovative solutions to complex problems in electronic warfare
and advanced telecommunications have earned AMECOM a

ANALOG OR
DIGITAL

COMMUNICATIONS
DESIGN SYSTEMS

ELECTRONIC
WARFARE
PROCESSING
HARDWARE

worldwide reputation. If you're a creative professional with
ideas, if you thrive on fresh thinking instead of what's been
done before, take time now to investigate positions with us

of uncommon potential.

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's capital 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.

mecom Division
[’ LITTON
B/ SYSTEMS, INC.

ELECTRONIC ENGINEERS
INDIVIDUAL CONTRIBUTORS TO EXECUTIVES

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

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 de-
mands.

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

DIVISION MANAGEMENT

NYSE listed Corporation seeks a seasoned manager to
assume total P & L responsibility 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.

Your background should include a technical degree, busi-
ness training, and at least 10 years general management
experience with specific involvement in engineering, mar-
keting, manufacturing and finance.

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., P.O. Box 900, NY, NY 10020

SPECIALISTS FOR

194

SELLING OPPORTUNITY

ELECTRONIC ENGINEERS AVAILABLE

Hundreds of growth opportuniies

for talented engineenng ProfeSSIONals

Over 140 network offices nadorwide

RPM Atfillates, Ltd.
6 E 45 St/NYC (agency)
212-682-6150

IPA

ENGINEERS —MANUFACTURING qmureen
SUPERVISORS—SCIENTISTS
A Nationwide Placement Service
Our clients pay all fees and interview
expenses. All transactions conducted
1n strict confidence. Send resume to:

E. J. Stephen

West German Oistributor wanted
manufactures of electronic products
to represent in europ. Contactet: Mr.
Helmut Holzer, Holzer Corporation
D8031 Eichenau,

BUSINESS OPPORTUNITY

How To Earn Money As A Consultant
including specimen contracts) $25.
Business Psychology Int'l 830/44

EXECUTIVE SEARCH AND PLACEMENT
TRISTATE MALL » CLAYMONT, DE 1970)
1302) 798-6861

National Press Bldg., Washington,
D.C. 20045.
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GREATIVE ENGINEERS

Have you become just a facein t

RS Y= . o

Raychem can chang all that!

Raychem challenges your creativity to exploit new technologies and
develop innovative products! We encourage outstanding perfor-
mance 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 aero-
space markets.

San Francisco Peninsula

e 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 for 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 multi-
conductor 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,
Lou will direct the activities of an innovative group of Design Analysts, Sample

akers and Draftpersons. BSIEngineefing and extensive experience in cable
design and manufacture is required.

e 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 equip-
ment 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 lrequencr
signals; knowledge of shielding and general wire and cable principles essential.
Good communications skills are necessary as you will be asked to make tech-
nical 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 a healthy, stimulating environment.

Please send your resume, including salary history, to Bernie
Shapiro, Human Resources Dept. 7420/EL, Raychem, 300 Con-
stitution Drive, Menlo Park, CA 94025. (415) 329-4500. An equal
opportunity employer.

Raychem

A Multinational Corporation responding 1o the technological needs of
the Telecommunications, Process, Energy and Electronics Industries.
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oR. MANUFAGTURING
ENGINEERS

BE BOLD! Step up to new responsibility and
challenges at VERSATEC ... on the

San Francisco Peninsula

Unusually stimulating opportunities exist for Senior Manu-
facturing Engineers in the Electrical and Mechanical areas.
Familiarity with MRB, CCB, tool design, manufacturing pro-
cesses and production line problem solving essential.
Pasition requires BSME and min. 5 years 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 ougdvour 1st day of employment ... and our plan
for contin growth & success.

Come to the majestic mountains of
Colorado and take advantage of a unique
opportunity: challenging career with one
of the foremost electronics companies
AND the opportunity to enjoy living in a
small community atmosphere.

