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If you're on the spot
for acircuit board testing decision...
Decisions on the best approach to circuit boaid testing aren't
easy. Should you buy acommercial tester or build your own?
And if you decide to buy, which type would you select? A
Manual tester? A comparison tester that uses a known good
reference board? Or, a simulator-based system? Then there's
expandability, vendor support and service support after warranty
expiration to consider. After all, test equipment isn't alow-cost
investment and you want assurance that you're able to deliver
high-quality boards on time.
HP's experience in electronic test instrumentation and computer systems is available to help answer these chtical questions
so you'll have confidence you're making the tight move toward
meeting your specific test requirements. In addition, we can help
you plan and provide the flexibility you need to meet your future
board test needs.
The right move in circuit board testing is abig decision. Make
sure you have all the facts about HP's approach to logic-board
testing before you make your decision. Fill out the coupon today
for your free brochure, or call your local HP field engineer.

Check HP's strategy.
HEWLETT ilk PACKARD
P O. Box 60001, Loveland, Colorado 80537

Fe assistance call Washington (301) 948-6370. Chicago (312)
255-9800, Atlanta (404) 955-1500. Los Angeles (213) 877-1282

rIwant to make the right decision nowt—Please send me

the FREE brochure describing HP's solution to logic-board testing.
Hewlett-Packard, P.O. Box 60001, Loveland, CO 80537
Name
Title

Phone

Company
Address
City/State

HP Board Testers—the right decision.
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HP's New Display
is aBig Show Olt
Big, because they're afull 20mm (0.8") high with bright, clear viewing as far as 10 metres. They show off
well too, with excellent readability in bright ambient conditions because of agray body color
and untinted segments. This is HP'S new family of HDSP-3400 Series of seven-segment red displays.
IC compatible, they're ideal for electronic instrumentation,
point-of-sale termina, TV's, weighing scales and digital
clocks, and other applications where you need abig, easy-to-read
display. And power requirements are low since they utilize a
single GaAsP chip per segment.
HEWLETT ki PACKARD
Units are priced at $1.8C0 in quantities of 1000. For immediate
delivery, call any franchised HP distributor. In the U.S. contact
Hall-Mark, Hamilton/Avnet, Pioneer-Standard, Schweber, Wilshire or
1507 Page Mill Road, Palo Alto, California 94304
the Wyle Distribution Group (Liberty/Elmar). In Canada,
For assistance call WashIngton 3011948-6370 Chicago (312)
call Hamilton/Avnet or Zentronics, Ltd. "'U.S. Domestic Price Only.
255-9800 Atlanta (404 955-1500. Los Angeles (213) 877-1282
,
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Those aggravating stuck node
digital troubleshooting problems
won't leave you in the dark anymore.
Light has arrived in the form of
Hewlett-Packard 547A Current
Tracer.
The vast majority of digital
troubleshooting faults can be
tracked right down to the component level by HP'S 5004A Signature Analyzer or an HP Logic Probe.
However, zero voltage situations
like the microcomputer example at
right in which line D2 is stuck low
always present special difficulties.
No voltage based tool will take you
further unless you're prepared to
start cutting board traces and unsoldering components in an attempt to
isolate the faulty circuit element.
Enter the HP 547A Current
Tracer.
It responds inductively to current pulses in the circuit from lmA
to IA by lighting up. Just follow the
light down the circuit path and it will

lead to the exact component or
wiring fault that is sinking the
current (in this case, RAM 1).
The 547A does it without risky
circuit trace cutting or hit or miss
component replacement.
just a
very straightforward and simple
procedure.
No usable test current on the
circuit trace you're working with?
That's no problem either. Use the
547A in conjunction with the
HP 546A Logic Pulser to inject current pulses into your circuit for
equally simple, equally fast results.
Compact, simple and affordable
enough to use when you need them:
$350 for 547A Current Tracer, $175
for 546A Logic Pulser, $125 for 545A
Logic Probe, $990 for the powerful
5004A Signature Analyzer.

Call your nearest Hewlett-Packard
Field Office today, or write. We'll
send full details on all these illuminating tools. All prices are domestic USA only.
DATA
BUS

ADDRESS
BUS

HP MAKES
DIGITAL TROUBLESHOOTING
EASIER THAN EVER

HEWLETT hPACKARD
1507 Page Mill Road, Pala Alto, California 94304

02808
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For assistant:e call: Washlngton (301) 948-6370, Chicago (382) 255-9300, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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A single-chip microprocessor aimed at highvolume control applications includes all the
hardware for analog-to-digital conversion.
The result: a microcomputer that cuts interface software and component count to
achieve aminimum system cost.
NCC spotlights new computer roles, 157

The role of computers in solving the world's
energy crisis, plus the effects of the computing industry's growth, are the major themes
at this year's National Computer Conference. For an incisive review of the program,
turn to page 157, and for a thoughtful overview of equipment that will bow, turn to
page 171.
And in the next issue ...

LSI tackles data-link management ... a
product-development profile on a microprocessor-controlled digital voltmeter ... a
look at bi-FET technology.
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Publisher's letter
In the fall of 1976, when Intel Corp.
"introduced the 8021 single-chip
microcomputer, the follow-up to the
device was virtually ordained. "We
saw at the time that future parts
built around the 8021 would need
two things," says Jeff Miller, product manager for the 8020 series.
"The first was a5-volt dynamic random-access memory and the other
was an analog-to-digital converter."
The result is the 8022 one-chip
microcontroller, reviewed in the
technical article starting on page
122. The 8022 is a case study in
product planning, from concept to
final design and production. Project
manager Gene Hill articulated the
basic 8021 concepts. He was instrumental in the 8022 product definition and worked closely with coauthor Miller.
Co-captains of the design team
were engineers Bill Check and Mark
Hollen. While Check did the logic
layout, Hollen worked on the designs
of the RAM, which was proved out on
the 8021, and the a-d converter. Ed
Cheng also assisted on the layout of
the converter.
Because of the nature of the RAM
and the converter, product development was rather unusual, Miller
comments. A test-chip version of the
part was actually fabricated way
back in the beginning of last year, so
that by midsummer most of the
reliability and feasibility studies had
been accomplished.
"At that time, we knew that the
RAM and the converter worked, and
we were ready to get the 8022 into
production," Miller adds.

we have regularly been covering
different forms of automatic wiring,
packaging and production editor Jerry Lyman felt it was time to do a
wrap-up.
The result, which starts on page
134, describes how the hardware and
production methods have evolved.
Included in the article is a chart
covering all the major automaticwiring techniques now available.
This chart was originally put together by Linda Jardine of Gnostic
Concepts Inc. in Menlo Park, Calif.,
and Steve Grossman, formerly with
the same firm but now at Moser
Associates of Palto Alto, Calif.
"The chart updated me too,"
Jerry observes. "Tiers [for Through
Insulation Electronic Reflow System] seemed new to me, but actually
it's a reemergence of an older
concept spurred by recent growth of
high-density packaging."
1000 Elwell Court, Palo Alto, Calif.
'That's the address of our new
editorial offices for field editors Bill
Arnold and Rob Brownstein covering the San Francisco region. This
arrangement puts our reporters
much nearer to the many electronics
firms on the Peninsula without
hampering their ability to move
around the rest of the region.
"Rather than being 'up there' in
San Francisco, an hour's drive from
the main concentration of news
sources," says bureau chief Bill
Arnold, "we're now in the action."
Incidently, the new telephone
number is (415) 968-2712.

Technology updates serve as quick
surveys to bring you up to date on
aparticular product category. While
May25. 1978
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Angle
accuracy
to .02 degrees
Our Model 6500 digital phasemeter measures typically
to .02 °accuracy. The broad bandwidth extending
from 3 Hz to 5 MHz coupled with the wide voltage
range from 10 mV to 120 V makes it ideal for numerous
applications. Here's a 0-360° continuous nonambiguous display with resolution to .01°. This unit
requires no "extras". Going through a phase? Contact
The WAVEMAKERS ® at any of the reps listed.
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Avon Industrial Park, Avon, Mass. 02322 •(617) 580-1660, TVVX 710-345-0831
OVERSEAS SALES OFFICES: ARGENTINA: Coasin S/A; AUSTRIA: Universal Elektronik Import; AUSTRALIA: Warburton Franki Limited; BELGIUM: C.N. Rood, s.a.;
DENMARK: SC Metric A/S; ENGLAND: Keithley Instruments, Ltd.; FINLAND: Into/0Y; FRANCE: MB Electronique; GERMANY: Keithley Instruments, GMBH; HOLLAND: C.N.
Rood, b.v.; ISRAEL: R. D. T. Electronics Engineering Ltd.; ITALY: Vianello SPA.; JAPAN: Chisho Corporation; NEW ZEALAND: Warburton Franki Ltd.; NORWAY: Teleinstrument AB; PORTUGAL: Magnetrom; SINGAPORE: O'Connors (PTE), Ltd.; SOUTH AFRICA: Protea Physical and Nuclear Inst. (Pty.), Ltd.; SPAIN: Rema Leo Haag, S.A.;
SWEDEN: Teleinstrument AB; SWITZERLAND: Megex Electronic AG.

Circle 5 on reader service card

RCA first in CMOS.
The go-everywhere pP now has
ado-everything design aid.
Now you can quickly and economically
prove out the RCA 1800...our costeffective, environmentally rugged, CMOS
microprocessor.
Our new COSMAC Micromonitor
CDP18S030 is acomplete portable
sysiem diagnostic tool. The best tool, in
fact, to perform breadboard debugging
and factory checkouts and field tests
without additional diagnostic equipment.
The Micromonitor can take instructions
electronically, supply hardcopy or CRT
display through your terminal, and
become more powerful via our COSMAC Development system with floppy disk.
Prototype debugging. Simply plug the CPU of your system under test into the
Micromonitor. You now have control of both hardware interfaces and program execution. You can plug memory into the Micromonitor to emulate ROM. Using the keyboard
and display, you can start/stop, examine any portion of the system, and make changes.
Unique automated testing.The Micromonitor can be used with any of its configurations to provide the factory test system you require.
Field service. Its self-contained package is designed to be carried easily to any
place RCA 1800 microprocessor systems
I
—
are in operation.
RCA Solid State, c/o KLM Publications Handling Dept.
Schiphol Airport, The Netherlands
Operation software. An optional
Tell me more about why the Micromonitor is one
Mic-omonitor Operating System (MOPS)
more reason to go RCA 1800. My microprocessor
CDP18S831 gives you an extended set
application is:
of commands. MOPS, on the COSMAC
Development System with floppy disk
Name
option, helps the Micromonitor do everyTitle
thing from simple terminal-Micromonitor
Company
dialog to fully automated system testing.
Address

RCA 1800. Our systems are go.
Circle 242 on reader service card

RCA

The
Fujitsu Edge:
Proprietar
designs
and
processing
for
highest
Please
Please
Please
Please
Please
Please
Please

send me the Fujitsu Product Selector Guide
send me the Fujitsu IC Catalog
send me the Fujitsu IC Reliability Brochure
send me the 4K dynamic RAM Ap. Note
send me the 8K EROM Ap. Note
send me the 16K dynamic RAM Ap. Note
call me about an immediate application

Name

Your products can't be any more
reliable than the devices that go into
them. That's why we are so innovative
in our designs and so meticulous in
our processing and testing.
It all starts with creative design. Every
Fujitsu IC is an original design that
provides the best possible performance and takes full advantage of our
time-tested proprietary processing
techniques. The result: industry
standard memories that typically outperform anything the competition
can offer.
Processing for reliability. Whether it's
the double-poly embedded field
oxidation process that we use for our
advanced, dynamic 4K, 16K, and now
64K RAMs, or our patented doped
polysilicon (DOPOS) process used for
the best performing ECL memories
in the world, you can be assured that
your devices go through the same
reliable process every time.

Aluminum

Poly B
PSG I
s 0

Poly A

A reputation based on testing. Fujitsu
ICs are subjected to the most rigorous
testing, at every step of the production
process. As a result, we have earned
areputation for shipping consistently
high quality devices with predictable
in-socket performance characteristics.
IC users, who can't afford to
compromise their reputations, count
on ours.
Find out for yourself. Ask for our
Application Notes which describe our
original circuit design techniques and
processes. Obtain our Reliability
Brochure which explains why quality
and reliability at Fujitsu are more than
just words. Look through our selector
guide and see the broadest memory
line-up of any manufacturer. Finally,
get your copy of our data catalog and
review our specifications. See if your
products won't benefit from the
Fujitsu Edge.

Title

Organization

FUJITSU

Address

AMERICA, INC.

City
Zip

PSG II

State
Telephone: (

1208A East Argues Avenue
Sunnyvale, CA 94086
(408) 739-3200
Telex: 346393 • TWX: 910-338-0047

Electronics/May 25, 1978

Circle 9 on reader service card

9

Watch this space for awhole new
family of microprocessor components
designed by Advanced Micro Devices.
They're built from your side of the

board. They're microprocessor-based
solutions from asystem viewpoint.
For example:

MOS
MICROPROCESSING:
WERE ON
YOUR SIDE.

REDUCE
YOUR OVERHEAD.
Advanced Micro Devices' new
Am9519 Universal Interrupt Controller.
The Am9519 eliminates polling and
alot of other hardware and software
normally required by the CPU to manage
its peripheral devices.
It converts sophisticated device
management routines into hardware.
That means major software savings.
Plus increased throughput.

THERE'S MORE.

An internal mask register permits
individual interrupts to be disabled. It
may be loaded in parallel by the host
processor, or mask bits may be individually controlled. That means interrupt

priority modification is much simpler.
The Am9519 allows generation of
software interrupts making hardware
priority resolution of software tasks
possible. That's important for sophisticated software systems, system test and
debugging procedures.
If you're looking for auniversal
interrupt controller that looks at microprocessing the way you do, call us.

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

Advanced Micro Devices, Inc. • France: Sdic 314 -Immeuble Essen, 20 Rue Saarinen. 94588 Rungis Cedex, France. Tel (1) 686-91-86:
Germany: 8000 Munchen 2. Herzog-Heinrich-Strasse 3, West Germany, Tel (089) 539588; United Kingdom: 16 Grosvenor Place, London,
SW1, England, Tel (01) 235-6380. Belgium: 412, Avenue de Tervuren, B.P 9, 1150 Brussels. Belgium. Tel 32-2-771.99.93.

Circle 11 on reader service card

20 Hz to 300 kHz

The 8556A tuner covers 20 Hz to 300 kHz and comes
with abuilt-in tracking generator. It's calibrated for
measurements in both 50 and 600 ohm systems, with
accuracies better than ±
-1dB. Highest resolution
is 10 Hz.

D Consider the useful companion
instruments that add to
your measurement capabilities.

1kHz to 110 MHz

You'll see why so many engineers around
the world not only considered the HP 140
series but are now using them and
appreciating their value.
Select either normal or variable persistence display,
choose economy or high-resolution IF module. Then
pick or change your frequency range by simply plugging
in the appropriate tuning module.
No matter what range you're working in, you need
reliable unambiguous answers. HP'S spectrum analyzers
give you accurate measurements over wide, distortionfree dynamic ranges, time after time.
MODEL et

DESCRIPTION

100 kHz to 1250 MHz

DOMESTIC
US PRICE

Normal Persistence Display
Variable Persistence/Storage Display

$1600
$2500

8552A
8552B

Economy IF Section
High Resolution IF Section

$3175
$3875

8556A

20 Hz-300 KHz RF Section

$2525

8553B
8443A

1kHz-110 MHz RF Section
Companion Tracking Generator/Counter

$3250
$4775

8554B
8444A

100 kHz-1250 MHz RF Section
Companion Tracking Generator

$4300
$3500

8555A
8445B

10 MHz-40 GHz RF Section
10 MHz-18GHz Automatic Preselector

$7900
$3050

140T
141T

The 8553B takes you from 1kHz to 110 MHz with
—140 dBm sensitivity and resolution as high as 10 Hz.
Signals can be measured with ±1 1
/4 dB accuracy.
Choose the companion HP 8443A Tracking
Generator/Counter for wide dynamic range swept
frequency measurements and precise frequency
counting.

Use the 8554B tuning section to cover the 100 kHz
to 1250 MHz range. Maximum resolution is 100 Hz.
Measure with =EPA dB accuracy. Its companion
HP 8444A Tracking Generator (500 kHz to 1300 MHz)
also works with the 8555A tuning section.

10 MHz to 40 GHz

Call your nearby HP field engineer or write for the
full story on value in spectrum analyzers.

HEWLETT iâ PACKARD
1507 Page Mill Road, Palo Alto, California 94304
For assistance call: Washington (301)948-8370, Chicago (312)
255-9803. Atlanta (404) 955-1500, Los Angeles (213) 877-1282

For 10 MHz to 40 GHz, choose the 8555A. Its
internal mixer covers to 18 GHz, accessory mixer for
18-40 GHz. Maximum resolution is 100 Hz. Measure
with L
-1
/ dB accuracy to 6GHz, ±-23
4
3
/
4 dB to
18 GHz. For wide scans free from unwanted response
between 10 MHz and 18 GHz. add the HP 8445B
Automatic Preselector.
45803
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People
Computer lines are blurring
says National's Robinson

OPTRON
OPTICALLY COUPLED
ISOLATORS
NEW OPI 7000 SERIES
OFFERS LOW COST,
HIGH VOLTAGE ISOLATION
OPTRON's new OPI 7000 series optically coupled isolators meet the
designer's requirements for high voltage isolaton, yet at a low cost.
The new series is available from
stock and includes OPI 7002, OPI
7010, OPI 7320, and OPI 7340 types.
These devices feature input-to output steady state isolation voltage of
greater than 6000 volts in free air and
greater than 10,000 volts when encapsulated. They consist of agallium
arsenide infrared LED coupled with
either a silicon phototransistor or
photodarlington in a molded plastic
package. Standard pin spacing of
0.300 x0.100 inch is compatible with
that of dual in-line sockets.
Current transfer ratios range from
20% to 100% for the phototransistor
versions (OPI 7002/0P1 7010), and
from 200% to 400% for the photodarlington models (OPI 7320/0P1 7340).
New OPI 7000 series isolators
are interchangeable with similar products as follows:
OPTRON
OPI
OPI
OPI
OPI

7002
7010
7320
7340

GE
H15A2
H15A1
H15B2
H15131

In addition, OPTRON's complete
line of isolators includes standard devices in high-rel metal cans and low
cost DIP and other plastic configurations for most applications.
Detailed technical information on
optically coupled isolators and other
OPTRON optoelectronic products ...
chips, discrete components, reflective transducers, and interrupter assemblies ... is available from your
nearest OPTRON sales representative or the factory direct.

S

OPTRON, INC.

1201 Tappan Circle
Carrollton,Texas 75006, uSA
TWX-910-860-5958
'214/242-6571
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By now it is almost atruism that the
distinct lines of demarcation between microcomputer, minicomputer, and mainframe systems are difficult to discern, points out Daniel N.
Robinson, 43, director and general
manager of the new System/400
product line at National Semiconductor Corp., Sunnyvale, Calif.
Moreover, he anticipates even more
blurring of the lines as his firm and
others expand their product lines in
the OEM markets.
"In the early 1970s, between 60%
and 80% of the minicomputer market was to original-equipment manufacturers, who put the minis in
systems to solve some control problem," he says. "With the advent of
8- and now 16-bit microprocessors,
that OEM market began to erode for
the minicomputer people, and expand for the semiconductor manufacturer turned microcomputer system maker." As a result, the
market has become fragmented.
Products like the System/400 or
Two Pi Co., V/32 [Electronics, May
11, p. 84/228] muddy the waters
even further, in the opinion of
the former engineering director at
Xerox Corp. These new systems
look, smell, and taste like minicomputers but have capabilities that
inject them into the midst of the
mainframe market. Suddenly, there
are lines of competition that pit the
microcomputer/integrated-circuit
makers against the massive data
processing giants.
Fourth slot. For their part, the
minicomputer manufacturers are
reacting by shifting the product lines
into this newly emerging fourth slot,
the one between the traditional mini
and mainframe system. An example
here is asystem, like Digital Equipment Corp.'s VAX, with its expanded word widths.
At the top, Ism is pushing down,
with aggressive assaults on the minicomputer marketplace with avariety
of small- to medium-scale systems.
"At present, IBM has less than a 1%
share of that minicomputer market,

but by 1980 they are likely to have
about 15%," Robinson says. He sees
more changes in store as manufacturers respond to the marketing
pressures from top and bottom.
Emerging is aredefined computer
systems industry, with the three
levels of products beginning to
merge across what had once been
wide chasms of functional capabilities. Besides the fourth level positioned between mini and mainframe,
there is likely to be a fifth, positioned between micro and mini. It
will come about as the IC makers
keep packing more functions onto
slabs of silicon and replace 16-bit
systems with asingle printed-circuit
board, Robinson believes.

Adm. Briggs wants electronics
his recruits can handle
When Secretary of Defense Harold
Brown stresses the need for increased reliability and better and
simpler maintenance of weapons systems as he has done this year, Rear
Adm. Edward S. Briggs finds himself in complete agreement. The
Navy's recruiting commander,
Briggs believes too few electronics
hardware designers appreciate that
the operational environment also
includes the "software" known as

Plea. Hardware designers should pay more
attention to skills of Navy users, says Briggs.
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Z-2D
eoyurerl&stert._ ,

Crememee

Model Z-2D
One or two disks
Up to 512K of RAM/ROM
Up to 184K of disk

Model Z-2
Up to 512K of RAM/ROM

System Two
Dual disk
Up to 512K of RAM/ROM
Up to 184K of disk

Fill your computer needs
with the industry's
most professional microcomputers
Up to 512 kilobytes of RAM and
#1 IN RELIABILITY
When you choose Cromemco you
get not only the industry's finest
microcomputers but also the industry's widest microcomputer selection.
What's more, you get a computer
from the manufacturer that computer dealers rate a1 in product reliability.*
Your range of choice includes
our advanced System Three with
up to four 8" disk drives. Or choose
from the System Two and Z-2D with
5" drives. Then for ROM-based work
there's the Z2. Each of these computers further offers up to 1/2 megabyte of RAM (or ROM).
We say these are the industry's
most professional microcomputers
because they have outstanding features like these:
• Z-80A microprocessor — operates at 250 nano second cycle
time — nearly twice the speed of
most others.
*Rated in The 1977 Computer Store
Survey by Image Resources, Westlake
Village, CA.
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1 megabyte of disk storage

System Three
Two to fou, disks
Up to 512K of RAM/ROM
Up to 1 megabyte of disk

•

•

21 card slots to allow for unparalleled system expansion using industry-standard S-100
cards.
S-100 bus — don't overlook how
important this is. It has the industry's widest support and Cromemco has professionally implemented it in a fully-shielded
design.

•

Cromemco card support of more
than a dozen circuit cards for
process control, business systems, and data acquisition including cards for A-D and D-A
conversion, for interfacing daisywheel or dot-matrix printers, even
a card for programming PROMs.

•

The industry's most professional
software support, including FORTRAN IV, 16K Disk-Extended
BASIC, Z-80 Macro Assembler,
Cromemco Multi-User Operating
System — and more coming.

•

Rugged, professional all-metal
construction for rack (or bench
or floor cabinet) mounting. Cabinets available.
FOR TODAY AND TOMORROW

Cromemco computers will meet
your needs now and in the future
because of their unquestioned technical leadership, professionalism
and enormous expandability.
See them today at your dealer.
There's no substitute for getting
the best.

Cromemco
in
c or
p or
a t ed
Specialists in computers and peripherals

280 BERNARDO AVE.. MOUNTAIN VIEW, CA 94040 • (415) 964-7400
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nib gets your IBM Series/1 together
with more than 30 different line printer models,
over 100 different terminals (TTY/RS232 type),
or wire wrap for your special requirements.
MDB interfaces provide peripheral variety for the IBM Series/1
computer system. No longer limited
to the manufacturer's models, you
can select from the almost unlimited peripheral devices available
in the minicomputer market. User
flexiblity is the benefit of MDB interface products.
The MDB Line Printer Controller for IBM Series/1 computers gives
total printer capability with no
change in system software. Microprocessor controlled, the interface
allows maximum data transfer to
any printer. The single board module
operates in cycle-stealing mode or
under Direct Program Control; character code and transfer belt conversion is available to match any
printer.
The MDB Serial Interface Board
provides user flexibility in attachment of the Teletype or equivalent
device to the Series/1 computer.
This board also permits use of any
CRT or similar device through use of
RS232 circuitry. The TTY board has
RS232, 422, and 423, as well as current loop modes of operation. It is
double buffered to minimize data
over-run; baud rates of 50 to 19.2K
are switch selectable.
Unique interface design requirements are facilitated by the
WW72 and WW64 wire wrap boards
for Series/1 computers. Up to 72
twenty-pin or 64 sixteen-pin IC posi-

tions are available respectively;
numerous other IC size combinations can be developed by the user.
These boards include pins in the
user wirewrap portion with pads provided for discrete components. The
MDB boards can accomodate any
.300, .400 or .600 center dual in-line
packages; two 40-pin ribbon-cable
edge connectors are provided.
MDB interface products always
equal or exceed the host manufacturer's specifications and performance for a similar interface. MDB
interfaces are completely software
transparent to the host computer.
MDB products are competitively
priced, delivery is 14 days ARO or
sooner.
MDB places an unconditional
one year warranty on its controllers
and tested products. Replacement
boards are shipped by air within
twenty-four hours of notification.
Our service policy is exchange and
return.
MDB also supplies peripheral
device controllers, GP logic modules, systems modules and communications/terminal modules for
DEC PDP-11 and LSI-11*, Data
General and Interdata computers.
Product literature kits are complete
with pricing.
1995 N. Batavia Street
Orange, California 92665
714-998-6900
SYSTEMS INC. TWX: 910-593-1339
•TriA Digital Equipment Corp.
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People
operators and maintenance personnel—many of them 17 to 21 years
old and without ahigh school diploma. The degree of electronics sophistication in a Navy ship or airborne
system doesn't matter, he points out
coolly, "if, when you turn it on and it
doesn't work, you can't find someone
qualified to fix it."
High school grads. The Navy is
pushing hard to recruit high school
graduates for operations and maintenance training, he says, because
"their retention rate is twice that of
non—high school grads" when it
comes time to ship over (Navy talk
for reenlistment). Not only does the
Navy get a bigger return on its
investment in technical schooling, he
points out, but the fleet and shore
stations also get better performers
than they do from the sailors without
high school diplomas.
"Jobs like missile, sonar, and firecontrol technicians are the toughest
to fill," Briggs points out, because
training in these areas is perceived as
having relatively little application in
the civilian job market to which most
recruits will ultimately return. On
the other hand, many recruits—who
now can pick their specialties before
signing up with the all-volunteer
force inaugurated after Vietnam—
clamor to become data processing or
electronics technicians, where service openings are more limited.
"What is often misunderstood,"
Briggs says, "is that fire-control
trainees get at least as much electronics schooling, sometimes more,
than the more popular ratings."
Avionics and aircraft specialties—
even including pilots' positions in
which the Navy has the biggest
training investment—are getting
tougher to fill, says the admiral, who
has spent 33 of his 51 years in the
service as a pilot and a commander
of destroyers, frigates, and cruisers.
That problem is one he attributes to
the upturn in civil aviation manufacturing and air travel [Electronics,
May 11, p. 58]. Another factor is
that military electronics contractors
offer the Navy's most skilled performers higher-paying jobs closer to
home. "That," Briggs says, "is aproblem that will always be with us."
III

Intel MOS RAMs match
35% price reduction delivers
Convert to the Intel 2115A and 2125A and take advantage of
MOS economy, the bipolar speed of our HMOS process and power
savings up to 50%. These parts are following the price curve
we projected. Volume production has enabled us to
reduce the 100 quantity price on the hermetic
D2115A-2 and D2125A-2 7Onsec versions,
for example, from $7.50 to $4.75.
The 2115A and 2125A silicon gate
static RAMs are pin-for-pin plug-in
replacements for the popular 93415
and 93425 bipolar RAMs. They
offer the same advantages. No
need for external clocks or refresh
circuits, fully TTL compatible,
16mA output sink current
and operation from asingle
+5V supply. Worst case
access time on our fastest
a
ZiaVi
version is 45nsec.
In addition, the 2115A/2125A dissipate 20% less power and the 2115AU
2125AL 50% less power than the 93415/93425. This
saves power supply and cooling costs which all adds up
to additional savings in the cost of your system. And
there's more. Unlike bipolar RAMs, the 2115A/2125A
use only asingle layer of metalization which means
lower manufacturing cost and amore reliable process.
So you can look for continued improvement in cost/
performance. To put the cost potential in proper
perspective, consider this: The 2115A/2125A chip is
35% smaller than Intel's industry standard 2102A.
1000
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bipolar speeds. Now our
even greater MS economy.
And the 2115A/2125A are made on
the same manufacturing line and
with aprocess similar to the
2102A. If you've been
following the 2102A
price curve you'll
understand the
significance.
T

PROJECTED 2115A VOLUME PRICE CURVE,
BASED ON THE PRICE HISTORY OF THE 2102A
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technology delivers HMOS RAMs
to match bipolar speed. Tomorrow
look for greater speed, higher
densities, and even lower cost.
Order 2115As and 2125As
from your local Intel distributor and take advantage
of HMOS economy and
bipolar speed.
Contact: Almac/Stroum,
Component Specialties, Cramer, Elmar, Hamilton/Avnet, Harvey Electronics,
Industrial Components, Liberty, Pioneer, Sheridan, L.A. Varah or Zentronics.
For your copy of our 2115A/2125A Data Sheet, write: Intel Corporation,
Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. In
Europe, contact Intel International, Rue du Moulin àPapier, 51-Boite 1, B-1160,
Brussels, Belgium. Telex 24814. In Japan, contact Intel Japan K.K., Flower HillShinmachi East Bldg. 1-23-9, Shinmachi, Setagaya-ku, Tokyo 154.

intel
delivers.
Visit us at NCC booth #527
Electronics/ May 25, 1978
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take alot of the snarls
instruments.

vat4

HP desktop computers are easy to hook up, easy to program and easy to operate.
In short, we made them friendly—and powerful—so you can automate your
instruments in ahurry without working nearly as hard as you
might have expected.
HP desktops offer many performance features usually associated
with minis. For example, buffered I/O, direct memory access and
areal-time clock. In addition, they allow you to do keyboard calculations
and analysis while the computer is controlling multi-instrument systems.
Interfacing is asnap. You just plug in one of four standard interface
Zte.4

cards, attach the cable to your instrument, sit down
at the keyboard and start programming your
application in ahigh-level language with
powerful I/O commands. Since there's no
compiler, editing is quick, easy and direct.
Our computers come fully integrated
with keyboard, printer, display, data
storage, operating system and
pre-programmed I/O drivers
HP desktop cornin one compact unit,
puters are also versatile.
ready to go right to work
You can easily switch
N
on your application.
from one application to
another. Change
programs and variables in
the middle of arun. Move
the computer to anew
location with ease.
If you want to automate your
instruments, but don't savor the
prospect of becoming apart-time computer
technician and programmer, talk to us.
Call your local HP sales office or circle our reader service
number for more information about our friendly, but very
capable, desktop computers for interfacing.
Ask about our OEM contracts
and volume discounts.
HEWLETT à

408,

PACKARD

3400 E Harmony Road, Fort Collins. CO 80521

For assistance call .Washington (301) 948-6370. Chicago (312)
255-9800. Atlanta (404) 955-1506 Los Angeles (213) 877-1282
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Editorial

Western Europe takes aim at the IC market
Say this for Western Europe's semiconductor
makers: they don't give up easily. Outdistanced
in the crucial technology of integrated circuits
by the big American companies and falling
behind the Japanese as well, they have been
struggling for years to find away to catch
up. Now they are counting on stepped-up
backing from their governments to do so,
and some are also investing in the U. S.
market through outright acquisitions and
joint ventures. If these moves do the trick,
American producers of ics could one day see
their market share trimmed in Western
Europe and even to some extent in the U. S.
The national programs look fairly impressive.
The West German government, for example,
this year winds up a$140 million program
to abet research and development in
semiconductors, an ante that presumably
will go higher for the next five-year program.
France this year gets started on a$130 million,
five-year effort aimed at building asolid
native 1c industry. Department of Industry
officials in the United Kingdom are working
on asupport scheme that could add up to
$100 million in aid over the next five years.
There will also be money for 'Cs in the $450
million program that the Italian government
has in mind to strengthen its country's
electronics industries.
It is amistake, though, to think that these
programs could somehow cure Western
Europe's chronic IC deficit. At the very best,
they will make it possible for semiconductor
houses to stay close to the state of the art,
particularly in very-large-scale integration,
and pass that competence along to equipment
makers so they can stay competitive. No
national market in Western Europe is large
24

enough to nurture aworld-class lc house,
and efforts to put together "European"
computer companies and semiconductor
companies have been so disastrous that no
one dares suggest the idea anymore.
So despite the backing they are getting
from their governments, European
semiconductor makers now are down to just
two strategies if they want to stay in the I
c
business and not lose alot of money at it.
One is to specialize— find aniche and stay
small—something no major company wants
to do. The other is to tie up with an American
firm and gain access not only to the technology
c
but to the experience of no-holds-barred I
marketing.
Philips Gloeilampenfabrieken of the
Netherlands, far and away the largest
electronics group in Europe, did just that
when it bought up Signetics Corp. three years
ago. The strategy has really paid off, for,
among other things, Signetics' sales have
nearly doubled and Philips has boosted its IC
sales in Europe. Since then, Siemens AG,
West Germany's largest electrical/electronics
firm, has more or less followed suit and taken
aminority holding in Advanced Micro Devices
Inc. Great Britain's General Electric Co. (no
relation to its U. S. namesake) or Plessey
Ltd. may well wind up in ajoint venture with
aU. S. firm and the British government's
National Enterprise Board.
Even in France, where technological
independence is particularly cherished,
government planners are trying to sign on
American partners for their I
cplan. Since
West European firms are wary about doing
business with Japanese semiconductor houses,
it seems the only way.
Electronics/May 25, 1978

world's fastest
the newest 8085A.
Join the Majority. Since its introduction, more major companies have
chosen the 8085A than all other microcomputers combined. Almost overnight,
the 8085A became the new industry standard.
Full software and bus compatibility with the familiar 8080 is one reason why.
Designers have found they have ahead start in implementing new MCS-85-based
designs. And, the 8085A is your bridge to compatibility with upcoming Intel
microcomputer advances.
#1 in Support. Choosing the right microcomputer means more than
evaluating CPU performance. When you choose MCS-85, you get the highest
performance CPU, plus afull family of compatible memories and peripherals,
and access to our fast growing software library. Making Intel your microcomputer supplier unlocks the door to the industry's most comprehensive
development support, too.
Our Intellece and new Intellec® Series II, Microcomputer Development
System speeds your product to market. It's the only development system
with two high level languages, PL/M and FORTRAN. It's the only development system that gives you symbolic debugging, using ICE-85 in-circuit
emulation. And it's the only development system you'll need for today's
leading microcomputers, and tomorrow's, too.
Intel further supports our microcomputers worldwide with on-site FAE
applications assistance, training classes and design seminars.
The quickest way to get started is to order MCS-85 components
from your nearest Intel distributor. Or, for anew 8085A-2 data sheet,
contact your local Intel sales office or write: Intel Corporation,
3065 Bowers Avenue, Santa Clara, CA 95051.
Telephone: (408) 987-8080.

eel delivers.
Europe: Intel International, Rue du Moulin a Papier, 51 -Boite 1, B-1160, Brussels, Belgium. Telex 24814.
Japan: Intel Japan, K.K., Flower Hill-Shinmachl East Bldg. 1-23-9, Shinmachl, Setagaya-ku, Tokyo 154.
Telex 781-28426.
Distributors: Almac/Stroum, Component Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty, LA.Varah or Zentronlcs.

Visit us at NCC booth #527
Electronics/May 25, 1978

Circle No. 29 for more information

29

Motorola announces
12 UB types to complement
the #1 CMOS B-Series
Nine gates, two buffers, and an array are now
available from Motorola in conformance with the
JEDEC CMOS B-Series standard for UB devices.
The six major gates (see table) are now available
both ways, as B or UB. That's buffered or
unbuffered. Although construction of these
devices differs, pinouts are the same.
The UB listings are included with all the recent
updating in our new revision of the CMOS

Pocket/Wall Selector Guide, just off the press.
And, when we talk about reliability, we back it up.
The details are now compiled for 1977 and
spelled out in our new report on CMOS IC
Reliability, 1978.
Copies of both these new pieces, plus new UB
data sheets are yours for the asking. Send your
letter or the coupon from this ad to Motorola
Semiconductor Group, P.O. Box 20912, Phoenix,
AZ 85036. Please specify which items you want.

Motorola
shipments meet
record demand
Responding to demand, Motorola shipped
industry record quantities of CMOS units in 1976
and 1977 from our ultra-modern, high-capacity
facilities. In doing so, we earned that big number 1.
We earned it by delivering over 100 million
units in 1977 alone, and by shipping about athird
more product than anyone else for the past two
years. Our nearest competition claimed 200
million pieces of CMOS over 10 years of its
manufacture.
But leadership is based on more than delivery.
The total Motorola CMOS line provides the
broadest functional coverage, and we were first to
provide acomplete B-Series, with more than 100
B-Series devices.
Motorola is noted industry-wide for its high
CMOS product quality. A new CMOS Reliability
Report confirms the excellence documented in
earlier reports.
Motorola volume production has been
instrumental in helping bring CMOS prices down
over the years. Now we're proud to be helping
keep them low.
We're committed to doing whatever it takes to
serve you better in CMOS.

MOTOROLA
Semiconductor Group
Electronics/May 25, 1978

Motorola UB CMOS
Part No.
MC1xxxx

Function

400OUB
4001UB
4002UB
4007UB
4011UB
4012UB
4023UB
4025UB
4049UB
4069UB
4501 UB
4572UB

Gate
Gate
Gate
Array
Gate
Gate
Gate
Gate
Buffer
Buffer
Gate
Gate

UB Data Sheet
Available

B-Series
Available

Y
Y
Y
Y
fro
Y
Y
Y
Y

v
kw
Y
Y
fro
Y

TO: CMOS
Motorola Semiconductor Group
P.O. Box 20912, Phoenix, AZ 85036
Please send me:

D CMOS
E CMOS

Pocket/Wall Selector Guide, Spring, 1978
IC Reliability, 1978

[1I UB Data Sheets
Name

Title

Company

Dept.

Address

Phone

City

State
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Two multi-turn trimmers
that will set well with you.
Both our Type RT and MT cermet trimmers combine 20-turns and multi-fingered
wipers to give you unexcelled adjustability. Both types: 10 ohms to 2.5 megs
±10%. Typical TCR is less than ±
-35 PPM/°C. True quality trienmers at very
competitive prices. We have what you need. Our distributors have them
when your need is now. Ask for Publication 5237 (RT) or 5241 (MT).

/PT

7
.pe MT
0.5W at 70°C; .375" square,
3 terminal options; or .410" by
.375' 4 terminal options. Top
or side adjustment. $1.08 each
1000 piece price.

gazaffeeizeeniinae

..efeaAd
...tested in 85°C water.

1.0W at 46°C; .750" long,
4 terminal options; choice of
.250" or .340" case heights.
Opaque or translucent case.
$0.65 or 0.93 each 1000
piece price.

for extra strength and
reliable bonding.

Quality in the best tradition.
CPt173
32
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ALLEN-BRADLEY
Milwaukee, Wisconsin 53204

EC166
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Electronics newsletter

Mostek first
to si
gn for
Microcobol

The first customer for Microcobol, a British-developed version of the
popular business language that's scaled down for microcomputers, will be
Mostek Corp. The Carrollton, Texas, microcomputer manufacturer will
first use the language on its Z80-based AID-80F development system, to
be shown at the National Computer Conference in Anaheim this June.
The developer of Microcobol is CAP-CPP of London, which has agreed to
split fifty-fifty a $3.6 million development program to promote Microcobol. Britain's National Research and Development Corp. and the National
Computing Centre have thus far contributed nearly $1 million in development funds to the project.

New crucible

A modified silicon-crystal-growing furnace fitted with arecharging mech-

delivers 5 In gots

anism that can deliver not the customary one but five crystals or ingots
without replacement of the crucible has been demonstrated by the Lexington Vacuum division of Varian Associates. The Lexington, Mass., division
has acontract from the Department a Energy for continuous Czochralski
growth of silicon aimed at reducing the cost of solar cells for terrestrial use.
As part of the effort, administered by the Jet Propulsion Laboratory,
Pasadena, Calif., Varian engineers designed ahopper, vacuum system, and
vibratory feed mechanism that recharges the Varian model 2850 furnace
while the most recently completed crystal is cooling in achamber above it.
The technique has cut conventional hand-fed loading and melt-down
time before crystal growth is started from 21
/ to 13
2
/ hours. More
4
important, however, it has shown that up to 100 kg of crystals can be
produced without crucible replacement. That's a considerable improvement: five times better than today's conventional methods, which require
quartz crucible replacement—at acost of $190 to $240 — after each 20-kg
crystal is pulled.

before replacement

Philips readies
PCM audio set

$33.4 million goes
to TRW for
tracking sites
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Philips of the Netherlands is preparing to jump into the pulse-codemodulation audio systems market. What it calls its compact disk system
will be available in Europe first and then in the U. S. in the early 1980s
and consists of aplayer and disks that are played back optically by means
of adiode laser in the pick-up arm. The system's audio information will be
stored on the smallest disk yet introduced in the market: with a diameter
of 11 centimeters, it plays for one hour in stereo. It has avariable speed,
but aconstant tangential velocity of 1.5 meters per second. Information is
stored digitally with a14-bit PCM encoding system.

An initial $33.4 million contract for five sites for the Ground ElectroOptical Deep-Space Surveillance System has been awarded to the Defense
and Space Systems Group of TRW Inc., Redondo Beach, Calif., by the
Electronic Systems division at Hanscom Air Force Base, Bedford, Mass.
The real-time system, which will pinpoint and track man-made objects in
space at 3,000 or more nautical miles [Electronics, Jan. 6, 1977, p. 34],
includes asophisticated telescope equipped with electro-optics, atelevision
camera, and acomputer as well as system-related electronic and communications equipment.

33

Intersil unveils
versatile
one-chip counter

High-speed modem
from Racal aims at
distributed processing

Rockwell prepares
to go commercial
with C-MOS on sapphire

Addenda
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One of the first of aflurry of chips due from Intersil Inc. is asingle-chip
counter to be introduced this summer. Capable of directly driving a
light-emitting-diode display, the universal counter does it all: frequency
and time measurements and counting at a speed of up to 10 MHZ. The
Cupertino, Calif., company says that the part, which is built with complementary-metal-oxide-semiconductor technology, will replace hundreds of
dollars worth of hardware that goes into the more sophisticated period/frequency-measuring instruments.

A high-speed modem for pooled distribution data networks, where large
numbers of terminals are sequentially called up, has been developed by
Racal-Milgo Inc. in Miami. The modem can handle 9,600 bits per second,
and acustom microprocessor accomplishes line equalization in less than
30 ms via aparallel-processing technique. Conventional modems take 70
to 250 ms. Optional features available include multiporting and dynamic
port allocation, modem sharing, and dual secondary channels.

After using silicon-on-sapphire for complementary-mos devices in limited
quantities for its own military electronics programs, Rockwell International's Microelectronics division is eyeing the commercial market, where
interest in the long-delayed technology is building. Rockwell, however,
contemplates coming out with brand-new commercial designs rather than
converting existing military configurations, says a spokesman. Currently,
the Anaheim, Calif., unit is defining specifications for "fast computational
microprocessors using c-mos-on-sapphire silicon-gate technology for
communications and data processing, where speed is important," the
official says. No schedule is nailed down, since abusiness plan for selling
the devices remains to be set up. Rockwell would build the sos semiconductors in its Newport Beach, Calif., facility, the center of all its commercial production, rather than at the Electronics Research Center in
Anaheim, which is limited to small-run military orders.

Siecor Optical Cables Inc., the joint venture spawned by Siemens AG and
Corning Glass Works, has just slashed up to 40% off the price of its
fiber-optic cables. The best bargains, of course, are in the long runs-10
kilometers of one-, two-, or four-fiber cable can now be had for $1.75 per
meter, reduced from $2.90 per meter. Among the reasons for the drastic
discounts, says the Horseheads, N. Y., company, are manufacturing
expertise and skyrocketing sales; and though Siecor won't say, several
very large contracts apparently in the offing are also responsible. ...
Now that AT&T and Bell Laboratories have pronounced their joint experimental optical-fiber communications link in Chicago asuccess, AT&T says
it will have a light-wave link in regular operation by the end of 1980. A
site hasn't been selected, but being considered are Chicago, Washington,
D. C., New York, Los Angeles, Pittsburgh, and a line between Rochelle
Park and Union City, N. J. ...RCA Corp. is expanding its line of home
video cassette recorders. Among the new models is one, the VCT400, that
can be programmed to record up to four shows on different channels over
aperiod of seven days. The new machines, like the rest of the firm's VCR
line, are built to RCA specs by Matsushita.
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Support, theirs.

Most CRT controllers require
agreat many support devices.

We've just introduced the least
supported CRT controller ever—
the National DP8350. Instead of
the bagfull of support devices
necessary with current MOS controllers, ours lets you off the hook
with just one.
The reason is bipolar technology. It allows high frequency
performance with high drive
current outputs. So we can shift the
36

functions of extraneous support
chips onto the controller chip itself.
Functions like dot counter/decode
logic, crystal oscillator and high
current Tri-State memory address
bus drivers. The only support
required is one crystal.
Since there are fewer components, you get benefits like lower
systems cost. Less complexity.
Greater reliability. And we made
Electronics/May 25, 1978

Support, ours.

National's new DP 8350 CRT
controller needs only one.

the DF 8350 mask programmable.
If you'd like to know more about
the DP 8350, you're not alone. So we
suggest you fill out the coupon today.
National's new DP8350 CRT
controller.
More complete.
Lower systems cost.
Only one support device.
And let the outmoded chips
fall where they may.
Electronics/May 25, 1978
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National Semiconductor GmbH
808 Fuerstenfeldbruck, Industriestrasse 10
West Germany

Gentlemen: I'd like to know more about non-support. Please
rush me technical literature on your new DP 8350 CRT
controller.
Name

Title

Company
Address
City

State

Zip

Telephone

M National Semiconductor
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The only Double-Balanced
with a2-YEAR 13111ARANT

xers

featuring Hi-Rel tested diod
Introduced in 1971 at $7.95...
still only

$

1,
.

95

— (500 pieces)
$9.95 (1-49)

*including diodes!

Pre,'

To earn your continuing support, we are now
employing HTRB Hi-Rel testing for every diode
used in the SRA-1, at no increase in cost to you.
So, for the same low price of $7.95, you can
purchase our SRA-1, with a two-year guarantee,
including diodes.

Yes, a two-year guarantee for hermetically
sealed DBM's is now a reality ...made possible by an accelerated-life diode screening
program adopted at Mini-Circuits.
Each Schottky diode used in Mini-Circuits'
SRA-1 mixers is now preconditioned by the HTRB
(High Temperature Reverse Bias) technique, previously reserved almost exclusively for semiconductors assigned to space applications. With
HTRB testing, each diode is operated for 168 hours
at 150°C with one volt reverse bias applied.

To ensure highest system reliability demand
highest quality diodes on your source-control
drawings and purchase orders. Specify SRA-1
mixers, with HTRB tested diodes from Mini- Circuits:.. where low price now goes hand-in-hand
with unmatched quality.

To screen out "infant mortality", the diodes are
deliberately stressed to accelerate aging and to
force time-related failure modes to take their toll.
In conventional testing or "baking", the diode does
not experience anywhere near the stress encountered with the HTRB program. Hence, the ability
at Mini-Circuits' to locate the potentially-unreliable
diodes before they are assembled into SRA-1 units
And, with double-balanced mixers, the overall re.
liability hinges almost entirely on the diodes used.

MODEL SRA-1
Freq. range (MHz) LO -0.5-500, RF 0.5-500. IF dc-500
Conversion loss IdB)
Typ.
Max.
One octave from band edge
5.5
/0
Total range
6.5
Isolation (dB)
Typ.
Min
Lower band edge to
LO -RF
50
45
one decade higher
LO-IF
45
35
Mid range
LO -RF
45
30
LO-IF
40
25
Upper band edge to
LO -RF
35
25
one octave lower
10-IF
30
20
Min. Electronic attenuation 120 mAl 3dB

Yes, the HTRB procedure costs us more and
screens out more devices. But our goal is to
improve reliability to a level unmatched for off-theshelf DBM's at no increase in cost to our customers. You — our customers by your overwhelming confidence in our product line have made us
the number one supplier of DBM's in the world.

Signal, 1dB compression level -1- IdElrn
Impedance all ports 51) alms
•
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t
°
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WE'VE GROWN
Customer
we've

acceptance
been

of

forced to

our

products

move

to

has

been

so overwhelming,

larger facilities —

THANKS.

Mini-Circuits
MINI-CIRCUITS LABORATORY

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200
Domestic and International Telex 125460 International Telex 620156

International Representatives: CI AFRICA: /Ultra (PT .() Ltd P 0 Box 9813 Johannesburg 2000, S
Africa 0 AUSTRALIA: General Electronic Services. 99 Alexander Street. New South Wales.
Australia 2065 0 ENGLAND: Dale Electronics. Dale House. Wharf Road Frimley Green.
Camberley Surrey CI EASTERN CANADA: B D Hummel. 2224 Maynard Avenue. Utica. NY 13502
(3151 736-7821 0 FRANCE: SCIE -DIMES 31 Rue George - Sand 91120 Palaiseau.
France 0 GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial Electronics GMBH 6000
Frankt un/Main Kluberstrasse 14 West Germany D INDIA: Gaekwar Enterprise. Kama Mahal. M L
Dananukar Marg Bombay 400 026 India CI ISRAEL: Vectronics. Ltd. 69 Gordon Street. Tel-Aviv
Israel 0 NETHERLANDS. BELGIUM. LUXEMBOURG: Comex Veldweg II Hattem Holland

Circle 38 on reader service card

..! manulacluree ol Double•Balanced Monet,

0 NORWAY Darameta‘ AS. Ostensioveien 62. Oslo 6. Norway 0 SINGAPORE 8 MALAYSIA
Electromcs Traci ng Co ,PTEI Ltd 87 Bukit Timah Road Singapore 9 Malay Pemnsula
0 SWEDEN: Integerad Electronik AB Box 43 S-18251 Diursholm Sweden
U.S. Distributors: 0 NORTHERN CALIFORNIA: PENN-STOCK Co Foothill Office Center. 105
Fremont Avenue. Los Akos. CA 94022 14151 948-6533 0 SOUTHERN CALIFORNIA. ARIZONA:
Crown Electromcs, 11440 Col ins Street No Hollywood CA 91601 12131 877-3550
NEW YORK: NEW YORK MICROWAVE DISTRIBUTORS COMPANY
6, Mall Drive. Commack, N Y 11725 516 543-4771
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Significant developments in technology and business

ROM program process
may beat EPROMs
in turnaround time
Boron-implant technique
from Standard Microsystems
fixes data in memory after
wafer is virtually completed
That David among semiconductor
industry Goliaths, Standard Microsystems Corp., is changing the way it
fixes data in read-only memories.
And as aresult, it will start offering
by the end of the summer "very fast
turnaround on both standard and
custom mos devices, particularly
mask-programmed read-only memories and microcomputers," says the
company's president, Paul Richman.
He is not yet able to specify the
exact turnaround times, but Richman feels he will have "a low-cost
alternative to the erasable, programmable ROM as a separate chip or
incorporated in a single-chip microcomputer." More expensive than
ROMS, erasable PROMS are generally
used during prototyping, when debugging asystem requires changes in
its program.
The small Hauppauge, N. Y.,
company, with $8 million in sales
last year, calls its new process Clasp,
for Copiamos last-stage programmable. Copiamos in turn refers to
another Standard Microsystems process, licensed by several industry
giants, for fabricating high-speed,
high-density n-channel metal-oxidesemiconductor integrated circuits.
Completed wafer. Clasp is able to
speed turnaround time because, in
effect, it fixes the data in the memory very late in the process, "essentially after the wafer is virtually
completed," according to Richman.
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made by implanting boron, a comThat is markedly different from
monly used p-type semiconductor
most other approaches, which code
dopant, so that it penetrates the
the ROMS early in the production
polysilicon gate and the underlying
process, "frequently during the very
silicon-dioxide gate insulator, as
first photolithographic, or masking,
operation," he points out. "In effect, shown in the diagram.
Cut off. The boron also penetrates
each part is acustom part from that
the
top surface of the silicon
point on."
His new process, which involves a substrate, creating a high boron
concentration region in the channels,
high-energy boron implantation, will
increasing the threshold voltage of
allow storage of undiced wafers
the selected devices, and cutting off
fabricated with final metalization
conduction between their drains and
and silicon-nitride passivation layers.
sources. The threshold voltage can
"At that point, each ROM is flooded
be increased in this manner to alevel
with is," he says.
equal to or greater than the maxiWhen it receives an order, Stanmum positive power supply voltage
dard Microsystems will reach into its
inventory of almost-completed parts applied to the n-channel devices,
Richman explains, "and this results
and code them during afinal photoin turning into Os bit locations that
lithographic operation. The final
step is generally used to expose, or were Is."
Initially, the Clasp process is
open, the bonding pads so that leads
being used in a soon-to-be-introcan be attached.
However, additional small open- duced high-speed, video-display attributes controller for cathode-rayings are made in the passivation
layer, positioned over bit locations tube terminals. Called the CRT
where Os must be created. These are 8002, this 20-megahertz-plus chip

IMPLANTED BORON IONS
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1 1 1 1 4 1 1 1 1 4444
LOW-TEMPERATURE
DEPOSITED SILICON
NITRIDE

DOPED
PO LYSILICON
GATE

Memory. Clasp process puts Os in memory via ahigh-level boron implant that creates a high
threshold for the device, blocking the flow of current between drain and source.
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Connection. Alignment sleeve, center, is used to join two halves of single-mode fiber
connector. Complete unit, top, averages only 0.47-dB loss after 1,000 connect cycles.