Please send your resume, includin, salary history,
to: VERSATEC, 2805 Bowers Ave., Santa Clara, CA
95051. 408/988-2800. An equal opportunity

At Loveland, Hewlett-Packard develops,
manufactures, and markets state-of-the-
art 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
a short drive from Denver and close to
famous Estes Park. Loveland, Colorado is
a community of 30,000 people; a town
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

\—

employer M/F.

VERSATEC

A XEROX COMPANY
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HEWLETTEPACKARD

NOWIS THE TIME... TO HIRE
A STUDENT THIS SUMMER.

First, it's later than you think,
with schools closing on different
semester schedules, and stu:
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 in-
terest to encourage and hold
its life-blood by providing prac-
tical 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

9000000000000 00100000000000000000000000000000000000

Free summer help listing

MAIL TO: ELECTRONICS/POST OFFICE BOX 900/NEW YORK/NY 10020

with an eye towards hiring, when
as coveted graduates, the job

market might be in their favor.

Because we believe this pro-
gram is of mutual benefit to
both employer and employee
alike, we again offer our ser-
vices as a clearing-house.

Just fill out and return the
coupon below, and we'll include
your organization in a free list-
ing to be sent to Placement
Directors and Department Heads
at leading colleges and uni-
versities across the nation.
They'll post it, and the students
will contact you directly.

NAME/TITLE (of individual to be contacted)
ADDRESS:l-Ii;iling address of your personnel oﬁicif
QR_GANIZA—T-ION: (‘Fiv;. éo;p:n-y, Govomr;nt Agency or Institution)

s B €]
TYPE AND NUMBER OF STUDENTS SOUGHT: Electromics  Avionics .‘Jﬁ
Hill

|

%0000 0000000000000 00000000

Technician

Other: (Draftsman, etc.) 1/18/79

® 00000000000 000000000018000000000000 0000000000000 00

L Note: Last date coupons can be accepted for this year's student mailingsis  4/6/79 ]

00 0000000000000 0000000000,
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BIOMEDICAL
ELECTRONICS
DESIGN ENGINEER
Move to sunny south Fiorida.
One of the largest and fastest
growing pharmaceutical firms in
the nation, seeks a Biomedical
Electronics Design Engineer
experienced in designing im-
plantable electronics and elec-
trodes. The ideal prospect
should also possess expertise
in_biomedical electronics, hy-
bridization, microprocessors,
and some manufacturing expe-
rience. 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. Flease

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 a partial list-
ing. Send resume.

Project Mgr. 30K Power Eng. 23K

Design E.E. 21K Controls Eng. 23K

Instrumentation 22K Systems Eng. 22K

Sr. Systems 25KFacilities 25K
Project Eng 22k Mechanical Des. 24K

COREY ASSOCIATES
- Suite 230, 105 Wolf Rd., Albany, NY 4
12205

POSITIONS VACANT

Electronics Engineer (Sr. Level)—
Background in signal processing,
instrumentation, ultrasonics/acous-
tics. Should have good theoretical
background but must be practically
oriented. Research & Development
laboratory. Send resume Energl &
Minerals Research, P.0. Box 409,
Kennett Square, Pa. 19348, Attn:
Mr. Don Culp.

Electronics Shop Supervisor—De-
artment of Chemistry, The
niversity of Chicago. Opening for

experienced person to head our 3

man electronics shop. Knowledge of

ma%:\etic resonance, mass spec-
trophotometers preferred. Should be
familiar with RF techniques (through
microwaves), mechanical design,
analog and digital I.C.s and a broad
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, lllinois 60637. An

Affirmative Action Equal Opportunity

Employer.

EMPLOYMENT SERVICES

Electronic engineering growth posi-
tions with clients located nationally.
Qur service 1s enhanced by the fact
that | am an EE with 20 years in in-
dustry and over 10 years in placing
professionals on an employer fee
?avd basts. Send your resume to Joe

orcassi, Director, J. Anthony &
Associates, PO Drawer AD,
%rgghburg. OH 45142, 513/364-

Electronics / January 18, 1979

Design
Personal
Business
Terminals

An 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.