Solid state

Signetics readying
2,000-gate array

but it is the first of its kind for the
single-mode strand. Moreover, it has
a relatively low loss and is readily
detachable.
The loss, including reflection at
the two fiber ends, averages 0.47
decibel even after 1,000 connection
cycles, according to the company.
This is about what would be
expected with connectors for the
larger-diameter fibers. The company
expects to use the connector in its
future fiber-optic transmission systems but has no plans to sell it as a
component. Other organizations
have developed connectors for single-mode fibers, but so far these
devices have been limited to use in
the laboratory.
Modulation scheme. Musashino
makes the connection by using a
mechanical modulation technique.
One end of the fiber is placed in a
connector plug and illuminated at its
far end. A lens system magnifies the
light emerging from the fiber on the
plug side and directs it through two
vibrating orthogonal slits. The slits
convert the fiber's position into a
modulated light signal.
The vibration frequency component is photoelectrically detected
while the fiber is being centered in
the plug so as to minimize the signal
amplitude. Aligning the fiber with
the plug's center to within a0.3-µm
average accuracy establishes a zero
reference.
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The fiber is aligned within the
plug using a two-eccentric-tube
mechanism first employed for multimode-fiber connectors. Epoxy holds
the whole assembly together. The
process is repeated for the other half
of the connector. The two halves are
connected by asleeve-and-ball-bearing arrangement that can be disconnected easily.
Modulation rates of tens of gigabits are theoretically obtainable for
single-mode fibers, whereas only
tens or hundreds of megabits are
typical for multimode fibers. However, until some means for modulating at the higher rates is readily
available and the need for it
increases, multimode fibers will continue to be used because they are
still more practical mechanically. E

While other semiconductor manufacturers enter the growing gatearray market with chips featuring up
to hundreds of gates each, Signetics
plans to push even further ahead
next month by offering an array of
2,000 gates made with integrated
injection logic. Unlike the others,
who peg their speedy arrays toward
the demands of computer mainframes [Electronics, April 27, p. 83],
Signetics is targeting its new
8A2000 at medium-speed randomlogic applications. Here, fewer interconnections are even more important
than blinding speed.
With its 2,000 gates, the 8A2000
can replace about 35 small-scale and
medium-scale integrated packages
on aprinted-circuit board, says John
Woodman, strategic marketing manager for custom Lsi programs in
Sunnyvale, Calif. He is aiming at
applications in terminals, magnetic
media, stand-alone processors, digital multiplexers, instruments, and
input/output interfaces.
Two-year life. These are products
that change every two years, according to Woodman. This short aproduct life argues for a quick development time. A completely custom
design would be inappropriate because volume is likely to be low. The

Why bother with 10-µm-wide fibers?
Why is Nippon Telegraph and Telephone working with small-diameter singlemode fibers when multimode fibers are wider by an order of magnitude or
more and, therefore, easier to handle? Because single-mode fibers propagate optical signals in a way that offers wider bandwidth. With its constant
refractive index throughout, only one electromagnetic field is transmitted
along the direction of propagation. The smaller the diameter, the less likely
that unwanted field configurations or modes will be set up.
The thicker fibers have either stepped or continuously varying indexes of
refraction across their cross sections. They can transmit many field configurations simultaneously. Bandwidth is limited here by the delay, dispersion,
and distortion associated with the different modes caused by the different
distances that the signals travel along the fiber. In other words, bandwidth is
limited by the different arrival times at the detector.
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gate arrays let a customer interconnect a "custom" design through the
final metalization layer placed on an
array of unconnected gates.
Although the smaller arrays for
the mainframe market employing
emitter-coupled logic are faster, Signetics' 1
2E.
process is reasonably
quick. Typical propagation delays
are 15 nanoseconds, so that with an
injection current of 0.15 milliampere
the speed-power product is typically
2.3 picojoules. This equals the
performance of low-power Schottky
transistor-transistor logic on an
equivalent function basis.
One beauty of the gate-array
approach is that a customer can see
working prototypes in less than four
months, as against 12 to 18 months
with custom large-scale integrated
circuits of comparable size. Moreover, Signetics maintains that the
array, with two layers of metalization for interconnecting, is easy to
hook up. "If an engineer can lay out
a two-layer printed-circuit board, he
can lay out this gate array," Woodman tells potential customers.
Yet the 8A2000 gives a customer
considerable design power. On achip

measuring 190 mils by 230 mils
there are 1,920 three-collector
gates, 60 Schottky transistors for
high-fanout logic, and 38 multifunction input/output cells. Each of the
cells can be programmed for threestate, active pull-up or open-collector
outputs. For inputs, the pnp configuration features high impedance and
high noise immunity. Of course, a
designer would not use all of the
gates. Woodman says that a highly
regular structure might use 1,400
gates, ahighly random one less than
1,000.
Design charge. A $30,000 total
design cost includes 1,000 parts;
additional parts cost less than $18.
Woodman concedes that an ssi- or
msi-based circuit might be cheaper,
but the 8A2000 offers better reliability and in effect a higher speed
because there are no interconnections over large areas of board space.
Signetics is actually honing its
bipolar expertise to cover agamut of
custom-array approaches. On the
low end—low speed and fewer functions—it already makes field-programmable logic arrays and fieldprogrammable logic sequencers in

Signetics readies combination process
Also in the works at Signetics Corp. are the first devices made with a new
process developed at Philips Gloeilampenfabrieken, Signetics' parent
concern in Eindhoven, the Netherlands. Called ISL, the process is a cross
between the high speed of Schottky transistor-transistor logic and integrated
injection logic. The results reported so far by Signetics reflect the combination: gate delays are a quick 3.5 nanoseconds, and each gate draws only
400 microamperes.
"The approach started as an attempt to create Schottky logic with I
2L
technology," explains Ron Treadway, design manager in the Logic division of
Signetics in Sunnyvale, Calif. Although the new process is not quite as dense
as I
2L, it makes several important changes in conventional I
2L technology.
First, the transistors have been changed from an inverted configuration to a
normal one. Second, the current-source transistor is replaced by aresistor in
all configurations except those where a specific operating point is needed.
Lastly, the multiple-collector outputs have been replaced by asingle collector with multiple Schottky diodes, which improve speed and fanout.
ISL is "a more forgiving technology," to quote Treadway. "For one thing, it
tends to current sharing among collectors." Other advantages over I
2L
include less noisy operation and the elimination by the Schottky diodes of
the dependence of speed on load current.
Signetics' first commercial device, due early in 1979, will be a 1,200-gate
array to compete with gate arrays made with emitter-coupled logic. It will
offer the same design benefits as the 2,000-gate I
2Larray (see story) but,
with its higher speed, it will be aimed at mainframes. And it will surpass
emitter-coupled logic in density, power, and price, says Signetics.
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low-power Schottky. It will target
the 8A2000 at a few select customers before making it more generally
available. Besides the 11 8A2000, it
plans next year to offer another
array in an advanced 1
2Lprocess (see
"Signetics readies combination process"). And it will continue to make
fully custom bipolar chips, which it
has been doing for years.

Communications

Air Force works to
ready digital phone
Especially in tactical military situations, digital telephones have a
number of advantages over analog
ones. That's why the Air Force is
going digital for its primary field
phone in the Joint Tactical Communications System wherever secure
transmission is not required.
As the first step, the Air Force
Systems division awarded a
$730,000 validation-phase contract
to Electronic Communication Inc. of
St. Petersburg, Fla. But Capt. Bradley Spink, the phone project manager, says arequest for proposals for
full-scale engineering development
will be issued in fiscal 1979 to other
companies as well.

Thirty phones. The validation
phase, meanwhile, will be completed
in September when Ed, adivision of
E-Systems Inc., delivers the final 5
of 30 phones for the Tri-Tac system.
According to Spink, who works at
the Electronics Systems division's
Combat Theater Communications
office at Hanscom Air Force Base,
Bedford, Mass., and William Brown,
deputy program manager for Air
Force Tri-Tac tasks at Analytical
Systems Engineering Corp., digital
phones are potentially cheaper than
analog sets furnished with similar
capabilities. In addition, digital versions are more flexible and do not
degrade speech quality over long
distances as do the analog systems.
ASEC, in Burlington, Mass., is technical adviser to the Air Force for the
validation phase.
The flexibility comes in the digital
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The SBA
programmable
controller.
'‘‘

çieç?p•-`
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Simple direct programming with
logic statements, and alow price tag are
leading features of GI's new SBA. Sequences are written
using familiar Boolean logic equations as a"programming
language." Now you can program timing and control
functions in arange of products.
The single-chip, one-bit SBA microcomputer has 30
TTL compatible pins that can be assigned as inputs, outputs, or multiplexed input/outputs. And a1023-word memory stores your program. A logic unit teamed with a 16element stack interacts with a 120-element read/write
memory to produce programmed outputs aterm at atime.
A cost-effective alternative to 4-bit and 8-bit microprocessors, the SBA performs decision -oriented tasks
efficiently at millisecond speeds.

GI's low-cost
random logic
replacement
As for applications, consider using the SBA in
process timers and monitors, machine controllers, security
or telecommunication systems. The SBA will do wonders
for electronic games and household appliances. What's
more, you can put the SBA to work converting and processing routine data in microprocessor-based systems.
This versatile NMOS processor in a40-pin DIP requires
only +5 and +12 volt supplies and an RC network for its
internal clock. You can depend on GI Microelectronics to
give you ahand with simulato' and software program aids
to get you started. Write or call today, General Instrument
Microelectronics Ltd.,1-4 Regency House, Warwick Street,
London W1R 5WB, England, Telephone: 01-439-1891.
We help you compete.

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS
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phone's ability to handle conference
calls and differing priorities. The
validation-phase phone can have up
to four levels of priority. For
instance, a tone indicates when a
higher-priority call is waiting, or the
call taking place can be overridden,
depending on the would-be caller's
rank and the urgency of his message.
The modulation technique yields
the potential cost savings, according
to Brown. The Tri-Tac program uses
continuously-variable-slope delta
modulation, because the codingdecoding algorithm associated with
it is simple to implement in logic.
"It's an asynchronous type of modulation that doesn't require costly
synchronization circuits," Brown
points out, "and it's relatively
immune to noise." He adds that the
technique is being used commercially by the Bell System in some rural
carrier systems.
Use of CVSD modulation also
allows simpler signal conditioning
for satellite communications than
other forms of modulation for analog
phones; Brown says, "because we
can interleave such signals as voice,
television, and teletypewriter and

condition them in bulk digitally
much cheaper than would be possible with analog signals."
Sectional. There are three main
sections in the phone, each contained
essentially on one circuit board. A
coder-decoder section digitizes analog voice signals during transmission
and decodes them back into analog
when receiving. A signaling section
does the signal processing to establish the link between the phone and
switching center, including detection
of the code peculiar to each phone
that will make it ring. Finally, to
prevent phase inversions that could
distort the signal, a modem section
imposes a diphase type of modulation on the transmitted signal and
strips that modulation away upon
reception.
The codec section is built with
integrated-injection-logic circuits,
with the signaling and modem
sections using complementary metal
oxide semiconductors. Spink says,
"The PL. and c-mos combinations
meet the off-hook power dissipation
requirement of 1.5 watts." Off-hook
means with the handset in use;
power dissipation with the handset in

the cradle is to be less than 100
The only part of the modem that
does not use c-mos is the section
with the line drivers. They are bipolar because of the higher power
needed to send signals over the maximum loop length of 4.5 kilometers to
aswitching system.
This digital nonsecure voice telephone will be linked to Tri-Tac
switching systems such as the
AN/TTC-39 being produced for the
Army by GTE Sylvania Inc., Needham, Mass., or the AN/TTC-42
unit-level switchboard being developed for the Marine Corps by rn
Defense Communication division,
Nutley, N. J.
Spink is quick to emphasize that
bidders for full-scale engineering
development will not be limited to
the ECI implementation. Meeting the
Air Force's cost figure of between
$200 and $500 per phone, based on
production estimates of 20,000 to
70,000, is the goal.
El

Automotive

Optical system
checks out axles

Digital. Electronic.Communication Inc. has delivered 25 digital telephones to the Air Force for
the Tri-Tac system. Phone's three main sections are on three circuit boards.

Ford Motor Co. has a new kind of
worker on its assembly line—an
automated optical inspection unit. A
pair of film-projector bulbs and a
silicon photodiode-detector array
controlled by a microprocessor are
checking gear ratios of axles being
built at Ford's Sterling Heights,
Mich., axle plant. And soon, the
system may be improved to the point
where it checks all the axle's
features, even determining the car
model it is destined for.
"We went to the axle inspection
system to cut the number of axles we
have to rework in the plant and to
reduce warranty problems in the
field," says Dennis G. German,
advanced gaging engineer for Ford's
Transmission and Chassis division.
Ford is also counting on the
system to reduce potential recalls.
Government regulations now specify
speedometer accuracy and exhaust
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The new SM-Relay:
Reliable in
any environment.
Further
advantages are:

The new SM-Relay
is cast completely in
sealing epoxy resin
which does not become
brittle.
A more effective
protection from
moisture, dust, corrosive
atmosphere, fluxes
and cleaning-agents is
hard to achieve.

Bifurcated
changeover contacts
=high contact reability

Symmetrical pin
configuration
=simplifies
PCB mounting

Extremely wide
working range

Key characteristics
of the SM-Relay:

=operating up to 85 °C
at nominal voltage

Dimensions:
15,3 x 12,4 x9 mm

Small height with
extremely low volume

Rated voltage:
5, 12, 24 or 48 V

=minimum distance
between PCBs with
high packing density

The switching reliability
of the .SM-Relay
when used for dry circuits
is comparable with
the one of reed relays.

Low operating power
=direct driving by ICs

Optimum contact
material and pressure
=low contact resistance

Vibration and shock
resistance are exceeding
the values of all relays
with asimilar design
concept.

and switching
range from dry circuit
to max. 30 VA

*et.
ate*
Take aclose look at the new
hermetically sealed subminiature
Relay SM and contact us for
detailed information:
ITT Components Groupe Europe
Actual size
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Standard Telephon und Radio AG
Components Division
Brandschenkestrasse 178
CH -8027 Zurich
Phone 01 201 42 55 Telex 52595

ITT

Components

Circle 154 on reader service card
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emission, which both can be thrown
off if an axle with the incorrect gear
ratio is installed.
Setup. The new equipment is
mounted on a gantry straddling one
of the three axle production lines at
Ford's 21,000-axle-a-day plant. As
the axle moves under the gantry, it
trips one limit switch that starts the
system reading and then a second
that activates a marking system that
sprays a line of color that identifies
the axle's gear ratio. It should match
the color chalked on the axle by the
employee who earlier loaded the
gear assembly into the axle housing.
"We identify the gear ratio by
identifying a component that's
amenable to electro-optic inspection," says Walter J. Pastorius, vice
president of Diffracto Ltd., the tiny
Windsor, Ontario, firm that developed the system for Ford. In this case,
asensor sees the unique tooth geometry of each ring gear as it is spotlighted by two quartz halogen lamps.
The 256-by-256-element photodetector array detects the gear's features.
The digital pulse train from the
detector array is routed to a cabinet
next to the production line where,
after some signal conditioning, an
Intel Corp. 8085 microcomputer
compares it to a table of values that
identify the ratio. It displays the
ratio or an error code on a 3V2-digit
light-emitting-diode readout and
turns on the marking system.
More. Although the optical doublecheck may seem a trivial task for
the relatively sophisticated microprocessor that Ford chose, Ford
opted for Intel's device so it will have
enough computing capability for further automation. The car maker has
already begun installing a machine
that automatically fills the housings
with axle lubricant and will use an
optical package to detect the level of
the fluid. In the future, Ford plans to
add enough optics to see the diameter and width of the axle's brake
drums, the length of its emergency
brake cable, and the number and
location of its suspension brackets.
The new installation will automatically print the model number on the
paper tag that accompanies the axle
to the automobile assembly plant,
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News briefs
CDC exec named Stromberg-Carlson president
Frederick F. Jenny has been appointed president of telecommunications
equipment manufacturer Stromberg-Carlson Corp. of Rochester, N. Y., a
subsidiary of General Dynamics Corp. Formerly vice president of aerospace
operations at Control Data Corp., Jenny succeeds Leonard A. Muller.
Globe-Union, Square D set merger accord
In a move intended to prevent further purchases of its stock by UV Industries
Inc. of New York, electrical and electronic components manufacturer GlobeUnion Inc. of Milwaukee has agreed to be merged into Square D Co. of Park
Ridge, Ill. A producer of switches, relays, and other electrical and electronic
controls, Square D plans to acquire Globe-Union through a cash and stock
transaction valued at nearly $240 million, including the purchase of up to
45% of Globe-Union's common stock at $37.25 per share. Globe-Union,
whose operations include the Centralab Electronics and Globe Battery
divisions, posted a net profit of $13.7 million on sales of over $227 million in
its first half ended March 31, 1978. Square D earned over $116 million on
sales of more than $610 million in fiscal 1977.
IBM scientists form very small bubbles
Scientists at International Business Machines Corp.'s Research division in
Yorktown Heights, N. Y., say they have demonstrated that present materials,
techniques, and technologies can form stable magnetic bubbles as small as
0.4 micrometer in diameter. Only 3- to 5-gm bubbles are now available
commercially for data storage. The approximately eightfold decrease in
bubble size, say the IBM scientists, holds the potential for a dramatic
increase in the amount of information that could be packed into a bubble
device in a given area. Whereas a square inch of garnet with 3-µm bubbles
today can hold 3 million bits of information, "in the near future," they note,
"a square inch of garnet material may be able to hold 100 million bits of
information" using the 0.4-gm bubble.
Distributors' component orders jump 20% in March
Dollar value of distributors' orders for components other than semiconductors jumped more than 20% between February and March, according to a
survey of 36 U. S. manufacturers conducted by the Electronic Industries
Association. EIA figures for tubes and passive and other components show
March orders were 15.4% above the same month in 1977.

I
.

thanks to an A. B. Dick high-speed
printer. The Ford team also has
demonstrated a laser engraver that
churns out permanent metal tags
that will be placed on the axle. They
will specify model number, axle ratio
and diameter, and manufacturing
date and shift.
El

Communications

Digital technology
protects voice links
The advent of inexpensive scanners
that monitor police and other radio
frequencies has made eavesdropping

ahobby—and has limited the usefulness of radio for law enforcement
officials. But that problem, coupled
with recent changes in Federal Communications Commission regulations, promises to spawn a new
generation of voice-scrambling
equipment that is better able to keep
radio traffic from unauthorized ears.
"The technology has evolved to
the point where voice protection in
land-mobile radios is feasible at a
reasonable cost, and that technology
is digital," says H. Anthony Hennen,
manager of voice-security systems
engineering at Motorola Inc.'s Communications Group in Schaumburg,
Ill. Earlier this month, the firm took
the wraps off a new series of top-
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410W
circuit breaker
than
the others!
Airpax
T11 Snap-Action
Magnetic Circuit Breaker
Just think of the design possibilities. Here's a
magnetic circuit breaker that combines power switching
and circuit protection in one tiny package — about 1cubic
inch! That's smaller than any other magnetic breaker.
Smaller Price Tag, Too. With all its
advantages, the T11 sells for under
$5.00 in small quantities. And, of course,
the price goes down even further as
the quantity increases.
Replaces Three Conventional Components.
The T11 does the job of a
power switch, fuse, and fuse holder —
all in one tiny package — with immediate resetability. In addition, it can be
operated at either dc or 50/60Hz,
eliminating the need to specify, order,
and stock separate units.
Patented Snap-Action.
The T11 is the
only small magnetic circuit breaker with
snap-action for immediate and positive
opening or closing of the contacts. This
snap-action results in an increase in
operational life of up to 5 times that
previously available. It also eliminates
possible operator "teasing" of the
contacts and minimizes arcing.
Enhances Panel Appearance.
With a
choice of six attractive handle colors
and a variety of mounting hardware, the
T11 blends well into any panel color
scheme and layout.

Five-Year Warranty.
As with all Airpax
breakers, the T11 has a five-year
warranty.
Current Ratings.
From 0.100 amperes
to 20 amperes, 32V dc; 15 amperes,
120V ac, 50/60Hz; and from 0.100
amperes to 7.5 amperes, 50V de, 250V
ac, 50/60 and 400Hz.
U.L. Recognized.
The T11 is cne of the
first circuit breakers to be recognized
under the new U.L. Std. 1077.
Details Available.
For further information on the new T11 snap-action
magnetic circuit breaker, call your local
Airpax representative or contact Airpax
Electronics, Cambridge Division,
Cambridge. Md. 21613. Phone:
(301) 228-4600. Telex: 8-7715. TM:
865-9655. Other factories in Europe and
Japan.

AIRPAH

THE M

IN PROTECTION
Circle 47 on reader service card
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MITEL
HYBRID
MICROPOWER
TONE
RECEIVER

A COMPLETE
SYSTEM
IN 2.5" X 1.5"
OF SPACE

C-*

8

DIGITAL
OUTPUTS

W;71")

A Natural For:
•Central Office Usage •PABX'S
•Modems •Tone-to Pulse Converters
•Mobile Radio •Remote Controllers

Featuring:
•Micropower CMOS/LSI Circuit
•Only one external 3579545MHz Crystal
Required
•Direct Connection to telephone lines
•AGC Ckt. for accurate twist detection
•5th Order Elliptic Filters
•Three Output code formats available
•Digit "Acquisition" and "Release" times
adjustable using external RC network
Contact the leader in tone receivers and
CMOS technology for more information

A

gmbw

18 AIRPORT BLVD
BROMONT, QUEBEC, CANADA
JOE 1L0
(514) 534-2321
TLX 05-267474

W4MITEL

00
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Circle 265 on reader service card

of-the-line two-way radio gear for
the ultra- and very-high-frequency
bands that comes with built-in voiceprotection circuitry [Electronics,
May 11, p. 33].
Coming down. Protection does not
come cheap, but security now costs
less than it used to. The Motorola
radios equipped with the encodingdecoding functions command a
$1,400 price premium, says Rick
Paggeot, product manager for the
new equipment. The scrambler circuit is based on a multiregister nonlinear combiner álgorithm that provides up to 2.36 X 10 21 unique, unrelated codes. This is a high level of
security that previously cost $2,000
to $10,000 if purchased as an add-on
analog scrambler, Paggeot says.
Further, analog encryption devices
are too bulky to build into handheld
portable radios unless they are very
simple, like frequency inversion
scramblers. "And that type, which
we have sold in the past, can be
defeated by a $35 decoder attached
to a$35 scanner," he says.
Opened up. But it was the action
by the FCC to permit as of late
March high-speed digital data transmissions in all land-mobile radio
services, as well as digital voice on
the police and fire frequencies, that
has opened up the secure-communications market to digital scramblers.
Motorola views the market as
enormous, although Paggeot will not
say exactly how large he thinks the
business will be. He points out that
the FCC will probably eventually
extend its ruling to include business
users as well as the public safety
services. Other U. S. land-mobile
radio makers, including General
Electric Co. and RCA Corp., are
eyeing digital voice-protection gear,
and the industry believes Harris
Corp.'s entry in the U. S. is imminent.
Motorola is first, however, and
with systems that include portables,
mobiles, base stations and repeaters,
and console interfacing hardware, as
well as the satellite receivers, comparators, and microwave-compatible
multiplexers needed for area coverage systems. All told, the firm has
more than 100 different pieces of

transmitting equipment, all typeapproved by the FCC.
Both Motorola and Harris have
been marketing their new systems
outside the U. S. and to Federal
agencies that are not FCC-regulated.
In addition, under a special FCC
developmental license, Motorola has
installed a$2.4 million police system
in Salt Lake City, Utah.
New design. Motorola came up
with completely new designs for its
radios, "although we salvaged as
many existing parts as possible,"
engineering manager Hennen says.
The new equipment matches the
specifications of Motorola's existing
gear, but provides adual audio path.
That way, since they can operate in
both the clear- and scrambled-voice
modes, the new radios can be used in
existing communications nets. Receivers switch automatically between
coded and clear channels when they
are not set in the transmitter's mode.
The new radios use two additional
custom complementary-metal-oxidesemiconductor chips. The first uses a
continuously-variable-slope delta
modulator to convert the incoming
voice signals to a 12-kilobit/second
binary bit stream, Hennen says. The
second manipulates the bits according to the algorithm and the 24-digit
code that is stored in the on-chip
memory. The code can be altered
only by plugging the radio into a
$1,350 handheld code inserter.
El
Medical

Analyzer streamlines
search for antigen
Designers of clinical laboratory gear
now routinely build in microprocessors to control their instruments, to
diagnose machine failures, and to
handle the tiresome calculations that
most clinical chemistry requires. Abbott Laboratories, the giant pharmaceuticals firm, is no exception. But
engineers there have come up with a
couple of new tricks that strip much
of the complexity from an instrument that until now has been a
repairman's nightmare of fans,
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RECTANGULAR
CONDUCTOR
FLEXIBLE CABLE
AMP Flexible Flat Cable
Connectors — Ideal for applications
requiring 3 amp current capability.

ROUND CONDUCTOR
BONDED CABLE
AMP Latch Connectors — For all
standard cables on .050" centers.

INCORPORATED

"Compatibility with the
industry's broadest
line of headers is the
reason why"

-

Headers
• The Industry's most complete selection—more
than 4,000 different variations.
• Barrier inserts allow mixing several connector
styles and sizes in one header.
• Accept polarized and detent connectors.
• Panel feed-thru headers for connecting two
cable types.

AMP Latch Connectors
• Mass terminates round conductor ribbon cable.
• Redundant duplex-plated contacts and heavy
duty strain relief/covers for reliable electrical
and mechanical performance.
• Polarization and positive latching for accurate
mating to headers.
• Cable-to-cable, edge card, DIP, and receptacle
connectors available.
• Mate with AMPMODU headers.

Flat Cable Connectors
• Terminates flat rectangular conductor cable
and flexible circuitry.
• Rated for 3amp current capacity.
• Crimp-on, snap-in contacts are automatically
machine applied.
• Housings accept both flat cable and discrete
wire.
• Reliable solution for repeated cable flexing
applications.
• Mate with AMPMODU headers.

Coaxial Ribbon Cable/Connectors
• Upgrades signal integrity without requiring
board redesign.
• Unique AMP cable/connector system allows
mass stripping and mass termination for low
applied cost.
• 50, 75 and 93 ohm cable on .100" centers.
• Mate with AMPMODU headers.

AMPMODU Connectors
• For discrete wire and webbed cables.
• Complete system for board-to-board and wireto-board interconnects.
• Polarized housings with strain relief and detent.
• Mate with AMPMODU headers.

'AMP termination equipment
and technical service bring
out the best in .100 «È packaging:'
Both the AMP Latch and AMPMODU product families include abroad
range of application tooling that helps to lower applied costs in today's
.025 , technology.
AMP Latch tooling, for example, includes universal bench mounted
applicators as well as simple hand tools. They all have the capability of
terminating virtually all popular types of round conductor flexible cable.
AMPMODU tooling includes manual and automatic printed circuit board
insertion machines and terminating equipment. Each provides
production efficiencies and uniformities that increase the value of awide
range of end products.
AMP technical assistance can also help increase product value and we
urge you to take advantage of it. It's available without obligation.
For more information on AMP Latch, AMPMODU ,
Coaxial Ribbon, and
Flat Cable Connectors, call Customer Service at (717) 564-0100 or write
AMP Incorporated, Harrisburg, PA 17105.

AMP has a better way.

INCORPORATED

AMP and AMPMODU are trademarks of
AMP Incorporated

1

"100 t. packaging from
AMP equals unlimited
flexibility of cables
and headers'

t
en=

COAXIAL
RIBBON CABLE
AMP Connectors/Assemblies —
the world's only mass
terminated coax cable.

WEBBED CABLE
AMPODU Connectors — Both standard
and high pressure contacts assure
reliable contact with .025 2 posts.
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E
Is
something
missing?

E
'2

Has someone taken the copy of
the adjoining 8-page AMP insert
on .100 tpackaging? It shows
how the broad array of AMP
connectors and headers can be
used with many kinds of cable
including discrete, ribbon, woven
and coaxial. And there is information on AMP termination equipment. It's something you won't
want to miss. To get more copies
plus additional information, use
the appropriate reader service
numbers, as listed below, on the
reader service card and mail.
AMP Incorporated, Harrisburg,
PA 17105.

d
e

#121

One copy of the AMP
.100 /packaging insert.

#122

Headers

#123

AMP Latch Connectors

#124

Flat Cable Connectors

#125

Coaxial Ribbon Cable/
Connectors

#126

AMPMODU Connectors

#127

AMP Termination
Equipment

AMP and AMPMODU are trademarks of
AMP Incorporated

9
AMP has a better way.

AMP
INCORPORATED
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pumps, and vacuum lines.
The instrument is an enzyme
immunoassay analyzer, essentially a
desktop photometer that detects the
color changes that occur in samples
of blood serum when they are mixed
with enzyme-labeled antibodies.
When the known antibody mates
with a specific antigen, or foreign
substance, that may be in the blood,
the enzyme catalyst converts the
colorless reagent to a color-absorbing solution that indicates the presence of the antigen.
Hepatitis. Abbott developed its
analyzer to help run a new enzyme
immunoassay test that spots serum
hepatitis in blood drawn for transfusion. Both the instrument and the
reagents were introduced last month
at Analytica 78, abiochemistry and
analytical instrumentation exhibition in Munich, West Germany.
Abbott's analyzer is streamlined
because it can make its measurements using the disposable test tube
in which the chemicals are mixed.
Usually, they are mixed in one tube,
then "sipped" out and made to flow
into acarefully calibrated measuring
tube, or cuvette. Hence the need for
the paraphernalia that also washes
out the cuvette automatically.
For its system, Abbott resorts to a
photometer sensitive to a pair of
wavelengths. The colored reagent
absorbs light coming through a492nanometer filter. Scuffs and fingerprints on the test tube absorb 492and 600-nm beams, but the effects of
such defects are subtracted.
"The dual-wavelength principle
allowed us to replace the sipper
system, but the microprocessor gave
us the confidence to do it," says
David M. Kelso, a project engineer
at Abbott's Diagnostics division in
North Chicago, Ill.
Consultant. Abbott turned to
Martin Research, aNorthbrook, Ill.
consulting firm, for the system's
electronics. Martin designed the
instrument around Zilog Corp.'s
Z80 microprocessor set and its own
multitasking software. The processor
converts signals from photodiode
detectors to absorbance units, averages positive and negative control
samples to calculate a calibration

Tube test. Tube in which chemicals are
mixed

is inserted

into Abbott's enzyme

immunoassay analyzer, which has a dualwavelength photometer to detect antigens.

curve for each batch of samples, and
displays and prints out results for
unknown samples, flagging those
that contain the hepatitis antigen.
But Abbott has put the processor
to some unconventional tasks as well.
"The precision and linear range
demanded by the chemistry would
have required a 21-bit-wide a-d
converter," Kelso notes. Instead, the
analog-to-digital conversion is done
in two steps. First, the photocells'
analog output voltage is converted to
frequency with asingle-chip voltageto-frequency converter. Then the
processor completes the conversion
using aZilog counter-timer chip.
Abbott, with revenues in the $1
billion—plus class, dominates the
market for hepatitis antigen screening in this country with its radioimmunoassay test—an older technique
that tags antibodies with radioisotopes instead of enzymes. The firm is
targeting its new analyzer first for
Europe.
Literally hundreds of tests using
radioimmunoassay techniques have
been developed, including tests that
reveal hypertension and fertility hormones, vitamins, infectious diseases,
and therapeutic drugs.
EJ
Communications

Congress rethinking
telephone reforms...
Signals from Capitol Hill about
broad competition in the telecommunications industry have an unex-

57

Moxon
Sales Offices

Electronics review
pected message for industry enthusiasts—"go slow." With only days
before the scheduled introduction of
legislation to rewrite the 1934 Communications Act, one of the bill's
sponsors, Rep. Lionel Van Deerlin
(D., Calif.), is now talking in terms
of a competitive "transition." Most
industry sources see Van Deerlin's
statement as a hint that the chairman of the communications subcommittee of the Interstate and Foreign
Commerce Committee intends to
restructure the industry through a
time-consuming series of bills, not
just one as had been expected.
House committee staffers deny
industry and some congressional
interpretations that transition
equates with a competitive slowdown. "That sounds a bit paranoid
to me," says one, but concedes that a
rewrite of the 1934 bill that set up
the Federal Communications Commission "probably won't go as fast as
originally expected" because of the
increasing complexity of telecommunications technology and the variety
of service offerings.
A member of the congressional
Office of Technology Assessment,
which is examining the issues of
competition, concurred by noting
that Congress "wants to do this
thing right. You don't change the
world's best telecommunications system overnight and make it better at
the same time."
D

... while support
cools for PIC
At the same time that the House
Interstate and Foreign Commerce
subcommittee is preparing to introduce a communications reform bill,
the Federal Communications Commission is weighing adoption of the
so-called primary instrument concept. That concept, first advanced by
American Telephone & Telegraph
Co., calls for telephone companies to
provide the first telephone installation in asingle or multiline system.
Surprisingly, responses in midMay to the proposal, FCC common
carrier docket No. 78-36, showed

58

not only strong opposition from
industry and Government agencies,
but also cooling support from previous backers. The North American
Telephone Association of independent equipment suppliers, for example, dropped its neutral position and
called the concept "pernicious." Citing the absence of hard data from
Plc supporters, NATA contends that
"the proposal is nothing more nor
less than an attempt by the telephone industry to preserve its monopoly position."
Telephone retailers, through the
National Retail Merchants Association, offered qualified support for
pic, because it limits the supplier's
maintenance liability for handsets by
providing a means of determining
whether malfunctions were caused
by the retailer or by the equipment
itself.
International Business Machines
Corp., on the other hand, told the
FCC that it views Plc as areversal of
earlier Carterfone and equipment
registration decisions encouraging
competition. Beyond that, IBM sees
handicapping the development of
multipurpose instruments as athreat
to new terminal markets that incorporate both audio communications
and "other functions such as credit
authorization."
CCIA support. The Computer and
Communications Industry Association supports PIC with one reservation. Anyone should be able to
provide the primary instrument, they
believe, as long as it meets the same
quality standards and has the same
static and dynamic test characteristics as those employed by telephone
common carriers.
The prospect that Plc may violate
antitrust laws by requiring the tie-in
sale of a primary instrument has
been advanced by some opponents,
including the General Services Administration. As the country's largest telephone customer, the GSA
called the proposal "inconsistent
with the Carterfone decision" approving competition and added that
extending Pic to multiline subscribers "would have a significant and
adverse impact on the Government's
executive agencies."

Alabama (LA, GA, MS, N&S C.)
International Scientific Instruments
P.O. Box 2091
Huntsville, AL 35804
205/533-6880
California (HI, NV)
Advanced Digital Group
23750 West Sarda Road
Valencia, CA 91355
213/341-6998
Colorado (ID, UT, WY)
Par Associates
3333 Quebec Street, Suite 5600
Denver, CO 80207
303/355-2363
Florida
Truex Associates
4864 S. Orange Avenue
Orlando, FL 32806
305/859-2160
Maryland (VA, WA D.C.)
Farrell Associates
416 Hungerford Drive
Rockville, MD 20850
301/424-9460
Massachusetts (CT, VT, NH, ME, RI)
Ken Corporation
38 Montvale Avenue
Stoneham, MA 02180
617/438-5464
New Jersey (NY)
SDM Representatives
23 N. Fairview
Paramus, NJ 07652
201/368-0123
New Mexico (AZ)
Rustco Enterprises
127 General Somervell, NE
Albuquerque, NM 87123
505/292-2741
Ohio (MI, KY)
Electro Sales Associates
851 E. 222nd Street
Cleveland, OH 44123
216/261-5440
Pennsylvania (DE, S. NJ)
Stein Instrumentation
413 Johnson Street
Jenkintown, PA 19046
215/885-2370
Texas (LA, OK, AR)
Comspec, Inc.
10000 Old Katy Road #275
Houston, TX 77055
713/461-4487
Washington (AK, ID, MT, OR)
Rush Drake Associates
6133 6th Avenue S.
Seattle, WA 98108
206/763-2755
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Kluge Goldberg
This "Rube Goldberg" could be the
beginning of a great electronic design.
But instead of investing unnecessary effort
to produce a costly custom-design kluge,
why not get Moxon's "Logical Team"?
You can program aMoxon Data Generator
to provide the data you need. With the keyboard,
it takes just seconds to program in hex, octal,
binary or timing formats. The team handles
16-bit words in parallel or 1024 bits in serial —
even more with available extended memory.

The Logic Analyzer half of the team is
programmed with a "compare memory" for
automatic bit-by-bit comparison with incoming
data. It's able to trigger on serial or parallel
data, with the trigger word flagged in inverse
video.
Data Generator. Logic Analyzer. Together
as ateam, they're unbeatable.

Moxon's Team...
the Logical Answer.

FREE KLUGE GOLDBERG POSTER.
Please send full details on Moxon's Logical Team
(and a free color poster of the ultimate kluge).
111

NAME
COMPANY
ADDRESS

I 11_11

CITY

111
MOXON logic analyzers and data generators
moll
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STATE

ZIP

MOXON, INC.
2222 Michelson Dr.
Irvine, CA 92715
714/833-2000 TWX (910) 596-1362
Circle 59 on reader service card
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The highest performance,
microprocessor is now

The 6500 outsold 8080,6800 & Z80
in the fourth quarter of 1977 according to estimates just released by
Dataquest, ahighly regarded source of
semiconductor factory shipments
information. And there are good
reasons why.

Lstunates

SlIpplled

Highest performance.
At 2MHz, the 6500 has apotential
throughput about twice that of the
6800 and 8080A. In fact, for twelve
different benchmarks selected by
various sources (excluding Synertek),
the results were:
•Execution times for the 8080A are
2.5 times longer than for the 6502.
•Execution times for the 6800 are
62% longer.
•In the same tests, the 6502 also
used far less memory.
Write for acomplete document on the
twelve benchmarks. The results are
impressive.

by DATAQUEST. MtIllo Park. Callf, 4111.1

The 6500 is lowest cost because
•Smaller die than the 6800, à080
or Z80.
•28-pin versions available. This offers
alower package cost over the 40-pin
microprocessors. The 6500 family is
first with 28-pin microprocessors.
•We are ahigh volume producer. The
more we make, the better we get, the
less expensive the 6500.

:Zee "
.:.eee;

3

:.‘
meitabl

True pipeline architecture. Unusual
in low cost microprocessor. As the
6500 is interpreting one instruction, it
is accessing the next instruction. By
doing its tasks in parallel, the 6500
attains tremendous system throughput, and overall performance you'd
expect to cost much more.
Thirteen addressing modes. The
6500 has thirteen different addressing
modes including zero page and indirect indexed, features you'd not
normally look for in alow cost microprocessor, but we have them. The
flexibility of these addressing modes
allows you to get the job done in fewer
microprocessor cycles and even saves
you some program memory code.
And acomprehensive development
system, the System 65. This is an ideal
system for use in developing 6500
software and hardware, and includes
two built-in mini-floppy disk drives.
16K bytes of user memory (expandable
to 64K) and 16K bytes of resident
operating system. Ask for our System
65 brochure.

lowest cost
No.1 in sales, too!

,

SY6532
-e 'er

e cm•

.e

le e

See for yourself. For complete
information on the best selling 6500
microprocessor family, call or write
Jerry Demsky, Synertek, 3001 Stender
Way, Santa Clara, California 95051.
(408) 984-8900.1WX: 910-338-0135.

err —

SY6503

Part No.

Description of Peripherals

Availability

SY6520

Peripheral Interface Adapter. Two 8-bit bidirectional data ports, four peripheral control/
interrupts. High performance replacement for the
6820.

Now

SY6522

The 6520 plus two interval timers, latching inputs
and an 8-bit shift register for serial interface.

Now

SY6530

Combines 64 bytes RAM, 1K bytes ROM, 16 I/0
channels and interval timer.

Now

SY6532

Combines 128 bytes RAM with 16 I/0 channels
and interval timer.

Now

SY6531

ROM/RAM/I/0 Timer Array, acombination chip
similar to 6530 but with 2K ROM and 128
bytes of RAM.

April '78

SY6551

ACIA Asynchronous communications chip with
on-board programmable baud-rate generator.

May'78

SY6545

CRT Controller.

Fall '78

SY6500/1

Single Chip Microprocessor— software compatible
with the 6502, with 2K bytes of ROM, 64 bytes
of RAM and 32 I/O ports.

April '78

SY6507
+Pi

e

...... •.-•

SY2316A

SY2114L

Plus acomplete line of RAMs and ROMs.

Synertek
Circle 61

on reader service card

Washington newsletter
GAO says Air Force
spent $7 million
on canceled ALS..

... and charges
portions were
mislabeled essential

FDA orders recall
of 242 lasers
from two makers

Four companies
picked for
Seek-Talk design

Electronics/May 25, 1978

The Air Force spent $7 million trying to fix acomplex logistics system of
communications hardware and faulty Control Data Corp. computers for
nearly two years after Congress ordered it canceled, the General Accounting Office reports. But the congressional auditors say that "despite explicit
direction from the House and Senate Appropriations Committees to
terminate the program," it was not legally binding on the Air Force, since
it was not written into the defense appropriations bill for fiscal 1976.
Congress acted in December 1975 to kill development of the Advanced
Logistics System network for worldwide management of $13.8 billion
maintenance inventories after the Air Force proposed a $563 "get-well
plan" for the troubled development program, on which $250 million had
already been spent.

The ALS program's last elements were shelved in September at the urging
of the Air Force comptroller general, some three years after serious
development problems were identified in the program managed by the Air
Force Logistics Command. "These included," the GAO says, "unclear
definitions of requirements, the inability of CDC to deliver operable
computers and software, incomplete testing, concurrent development of
operating and application software, the use of unified data-base concepts
that were new and unproven, system design changes, and others" despite
21
/ years of contract work.
2
Congress ordered the Logistics Command to buy for $68 million the 14
CDC Cyber 70 computers already in place in order not to lose the $55
million already accrued in credits. It also ordered the service to restudy the
program and come up with a new one based on newer technology,
continuing only those parts essential to the mission. The GAO says the
Logistics Command continued its work by mislabeling multiple program
elements as essential while evolving afive-year interim plan that incorporated most of the get-well plan projects.

Spectra-Physics Inc. and Oriel Research Corp. have been ordered by the
Food and Drug Administration to recall and repair 242 laser systems that
fail to comply with Federal performance standards. The FDA'S Bureau of
Radiological Health says 202 Spectra-Physics ion lasers— models 164,
165, 166, and 171 —lack required safety interlocks. The 40 Oriel Research
lasers, model 6611, lack warning labels, information on maintenance,
statements of maximum power output, complete control listings, and a
user warning statement.

The Air Force is getting its jam-resistant Project Seek-Talk off the ground
with four competitive system design contracts to E-Systems Inc., General
Electric Co., Hazeltine Corp., and Magnavox Corp. Seek-Talk is asecure
air-to-air-to-ground tactical communications system scheduled for production in 1982. Following completion of design competition this fall under
the contracts, which total $700,000, the Air Force will pick three companies to build advanced development models for testing by the Rome
(N. Y.) Air Development Center. Two will be selected later to build
competitive prototypes to determine the winner of the production award.
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Jimmy Carter and capital gains
The White House is ready to concede on legislation that proposes to stimulate investment of
risk capital by rolling back the capital gains tax
on investments to pre-1969 levels of 25%. That
is the word being given out by at least one
White House economics adviser about the
Investment Incentive Act of 1978 now pending
in Congress. "The President will sign it," the
analyst says flatly, "but Isuspect he won't say
much about it. The President may have
campaigned as apopulist, but he is acapitalist
by training and experience. And he needs a
tax bill."
The concession undoubtedly brightens the
prospects of the youthful, high-risk, high-technology electronics industries and the engineers
they employ in the U. S. Yet it is astonishing
since the bill in question has yet to be voted on
and was introduced in both houses of Congress
by Republicans.
On the House side, H. R. 12111 is known as
the "Steiger bill" after Wisconsin's William
Steiger. The identical Senate version was put
into the legislative mill by Wyoming's Clifford
Hansen and 59 cosponsors, an apparent guarantee of passage in that 100-member chamber.
Floor passage seems likely in the house, too,
following clearance by the Committee on Ways
and Means. The California-based American
Electronics Association, formerly known as
WEMA and a principal lobbyist for the legislation, is understandably elated.
Creating new jobs
Senator Hansen drew heavily on the association's arguments when introducing S. 3065
earlier this month, on May 11. "Some segments
of the private sector— the small businesses—are
the most capable of creating new jobs," Hansen
argued. Citing AEA'S study on capital and job
formation earlier this year [Electronics, Feb. 16,
p. 42], Hansen noted that "young companies
create jobs much faster than mature companies.
Specifically, the employment growth rates for
the young companies less than 10 years old were
20 to 115 times greater than the companies
more than 20 years old."
Hansen also raised the very real specter of
foreign takeovers of U. S. technology leaders if
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a scarcity of domestic venture capital persists.
That shortage, he said, "has forced many American companies to turn to foreign capital
sources— particularly in countries that encourage investment by having low or no capital gains
taxes. This often resulted in foreign investors
gaining control of the U. S. companies and their
most promising new technologies, enabling the
foreign competitors to catch up with U. S.
companies in important market areas." Of
course, AEA is not the sole industry proponent of
the bill, but it certainly appears to be the most
effective if the observations of Sen. Hansen and
Rep. Steiger are any measure.
Not yet law
Growing congressional support for reducing
taxes on capital gains to the 25% level is an
encouraging sign. So is the apparent acceptance
of the measure by the White House. But appearances can be deceptive and they certainly
do not make laws; the legislation is still not past
the bill stage. It needs broader support from the
electronics industries, a collection of diverse
enterprises whose common interests are expensive high technology and aconsequent need for
venture capital.
Electronics manufacturers must provide, for
example, more effective answers to the questions still asked by opponents of the tax cuts in
the Carter Administration and the Congress:
how will industry use the new investment money
that would become available by cutting capital
gains? Would it be used to spur domestic
research and development and plant modernization? Or will it be spent for on setting up more
manufacturing facilities offshore in places like
Singapore and Malaysia?
The real issue
More to the point, the electronics industries
need to convince their Washington critics that
the true value of this tax incentive will be its
encouragement of the formation of new companies dedicated to developing new technology. In
the long run, after all, the issue comes down to
this: how is the U. S. to maintain its technological leadership, and is the Federal government
ready to help?
Ray Connolly
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America's largest burn-in facility...
and still growing
For this ad we wanted to

use that sweet thing that poses for
that relay company's ads ... but she was tied
up in "management conferences."

Besides, the

agency couldn't figure out how to work her in with our being
"America's Largest Burn-in Facility..." (although they thought
they could do something with "and still growing"). Nevertheless, we
are the largest. Since 1968 we've been efficiently meeting the burn-in
needs ol leading OEM's, distributors and IC manufacturers. We've gained
their confidence with the experience generated from over 10 BILLION device hours of burn-in on our CRITERIA° equipment. And we are still
growing ... At our new 45,000 sq. ft. facility in Houston, plus facilities in
California and Singapore, we're processinc over 6 million components
per month, as well as manufacturing and selling a complete line of
burn-in systems to meet virtually any user's in-house needs.

Reliability, Inc.

Whether you need burn-in services or your own in-house
burn-in system, it pays to know Reliability. Call or
write and we'll show you why we re number
one. (We'll keep working on that
sweet thing for our next ad.)

RO. Box 37409/Houston, Texas 77036
713/492-0550 /TWX: 910-881-1739

cenr,

rnnrietr ccaniinc. nard

DEC WRITERS
CAN BE
TAPE WRITERS.
THREE SALES IN THE SUNSET.

Digital Sale days are drawing to
aclose. Have you placed your
orders yet? Better hurry.
Memory Sale ends May 31.
Spares Sale ends June 30.
Logic Products Sale ends June
18. For details contact your local
Digital sales office. Quick.

Add asmart
cassette to your
DECwriter II and
get random-access
text storage, easy
editing and the convenience of removable storage media. It's here now
in Digital's new TA36 option good for
any DECwriter II in the field.
Check the box.

THE LSI-11/2 GETS 64KB MEMORY.
State-of-the-art RAM with byte parity, onboard refresh and battery backup
capability gives the LSI-11/2
new power and flexibility.
And you get
270 ns access
time. In quantity
of 100 with CPU
just $1149. Check
the coupon.

Digital Equipment
Corporation, Maynard,
MA 01754. European
headquarters: 12, ay. des Morgines 1213 Petit-Lancy/Geneva. In Canada,
Digital Equipment of Canada, Ltd.
PRICES APPLY IN US. ONLY.

d

Tell me more about: E Show Package E DECnet
TA 36-DECwriter Option LI LSI-11/2
0 Send me Technical Aspects of Data Communications
0111 1111111111111111111111111111111111111
11111 11111111111811MILIIIN11111111111
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Name
Title
Company
Address
City

State

Zip

Mail to: Digital Equipment corporation 129 Parker St. (PK 3-2/M18),Maynard,MA 01754

SIEMENS

Infrared remote control for TV sets
was only the beginning
Infrared rays: until a few years
ago they were associated
almost exclusively with heating,
drying and healing, perhaps
with infrared photography,
but certainly not with remote
control of crane trolleys in
factories, sensing systems in
packaging machines, pulseoperated light barriers and transmission of TV sound or
simultaneous interpretations of
conference speeches to cordless
headphones.
Today, infrared transmission has
taken up its place alongside radio
and ultrasound for short range
applications - thanks especially
to outstanding advances in the
development of optoelectronic
components at Siemens.
Examples of this progress are
the "superbright" infrared LEDs,
the associated fast and highly
sensitive silicon planar PIN photodiodes, and low-cost npn silicon
phototransistors of high
sensitivity.*
Development does not stop here.
Still larger ranges and frequency
bandwidths will soon open up
further applications for infrared
transmission. And infrared
components from Siemens will
play a major part in this process.
*Families of types
IR LEDs: LD 242, LD 261, LD 271
Photodiodes: BPW 34, BP 104
Phototransistors: BP 103B,
BPX 81

Highly efficient GaAs emitters for
the infrared range. The IR power
is up to 20 mVV/sr (forward
current 100 mA) at a wavelength
of 950 nm - twice that achieved
with conventional technologies and coupled with increased life
expectancy. Actual chip size:
edge length 500 pm.

Optoelectronic components
from Siemens
Circle 68 on reader service card

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

Input
Common-Mode
Voltage Range

VoN +

I

Slew
Rate

Gate Input
Protection
Diode

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

RCA Linear IC experience is working for you.

RCA
Circle 70 on reader service card

International newsletteP
Samples coming
of high-speed
2900 version

ICL and Hitachi
exchanging data

4-hour cassette
for VCRs preludes

Samples of Nippon Electric Co.'s higher-speed version of the AMD 2900
4-bit-slice bipolar microprocessor will be available in July in both Japan
and the U. S. Pin-compatible with parts from Advanced Micro Devices,
the µPB2901AD central processing unit has a 60-ns cycle time that is
40 ns faster than its American counterpart. Engineers at NEC say currentmode logic achieves the higher speed, while a Schottky TTL interface
maintains compatibility with other 2900 devices. In spite of the speed
increase, there is no change in power consumption because of improved
processing and logic design in which several cmt, gates operate in series
from the 5-v power supply. When full-scale marketing starts later this
year, NEC will be offering 10 peripheral parts in addition to the CPU and
will add more parts later.

With no fanfare, Britain's International Computers Ltd. and Hitachi Ltd.
of Japan are starting an exchange of technical information on various
aspects of computer development. Under atwo-year agreement signed in
April, a team of five Hitachi engineers has already visited the UK for
discussions with ICL'S Technology division. It is the first under aprogram
of exchange visits.

In what looks like agame of one-upmanship in the video-cassette-recorder
field, Grundig AG is about to launch a 4-hour VCR for consumer use on
European markets. The new model also will be sold under license in the

a 5-hour unit

United Kingdom by ITT Consumer Products Ltd. Moreover, the German
company is readying a 5-hour cassette for a fall debut. Grundig's plans
come hard on the heels of Philips' recent announcement of 3-hour cassettes
and of Sony's introduction in Europe of its Betamax 31
2 -hour recorder
/
[Electronics, May 11, p. 63, and April 27, p. 66]. Priced about the same as
Sony's $1,400 equipment, the SVR4004 boasts infrared remote control of
the drive system, automatic station search, and programmable channel
selection and timing as long as 10 days in advance. Its 4-hour cassette,
which uses a570-meter-long, 16-micrometer-thick tape, will sell for about
$33 on the German market.

Bogen may outfit
se
cond plant

The West Berlin firm Wolfgang Bogen GmbH and the Soviet ministry for
communications technology are holding exploratory negotiations that
could lead to Bogen's outfitting a second Russian manufacturing facility
for magnetic recorder parts. Like the first, the second plant would be
equipped with Bogen-supplied machinery for producing magnetic heads
and related devices. Bogen, a leading European magnetic-head producer,
says the first plant in Kiev recently went on stream, manufacturing heads
under license.

for Soviet Union

Eurospace sees way
to cut costs of
satellite communications

Electronics/May 25, 1978

Countries that do not need or cannot afford full participation in satellite
communications systems would be the beneficiaries of a new scheme of
Eurospace, the European industrial space study group. Rather than requiring participating countries to invest in the systems, the plan envisions
renting transmitter channels .To finance the hardware, Eurospace is
proposing anew organization called Spacecom. A spokesman says that the
Eurospace plan calls for domestic coverage only, so it would not compete

71

International newsletter
with Intelsat's international services. To help lower costs further, Spacecorn's satellites would use 4-m earth antennas, rather than the 11-to-1 3-m
antennas used by Intelsat B.

Terminal business
booms in Germany;

Roughly 124,000 terminals were in place in West Germany as of the
beginning of this year, with nearly three quarters of them featuring video
display units. That's one conclusion of asoon-to-be-released market study
IBM is No. 1 from the Frankfurt-based computer-consulting firm Diebold GmbH. By far
the biggest contender in the terminal field is IBM, with 47% of the total
installed to its credit. Next in line is Siemens AG with 16.5%, and the ITT
affiliate Standard Elektrik Lorenz AG checks in as No. 3. However, in
terms of the value of terminals installed, Kienzle Apparate GmbH occupies
the third slot behind Ism and Siemens. Diebold predicts that by 1985 there
will be some half amillion terminals installed in the country.