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

Burroughs
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Engineering
the Office
of the Future

We are a pioneering group of engineers
and computer scientists working on an
innovative application of computer tech-
nology to the office of the future. The
design and implementation of the Elec-
tronic Cffice requires an unprecedented
multidisciplinary application of the latest
digital hardware integrated with the most
advanced software techniques available.
Guided by a unique understanding of the
potential of office automation, we are
developing an ambitious digital business
system; a pioneering effort with strong
emphasis on the system’s human inter-
face. We offer exposure to the entire range
of current electronic technologies. Compu-
ter engineers will find special opportunities
to apply their talents to the first new appli-
cation of digital computer technology in at
least a decade. Some areas of particular
interest are:

¢ Distributed System Architecture

¢ Logic & Microprocessor Systems

® Analog & Digital Circuits

eData Comm and Common Carriers

¢ RF & Optical Transmission Links

¢ Office Terminals

® A /D Conversion & Signal Processing
o 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 ad-
vancement with our rapidly expanding
group can be investigated by sending your
resume to:

Manager, Professional Employment
Department E-W4

Burroughs Corporation

105 Newtown Road

Danbury, Connecticut 06810

An Equal Opportunity Employer M F

Burroughs
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If you currently
earn between
$15,000 - $36,000
we've got a better
job foryou ... 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, R8D, 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 A BS degree (MS/Ph.D
preferred), and a minimum of one year experience in one or more
of the specific areas listed below

* Minicomputers * Radar Systems

* Microprocessors  Communication Systems
» Software development ¢ EW/SIGINT/ELINT

¢ Signal processing e Microwave Systems

¢ Digital systems » Electromagnetics

* Command & Control e 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
WALLACH

prefer. send your detailed
associates, iNncC.

resume, in confidence. We'll
make you an offer you can't

1010 Rockville Pike
Box 6016

refuse
WALLACH

Rockville, Maryland 20852
(301) 762-1100

Your career

connection
Equal Opportunity Employer Agcy

Electronics

MEDICAL
ELECTRONIC DESIGN

As an established leader in the field of diagnostic imaging
with a record of success spanning over 60 years, the Picker
Corporation has outstanding design positions for the develop-
ment of several new x-ray products. These positions offer
excellent professional growth in an area utilizing state-of-the-
art electronics.

We are seeking professional Design Engineers with a minimum
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 tech-
niques. A knowledge of design utilizing micro-processor
technology is highly desirable.

it you are qualitied, dedicated to excellence and interested in
an environment otfering excellent growth based on your
ability, send your resume to:

Don MacArthur
PICKER CORPORATION
595 Miner Road
Highland Hts., Ohio 44143

An Equal Opportunity Empioyer, M/F/H

PICKER

ONE OF THE CIT COMPANIES

Quality Health Care For HumanKind
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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

L exist for growth-conscious engineers in the following
A-6E INTRUDER areas:

B SYSTEMS DESIGN:
. BS/MS in Electrical Engineering; Computer
Science; Physics. Minimum experience should
include two years in simulator or ATE design.

EF-111A B MATH MODELING:
BS/MS in Electrical Engineering,; Physics;
Applied Mathematics. Modeling experience
should include development of dynamic models
involving rigid and flexible bodies, operational

e v‘g / it

% ¢ - systems and tactical situations.

- ’ . L

=3 w - @ AUTOMATIC TEST GENERATION:

26 HAWKEYE BS/MS in Electrical Engineering; Physics;
Mathematics. Experience should include
use/development of ATG's.

B HARDWARE/FIRMWARE:
BS/MS in Electrical Engineering; Physics.
Experience should include three to five years in
design of microprocessor based
devices/systems.

R VA el e 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

| oy City, you're close enough for its cultural attractions.
You're a 30 minute drive from the beaches of the Atlantic

M Ocean or Long Island Sound and there are numerous

N "~ Universities and Colleges for continuing your education.

‘,’ ' So why not consider what Grumman and Long Island
have to offer you?
EA-6B PROWLER Interested individuals are encouraged to send their

resumes in strictest confidence to Mr. E.M. Nettuno,
Manager Professional Employment.