Apple computers

Joining the fast-accelerating personal-computing bandwagon in the United
Kingdom is ITT Consumer Products Ltd., which will market the Apple
go to England
home computer modified so that it plugs into British TV sets. The basic
with ITT linkup ... unit will cost less than $1,630, and optional peripherals will include the
Heuristics Inc. voice-recognition systems. ITT expects the UK market to
jump from 5,000 units this year to 75,000 by 1980.

...as sales
flourish among many
group of users

Addenda
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Most home computers in the United Kingdom aren't going into homes,
says Commodore Systems, which launched its $1,250 PET unit in February. The firm says sales are running roughly a third each to educational
and small-business markets, about a fifth to the industrial and scientific
market, and the remaining tenth to hobbyists. So far about a dozen
companies, some of the U. S.-based like Commodore, are in the UK
market or have announced entry plans.

Britain's International Computer Ltd. will offer the Siemens 21,000line-per-minute ND2 laser printer as part of its worldwide product
spectrum. Said to be the world's fastest nonimpact printer, the ND2 also is
part of amarketing agreement between Siemens and Japan's Fujitsu Ltd.
[Electronics, May 11, p. 63]. ...Saudi Arabia has awarded acontract for
construction and maintenance of a360-km microwave line-of-sight link to
the Sudan to the Italian firm Telettra, a part of the Fiat group. The $9
million system will include solar-cell generators for repeater stations and
will provide 300 telephone and telegraph lines and relay of color TV
programs. ...A Swedish consortium of 13 commercial banks is ordering
a $15 million network of on-line automatic teller systems, said to be
Europe's first. With terminals from Philips Data Systems and minicomputers from cll-Honeywell Bull, the system will replace a number of
existing cash-dispensing machines and will permit customers of all the
banks to use the same terminals. ...Jostling single-chip TV games in
British shop windows this Christmas will be the first shipments of
programmables, from the U. S. firms Fairchild Semiconductor and Atari.
Nevertheless, the Fairchild importer, Adams Imports Ltd., says the big
volume this year will be in the much cheaper dedicated six-game multichip systems such as the ones it will offer from GIM.
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New recorder family:
precision priced right

For XV and YT plots there's now
the recorder ZSK 2 in five different models so you can choose
exactly the right one for your
application, and at the right price.

ZSK 2works on the principle of aselfbalancing potentiometer. This gives
minimal non-linearity (0.1%) and guarantees good reproducibility (0.05%).
The high writing speed of > 110 cm/s
on both axes combined with fast
acceleration produces supèrior dynamic characteristics. Deflection factors calibrated between 10 µV/cm
and 11 V/cm, electronic limiting of the
writing area for DIN A3 and A4 plus
governable zero offset make operation
easier, whilst inputs for remote control
and ratio recording mean greater variety of use.
The models differ in their inputs:
Universal model 02
Sensitivity 10 µV/cm; floating input

amplifiers with guard; timebase generator.
Standard model 04
Sensitivity 5mV/cm; differential amplifiers for both inputs.
Lab model with timebase 06
Sensitivity 100 0//cm; floating input
amplifiers; timebase generator; offsetvoltage source.
Lab model 08
Sensitivity 100 MV/cm; floating input
amplifiers.
System model 10
Sensitivity 100 mV/cm; direct inputs
Z, n 20 k12.
For more information quote
ZSK 2recorder family

Rohde & Schwarz
Postfach 8014 69
D-8000 Munchen 80
Fed. Rep. of Germany
Electronic Measurements and
Radio Communications. Development,
manufacture, sales and service.
Known for "electronic precision".
Independent concern (establ. 1933),
represented in 80 countries.

ROHDE&SCHWARZ

Circle 72 on reader service card

Electronics international
'qqnalc,11

liii

One,,

Phased-array radar has
new circuit technique
for 60-MHz control
Voltage-controlled oscillators
with 10-W outputs, plus
PLL regulation and i
-f shifting
of phases, could slash costs
Those phenomenally expensive
phased-array radars may start coming down in price, and it will all be
thanks to a clever circuit technique
that uses phase-locked loops and
harmonic locking techniques, plus
integrated-circuit microwave technology. A team of researchers at
Britain's University College, London, has come up with a setup in
which most of the radar's operation
is at 60 megahertz, permitting much
more precise operation than at radio
frequencies.
Moreover, each element in the
array has its own solid-state radiofrequency source: relatively low-cost
Gunn oscillators that have the power
necessary for some radar applications. The University College group
is now getting auseful 300 watts for
its arrays.
Such apower level is adequate for
many radar systems. Moreover, the
price is right: "What we are aiming
for is a price per active-array
element of under $200," says John
R. Forrest, head of the research
group. That sounds expensive, but it
is almost an order of magnitude
cheaper than present phased-array
costs.
Replacements. The team is using
voltage-controlled Gunn oscillators
as frequency sources, replacing the
high-power traveling-wave tube and
bulky, expensive phase shifters that
supply the rf signals to the individual
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elements of the antenna array. Similar approaches are coming into use
in top-security U. S. radar systems.
In fact, support for the research
team comes from the U. S. Air Force
Office of Scientific Research and the
Plessey Co.
What is the novel element in
the team's approach is the way that
all the rf sources in the array are
locked to a common frequency and
that the phase relationship among
elements is achieved. The group
combines several techniques: harmonic locking, the use of phaselocked loops to regulate the vcos,

and the employment of aheterodyne
intermediate frequency that permits
phase shifting at an easy-to-use 60MHZ level, rather than the more
difficult gigahertz level.
Harmonic locking was the initial
breakthrough [Electronics, Nov. 8,
1971, p. 11E]. It is a technique of
locking the radiating source to a
harmonic of a reference frequency,
not to the near-fundamental reference, as in acrystal-controlled oscillator. For a controlled rf source
locked to the fourth harmonic, there
would be four stable states. Also,
the controlled frequency can be

Ir detector traps heat leaks and sounds alarm
—.1
In this energy-conscious age, detecting heat leaks is more than just a
way of keeping the blood circulating.
Thus Cryo-Technik Labor Serwatzky,
aseven-man, Bonn-based firm specializing in infrared systems, has
come up with an easy-to-handle
heat-leak finder that sounds an
alarm, as well as indicating the
temperature of the leak.
How the alarm is sounded may be
easily surmised: the output of an ir
detector that responds to heat is
amplified and fed to an acoustical
device. There it triggers the alarm
when a preset temperature is exceeded. Throwing a.switch on the
instrument feeds the ir-detector output to the temperature indicator.
To be sure, highly sophisticated
heat-detection systems, including
some from the Bonn firm, are on the
market. But these cost $100,000
and more, and the new unit will sell
for less than $1,800 on the German
market, the firm says.
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kicked from one state to another by
West Germany
the application of avoltage pulse to
the vco. This basic technique has
been built into aheterodyne PLL that
acts both as a transmitter and as a
receiver.
The operating frequency of the rf
source is close to 10 GHz. However,
The fertile field of materials science
excellent sound pressure is accompaintroducing asuperheterodyne mixer
is sparking growth in electronics
nied by poor directivity.
into the control loop lets the majoritechnology, spawning new materials
In the prototypes from the firm's
ty of the components operate at the
that can extend the capabilities of research laboratories in Munich, the
60-MHz level. The harmonic locking
existing devices. A case in point is a ultrasound wave emanates from the
is now carried out at an intermediate
transducer prototype just unveiled
transducer as a pencil beam with a
frequency, which allows much finer
by West Germany's Siemens AG.
half-power width of only 5°, a beam
phase shifts, such as 22°.
By using conventional piezocersharpness obtainable only with norPhase shifters are entirely elimiamic materials with a new plastics
mal or infrared light. What's more,
nated, thus avoiding rf losses. The
compound, researchers have develfor atransducer operating at 30 kiloonly rf components are the varactoroped an ultrasound transducer that
hertz, say, the sound pressure is
tuned pulsed vcos, the radiating
combines high directivity and sound
better than 140 decibels 1 meter
element, and the combined circulapressure in a robust and compact
away from the transducer.
tor and mixer.
package. Moreover, the device operHigh frequencies. "The transducSending. For transmission, a ates at much higher frequencies than
ers operate at frequencies that thus
translation PLL synchronizes the rf existing bransducers.
far not have been used in practical
sources for the radiating elements to
What it all adds up to is a unit
ultrasonic applications," saysoPeter
the locking line for the array. The
that should extend ultrasound disKleinschmidt, head of the research
phase comparator applies digital
tance-measuring techniques further team. The present samples operate
phase-shift increments at the i
-f into industrial control tasks. Such
at up to 300 kHz, "and we are now
level. In this way, the shift pulse can
applications have been hampered by
working on devices using even higher
be readily achieved by the applicathe inadequate performance of existfrequencies." Depending on their
tion of transistor-transistor-logic leving electro-acoustical transducers
frequency, the transducers emit useels to the comparator. A computer that act as radiating and receiving
ful ultrasound signals out to dissets up control signals, which switch
elements, Siemens says. They tend to
tances of 30 m.
elements in accordance with beam- offer an unacceptable tradeoff: if
Because of their narrow beam, the
forming data stored in a read-only their directivity is good, their sound
units can be precisely oriented
memory.
pressure is too low to bridge towards an object whose distance is
For reception, the elements' rf adequate distances, or else their
to be measured. Their high frequensources are not used. Instead, an rf
reference signal converts the received signals down to i
-f, and the
phase comparator is now used as an
i
-f mixer. The harmonically locked
vcos apply the correct phase shift to
the received signal.
The new technique could find a
first application on ships to track
communication satellites, Forrest
says. It would keep the ship's antenna pointing at the satellite, adjusting
both for pitch and roll. A modest
30-element array would produce a3°
beam that could be scanned under
computer control through a40° arc.
The group ha demonstrated an
eight-element array using varactortuned Gunn oscillators operating at
10 GHZ. Forrest says additional
elements could be easily bused
together, increasing both the 10-w Good going. Impedance coupling leads to high ultrasound

Plastic disk makes transducer excel

in calculating distances by ultrasound

power and the beam shaping.
76

D

pressure for good transducer
performance. Deformable hollow glass spheres in the plastic disk give high resonance.
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cies make for good noise immunity
and high measuring accuracy. The
accuracy with which the object's
distance can be determined is 1%
plus or minus three wavelengths of
the ultrasound signal traveling
through air.
As Kleinschmidt explains it, the
new transducer (see p. 76) consists
of apiezoceramic disk, an aluminum
ring, and a plastic disk all held
together by aspecial glue. A typical
transducer is roughly 6 mm thick
with adiameter of 18.5 mm. Generally, the diameter is from 12 to 15
times the wavelength of the signal
that the transducer emits.
The key. The plastic disk is
responsible for the transducer's excellent characteristics. Called an
acoustical adapting layer or resonating coating, it consists of a mixture
of epoxy and hollow glass spheres,
each about 50 micrometers in diameter. These spheres provide a relatively large volume of air within the
material, and this, in turn, results in
a low material density. Such low
density together with the spheres'
minimal wall thickness— typically
3gm—make for low sound velocity,
which helps lower the material's
acoustic-wave impedance.
This low impedance and the piezoceramic disk's inherently high impedance translate into a high transformation ratio under resonant conditions. That explains the transducer's ultrasound pressure, some 20 dB
higher than for aconventional transducer, Kleinschmidt says.
Unlike those conventional flexural
transducers, the Siemens version is
what is called a coupling type. The
ultrasonic oscillations produced in
the piezoceramic disk at radial
resonance are coupled to the plastic
disk, which is a quarter of a wavelength thick. The radial resonance of
the former combines with the quarter-wavelength longitudinal resonance of the latter to, in effect, yield a
half-wavelength transducer. Such a
transducer can easily be made to
operate at high frequencies simply
by giving it the proper dimensions.
The transducer's high resonating
quality stems from the deformable
glass spheres in the plastic disk's
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material. Its mechanical strength
results from the epoxy-glass sphere
mixture and the tough ceramic
material in the piezoceramic disk.
The transducer's aluminum ring

serves to shape the ultrasonic waves
into awell-defined pencil beam with
highly suppressed side lobes. The
side-lobe suppression is at least
20 dB, Kleinschmidt says.
D

France

Thin-film read/write head promises
to hike storage densities for disk drives
Even as development of bubble
memories advances, researchers are
hard at work improving disk memories. At the French laboratories of
cll-Honeywell Bull, work is progressing on a new type of thin-film
read/write head that promises much
higher bit densities on hard disks.
The research group has made a
number of design improvements,
starting with a glass-bonded assembly of two substrates, each carrying
a set of the heads. Overlapping of
the sets allows much closer head
settings. Moreover, the heads are
narrower than conventional units
and this, plus the closer settings,
makes for greater track density.
One big problem with such precise
settings is getting the heads to stay
on the tracks. To increase tracking
accuracy, the research team at the
lab, in Les Clayes sous Bois, some 25
miles west of Paris, has devised a
setup with two servo heads, one on
each side of the read/write unit.
The CI!-Hn engineers have

achieved recording densities of
24,000 bits per inch, compared to
current high-density hard disks with
6,000 to 8,000 b/in. Combined with
track widths about a third of the
common 45 micrometers, this means
that recording density could be
increased by afactor of nine.
"The trouble is, we've yet to find a
disk drive to cope with the sort of
data rate this would give," says
Michel Helle, an engineer on the
project. However, he anticipates lab
trials of a disk drive incorporating
the new heads by the end of the year.
To achieve the track widths of
15 gm, Jean Pierre Lazzari, head of
the research group, has come up
with an ion-beam technique that
replaces the conventional machine
trimming of the pole pieces. The new
technique provides agap accuracy of
± 1 gm, more than adequate for
reading and writing and cheaper
than machining.
Another use of the ion beam is to
etch the head's profile to allow a

4-megabyte bubble memory to fill phone role
Magnetic-bubble memories are now big enough to enter the real world, as
evidenced by one with a capacity of 4,194,304 bits from the Musashino
Electrical Communication Laboratory. In an operating system, average read
access time for successive 32-bit words is only 7.7 milliseconds, compared
with 14.3 ms for the magnetic drum that it will replace in the file memory of
the D-10 electronic switching system of Nippon Telegraph and Telephone
Public Corp., to which the lab belongs.
The memory is amodular unit with abasic system size of four units totaling
512 kilowords, expandable in 256-kiloword jumps. The maximum size in one
rack is 2,048 kilowords, arranged as two systems.
Each memory chip has 132 minor loops, with 128 for 65,536 bits of
storage, 1for check bits, and 3for redundancy. Each unit has 80 chips,
including 2 for parity and 14 for redundancy. Semiconductor integrated
circuits are used for the read and write amplifiers and the logic circuits.
Codeveloper Hitachi Ltd. will make the memories.
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Image store and enhancer
The TH 7501A is a brand-new,
high performance video-signal store from THOMSON-CSF,
destined for inclusion in medical and industrial television systems.
It can be used:
• to store a simple TV image for prolonged investigation,
• to freeze asingle TV image out of a rapidly changing sequence,
• to integrate several successive TV images for random-noise reduction,
edge enhancement, and contrast improvement.

'THOMSON-CSF
DIVISION TUBES ELECTRONIOUES /38, RUE VAUTHIER /92100 BOULOGNE-BILLANCOURT /FRANCE /TEL :(1) 604.81.75
Germany -THOMSON-CSF Elektronenriihren GmbH /Leerbachstr. 58 /6000 FRANKFURT am MAIN.1 /Tel.. (0611) 71.72.81
Italy -THOMSON-CSF Tubi Elettronici SRL /Viale degli Ammiragli 71 /I-00136 ROMA /Tel. :(6) 638.14.58
Japan -THOMSON-CSF JAPAN K.K. /TBR Building /Kojimachi 5-7 /Chiyoda-Ku /TOKYO /"i 102 /Tel. :(03) 264.63.41
Spain -THOMSON-CSF Tubos Electronicos S.A. /Alcalá 87 /7° Dcha /MADRID 9/Tel. :11) 226.76.09
Sweden -THOMSON-CSF Elektronriir AB /Box 27080 /S 10251 STOCKHOLM 27 /Tel :(08) 225E15
United Kingdom •THOMSON-CSF Components and Materials Ltd. /Ringway House /Bell Road /BASINGSTOKE RG24 00G /Tel.: (0256) 29.155 /Telex: 858865
U.S.A. -THOMSON-CSF Electron Tubes /750 Bloomfield Avenue /CLIFTON NJ 07015 /Tel. :(201) 779.10.04
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lower flying height. The beam etches
5-am-deep groves between the pole
pieces. Air passes through the
grooves, permitting the heads to
hover a mere 0.5 itm above the
surface of the disk.
For accurate reading and writing,
head stability is a key, particularly
under disk acceleration and over
relatively uneven parts of the surface. So the center of gravity must
be kept as low as possible, and the
heads themselves as thin as possible.
To achieve these features, the
researchers polish the top surface of
the head assembly, thus exposing the
tops of the heads. Then copper is
deposited to form the contacts. This
approach reduces head thickness to
1.8 millimeters, a30% to 40% reduction over conventional heads. And,
the thinner the head is, the lower the
center of gravity is.
Two servos. One of the most critical parameters in high-density disk
drivés is servo tracking, necessary to
align the head assembly on the data
tracks and to haul it back into place
if it slips away by so much as a
micrometer. Because there are so
many heads on one assembly, CII-HB

has incorporated servo heads on both
sides of the assembly. This setup
increases tracking accuracy compared to conventional designs where
the single servo head is separate
from the read/write heads.
A byproduct of the Lazzari
group's work is amultichannel head
that covers anumber of tracks on a
disk at one time. Read/write operations may be switched electronically
from one track to another. Such a
design could be particularly useful in
drives that have a vertical arrangement of head assemblies, one for
each disk in a stack and covering a
number of tracks on each disk. Electronic switching could slash the
number of carrier arm movements
necessary to move the assembly of
multiple multichannel heads.
So far, the CII-HB engineers have
been working with nine-channel
heads. "But there is no reason why
this should not be increased," says
HeIle. Despite good reliability results with the multichannel design,
the engineers expect that the first
production models probably will be
single-channel units in order to minimize any operational problems.
D

Great Britain

Transducers provide asound way
to modulate signals in multimode optical fiber
A sound and light show that no
tourist will ever see is getting alot of
attention at an English laboratory.
Researchers there are combining
simple piezoelectric transducers with
a single-strand multimode optical
fiber to provide a potentially inexpensive yet flexible method of
collecting data from many locations.
The transducer couples a highfrequency acoustic wave through the
fiber's cladding to phase-modulate
the optical signals by varying the
refractive index and hence the path
length of short sections. Furthermore, the additive nature of phase
modulation means that a succession
of transducers, operating at different
subcarrier frequencies, can be
tapped into the fiber.

80

The technique has the great
attraction that signals may be
applied without breaking the fiber,
so there is no input insertion loss.
However, it still is highly experimental, with several hurdles to leap
before it becomes practical.
Work. Though simple in concept,
a working system calls for some
advanced communications engineering. For example, one fundamental
requirement is to provide some form
of local-oscillator signal at the
photodetector in order to decode the
phase modulation. The researchers
at the University College, London,
initially thought of providing areference on a separate fiber. But they
found that a multimode fiber provides its own reference, since the

individual propagating modes are
each differently modulated by any
one transducer. Consequently, the
receiving photodetector could extract the reference beam from its
mixed inputs.
The technique leads to a particularly simple transmission system,
says project leader S. A. Kingsley.
Already the lab setup has transmitted good-quality color television video and audio signals.
Problems. However, the system
was subject to deep fading caused by
mechanical and thermal phasemodulation effects. To overcome this
drawback, the researchers resorted
to space-diversity techniques.
Such an approach is standard
practice in microwave links, where
redundant paths ensure reliable reception despite fading on any one
path. In the fiber-optic system, this
reliability is achieved by using an
integrated-circuit four-quadrant
photodetector from Integrated Photomatrix Ltd. The detector divides
the propagating modes into four
separate paths, and a subsequent
signal processing reduces fading to
acceptable levels, says Kingsley.
Further work by the researchers
will include development of a suitable solid-state light source. The
present source is a 2-milliwatt
helium-neon laser that produces a
highly coherent radiant source suitable for phase modulation. Kingsley
says that integrated gallium-arsenide lasers offering sufficient coherence are close to development. His
group is working with Standard
Telecommunications Laboratories
Ltd. of ¡Tr mi characterizing them.
The work is backed by the government's Science Research Council
and the Ministry of Defence. Also,
STL, General Electric Co., Plessey,
and the Central Electricity Research
Laboratories are providing support.
The researchers also will be looking at alternative digital-transmission techniques. In fact, the lab has a
pulse-code-modulation system under
construction. Also, for industrial
applications, acable with a low-loss
attenuation matched to the operating frequency must be developed—
and sr. is interested in this.
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Going new ways:
vector analyzer ZPV

Completely new of its kind,
ZPV combines three measuring
instruments in one:
vector voltmeter
+ RF impedance meter (option)
+ group-delay meter (option)
= vector analyzer ZPV
(100 kHz through 1000 MHz)

ZPV for measurement and direct
digital readout of:
1. complex transmission coefficient
(amplitude and phase,
voltage and voltage ratio)
2. impedance, admittance,
s-parameters,
VSWR, reflection coefficient,
return loss
3. group delay and
group-delay variation
ZPV for any kind of display:

Rohce & Schwarz
Posttach 80 14 69
D-8000 München 80
Fed. Rep. of Germany
Electronic Measurements and
Radio Communications. Development,
manufacture, sales and service.
Known for "electronic precision".
Independent concern (establ. 1933),
represented in 80 countries.

• linear and logarithmic
• absolute and normalized
• polar and cartesian
of magnitude and phase plus
active and reactive components
• digital on two 4-digit readouts
and analog on two tendency
indicators

ZPV for calculator-controlled network analysS: the optional IEC interface enables direct connection to a
calculator, e g. Tektronix 4051 with
graphic display.
ZPV for highest operating ease
through built-in intelligence: choose
type of measurement, store reference
value by pushing button, read off result
—everything else (selection of measuring and frequency ranges, calculation
of values measured and performance
monitoring) is handled by the microprocessor.
And for all this the ZPV comes at barely
a third the price of conventional
measuring setups, bringing almost unlimited capability for complex RF
measurements within reach of even the
smaller users.
For more information quote
ZPV vector analyzer

ROHDE&SCHWARZ
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We cvo got pots sizcc to yo rneeds

P111

Don't multiply types ! Use a
small modular potentiometer
for all your applications and
enjoy good delivery times
Square 1/2 inch - cermet 1W
at 70 C - Ganging up to 6
sections, only 5.08 mm extra
depth per added section.
Resistance range 22
to
2M2 - tolerance
10 % or
20 % Linear taper, clockwise Log or inverse clockwise
Log.

hàechler

123

Environmental conditions :
-55 C/4- 125 C/56 days damp
heat
3 spindle diameters :
3 mm- 4 mm -6 mm -smooth
torque
Terminals :
solder lugs or PC board pins
Many options :extra life -panel sealing -slipping clutch.

SERIN CIE SOCIETE FRANÇAISE DE L'ELECTRO RESISTANCE
I

SIVq'HFICIE

115-121, bd de la Madeleine B.P. 17 -F 06021 NICE CEDEX Phone (93) 87.58.90 -Telex 470261

SFERNICE WORLDWIDE :AUSTRIA BURISCH GmbH Wien T :0222/38.76.38 -BELGIUM TRIALCO Bruxelles T :02/65.36.61 -DENMARK MER-EL A/S Copenhagen T :01/20.74.44 -FINLAND SELHA
OY-AB Helsinki T :90/63.67.01 -GREAT BRITAIN COUNTING SF ERNICE Boreham Wood T •01-953/4151 (specifically for pots.and trimmers). ELECTRAUTOM Maidstone T :0622/673.131
specifically for precisions pots.) -GREECE M. TSANGARAKIS Athens T :525.729 -ITALY SOCIETA ELETTROTECNICA CHIMICA ITALIANA Milano T :35.55.146 - NETHERLANDS KLAASINGREUVERS Breda T: 076/8.79.250 -NORWAY BRITISH IMPORT A.S. Oslo T :472/41.59.35 -PORTUGAL RUALDO Lda Lisboa T :PPC 3.37.25 -SOUTH AFRICA E.C.S. Pty Ltd. Craighall T:42.92.20
SPAIN JEMA San Sebastian T :943/36.36.40 -SWEDEN ELEKTRISKA INSTRUMENT AB Bromma T :08/26.27.20 -SWITZERLAND KONTRON ELECTRONIC AG Zurich T :01/62.82.82 -TURQUEY
TURKELEK ELEKTRONIK Ltd Ankara T :18.94.83 -WEST GERMANY AMR0H-KAUDERER GmbH Neuss T :02101/2.86.28 - COMPONENTA Ottobrunn/München T : 089/6.01.30.08 . DISREP
Berlin T :030/2.61.15.86 -ELKOSE GmbH Schwieberdingen T :07150/3.10.41 -EPAD Bechhofen T :09 822/811 -EUROPAVIA DEUTSCHLAND GmbH München T :089/6.49.25.60 -IBH Ingenieur
Burn Harm Hamburg-Norderstedt T :040/523. 19.33 - SCHONHEINZ Oschingen-Tübingen T :0.74.73/78.77
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Growing PABX
race attracts
German competitor
by Jdhn Gosch, Frankfurt bureau manager

Switch matrix meets
stringent requirements
with the reliability
of MOS technology
For all its technical merits—like
good transmission properties, high
reliability, low resistance, and tolerance of excessive voltages—the mechanical contact for speech path
switching in private automatic
branch exchange systems is losing
ground. It is giving way to semiconductor switches because they exhibit
decided advantages.
Less costly to fabricate than their
mechanical counterparts, semiconductor switches are not hampered by
contact bounce and are insensitive to
mechanical shock. What's more,
they are smaller in volume, consume
less power, and have relatively short
switching times. Little wonder, then,
that a number of semiconductor
houses are turning their attention to
solid-state devices for speech path
switching in PABX systems [Electronics, May 11, p. 39].
One company in the still small
league of producers of solid-state
speech-path switches is ABG-Telefunken and, with its new U145M
monolithic integrated crosspoint array, the firm believes it has awinner
on its hands. The device's most
attractive feature, the company says,
is that it can meet those stringent
requirements imposed by communications equipment firms with astandard process—the well-established
and easy-to-implement p-channel
metal-gate mos technology. This
helps to keep the device cost down.
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Besides, with mos, no dc bias is
needed in the speech path—this in
contrast to, say, bipolar switching
devices.
Developed at AEG-Telefunken's research laboratories in Ulm and now
in production at its semiconductor
facilities in Heilbronn, the U145M
incorporates ten crosspoints in a
symmetrical five-by-two matrix,
with each crosspoint made up of two
mos transistors, one per wire of a
two-wire pair. The 20 transistors,
together with the signal paths, are
integrated on a 16-square-millimeter
chip that also contains 10 memory
flip-flops in addition to the control
circuitry.
Some electrical characteristics for
the device are:' switching times of
less than 100 microseconds, acrosstalk attenuation figure of better than

115 dB, and an inherent noise value
of less than 86 de. Housing the chip
is a28-pin dual in-line ceramic package. ln lots of 500 units, the device
sells on the German market for 75
Deutschmarks apiece—roughly
equivalent to $36 at the currently
prevailing exchange rate.
The U145M was originally designed for the Frankfurt-based communications equipment maker Telefonbau und Normalzeit, an AEGTelefunken affiliate. It is currently
incorporating the crosspoint array
into its space-division-multiplexed
PABX system 4030. "Working with a
systems house like TN from device
conception to prototyping has been
of tremendous value," says Jürgen
Dangel, head of the engineering
team in Ulm that developed the
crosspoint array. "It enabled us to
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New Product
Trends
Now available

From the "New Products" section
of Electronics, state-of-the-art
equipment and materials, arranged
according to application. Crossreferenced company index
includes more than 500 manufacturers. New Product Trends in
Electronics, 333 pages, $14.95.
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11. Send me
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find out what the system requireoccupy too much chip area and
ments are and to come up with an
would call for a multilayer wiring
optimum device solution as regards
technique—one that cannot be immatrix organization, reliability, atte- plemented by a standard process.
nuation, insertion loss, and many
The five-by-two matrix, however,
other factors."
not only proved to be the optimum
So it is no wonder that the compa- size, it also lends itself best to
ny's sales engineers at the Heilbronn
making asquare-area chip.
facilities feel that "what's good for
Of the chip's 16-square-millimeter
TN should also be good for other
area, about 50% is taken up by the
communications systems makers." 20 switching transistors, 10% by the
In this spirit, the U145M is being control logic circuitry and 40% by
offered to companies pursuing space- the pads, the voltage level convertdivision multiplexing concepts for
ers, and the wiring. Of the package's
PABX equipment similar to TN'S.
28 pins, 14 are for the speech paths,
Applications for the U145M ex7 for driving the matrix, 4 for the
tend far beyond speech path switch- control signals and 2for the operating, however. Dangel sees other uses ing voltages of +5yand —24 vand
for the device, particularly in broad1for ground. The power consumpband applications in the TV area—
tion at these voltages is typically 150
for example as a video coupling mw.
matrix. Another use would be in
To protect the logic inputs against
studio equipment. There, the device, high static voltages, the chip intefunctioning as a coupling element, grates protection circuits consisting
could replace crossbar distributors.
of resistors and large-area diodes.
Aside from its being a standard These can handle negative surge
process, AEG-Telefunken has settled voltages of 1kv and positive surge
on mos technology for still other voltages of up to 2kv.
reasons. With mos, the switching
Only a diode can be used to
transistor's control gate is isolated protect the switching transistors in
from the signal path, and this the speech path, since a resistor
prevents the control circuitry from would alter the transistor's lowinteracting with that path. Also, the
resistance characteristics. The
drain and source are exchangeable, speech path is protected against voltwhich makes for a nondirectional age surges of about 5 kv of either
speech path. Furthermore, with mos polarity.
being awell-established technique, it Am-Telefunken, Theresienstr, 2, 7100 Heilmakes possible the high device yields bronn 2, W. Germany [441]
that are necessary to provide cost
advantages over mechanical
switches.
The p-channel method, together
with ion implantation techniques,
allows setting the threshold voltages
such that enhancement and depletion transistors can be realized. For
one thing, this permits the device to
be directly driven from transistortransistor-logic circuits. For another,
by using depletion load transistors, a
high noise immunity is achieved.
The U145M's five-by-two matrix
organization represents the best
compromise between cost per cross_
point and chip size, Dangel says. A The type TH 9663 TV camera tube uses a
16-mm photocathode to pick up images with
five-by-one matrix, he explains,
light levels down to 10 -5 lux. Bloom-resistant
would be too small and costly for and rugged, it can be used with vidicon
optimum integration. A five-by-four
matrix, on the other hand, would

optics and deflection cells. Thomson-CSF,
38, rue Vauthier, 92100 Boulogne-Billancourt, France [466]
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microcomputerbased
automation systems

component
testing

microprocessorbased products

hardware/software
design

component
burn-in
and screening

An electronics engineering and R & D
Company, specializing in the
applications of LSI components and
advanced hardware/software
technology.
A unique range of services:
• MSI and LSI component testing
• Development and implementation
of microprocessor-based products
• Industrial automation and test
systems.
An international team of experienced
specialists. A Company of the Zanussi
Group. A young Company.

Component testing
A center equipped with the latest
research and test facilities to serve
both users and manufacturers of
electronic components. Qualifications
and characterization of components
and vendors second-source approval.
Acceptance testing of microprocessors
and other LSI and MSI components.
Screening and dynamic burn-in.
Electronic components failure analysis.
Theoretical and experimental reliability
of components and hardware/software
systems.
ZELTRON: the right solution to your
quality and reliability problems.
Microprocessor applications _
A center for the design and
implementation of innovative products
to serve customers who need to
rapidly introduce new technology into
their products (digital control, displays,
programmability).
At present, ZELTRON has equipment
and know-how to use the following
microprocessor families: 8080, 8085,
8048 and 8049, 3870 and F8, COSMAC
1800, Z80.

We plan to expand this line, in order to
meet your needs and new
developments.
ZELTRON know-how to work with you
to define specifications, and is able to
obtain engineered products in a short
time, and to deliver prototypes and
initial runs.
ZELTRON: new products, not «just»
consulting.
Industrial systems
A team of specialists committed to the
design and implementation of industrial
automation systems based on state-ofthe-art tecnology and components
Turn-Key systems tailored to the needs
of the users.
Full support to the customer, from
feasibility studies, through systems
design, to installation and
documentation of afully tested systems.
Completed projects include data
acquisition systems, control units for
production equipment, and test
systems, all based on well known mini
and micro computers.
ZELTRON: reliable automation systems.

ZELTRON
ZANUSSI INSTITUTE FOR ELECTRONICS SpA
Circle 159 on reader service card
Campoformido (UD) -Via Principe di Udine, 66 -Tel. 0432/69652-3 -Telex: 45365

Milano -Viale Bianca Maria, 45 -Tel. 02/709176-795802
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TWO-TONE GENERATOR
FOR TELEPHONE DIALLING
The, TDA1077 integrated circuit is atone
generator which supplies frequency
combinations in accordance with CCITT
recommendations for use in pushbutton telephones. The frequencies
are derived from a crystal-controlled
oscillator followed by a sine wave
synthesizer. By using I-squared -L technology, both analogue and digital
functions can be integrated on the
chip. The built-in current/voltage regulator and output amplifier substantially
reduce the number of external components: only aquartz crystal of 4,783 MHz,
afew resistors and capacitors are required. Atransient suppressor bridge BZW10
is used to connect the chip to the telephone line.

The TDA1077 generates low frequencies
of 697,770,852 and 941 Hz, and high frequencies of 1209,1336,1477 and 1633 Hz.
Supply voltage derived from the line is
3,5 Vmaximum. The device is available in
plastic or ceramic 16-pin dual-in-line encapsulations under the type numbers
TDA1077P and TDA1077D, respectively.
CIRCLE 171 ON READER SERVICE CARD
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POLYPROPYLENE
CAPACITORS
FOR HIGH CURRENT
AND HIGH VOLTAGE
APPLICATIONS

crout left tc

9"ancf12" (90°) and 12"and 15' MO, cathode ray tubes.

NEW RANGE
OF COMPONENTS
FOR VIDEO
AND DATA DISPLAYS
To satisfy the demanas of anew and fast
growing market for video and data display units, we have introduced arange of
small cathode ray tubes and deflection
components for use in computer terminals, word processors and text editors,
closed-circuit TV surveillance and
patient monitoringequipment.

RUGGED REED SWITCH
SYSTEM DESIGN MANUAL
WITH LOW BOUNCE
The FV22 micro reed switch features reFOR 8X300

duced bounce and high resistance to
shock and vibration.lt is agreatly improved
product compared to earlier devices
and exhibits alow and stable contact resistance especiallyat low signal currents.
With ahigh voltage breakdown of 400 V,
the new reed switch offers high reliability
and long life in excess of 109 operations.
In addition to its use in keyboards for
computer peripherals, and in relays, the
RI22 is ideal for many domestic appliances, and in toys, TV games, hi-fi, logic
circuits, and automobile control systems. Because of its sealed construction,
the RI22 can be sa ely used in corrosive
or combustible atmospheres.

ssem

Our 8X300 bipolar microprocessor is not
only aunique product, but is also one of
the very few which is fully supported. This
important feature of the 8X300 is clearly
demonstrated by the new System Design Manual whichcontains comprehensive information on a large number of
supporting products, both hardware
and software.
Details are provided of the 8X300 and its
specification, and associated support
circuitry. The instruction set is clearly
described and examples are given with
data flow diagrams. The evaluation kit,
which adesigne,can use to familiarize
himself with the 8X300 for systems applications is fully detailed, and anew development and monitoring system which is
expected to be available in August next
is comprehensively described.
The Microcomputer Cross Assembler
Program (MCCAP) which has been specially developed to support the 8X300 is
given in-depth treatment; MCCAP pro-

The new cathode ray tubes are available
with a choice of three different phosphors and can be supplied with an optional anti-reflective handed face-plate.
Circuit designers are given gull support
with a comprehensive range of wound
components which include deflection
yokes, line output transformers ("flyback), linearity controls, and line driver
transformers.
The new products effectively bridge the
gap between ex penàve professional
components and the consumer products which we make for television, and
age an excellent solution forsemi-professibnal alpha-numeric and video displays.
CIRCLE 256 ON READER SERViCE CARD
vides many powerful features including
macros, automatic subroutine handling,
and conditional assembly. Programming
examples and the 8X300 program library
are included in the manual, together with
numerous application examples of the
8X300
Interested readers are requested to
write for acopy on their company letterhead to: Philips Indust bes, Elcoma Dept.,
Market Promotion, Building BFp, Endhaven, The Netherlands.

Five new types of capacitors have been
added to our 357 series of polypropylene
capacitors. For applications where high
currents and steep pulses occur and low
losses at high frequency are important,
the 3574.... and 357 5.... series have been
developed. These capacitors consist of
an impregnated, low-inductive wound
cell of aluminium foil and polypropylene
film. The 357 4.... series is encapsulated
in ahard, water-repellent, solvent-resistant lacquer, while the 357 5.... series is
potted with epoxy resin in ayellow flame retardent polypropylene case. The
357 4.... series covers values from 0,039
to 0,68 pF with tolerances of 5% and10%;
the 357 5.... series covers 0,039 to 0,82
pF. Both series are rated at 250 V d.c.

•
•
Where high voltages are combined with
steep pulses and high currents, particularly in the deflection circuits of television
receivers which combine high peak currents with line frequency, and in a.c. motor control and switched-mode power
supplies, the 3576 357 7.... and 3578....
series can be used These new capacitors are rated at 630 V,1000 Vand 1500 V,
respectively. Each of these three covers
values up to 0,35 pF with tolerances of
5% and 10%. Series construction has
been employed using polypropylene
film, aluminium foil and metallized polypropylene film. For all types it is possible
to get special capacitance and tolerance
values on request.
CIRCLE 257 ON READER SERVICE CARD

Philips Industries
Electronic Components and
Materials Division
Eindhoven -The Netherlands

CIRCLE 255 ON READER SERVICE CARD

Electronic
Components
and Materials
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New All/FM signal generator
for long -medium -shortwave
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1978 will see SSB introduced on
a wide scale fo , international
maritime and aeronautical radio,
meaning hic,h demands on the
purity and stability of the signals
usec, in testing the equipment
— and making the SMLH the ideal
sgnal source for producers of
and workshops servilcing marine
and aero radio se:s, HF direction
finders, antennas and amplifiers.

Tne SMLH covering 10 kHz to 40 MHz
is aprecision generator offering optimal
price/performance, high spectral purity
and frequency stability plus excellent
modulation characteristics. Expandable
to a power signal generator and power
sweeper, its output ranges from 0.05 jiV
through 10 V.
The SMLH is economical and easy to
operate — use it for all measurements
on active and passive components, subassemblies and whole units. With its
negligible AM distortion its just right for
measuring receivers. The low frequency
drift — typically 25 Hz/5 min after onehour warmup — and linear frequency
response (±0.2 dB) enable measurements on highly selective filters and
receivers working on narrow channel

spacings. A 6-digit counter shows the
output frequency with maximum resolution of 1 Hz. Its high output voltage
makes the SMLH an obvious choice
for multisignal measurements and for
checking very high intermodulation
ma-gins. IM is 50 dB down in multitone
AM.
Options (simply add on without any
trimming):
crystal oscillator for higher counter
accuracy (2 x10 6/year), 2-W amplifier
for boosting the output power, sweep
oscillator covering 100 kHz through
40 IVI Hz, overload protection.
For more information quote
SMLH AM/FM signal generator

Rohce & Schwarz
Post'ach 80 14 69
D-8000 München 80
Fed. Rep. of Germany
Electronic Measurements and
Radio Communications. Development,
manufacture, sales and service.
Known for "electronic precision".
Independent concern (establ. 1933),
represented in 80 countries.

ROHDE&SCHWARZ
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New products international

NUMERICALLY
CONTROLLED

Noise meter GM-1 measures both noise level
and the repetition rate of noise pulses on
data lines. For noise levels, the measuring
range is — 90 to — 19 dBm; the threshold for
noise pulses can be set from —49 to 0 dBm.
Wandel u. Goltermann, 7410 Reutlingen,
P. 0. Box 259, West Germany [473]

WIRE EROSION
MACHINE

Ailli1111111111111•11111111..
NSG SGS

HY •TEST •001FRATO

offering:
Cutting (metal removal) rate —
steel — 35 mm 2/min
copper — 50 mm 2/min
Coordinate work table travel —
250 x250 mm
Max. work thickness —
120 mm
Untreated industrial water used as the
dielectric liquid.
The efficiency is particularly high when

Capable of operation up to 5,000 V, the
model NSG509 insulation tester has both
automatic and manual modes. It can supply
continuous testing currents as high as 100
mA even at 5 kV. Leakage current is indicated directly. Schaffner, CH-4708 Luterbach, Switzerland [474]

* punch-out dies and other press tools,
* sintering dies,
* carbide inserts,
* intricate-profile electrodes for
conventional spark erosion, and
* other sophisticated tools and items
are made.
Taper-cutting device is a very useful option.
THE OTS-1 NC WIRE EROSION MACHINE
INCORPORATES
„Olivetti Controllo Numerico S.p.A."
CONTROL UNIT.

TECHMASHEXPORT
35 Mosfilmovskaya, 117330 Moscow, USSR
Telephone 147-15-62, Telex 7568

10E
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The E6 family of high-frequency chokes is
available with inductance values from 10 to
2,200 µH. Housed in Noryl packages, the
units can operate from — 40 °C to + 100 °C.
Each choke takes up only 64 mm 2 of board
area. Neumueller GmbH, Eschenstr. 2, 8021
Taufkirchen, West Germany [475]
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INFORMATION:
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2. Applying Microprocessors 2nd and 3rd generation technology. 26 detailed applications from data networks to video
games. $9.95

3. Large Scale Integration Covers the basic technology, new
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1. Microprocessors What you must know about available microprocessor technology, devices, information, 4th printing. $8.95
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Bectmnics
Sock Series

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

LSI devices, [SI testing procedures, plus system design and
applications. $9.95

The technology, devices, and applications that link memory components and system design. S12.95

4. Basics of Data Communications Includes 47 articles from

8. New Product Trends in Electronics, Number One

Data Communications magazine covering more than 11 key
areas. $12.95

From New Products," state-of-the-art materials and equipment.
arranged according to function. $14.95

Electronics Book Series

P.O. Box 669, Hightstown, N.J. 08520

1. Send me
copies of "Microprocessors" at $8.95 per copy.
copies of "Applying Microprocessors" at $9.95
2. Send me
per copy.
3. Send me
copies of "Large Scale Integration" at $9.95
per copy.
copies of "BasLcs of Data Communications" at
4. Send me
$12.95 per copy.
copies of "Circuits for Electronics Engineers"
5. Send me
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.
Di;counts of 40% on orders of 10 or more copies of each book.

Imust be fully satisfied or you will refund full payment if the book
is returned after ten-day trial examination.
O Payment enclosed
Charge to my credit card:
O American Express
LI Ban kAmericard /Visa

O Bill firm

CI Bill me

II

O Diners Club
CI Master Charge

Acc't No.

Date exp._

On Master Charge only,
first numbers above name
Name

Title

Company
Street
City
Signature

State

Zip

um TECHNOLOGY!!

New products international

Features
1. Two element time axis
Model D-72C permits time recording by
two systems; mechanical recording chart
feed and time axis sweep by time.
2. High performance chart attraction
Troubles due to faulty attraction of the
chart due to friction during chart feed has
been completely eliminated regardless of
the temperature or feed rate.
3. Automatic chart replacement in XV
recording
The chart can be automatically fed and
stopped at the end of chart replacement
with one touch by loading roll chart.

4. Remote control terminals
•Pen up-down
•X-axis electronic time sweep trigger
•Mechanical time feed recording chart
start/stop
•XV chart automatic replacement feed
trigger
5. Easy-to-install optional chart takeup device (Optional)
6. Felt tip pen (Optional)
7. High input impedance 10Mr2 fixed
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A 1-in, silicon-target vidicon, TH 9847, is
designed for military-environment applications. Its integral deflection and focusing
coils make it easy to align. Thomson-CSF,
Division Tubes Electroniques, 38 rue Vauthier, 92100 Boulogne-Billancourt, France
[443]

•For further information, please contact:

5-5-2, Yutenji, Meguro-ku, Tokyo, Japan.
TELEX: 0246-8107

Circle 255 on reader service card

Just published:
1978 EBG!
Completely new listings of catalogs, new
phone numbers, new addresses, new manufacturers, sales reps, and distributors!
The total market in a book —four directories
in one!

A four-channel multiplexer uses full solidstate circuitry making it highly reliable and
lightweight. Its maximum input frequency is
62.5 Hz, and it supplies an output of 30 V dc
at 50 mA. Takenaka Electronic Industrial
Co., 20-1 Naranocho, Shinomiya, Yamashina-ku Kyoto 607, Japan [444]

Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes, please send me
1978 EBG.
I've enclosed C $35 per copy
C $47 per copy
Full money-back guarantee if
10 days.

copy(ies) of
for surface mail
for air mail
returned in

Name

A pc-board-assembly station automatically
dispenses components held in up to 80 cups
to an operator one at a time while an image
is projected showing where the part is to be
placed. John Parfitt Ltd., Blandford Heights,
Blandford, Dorset, DT11 7TE, England [445]

Company

Street

City

12E

Country
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NEW ...Simple, economical picoampere measurement!

DON'T GUESS .. .MEASURE leakage currents and
semiconductor parameters with dmm ease.
SENSITIVITY DMM'S CAN'T MATCH!
Stable resolution of 1 picoampere
provides 4 decades greater sensitivity
than most dmm's. Seven ranges cover
the full span of low-current
measurements.
ACCURACY DMM'S CAN'T MATCH!
Less than 0.2mV input voltage drop
ACCURACY

VS

E,

MODEL 480

5

- --

o

-50
0 1
„

100V

IOU
SOURCE VOLTAGE cE

IV

(burden) keeps Model 480 from
disturbing the circuit under test. This
significant improvement over dmm's
maintains accuracy throughout
semiconductor voltage levels.
EASY TO USE!
The well-protected input is readily connected into any low-current loop. High
normal-mode rejection keeps line frequency interference (often found in
low-current circuits) from affecting the
measurement. High common-mode
rejection and an isolated input permit
in-circuit measurements.
LOW COST -$329!
Priced to be cost-justifiable for each
location where low-current
measurements are made. Saves time,
saves money.

NECESSARY FOR BIFETS.
Taking advantage of BIMOS/BIFET
technology requires leakages be
reduced to picoampere levels.
CALL NOW.
Find out how Keithley's 480 can aid
your desigr. Also ask about our
extensive dmm line — from
$199 for 41/
2 digits!

TOLL FREE:
1-800-312-0560
In Ohio call (216) 248-0400

Keithley Instruments, Inc., 28775
Aurora Road, Cleveland, OH 44139,
U.S.A. (216) 248-0400
D-800 Murchen 70, Heiglhofstrasse
5, West Germany (089) 7144065

KEITHLEY
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on reader service card

Timing Analysis—The hardware approach

TIMING

DIAGRAM

EtiPAND INDICATOR
GLITCH DISPLAY
MAGN IF ICAT ION

TRACE-COMPLETE

looris/cLy

2USÍDIU
ONS

ee

Trigger on glitches. A glitch on an input to aone shot
(channel 5) is causing afalse interrupt (channel 7). This
glitch (which is intensified to distinguish it from data) can
be used to trigger state as well as time displays.

7Rt4CE

TRACE-COMPLETE

LIST

MÊM:ElaEl
L INE
NO.
HEX
gII

03E3

242
243

03E4
03E1

244
245
246

03E2
03E3
03E4

247
249
24 .
9
250
251
252
253
254
255

03E5
03E6
03E7
03E8
03E9
03EA
03EB
03EC

MIZE

Observing state display shows address flow at the
moment the glitch occurs and reveals that the I/O port
address 8080 always occurs at the same time. This
would lead you to observe I:0 related signals for transitions occurring simultaneously with the glitch.

State Analysis—The "Software" approach

TRACE

LIST

NO

TRACE-COMPLETE

HEX

NMI

03E3

242

03E4

243

03E5

244

03E6

245

03E7

246
247

03E8
03E9

248

03EA

249

03EB

250
251

03EC
8080

252
253
254

03E0
08FC
08FB

255

EWE

TIMING

DIAGRAM

E:-:FAND INDICATOR
GLITCH DISPLAY
MAGNIFICATION

TRALE-1AIMPLETE

or- I
or.
xi

IOONS ,CLI
2Ns
3i4ÉME

1.1

—

11_ ri

Yrt

Trigger on state. The interrupt vector (0030) can
be used as the trigger point to observe address
flow prior to the false interrupt Evaluation
shows that the I/O port address 8080
always appears four machine cycles
prior to the interrupt vector.

Observing timing display of signals on I/O and
one-shot shows that the glitch on the input to the one
shot (channel 5) occurs four machine cycles before
the trigger point and is coincident with the transition on
I/O read (line 3) indicating possible capacitive coupling.

••0

••0'
HEWLETT /11p).
PACKARD
1507 Page Mill Road, Palo Alto, California 94304

For assistance cat Washington (301) 948-8370. Chicago (312)
255-9800. Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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Unretouched photographs
of screens

Intecolor 8051 Microcomputer System with
mini-disk drive— $3,150* (Shown with
special ARABIC/FAR SI configuration.
Optionally available at extra cost.)

Series IBusiness System/8070— $4,900
with dual 8" floppy disk drive and 110 cps
matrix printer.

ISC's units can produce colorful
charts and bargraphs that give
meaning and vitality to statistical
analysis.
Today, ISO is the world's largest
supplier of color terminals and
not only markets 8-color data entry
terminals, but also compact desk
top computers with acolor graphic
display and awide range of lowpriced peripherals for full-fledged
small business systems. We also
have avariety of options available

so that you can expand your
system as your needs expand. In
addition, we know you'll find ISC's
Customer Service Department a
reliable source of satisfaction. Our
staff of specialists will work closely
with you to help resolve any problem areas. You'll come to depend
on the quality of their service.
Take alook at our full product
line and think about how you can
put color to work to improve your
applications. Because now you

5965 Peachtree Corners East

Norcross, Georgia 30071

Appropriate manuals are provided with all
equipment. Others are optionally available.

have achoice. A phenomenal
choice. Contact your local ISO
sales representative today for
ademonstration.
Color Communicates Better

Intelligent Systems Corp..
Telephone: 404/449-5961

TWX: 810/766-1581

SC: Columbia 803/798-3297. TN: Knoxville 615/588-2417, TX (also AR): Austin 512/451-5174, Dallas 214/661-0300, Houston 713;780-2511,
San Antonio 512/828-0937, UT: Salt Lake City 801/973-7969. WA (also ID, MT): Bellevue 206/455-9180. EUROPEAN EXPORT SALES:
Techexport. Inc.. Cambridge, MA 617/661-9424. ENGLAND: Teches, Ltd.. Bournemouth 0202-293-115. FRANCE: Peritec, Rueil 749-40-37.
SWITZERLAND: Inter-test AG, Bern 031-224481. WEST GERMANY: Kontron Elektronik. GmbH. Eching,b. MtInchen 08165-771, AUSTRALIA: Anderson
Digital Equip.. Mt. Waverly. Victoria. Melbourne 543-2077. CANADA: Cantec Rep.. Inc., Ottawa. Ont. 613/255-0363, Pointe Claire, PO. 514/694-4049.
Toronto. Ont, 416/675-2460, CANADA: Datamos, Ltd. (Distributor). Dorval, Que. 514/636-9774. Ottawa. Ont. 613/244-1391, Toronto, Ont.
416/787-1208. Vancouver. B.C. 604/684-8625. CENTRAL & SOUTH AMERICA, MEXICO, CARIBBEAN: American Business Systems,
Atlanta 404/394-9603. FAR EAST: Computers International. Los Angeles. CA 213/382-1107
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o Ours Let You Change Applications...Without Changing Your Logic Analyzer

rhe logic analyzer .... it's bemme the essential measurenent tool for digital designers
ike you. But just alogic
analyzer isn't enough. Because
(our logic analyzer should be
as versatile as you are.
Dur dictionary calls versatile
'capable of turning with ease
from one to another of various
'asks." And versatile is exactly
what you have to be in your day
oday digital design work. Versatile in the tasks you perform,
and versatile in your role as part
Df the design team.
And so you need alogic
analyzer every bit as versatile
as you are. One that lets you
'turn with ease." From hardware to software analysis. Or
from microprocessor to nonmicroprocessor design.
TEKTRONIX LOGIC
ANALYZERS:
THE VERSATILE ONES
VERSATILE
CONFIGURATIONS:
Concentrate on new applications — not on learning anew
logic analyzer. Modules that
plug in to any Tektronix 7000

Series oscilloscope let you
"build" the logic analyzer you
need.
VERSATILE FEATURES:
You — not the logic analyzer —
decide how you'll look at logic.
Go from state tables to mapping
to timing — without going to
another logic analyzer. Touch a
button and select binary, hex,
octal, mapping, timing, GPIB,
or ASCII.
You need confidence in your
measurements. So you want
the best possible resolution.
And that means you need to
sample faster than the system
under test — the faster the better. So Tek Logic Analyzers let
you sample asynchronously
up to 100 MHz at aresolution
of 15 ns.
You're looking at alot of information in digital systems — yet
you want to find your problem in
one pass. Our large, formattable 4K memory can deliver up to
1024 bits per channel.
You need to see what's on —
and off — the bus. Synchronous and asynchronous operation in the same logic analyzer
lets you perform software and

hardware analysis.
Your design has to work right
every time. Automatic Data
Comparison will verify it for you.
Or identify any fault. While
you're busy elsewhere.
VERSATILE
APPLICATIONS:
Tektronix Logic Analyzers stay
with you. For design; debugging; and troubleshooting. For
hardware and software
analysis. For timing and state
applications. For whatever job
is at hand.
Versatile — so you can do today's job and tomorrow's. So
you can change applications
without changing your logic
analyzer.
Contact Tektronix Inc., P.O. Box
500, Beaverton, OR 97077. In
Europe, Tektronix Ltd., P.O. Box
36, St. Peter Port, Guernsey,
Channel Islands.