GRUMMAN AEROSRPACE CORPORATION

BETHPAGE, NEW YORK 11714

AN EQUAL OPPORTUNITY EMPLOYER M/F U.S. CITIZENSHIP REQUIRED
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PRD ELECTRONICS DIVISION

DESIGN DEVELOPMENT

HARDWARE SOFTWARE

Join This Constantly Expanding
World Leader in Automatic Test Equipment
as We Advance New Programs

PRD Electronics a Division of Harris, a corpora-
tion with a record of mostimpressive growth and
expansion now at the $800 plus million level,
again has many openings. They reflect existing
programs and brand new ones, both with favor-
able 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 com-
puter based processing and control systems. Familiar with
the disciplines of software development. language stan-
dardization. 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 soft-
ware specifications into systems analysis and subsequent
coding conversions. Expenence with mini-base systems as
well as microprocessor designs and applications. Famihar
with circuit analysis techniques. BS Engr. Comp. Sci.. Adv
Degree desirable

PROGRAMMER ANALYST

Capable of working from conceptual specifications to the
establishment of design to software specifications. Prnimary
area 1s the expansion of computer systems technology to
automatic programming aspects as well as program
aspects as well as program vahdation. BS Comp. Sci
required

TEST PROGRAM ENGINEERS

Translate circutt operation in computer programs for auto-
matic fault detection and solation. Expenence in design
and analysis. dlgital 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 cur-
rent 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 expertience in LS| and micro-
processor technology. with leadership capability
Piease forward your resume
with salary history in confidence to:
Mr. Tom Castoro, Harris Corporation,
PRD Electronics Division,
6801 Jericho Turnpike, Syosset, New York 11791

HARRIS

COMMUNICATIONS AND
INFORMATION HANDLING

An Equa Oppoutunity Empioyer ~ Male and Female
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NOTICE
TO
EMPLOYERS:

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 a minimum of $15 for a subscription.

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 engineer-
ing 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 advertis-
ing.

Our readers are not “job-hoppers”. To
interest them you will have to combine
present reward with challenge and op-
portunity for future career advancement.

The cost of recruitment advertising on
these pages is $65 per ad-
vertising inch. For information call or write:

Electronics

Post Office Box 900, New York, NY 10020
Phone 212/997-2556

—
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BY POPULAR
DEMAND!

MS-215 Dual Trace
Miniscope

With Rechargeable
Batteries & Charger Unit.

$435

® 15-megahertz bandwidth.
® External & internal trigger.
e Auto or line sync modes.
® Power usage —<<15W.

e Battery or line operation.
©29"Hx6.4"Wx8.0"D.

Non-Linear Systems, Inc.
[] of the digital

Box N, Del Mar, California 92014

Telephone (714) 755-1134 TWX 910-322.1132

Circle 202 on reader service cara

1978 EBG!

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

| Electronics Buyers' Guide
| 1221 Ave. of the Americas
| New York, N.Y. 10020
Yes, please send me
| 1978 EBG
I've enclosed [J $35 per copy for surface mail
O %47 per copy for air mail
| Full money-back guarantee if returned in
| 10 days

copy(ies) of

[ Name
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Paris: Patrick Mouillard
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United Kingdom & Scandinavis: Robert Ghey
34 Dover Street, London W1
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Scandinavia: Andrew Karnig and Assoc.
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Milan: Luigi Rancati
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THINK

BAUSCH G 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

BAUSCHG LOMB ; ;
best suited to handie the job for you.
StereoZoom |\ " o BAUSCH & LOMB for a
29 detailed StereoZoom microscope
ANNIVERSARY

catalog or a personal demonstration.

in reliable microscopes since 1874

BAUSCH & LOMB ()
In CANADA BAUSCH & LOMB Canada Lid Scientific Dptical Products Division
o AOCHESTEA. NEW YORK 14602 US
3"‘%;"1;""57}51&)5‘2"43- Ontario Canada e e A e