]
Look at logic in your
language: choose
binary, hex
octal, mapping
timing, GPIS, or ASCII

•
—

-,
The faster your
measurements, the
better the resolution
Sample Up
to 100 Mhtz at 15 ns
resolution

,
Ç.

—

See all the Information
you need to see with
our large 4K
formattable memory

.. _
....

Get the whole picture:
verify logic on the bus
synchronously; verify
timing sequences
asynchronously

t.
,,,,, ••

Tektronix

-.

Concentrate on other
work while Automatic
Data Comparison
verifies operation
— or identifies faults

_

COMMITTED TO EXCELLENCE

For Technical Data circle 86 on Reader Service Card
For Demonstration circle 87 on Reader Service Card
TEKTRONIX LOGIC ANALYZER

THE VERSATILE ONES

Probing the news
Analysis of •.echnology and business developments

Switch to micros has them sweating
Makers of industrial-control gear are confused by hordes of devices,
irritated by spec changes, and stymied by inadequate test data
by Bruce LeBoss, New York bureau manager

Manufacturers
of industrialcontrol equipment are apparently foundering
in attempts to
switch to microprocessors in
electromechanical or analog
control machinery. That picture
is painted by
several major
original-equipment manufacturers that find
their industry
buffeted
by
hardware- and
software-related
problems.
From the outset, OEMs trying to
use microprocessors can find the
experience a trying and traumatic
one, states Bill Crawford, manager
of micromodule products at Motorola Inc.'s Integrated Circuits division
in Phoenix. His group builds microprocessor-based modules that go into
process-control systems, among other things, so Crawford understands
the dilemma.
To a greater degree than digitalsystems manufacturers that are familiar with microprocessors and
software, industrial OEMs face a
difficult decision regarding what
microprocessors to use and why.
"Often it is a choice between
unproven microprocessors and unproven interfaces that are to be
sandwiched around unproven software. The result is adisastrous sandwich," says Crawford. Some microprocessor manufacturers, such as
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Motorola and Intel Corp., try to help
by making microprocessor modules
available, he adds, but "modules are
not a panacea, just an open-faced
disaster sandwich."
Inundated. Compounding the
OEMs' dilemma is the plethora of
microprocessor parts flowing from
vendors, indicates Walt Luciw, a
senior advanced-circuits design engineer at Sperry Univac in Blue Bell,
Pa. Luciw, who applies microprocessors to Univac products and finds
himself in continuing dialogue with
other outs, says the proliferation of
microprocessors is not bad in itself,
since they offer the user adegree of
flexibility, but does impose the need
to make alarge number of decisions
about each type of microprocessor,
such as how one feels about aparticular vendor, its production capability and past performance.
Luciw also observes that the

constant output
of new microprocessors often
leads to delays in
product
programs. He notes
an apparent hesitancy in the industrial market,
mostly due to
manufacturers'
reluctance to
commit themselves to an intermediate-state
microprocessor
while new ones
are coming down
the pike. What's
more, adds Robert D. Jurenko,
an engineering
specialist at process controls manufacturer Leeds & Northrup Co. in
North Wales, Pa., "it is quite
perplexing for us to know that after
we've designed or shipped a microprocessor-based instrument it is obsolete within weeks."
Specs shift. One of several problems, not uncommon with semiconductors but even worse with microprocessors, Jurenko says, centers
around device specifications. "A lot
of the time, vendors come out with a
preliminary spec sheet and get you
to design your equipment around
their part. Then, when the part
comes out, they have changed the
specs."
Sometimes, the microprocessors
tailored for industrial controls just
do not have enough horsepower,
notes Jack V. Landau, staff engineer
at the Singer Co.'s R&D Laboratory
in Fairfield, N. J. For example, says
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IrMUCERAM: What the Swiss
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are seeing red about.

materials are
FOTOCERAM
replacing ruby wire-guides

in high-speed, computer-controlled impact matrix printers.
The printers operate by moving
asingle, vertical column of
print wires across ahorizontal
line. Individual wires are activated in sequence to impact an
inked ribbon against the paper,
forming characters from patterns of dots. Those characters
are generated at speeds up to
300 per second.
Precise vertical alignment
of the print wires is extremely
important. Up to now, many
print-head manufacturers have
used synthetic ruby wire guides
because of their durability.
Holes in the guide must be
laboriously machined to less
than 0.015 inch diameters, with
FOTOCERAM materials
atotal tolerance within 0.001
by Corning compete on price
inch. And the finished ruby
and durability. Using aFOTOguide must go through apolish- CERAM brand glass-ceramic,
ing and assembly operation.
derived from Corning's
It's an expensive
unique photosenproposition!
sitive glass, extremely small
holes can be
chemically
machined
with precision. Manufacturers'
tests show
that FOTOCERAM wire
guides exhibit
excellent
wear characteristics equal
to ruby. They can withstand
the constant motion of the
wires through the guide holes.
And they can be mass produced
at significantly lower cost
than ruby.
92
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The FOTOCERAIvI material is only one of afamily of
unique FOTOFORM materials
that can be precision etched
with holes of almost any shape
and size. In excess of 50,000
holes per square inch, in pieces
as thin as 0.010 inch. Holes,
slots and channels, as small as
0.002 inch. And with tolerances within 0.001 inch. These
photosensitive materials can be
precision-etched, machined,
cut, milled, chamfered, ground,
lapped, polished,
sealed to glasses
or ferrites, and
even metalized.
FOTOFORM
materials
offer you
engineering
flexibility —
the flexibility to do it your way.
We've given the Swiss
something to think about.
Maybe we've given you an idea.
FOTOFORM and FOTOCERAM materials are being
used to solve design problems
for awide variety of applications. Chances are they can
solve aproblem for you.
FOTOFORM and FOTOCERAIVI materials by Fotoform
Products Group, Corning Glass
Works, Corning, New York
14830, (607) 974-4304.

CORNING
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Probing the news

Computers

Taking anew route to IBM country
Magnuson Systems' M80 is aCPU series that also can be made
to emulate machines from Burroughs, Univac, and Honeywell
by Rob Brownstein, San Francisco bureau
With International Business Machines Corp. clearly an increasingly
inviting target for producers of new
computer systems, it is difficult to
imagine yet another way of attacking the giant corporation. But not
only has the deed been done, its doer
is abrand-new company: Magnuson
Systems Inc.
Magnuson's entry is the M80
series of IBM-Compatible central processing units. Unlike National Semiconductor's System 400 and Two
Pi's V/32 [Electronics, May 11,
p. 81], the M80 is not aminicomputer. Rather, it is a general-purpose
CPU built with a standard mediumscale integrated Schottky transistortransistor logic. But it is microprocessor-like in that it has control
sequencing stored in read-only memory. While the components used to
build the M80 are not as state-ofthe-art as those used for either of the
other two systems, which use bitslice microprocessors, the architecture "makes the M80 series virtually obsolescence-proof," says Paul H.
Magnuson, president and chairman
of the year-old Santa Clara, Calif.,
company.
Employing what Magnuson calls
"strategic architecture," the designers made the M80 so that system
and technology may be upgraded.
"For example, as charge-coupleddevice or magnetic-bubble memories
become cost-effective, they can be
easily incorporated into our system
without any system redesign having
to be done," explains Joseph L. Hitt,
marketing vice president.
Moreover, according to Hitt, performance of alow-end M80/3, lying
between that of an IBM 370/138
and 370/148, can be upgraded to
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meet the specs of the M80/4, which
exceed those of the 148.
Although Magnuson is playing up
the IBM compatibility, as are Two Pi
and National, the firm is quick to
point out that the M80 need not
emulate only IBM systems. "By
making some changes in microcode
and input/output compatibility, for
example, the M80 can emulate other
systems, such as those of Burroughs,
Honeywell, and Univac," Hitt says.
But since the ho is currently hardwired, emulation is limited to IBM
machines until alternative circuit
boards can be designed.
Such versatility would be highly
unnecessary if the goal were to sell
only to original-equipment manufacturers, but it points up another
difference between Magnuson and

its rival companies: marketing plans.
For end users. Unlike both National and Two Pi, which are casting
their wares exclusively into the OEM
pool, Magnuson Systems is aiming
for a mixed OEM and end-user
market, with more of the latter. Paul
Magnuson, drawing on his 10 years
of experience with Cincinnati Milacron Inc., Amdahl Corp., RCA Corp.,
and IBM, sees a market waiting for
intermediate-range computer systems that have greater flexibility
than Imes intermediate models.
He says that the general-purpose
computer market has been growing
at a rate of over $1 billion per year.
On the basis of industry surveys,
Magnuson Systems expects that rate
to continue right into the 1980s. Of
the $13 billion in U. S. shipments

CENTRAL
PROCESSING
UNIT

FLOPPY
SKS
WRITE)

New system on the block. Magnuson Systems, a new company aiming to take a chunk of
IBM's market share, has designed asystem that is acentral processor rather than amini.
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HP 5328A
Universal Counter.
The Right Performance
At The Right Price.

If you're looking for amedium priced universal
counter with the capability to do just about
any counting job and the versatility demanded
by tough systems applications, look no further.
For only $1300* the HP 5328A Universal
Counter is abasic 100 MHz/100ns instrument
that expands to meet your needs. Optional
modules let you expand its capabilities to 512 or
1300 MHz and 10 ns time interval.
You can select an optional built-in DVM
(single-ended or full floating, 10 µv to 1000v)
for accurate determination of trigger levels and
for external digital voltage measurements.
Only HP offers it.

Other options let you make use of an
ultra-stable time base and HP Interface Bus
Operation including full remote control of the
counter and the DVM.
Sound good?
There's more information available for you
on the HI' 5328A Universal
Counter and the full line of
sophisticated HP electronic
counters.
Just call your nearby
HP field office or write
for our new electronic
counter brochure.

*U. S Domestic price only.

HEWLETT hhiî PACKARD
1507 Page Mill Road. Palo Alto. California 94304
For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800. Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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SYSTEM 916

Multi-Channel Signal-Processing Filter System
Rockland System 816 accommodates up
to 16 independent, manually/digitally programmable high-performance signal-processing filters in one 51
4" mainframe. Program
them for high-pass or low-pass, pair them
for band-pass or band-reject. Select Butterworth (optimized flatness) or Bessel (optimized phase linearity). Get 48 dB/octave
rolloff, and cascade two or three for 96 or
even 144 dB/octave. Set cutoffs over a
15,000-to-1 frequency range, in adesign
range of 0.1 Hz to 150 KHz.

COUNT THEM
In addition to its software-determined
cutoff-frequency combinations, System 816
gives you the choice of more than 200,000
different hardware interfaces. And we've
been adding new plug-in cards almost every
year, since 1973, when we invented
this concept.

USE THEM
everywhere you need high-performance
filtering but can't be committed to aspecific
number or type of channels. With System
816, you just mix and match — now or later.

In multi-channel sampled-data
acquisition (to enhance S/N and prevent
aliasing errors). In signal processing
and reconstruction (from digitized data).
In automatic test systems. In multichannel communications. In spectrum
analysis.

TRUST THEM
because there are more Rockland
System 816 channels in use today than
all other comparable types. Why?
Rockland quality. Rockland experience.
Rockland applications-engineering support.
And highly competitive pricing.

CHECK THEM
... FREE. Send for complete data, and
we'll include our 24-page Applications
Handbook on filter theory and practice.
Use inquiry number, or write
Rockland Systems Corporation,
230 West Nyack Road,
West Nyack, NY 10994.
(914) 623-6666
TWX 710-575-2631
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ical problems. These include spillover—broadcasting over national
boundaries. This is likely to be widesion manager for broadcasting satel- spread even when the guidelines set
lites and future communications satby last year's Geneva plan are
followed. Feelings on spillover run
ellites at ESA'S Paris headquarters,
there are some good reasons for high, with some nations talking
putting aloft a preoperational satel- darkly of cultural invasion.
Violence. For example, Swedish
lite whose costs are shared by many
nations. It is particularly the users television is strictly nonviolent.
that would benefit, he says.
What would be the Swedish reaction
Reliability requirements of nato no-holds-barred West German
tional Tv networks would require Tv? Observers say that were Bonn to
any nation lofting a satellite into launch asatellite capable of covering
space to put up a spare. And the large parts of Scandinavia, the Scanservice has to be financed until view- dinavians could then be obliged to
ers are wooed into paying in suffilaunch their own satellite in cultural
cient numbers to make it economic.
self-defense.
Apart from the political problems,
Important, too, will be the high cost
of preparing TV programs to fill the there are also the economic and
new channels that a satellite would
technical aspects. Technically, most
make available.
sources agree that the problems are
However, the member nations of almost solved. The crucial part is
ESA are looking at their own cooperproducing asystem that allows lowative projects, and not only in Scan- cost reception at individual housedinavia. According to industry hold level. This means a powerful
sources in Paris, the Germans have traveling-wave tube in the satellite to
reach asmall ground terminal.
asked "almost everybody" to cooperAmong European suppliers workate with them on launching a satellite. The French envisage at least a ing on the 150-watt and 450-w TWTS
bilateral project for a possible slated for launch in H-SAT are,
H-SAT follow-up in the mid-1980s respectively, Thomson CSF of France
with even more distant plans for a and AEG-Telefunken of West Gernational satellite to be launched
many. Though neither of these tubes
after 1995.
has yet been flight-tested, the firms
Apart from the wrangling over believe that they have mastered the
how it should be done and who technology. At AEG-Telefunken, the
should do what, there are other polit- development teams are working on a

Probing the news

Dividing the job. With Western European nations clamoring for television satellites, a
meeting last year in Geneva arrived at this compromise regarding service areas.

100

whole range of TwTs from 100 to
800 w. At Thomson, the next stage
beginning to be looked at is the
200-w TWT. H-SAT may carry two
200-w TWTS for experimental and
standby purposes.
Economically, the problem may
be split into two parts: can the satellite approach compete with a conventional ground network or cable
Tv? Secondly, can it be made cheap
enough to attract the viewer as a
paying customer? The French space
agency estimates that the development of a five-channel operational
satellite would cost around $43
million while five would cost four
times that sum. Launch costs for
four satellites (one in reserve) would
be about $130 million. Including
ground control and transmitting stations and just over $1 million ayear
running costs, the total cost would
top $300 million over 10 years.
Annual running costs, figures a
space agency expert, work out to a
third of anew conventional network.
That private estimate is considered a little exaggerated in some
quarters, but it is much closer to
reality if the cost of the rooftop
antennas is ignored. Four-channel
coverage could be achieved at arental price of around $40 million ayear,
estimates Eurospace, a Paris-based
consultant organization that represents European satellite manufacturers. Eurospace was due to propose a
satellite rental service at the Lima
international satellite communications seminar earlier this month.
Antenna cost. But it is not only the
transmitting part of the hardware
that boosts the cost. A satellite
system also requires individual
household antennas that cost significantly more than those for conventional TV. From the point of view of
European industry, it is those antennas that are the big potential money
earners. As Rosetti of ESA puts it:
"At a rough estimate there will be
100 million sets in Europe by the end
of 1980. Assuming just 10% of those
viewers decide to spend $300 on a
ground antenna, that makes a $3
billion market. Even spread over 10
years, that is asizable sum." So far,
European industry seems along way
from the $200 antenna. Philips talks
of a price below $400, according to
Eurospace experts.
CI
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Packaging & production

Mass molding aboon to fast logic
Makers of computers and peripherals are using newly popular method
of making multilayer boards that is faster, simpler, and cheaper
by Jerry Lyman, Packaging & Production Editor
layer presses can handle only materiWith mass molding, the system
A nine-year-old technique that offers
al that is 18 by 24 in., which limits
a simpler, low-cost, fast-turnaround
manufacturer receives a multithe number of similar boards that
alternative to the standard multilayered laminate from pc-board
can be turned out simultaneously. A
firms like Fortin, Lamination Techlayer board has suddenly hit the big
conventional four-layer board is put
nology Inc. of Santa Ana, Calif., and
time. And what has propelled mass
together from atop circuit core with
molding to its new heights of poputhe Mica Corp. of Culver City,
copper foil on both sides (layers 1
Calif. It has two conductive layers—
larity is the growing interest being
shown by makers of computers and
usually aground plane and a power and 2) followed by prepregs and a
bottom circuit core (layers 3and 4).
plane—and two outer layers covered
peripheral devices in multilayer
Distortion a threat. In the manuprinted-circuit boards.
with copper foil. The customer then
facturing process, layers 2and 3are
The usual multilayer board, with
need only subtractively etch the
patterns he needs from the two outer etched, then pins are used to ensure
up to 30 conductive layers, is pretty
exact registration of the cores and
much a high-density packaging apcopper surfaces (see diagram).
proach suitable only for military and
Mass molding uses much the same prepregs, and the assembled layers
space applications. But with the
materials as those found in conven- are laminated together in a press.
advent of high-speed logic, asimplitional board manufacturing—cores, After this step, layers 1and 4 have
their circuit patterns subtractively
or epoxy-glass layers with copper foil
fied four-layer form has begun to
on both sides, and prepregs, or thin etched onto them. The whole process
find its way into computers and
sheets of partially polymerized epoxy uses much more labor than mass
peripherals because it is so much
resin. For the two internal layers, molding and requires many additiondenser than single-layer printedcircuit details are first subtractively al steps. What's more, any distortion
circuit boards. Moreover, mass
etched on the core material. Then of the laminates or pins due to the
molding, a method developed by
several insulating prepregs are heat and pressure of the laminating
Fortin Laminating Co. of San Ferplaced over the top and bottom, and press can knock the layers out of
nando, Calif., can turn out these
standard copper-covered pc epoxy- registration.
simpler boards almost on an assemOn the other hand, mass molding
glass material make up the final two
bly-line basis.
Comparison, conventional multiouter layers. Lastly, the entire sand- requires fewer steps and there are
wich is laminated together in a fewer opportunities for error. Regislayer-board making amounts in eftration of the outer to inner layers is
molding press.
fect to a custom process, providing
That contrasts strikingly with the simpler: pilot holes are drilled into
the user with aready-to-go pc board.
conventional method of making mul- the outer layers through which regisThe mass molding process provides
tilayer boards. Most standard multi- tration targets on the etched inner
semi-complete boards, made by steplayers are found.
ping and repeatLayers 1 and 4
ing circuit patPROCESSING BY MASS MOLDING
are matched to
terns on the inOUTER LAYERS
INNER LAYERS
ARTWORK AND
CUSTOMER
these targets.
ner layers, each
ADDED WITH
PRINTED AND
TOOLING CREATED
FURNISHES
This method virCOPPER FOIL
ETCHED
for a different
FOR INNER LAYERS
1:1 ART
tually eliminates
board, on lamithe registration
nate sheets that
CUSTOMER DRILLS
PACKAGE
TOOLING HOLES
defects
that can
are up to 48 by
AND ELECTROLESSLY
MOLDED
DRILLED
PLATES HOLES
crop up in the
24 inches in size.
standard way of
The first method
manufacturing
turns
out
a
CUSTOMER SUBTRACTIVELY
FINISHED
multilayer
ETCHES TWO OUTER
MULTI LAYER
board at a time,
COPPER-COVERED LAYERS
BOARD
boards.
manufactured
Ordinarily, the
layer by layer

Li
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A glance at our counter guide shows how
broad aselection you have when you choose the
Fluke name.
Pick resolution from six to nine digits, and topend frequencies from 80-1250 MHz. Notice that
all Fluke counters are multi-function, from the frequency/period/totalize capability of the 1900A to
the six-function 1953A Universal Counter-Timer.
All models have input signal conditioning for reliable readings in the presence of noise, distortion,
and ringing, and most have attenuators for increased dynamic range. So for R&D, GENERAL
BENCH or PRODUCTION LINE applications, buy
exactly what you need over an affordable, performance-effective price range.
For FIELD MAINTENANCE AND SERVICE,
most of the line is available with an optional rechargeable battery pack installed inside the compact, portable case. Let autoranging keep the display full at all times for "hands-off" convenience,
and rely upon autoreset to eliminate erroneous
Counter Selection Guide
Number of Digits
Frequency (MHz) Basic Unit
Options

RFI-shielded, and TCXO timebases are available
for the kind of high accuracy you might need over
environmental extremes. And if you choose the
1920A, you can get aresolution multiplier for highresolution audio measurements.
If you have an ADVANCED BENCH or SYSTEMS application, the 1953A was designed for you.
With fully programmable ranges and functions (including trigger level), the 1953A is available with

Fluke 1953A: aname and number to remember for perfection in programmable
counter-timers.

IEEE-488 or BCD parallel options, at aprice more
than $1,000 less than the competition's similarlyequipped models.
CALL (800) 426-0361, TOLL FREE and let
us show you how the Fluke name is as meaningful

1900A

1910A

1911A

1912A

1920A

1925A

1952B

6

7

7

7

9

9

7/8

9

80

125

250

520

520
1250

125
520

80

125
1250

Period

•

•

Totalize

•

•

•

1953A

•

Time Interval
Ratio

5*

•*

A gtd by B
Sensitivity (mV)

25

Trigger Level Control

15

15

15

15

15
•

•

External Timebase Input

•

•

•

•

Battery Option

•

•

•

•

TCXO Option

•

•

•

•

•

•

50

30

Ovenized Timebase Option
DOU Option
Autoreset
Autorange
U.S. Price Basic Model (No Options)

•

Std

$995

$750

•

•
•

•

•

•

$345

$395

$495

$620

partial-readings. In the Fluke tradition, they'll take
areal field beating, too.
COMMUNICATIONS people find the 1911A
through 1925A attractive for VHF/UHF measurements. They're so sensitive that asimple optional
whip on the 50-Ohm fuse-protected input makes
transmitter checks quick and easy. With automatic
clean dropout, you'll always be right because the
reading goes to zero with afading signal. They're

•

$795

$995

in counters as it has been for other fine test and
measurement instrumentation for the last 30 years.
It's your assurance you've bought the best, backed
by more than 32 service centers in 18 countries,
worldwide.
John Fluke Mfg. Co., Inc., P.O. Box 43210,
Mountlake Terrace, WA 98043. In Europe, contact
Fluke (Nederland) B.V., P.O. Box 5053, Tilburg,
The Netherlands. Tel. (013) 673973. Telex: 52237.
*Using external timebase input

Command Performance: Demand Fluke Counters.
FLUKE
2102-8007

Circle 268 for 1900 Series literature
Circle 108 for 1953A literature only
Circle 109 for demonstration

the easy, low-cost way
Motorola's unique GPM.
Motorola's MC68488 GeneralPurpose Interface Adapter, GPIA,
makes microprocessorsmicrocomputers IEEE 488-bus
compatible.

synchronization trigger output, and
selectable automatic features that
minimize software. There's plenty
of software to implement your own
features, though, never fear.

Development of the IEEE Standard
488 instrument bus enabled practical
interconnection and remote
programming or controlling of
multiple programmable instruments.
However, interface between the
microprocessor or microcomputer
and the 488 bus remained acostly
and cumbersome task.

Many designers will appreciate the
GPIA's operation with a DMA
controller, the programmable
interrupts, and RFD holdoff for
prevention of data overrun. As
indicated, although the MC68488 is
a member of the M6800 Family, with
some additional logic it also can
serve non-'6800 processors as the
easiest, least expensive 488 bus
interface. In 25-99 quantities, the
plastic MC68488P is $19.00, and the
MC68488L ceramic device is $21.50.

The GPIA provides that interface
simply and inexpensively, and
automatically handles handshake
protocol needed on the instrument
bus. As part of our fully compatible
M6800 Family, it's designed to
operate with all the M6800 microprocessors and single-chip
microcomputers, but it serves other
microprocessors, too. It's absolutely
unique.

Probably most useful among the
GPIA benefits are features like its
serial polling capability, single or
dual primary address recognition,
and secondary address capability.
There's so much more: complete
source and acceptor handshakes,
talk-only or listen-only capability,

The GPIA is designed to team up
with our MC3448A standard 488 bus
drivers, to meet the complete
electrical specifications of the IEEE
488 bus. Use it, and we believe
you'll agree, it's the way to get your
instruments on the bus.

Your microprocessors can do more,
because Motorola LSI puts
systems
on silicon.
The M6800 Family is the epitome
of our concept for putting your
systems on our silicon. With existing
and soon-to-be available
components, it offers an amazing
variety of complexity and
performance in applications from
controls, to instrumentation, to data
handling and communications.
.Multi-chip microprocessor-based
systems from the MC6800 to the
MC6809 •two-chip MC6802
systems •single-chip microcomputers and microcontrollers like
the MC6801 and the MC6805.
Everything, including development
and support hardware and software
is fully compatible.

Family memories, RAMs, ROMs,
Our various LSI and VLSI
and EPROMs, a variety of peripheral
technologies range across CMOS,
NMOS, LSTTL, and ECL, from single- control and I/O chips, and special
purpose components like the GPIA
bit to 16-bit capability, and provide a
generate an unmatched synergism.
choice among multi-chip, two-chip,
single-chip, and the bit-slice approach. To ensure that your microprocessors
There's a full complement of hardcan do more, we don't just build
components, we put systems on
ware and software support to make
silicon.
it all go.
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A new brochure covering
Motorola's total systems-on-silicon
capability is now available. For a
copy, and copies of both the
MC68488 data sheet and our 32-page
IEEE 488 Bus Implementation
brochure, circle the reader service
number or send your written request
to Motorola Semiconductor Group,
P.O. Box 20912, Phoenix, AZ 85036.

MOTOROLA INC.

Circle 111 on reader service card
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The only other professional
quality sweepers in our price
range that we know about make a
loud noise and are constantly
needing their bags emptied.
So if you're more interested in
clean sweeps than clean floors,
we recommend our Model 1061. It
sweeps from 1MHz to 400MHz at

line frequency, with excellent
signal quality. Output flatness is
± 0.25dB, sweep linearity 2%.
The calibrated output is +10 to
-60 dBm and you have achoice of
either 50-ohm or 75-ohm output
impedance.
All for $675.
But if anyone else tries to sell

you asweeper with athree-digit
price tag, watch out. You may be
getting sucked in.
Wavetek Indiana, Inc. 66 N.
First Ave., P.O. Box 190, Beech
Grove, Indiana 46107. Telephone
(317) 783-3221, TWX 810-341-3226.

Ave -rŒK®

Without Waveteles
Model 1061,
the under 11700
sweeper market
would be avacuum.
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Technical articles

MULTIPLEXING
LIQUID-CRYSTAL
DISPLAYS
Suitable LCDs can be found, and
addressing them as amatrix works
by Paul Smith
Beckman Instruments Inc.. He//pot Division, Fullerton, Calif.