THINK BAUSCH & LOMB . . . the name
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1. Microprocessors What you must know about available micro-

processor technology, devices, information, 4th printing. $8.95

2. Applying Microprocessors 2nd and 3rd generation tech-

nology. 26 detailed applications from data networks to video
games. $9.95

3. Large Scale Integration Covers the basic technology, new

LS| devices, LSI testing procedures, plus system design and
applications. $9.95

4. Basics of Data Communications Includes 47 articles from

Data Communications magazine covering more than 11 key
areas. $12.95

Electronics Book Series P.0O. Box 669, Hightstown, N.J. 08520

1.Send me _ copies of “Microprocessors” at $8.95 per copy.
2.Send me _ copies of “Applying Microprocessors™ at $9.95
per copy.

3. Send me copies of “Large Scale Integration™ at $9.95
per copy.

4. Send me _ copies of ““Basics of Data Communications’ at
$12.95 per copy.

5.8end 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.

L Discounts of 40% on orders of 10 or more copies of each book

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

6. Design Techniques for Electronics Engineers Nearly
300 articles drawn from “Engineer's Notebook.” A storehouse of
design problem solutions. $15.95

7. Memory Design: Microcomputers to Mainframes
The technology. devices, and applications that ink memory com-
ponents and system design. $12.95

8. New Product Trends in Electronics, Number One
From ‘New Products." state-of-the-art materials and equipment,
arranged according to function. $14.95

| must be fully satisfied or you will refund full payment if the book
is returned after ten-day trial examination.

0 Payment enclosed O sill firm O Bill me :;'{"
Charge to my credit card: |fn
O American Express O Diners Club

0O BankAmericard/Visa

Acc't No..
On Master Charge only,
first numbers above name

Name

C1 Master Charge
Date exp.

Title
Company

Street

City State Zip

Signature
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When it comes to signal sources, high precision and
versatility don’t have to mean high price. Proof ? Qur new
function and pulse generators!

MODEL 2001 SWEEPABLE FUNCTION GENERATOR.

Awide-range 1 Hz-100 KHz source for stable,
low-distortion sine waves; fast rise/fall-time square
waves; high-linearity triangle waves ...as wellas a TTL
square-wave output.

The 2007's voltage-controlled oscillator lets you
remotely shiftthe generator’s frequency by applying a DC
voltage, or using an AC voltage to sweep its output over a
100:1 range. A pushbutton-selectable DC offset, allows
you to shift output waveform centers above or below
baseline at will. With its five overlapping ranges, high-
and low-level outputs, Model 2001 is a remarkable value
for professionals and hobbyists at $124.95.*

MODEL 4001 ADVANCED PULSE GENERATOR.

It 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

GND SYNCOUT GNOD TILOUT VAKX OUT

here are the highlights: Model 4001 is a precision
digital pulse generator with fast rise and fall times
covering 0.5 Hz— 5 MHz in 5 overlapping ranges. Pulse
width and spacing are independently variable,
100 nsec—1 sec.

Whatever type of testing you have in mind, the
4001 has a mode to match. Continuous. One-shot.
Trigger. Gate. Even a compliment 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 a few. The more digital
work you do, the more you need our 4001. At $149.95*, it's
very easy to afford.
WHY SETTLEFORLESS?

Get the signal generators you've been looking for.
Atthe 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

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 Circle 204 on reader service card

—i ] —

Europe, Africa, Mid-East: CSC UK LTD.

Shire Hill Industrial Estate, Units 1 and 2
Saffron Walden, Essex CB 11 3AQ

Telephone Number: SAFFRON WALDEN 21682
TLX 817477
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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!

Dwtrsicripgtitiesingtsy: ELECTROMATIC COMPONENTS LTD.
742 West Algonquin Road

Arlington Heights, lllinois 60005

(312) 364-0100 TWX 910-222-3452
Qutside the United States, contact your

nQndenﬁc Local ELECTROMATIC Sales Office located
in 43 countries World Wide

Circle 901 on reader service card
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