E They use so little power and stay so visible even in
bright sunlight that liquid-crystal displays would seem a
natural choice for large-area, multiple-character applications. But there is one big obstacle: the prohibitive cost
of driving and terminating Lcos made up of six or more
characters.
Multiplexing, of course, could halve the number of
leads required, simplify the drive electronics, and permit
direct interfacing to microprocessors. But few LCDS are
good candidates for multiplexing, and although more
suitable ones are becoming available, the complex characteristics of their electrooptic response still have to be
taken into account. Nevertheless, determining which
Lcns are the right ones and then multiplexing them
together is by no means an impossible task, even if more
difficult than for other display technologies.
In any multiplexed display, the various segments of
different symbols are not independent but are interconnected. The method of interconnection commonly used
with light-emitting-diode displays is to tie together all
those segments that have the same location in each
symbol (Fig. la) and then address the symbols sequentially. But this method of time-division multiplexing is
not widely used with Lam at present because limitations
in their electrooptic response make it impossible to
address more than three or four digits sequentially.
Alternatively, though, each digit could be configured
as a matrix, and if that is done, any number of digits
may be addressed at the same time. In this approach, the
displays are wired so that interconnected segments do
not share the same symbol backplane. Figure lb shows
how pairs of segments of different digits may be interconnected even though each member of a given pair
belongs to a different half of the digit's backplane.
• Generally, alphanumeric characters may be configured
as matrixes of three by four, four by four, or three by six
segments or the familiar five by seven dots.
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With a matrix-addressed LCD, each segment plus its
associated backplane is electrically equivalent to alossy,
nonlinear, voltage-dependent capacitor (see "Examining
liquid-crystal displays inside and out," p. 114). In fact,
the entire array may be represented schematically as
rows and columns interconnected by capacitors at each
intersection (Fig. 2a). A series of select pulses (± Vs)
drives each row, while a series of data pulses (±Vd),
which are either in phase or out of phase with the select
pulses, drives each column. In this example, there are
four segment lines (N = 4), which are sequentially
addressed (Fig. 2b), so the duty cycle (n) is one fourth
and the display is said to be one-fourth multiplexed.
How matrix-addressed multiplexing works
In such a matrix-addressed multiplexed display,
simultaneously applying aselect signal and adata signal
determines the select or nonselect status of any
particular segment. For aI/4-multiplexed LCD, the frame
period (T r)of the select waveform is divided into four
equally spaced intervals corresponding to the time
segments in which each row is addressed. Essentially, the
matrix is addressed by multiplexing N rows with a
voltage of ±V, and presenting data information with a
voltage of ±Vd. At the intersection of arow and column,
the voltage that appears across an LCD segment is the
difference between the select and data signals. On the
average, for a period Tr,a segment will be on if the
voltage during the interval of e tis Vs— (— Vd)and off if
the voltage is Vs—Vd. For the rest of the frame period
(1 —,T r), the segment sees only ±V4.
Since LCDS are sensitive to the root-mean-square
voltage between their segments and backplane, they are
similar to incandescent lamps, in that their brightness is
independent of the waveshape so long as the rms value of
applied voltage remains constant. If the off-segment
(nonselect) rms voltage is V!, and the on-segment

113

Examining liquid-crystal displays inside and out
Liquid-crystal displays excel other display technologies in
several respects. Their voltage and current needs are so
low that they may be driven directly from complementaryMOS circuitry. They become not less but more legible in
direct sunlight, and the brighter the sun, the better. They
can reproduce graphics, symbols, and designs just as
readily as the more usual alphanumeric characters. In
portable equipment, yet another benefit is long battery
life, which in watch applications extends out to two and
sometimes even three years.
Their future looks even more promising. Their ruggedness is improving as their operating temperature range
broadens and the resistance of plastic-sealed units to
humidity increases. The development of dyes compatible
with liquid-crystal materials will soon mean the availability
of LCDs in a whole range of colors. Then, if polarizers can
be eliminated also, legibility and appearance will really
improve.
Device construction. The LCDs going into watches
and instruments today are twisted-nematic, field-effect
devices. They sandwich liquid crystals between front and
back planes of thin glass, which are sealed together with
plastic or glass. On the inner sides of both glass planes are
transparent conductor patterns that are coated with a
special chemical film that aligns liquid-crystal molecules.
To the outside of both pieces of glass are laminated
polarizers, each of which passes only those components
of light that are parallel to its polarizing axis. As shown in
(a), these axes are perpendicular to each other, so that
light is blocked.
Liquid crystals, as their name implies, are materials that
are neither fully liquid nor fully solid. Within afinite temperature range, they have properties intermediate between
the liquid and solid states. Their cylinder-like molecules
can exist in any of three mesophases—smectic, choiesteric, or nematic, of which the last is most useful for
display purposes. In it, the long axes of the molecules are
parallel to each other but not arranged in planes, rather
like the raindrops in ashower of rain.
However, the twisted-nematic LCD literally imparts a90 °
twist to those axes. The orientation of the long axes of its
liquid-crystal molecules varies all the way from parallel
with the axis of the front polarizer to parallel with the axis
of the rear polarizer, so that the display now passes light.
Causing this twist are the surface characteristics of the
alignment film on the conductor patterns. This film yanks
the molecules nearest it into the fully twisted position and

in so doing exerts a similar but decreasing influence on
those molecules more and more remote from it.
Natural phenomena like temperature, pressure, or an
electrical or magnetic field can modify this twist. With fieldeffect LCDs, for instance, an electric field impressed via
the conductor patterns aligns the long molecules parallel
to itself, making those under its influence perpendicular to
the rear polarizer's axis. These energized molecules now
block light, causing dark images in the shape of the
conductor patterns to appear on alight background.
However, the display could be constructed to produce
light images on a dark background instead. Depending on
the orientation of the polarizers, the unenergized LCD
either transmits all incident light or blocks (absorbs) it. If
the back polarizer is oriented to absorb light, application
of the electric field will produce light images on a dark
background. Conversely, with the back polarizer oriented
to transmit light, the display has dark images on a light
background, which is most often the case.
Conductors on the glass frontpiece shape the images,
while others on the glass backplane complete the circuit.
These conductors are applied by means of screening or,
for finer resolution, photolithography.
Weakest link. The polarizers are the LCD's weakest
link, because they are very susceptible to temperature and
moisture degradation. Under extended high-temperature
and high-humidity conditions, polarizer material fades and
peels. Recent developments are beginning to improve
matters, however.
Liquid-crystal displays may be purchased with or
without polarizers, which are readily available as plastic
sheets. If the sheet is cemented to the display, bubbles
may form in the adhesive. So some users prefer to clamp it
on instead, despite the resultant small loss in light transmission due to reflection at the glass-polarizer interfaces.
Adhesives, as it happens, reduce this reflection.
Polarizers come in different colors and afford varying
degrees of light transmission. Three of the most common
grades provide 42%, 48%, or 55% light transmission.
Combining different grades permits the contrast and to
some extent the color of the dark areas to be altered. For
example, with 42%/42% polarizers (42% front and 42%
back), the dark portions of the display are black. With
42%/55% or 48%/48% polarizers instead, the appearance is blue to dark blue but the light portions of the
display are brighter.
Most LCDs have a reflector attached to the rear polar-

FRONT
POLARIZER
(VERTICAL
POLARIZING
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GLASS
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GLASS
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POLARIZER
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POLARIZING
AXIS)

(
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izer. This may be either reflective or transflective in type.
Reflective material, of course, simply reflects all light,
whereas transflective material is partially reflective and
partially transmissive and is helpful in backlighting LCDs
intended for use in low ambient light. A transflective back
coating permits light from a source behind the display to
pass through it in low ambient light while permitting the
display to operate as usual under normal ambient light. On
the other hand, such a coating reflects less well than a
reflective material because it lets some of the light entering
the cell from the front leak through it, dimming the display
and yielding less of a contrast than the reflective types.
All but one of the many schemes currently in use for
back-lighting LCDs require an external power source to
light a lamp. The fairly recent technique that eliminates
this need utilizes tritium, a radioactive material, to activate
a phosphor coating. Unlike other radioactive materials,
tritium need not be encapsulated and shielded to prevent
radiation hazards. The beta rays emitted by the tritium
impinge on the phosphor, causing it to light up, much as in
a television picture tube. Light from the phosphor passes
through the LCD's transflective back coating, thus illuminating the display.
Drive considerations. Basically, LCDs are low-voltage
ac devices, typically operating at 3 to 6 volts root mean
square. Much higher drive voltages are possible, but it is
the rms value that is of interest. Even with ac, the dc
component of the drive signal must be kept in the low
millivolt range, because dc tends to degrade the liquidcrystal material and thus shorten display life.
Also, since the device is constructed as two conductors
separated by a dielectric, it functions electrically like a
capacitor, requiring very little drive current at low frequencies. In fact, its equivalent circuit is a capacitor, shunted
by a very high resistance that accounts for some small
current leakage. The frequency of the ac drive signal,
while not critical, does have a preferable operating range.
For any capacitive device, the higher the frequency, the
lower the reactance and the greater the current drain.
Alternatively, at the low end of the spectrum, flicker will
develop as the display turns on and off with each cycle of
the drive signal. As a rule, flicker becomes discernible at
frequencies below 25 hertz.
To drive a display requires applying the appropriate ac
voltages to on segments, off segments, and the backplane. As shown in (b), the drive signals to on segments
and their associated backplane should be 180 ° out of

phase. At the same time, off segments should be
connected to the backplane to ensure that they are not
partially turned on because of capacitive coupling
between adjacent leads and segments.
When an electric field energizes a portion of a display,
the molecules of the liquid-crystal material must move
physically before the effect becomes visible. The time
required for this reorientation depends on the temperature
of the material and the strength of the field. In turn, the
voltage applied and the spacing between conductors
determines the field strength —the higher the voltage and
the smaller the spacing, the stronger the field and the
faster the switching time.
Contrast values. Because LCDs do not appear to turn
on and off instantly, image contrast values of 90% and
10% generally serve as the on and off points for measurement purposes. These points are much easier to recognize
than contrasts of 100% and 0%, which for a typical
display are approached asymptotically, as depicted in (c).
In this case, the device is over 95% turned on at a drive
voltage of 3V rms.
Temperature and humidity are the two greatest enemies
of LCDs. Some liquid-crystal materials remain in a nematic
state from — 10 °C to 75 °C. Above and below these
temperatures, the material undergoes a phase change, to
either an isotropic liquid or a semi-solid crystal. A display
raised to temperatures above its upper limit, or nematicisotropic point, turns completely dark or completely clear,
depending on the orientation of the polarizers. One
approaching its lower temperature limit responds more
and more sluggishly till it ceases to function at all. Displays
usually recover from having exceeded the upper limit when
returned to their normal operating range. Similarly, no
damage is done if the lower limit is exceeded for only short
periods of time. Research continues to extend the operating and storage temperature ranges of liquid-crystal
materials, with some recent advances pushing the upper
limit to over 80 °C.
High temperature combined with high humidity is more
of a problem for plastic-sealed LCDs than for glass-sealed
units, which are truly hermetic. High temperatures
increase the rate of moisture permeation through the
plastic, although these seals are better than they used to
be and getting even better all the time.
John Daniels
Beckman Instruments Inc.
He//pot Division
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1. Multiplexing schemes. Light-emitting-diode displays may be multiplexed by tying together all the segments' that have the same location in
each symbol (a). But this method permits multiplexing only three or four liquid-crystal displays, because of limitations in their electrooptic
response. A better way (b) is to configure each LCD digit as a matrix so that interconnected segments belong to different backplanes.

(select) rms voltage
off voltages are:

is V2,

then the mean-squared on and

VI' = n(V s— Vd)
2+ Vd2(
1—n)

V22= 77(vs +vd) 2+vd 2(1 —n)
When the ratio of V2/V I is maximum, the contrast
between an on and off segment will be optimum. For a
three-level select waveform (±V„ 0), this optimum
contrast will always occur when:
V
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For a 1
2 -multiplexed
/
LCD, eight complete time
segments constitute one scan period (T s), or two frames.
Each frame contains the same information and only the
polarities of the strobe (select) and data pulses are
reversed. This polarity reversal causes the average value
of the select and nonselect voltages to be zero during a
scan—an absolute must with icps. A nonzero average
voltage across the display shortens its life through irreversible electrochemical action.
The first step in Considering LCD suitability for multiplexing is to evaluate the display's optical response as a
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function of applied voltage. Since LCDS are light modifiers—as opposed to light emitters—the appropriate
measure of optical response is either contrast or contrast
ratio. Briefly, contrast is a measure of the amount of
light that is reflected or transmitted by the symbol,
whereas contrast ratio is the ratio of the unenergized to
the energized image brightness. (See "Almost all about
contrast and contrast ratio," p. 120.)
Figure 3 depicts the contrast characteristics of a
typical symbol segment as a function of applied rms
voltage for various viewing angles (0). (This display has
the best readability when viewed along the 225° direction —a typical wristwatch application.) The ideal electrooptic response curve for multiplexing purposes would
exhibit an abrupt change in contrast from zero to some
high value, followed by a plateau at that high level.
However, in practice, as the viewing angle gets larger,
the contrast reaches a maximum, and this maximum is
then followed by aminimum value.
Moreover, while the off-segment condition can be
determined with some degree of precision, the onsegment condition is not so easily defined. The operating
points described by the intersections of lines N = 2and
N = 8show that as more segments are multiplexed, the
difference between the select and nonselect voltages
becomes smaller. Also, the viewing angle required to
obtain an acceptable level of contrast becomes smaller.

DIGIT 1
DATA LINES

S1

B

S2 I»

S3 Ile

p
\
„

s4

+V s =2Vd

Vs,(t)

A useful parameter for describing the sharpness of the
contrast-voltage curve is the threshold ratio (p), which
may be expressed as:
(1 )

where Eselect is the applied rms voltage that produces the
on contrast and Eno.levt is the rms voltage that results in
the off contrast. Ideally, the threshold ratio should be
unity, but it usually ranges between 1.1 and 2.4 for LcDs
currently available for multiplexing. In practice, this
parameter depends on various constants of the liquidcrystal materials, device construction, and viewing angle.
To minimize the connections to the display requires
sequentially addressing a maximum number of select
lines, but the LCD'S electrooptic response limits this
maximum number. Even if the threshold ratio were ideal
(p = 1), the number of segments that could be sequentially addressed would be limited by other considerations, such as power-supply variations and the temperature coefficient of threshold voltage. Indeed, different
liquid-crystal materials have different threshold-voltage
temperature coefficients, typically ranging from —7 to
— 13 millivolts/ °C. Moreover, if the number of multiplexed lines is large, the select and nonselect voltages
will usually require temperature compensation, particularly if the power source is a battery, which has a
positive temperature coefficient.
When the viewing angle increases in the 225° direction, the contrast-voltage curves shift to the left. This
means that the nonselect voltage must be less than E5
(the rms voltage that produces 5% of the maximum
contrast) for the largest negative viewing angle expected,
and the select voltage must be high enough to produce an
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2. Driving the matrix. LCD segments and their associated back
planes behave electrically like lossy nonlinear capacitors, which
interconnect the matrix' rows and columns (a). A series of select
pulses drives each row, aseries of data pulses each column (b).
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3. Electrooptic response. For a typical LCD symbol segment, contrast will appear to vary with applied voltage, as well as with viewing angle.
Also, as the number of multiplexed lines increases, the difference between the select and nonselect voltages becomes smaller.
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acceptable value of contrast for the most positive viewing
angle anticipated. Similarly, changing the azimuth of
the viewing angle generates a different set of contrastvoltage curves. Just as the number of multiplexed lines
will determine the operating points on these curves, a
minimum contrast of 0.5 will define the viewing space.
As the number of multiplexed lines increases, the
viewing cone corresponding to a minimum contrast of
0.5 becomes smaller.
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Now determining the maximum number of multiplexed lines becomes a matter of simple arithmetic.
From the contrast-voltage curves of Fig. 3 for a — 30 °
viewing angle, the applied (select) voltage for 50%
contrast, or E50, is 2 y rms, and the (nonselect) voltage
for 5% contrast, or Es, is 1.2 y rms. With aselect voltage
of 2 y, the symbol segment would appear to be black
(C = 0.83) at a viewing angle (0 = 0°)normal to the
plane of the display and would appear to turn gray
gradually as the display is tilted away from normal
towards — 30 °.Using these values of select and nonselect
voltages in Eq. 1to find the threshold ratio gives p =
p. = 1.67, and substituting this result into Eq. 2yields
a value of 4.5 for N.. Therefore, if the display is V4multiplexed, it will be readable over a30 ° viewing angle.
Note that acceptable contrast can still be obtained for
larger values of N (i.e. N = 8) if some contrast is
sacrificed at viewing angles greater than — 10 °.
The effect of temperature on multiplexing may also be
evaluated. Suppose the display is to operate over a
temperature range of 0°C to 40 °C and that the temperature coefficients of Es and Esc, are — 8 and — 12 mv/ °C,
respectively. The negative temperature coefficients
imply that the entire family of contrast-voltage curves
shifts left as temperature rises and right as temperature
drops. As the display is heated, then, nonselected
segments will tend to turn on when biased with a
nonselect voltage equal to Es. The effect of temperature
on selected segments is more complex, but in general, the
contrast of a selected segment tends to decrease as the
display is cooled.
Since the effect of nonselected segments turning on is
more critical to an application than the decrease in
contrast of selected segments, the design strategy should
be to make nonselect voltage V, equal to E5 at the
highest operating temperature expected. In the example,

I

rms VOLTS

where N ma „is the maximum number of multiplexed lines.
Solving this equation for N. yields:
N man

TIME

\ RISE TIME

VOLTAGE

RESPONSE TIME (ms)

The ratio of select to nonselect voltages (V 2/V I)can
be maximized for aspecific duty cycle. This ratio, which
depends on the number (N) of multiplexed lines, can be
used to determine whether a particular electrooptic
transfer characteristic is satisfactory for a given multiplexing application. If p = V2/V 1and pmax must be equal
to or greater than E50 /E 5,then:

I
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4. Speed of response. Turn-on and turn-off times (a) vary from 50
to 500 ms (b) between O'C and 50 °C. With multiplexing, because the
nonselect voltage is greater than zero, turn-on delay—and thus turnon time—is shorter than for nonmultiplexed operation.

the nonselect voltage may be computed as:
VI = E5
(— 8mVÍC)(40 °C — 20 °C)
= 1.2 — 0.16
= 1vrms
The select voltage can remain the same at V2 = E50 =
2 y rms, so the threshold ratio becomes p = p.
= 2/1 = 2. Again using Eq. 2to calculate N. yields a
value of 2.8, which suggests that without temperature
compensation the display's multiplex potential is limited
to 1
/-or 1
2
/
3-duty-cycle operation.
This example illustrates the effect of temperature on
multiplexing capability in a general case where powersupply variations, manufacturing tolerances, and the like
exist. Tolerances having an equal effect on both VI and
V2 may be expressed as:
(
VI), ≥ Vi/(I+P)
(V 2), ≤ V2/(1 —p)
where (V 1)t and (V 2)t are the new nonselect and select
voltages, respectively, and p is the percent tolerance
divided by 100. Also, the threshold ratio becomes:
(Pmajt —

(V 2)t
1+ p VI
(V I)t — 1—p V2

Computing the value of N. from Eq. 2and setting the
value of V2/V Iequal to 1yields:
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Almost all about contrast and contrast ratio
A good measure of the optical response of a liquid-crystal
display is the device's contrast or contrast ratio. In effect,
these parameters provide a yardstick for rating an LCD's
readability. How they are defined depends on whether the
LCD is reflective, displaying dark symbols against a light
background, or transmissive, showing light symbols on a
dark background.
In brief, contrast ratio (C,) is the ratio of the off-voltage
to on-voltage image brightness. For practical displays,
contrast ratio generally ranges from 0 to 20, although it
seldom exceeds 10 for reflective devices under diffused
lighting conditions. When the LCD is reflective, which is
usually the case for watch and instrument displays:
Cr = B./B s
where B., the background brightness, is greater than or
equal to Bs,the symbol brightness. For a transmissive
display, contrast ratio becomes:
C, = Bs/B.
where Bs is greater than or equal to B..
Similarly, contrast (C) may be defined as the ratio of the
difference between the symbol and background luminances to the luminance of the symbol or background, or:
C=
where AB is the brightness difference between symbol and
background, and B is either the background brightness
(B.) or the symbol brightness (B 0).
If the display is reflective:
C = (B. — Bs)/B.
where B. is greater than or equal to 13 0.For a transmissive
display:
C = (B s— B.)/B s
where Bs is greater than or equal to B.. Contrast seldom

exceeds 0.9 for reflective or 0.95 for transmissive displays.
Both contrast and contrast ratio are dimensionless
quantities that depend on the applied voltage and the
viewing angle. The two parameters are related by:
C = 1— 1/C,
The use of contrast offers some measure of convenience,
because the output of a photometer, which may be used
to measure display brightness, can be directly calibrated
in units of contrast. On the other hand, contrast ratio is
often the preferred definition in display system design. The
table shows some accepted values of contrast for
common hard-copy symbols.
Display specialists may disagree on what minimum
value of contrast is an acceptable one for LCDs, but
generally a contrast of 0.5 is readable and easily verified.
In some cases, a symbol that is supposed to be off can
have a brightness just slightly greater than, or slightly less
than, the surrounding background. Therefore, there is also
the problem of defining an acceptable off contrast. As a
rule, a value of 0.05 is both practical for design purposes
and useful for evaluating LCD systems in operation.
The figure shows the electrooptic response of a typical
LCD at aspecified azimuth and viewing angle. Some of the
key contrast-voltage parameters along the curve are:
• \i sm ,a reference voltage in the saturation region that
defines areference value of saturation contrast (Cs.)•
• Ego,
Eso,
E10,
and Es, the lowest applied root-meansquare voltages that, respectively, produce 90%, 50%,
10%, and 5% of the Css ,contrast.
• C,, the relative maximum value of contrast occurring at
E, between an applied voltage of 0and Vs..
• Cy, the relative minimum value of contrast occurring at
E, between an applied voltage of E, and Vs.,.
In measurements of contrast, it is usually assumed that
the illumination is constant over the area of the display, so
that for a reflective display:
C = (R,—R s)/R,
where Rb and Rs are the reflectivities of the display background and symbol, respectively. This equation is the
basis for making practical measurements with either a
photometric microscope or a reflectometer.
HARD-COPY CONTRAST
Type of hard copy

Contrast

Typewriter

0.79 — 0.87

Office copying machine

0.6 — 0.81

Handwritten copy
Pencil

0.6 — 0.73

Ballpoint pen

0.76

Newspaper

N ma o— [1
L
.p
2
+ p2) 12
Even if the threshold ratio is ideal, therefore, tolerances
on operating points V I and V2 Will ultimately determine
the LCD's multiplex potential.
Besides the static parameters just discussed, dynamic
parameters, like speed of response and operating
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0.85

frequency, must also be taken into account. Speed of
response, for instance, is a function of turn-on delay, rise
time, and decay time. As shown in Fig. 4a, LCD rise and
decay times are measured between 10% and 90% of
maximum reflective contrast. Turn-on time is the sum of
the turn-on delay and the rise time.
Between temperatures of 0°C and 50 °C, LCDS have
turn-on and turn-off times that vary from 50 to 500
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5. Operating frequency. Threshold voltage varies with both oper-

6. Selecting the right drive voltages. The thresholds for the select

ating frequency and temperature. To minimize this variation, as well

and nonselect voltages depend on both the available supply voltage

as flicker, LCDs should be operated at 25 to 250 Hz. Moreover, the

and the number of multiplexed lines. The lower the supply and the

higher the frequency, the greater the drive power required.

larger the number of multiplexed lines, the smaller the select voltage
will be. In contrast, the higher the supply voltage and the fewer the

milliseconds (Fig. 4b). In multiplexing, then, to avoid the
perception of avisual flicker, the scan time should be set
for 25 ms or less. (Since the turn-off time is much
greater than 25 ms, the segments do not turn off between
frames.) On the other hand, the turn-on time is smaller
for multiplexed operation than for nonmultiplexed operation, because the turn-on delay is less. For multiplexed
LCDs, the off voltage is greater than zero, which causes a
shortening of the turn-on delay. There is no equivalent
effect for the on voltage, so the turn-off time remains the
same for multiplexed and nonmultiplexed-operation.

multiplexed lines, the greater will be the nonselect voltage required.

contrast ratio optimum. The thresholds become:

(N" — 1\e3. 5
V

I=

Eb

2N1 13

V2 = V1
Pmax

With these equations, the required threshold voltages are
easy to compute. For example, suppose abattery voltage
between 4and 5y will power a 1
2 -multiplexed (N = 3)
/
display. The worst-case requirement on VI occurs when
What about operating frequency?
the supply is on the high side, because the higher the
Surprisingly, the highest operating frequency is not a supply, the higher the nonselect voltage will be. Therefunction of the response time, but depends rather on fore, let Eb = 5yand solve for VI= 1.3 V. Conversely,
device construction and the properties of the liquid- the lower the supply, the smaller will be the select
crystal material. Although some field-effect displays voltage. So, threshold voltage V2 may be found by letting
may be operated at multiplexing frequencies of up to Eb = 4v, and thus V2 = 2.1 v.
tens of kilohertz, this is usually avoided for two reasons.
Most of the multiplexing considerations thus far have
First, the power required to drive the display increases been limited to an examination of measurable paramewith multiplexing frequency, and second, the cutoff ters based on the electrooptic response curves of LCDs.
characteristic of the liquid-crystal materials varies with But is there any correlation between these measurable
both frequency and temperature (Fig. 5). For most field- parameters and what the viewer actually sees? The
effect materials, the operating frequency that minimizes answer is yes. However, as with any art form, beauty is
both flicker and threshold voltage variation lies between
in the eye of the beholder. Contrast-voltage curves at a
25 and 250 Hz.
multiplicity of viewing angles and an iso-contrast map of
As the number of multiplexed lines increases, the peak the viewing space will help, but there is no substitute for
voltage on both the select and data lines must also actual tests by human observers. Only user judgment
increase to establish the correct on and off voltages. In can take into account such factors as viewing distance
some applications, especially those relying on abattery, and angle, character height and font, viewing backthe display must be selected to have athreshold voltage ground, and the effect of ambient light conditions.
that matches the available supply voltage. Figure 6
Although multiplexing is more complex with LCDs
shows the relationship between supply voltage (E b)and than with other display technologies, the benefits are
the required LCD threshold voltages (
VI,V2)for several worthy of consideration. Multiplexing can greatly reduce
segment drive conditions.
the number of interconnects, while giving up very little
in display contrast. Moreover, multiplexing permits
Calculating the threshold voltages
direct interfacing to microprocessors—a practical alterVI and V2 may be expressed as a function of the native to expensive peripheral circuits. With improved
number (N) of multiplexed lines, given the battery liquid-crystal materials under development, multiplexing
voltage available and assuming a unipolar select signal will become easier. Indeed, large dot-matrix arrays for
so that V. = Eb/2. Under these conditions, the ratio of video games and portable data terminals are just some
select to nonselect voltage is maximum, making the examples of the possibilities open to LCD technology. D
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Microcontroller Includes and converter
for lowest-cost analog interfacing
Adding hardware for analog-to-digital conversion
to asingle-chip microcomputer cuts interface software
and component count for high-volume control applications
by W. Check, E. Cheng, G. Hill, M. Hollen, and J. Miller,
D Microcomputers' plunging size and cost are creating
a rising new market: low-cost controllers that end up in
automobiles, appliances, and consumer products. Now
that the technology is available to integrate a highperformance 8-bit analog-to-digital converter and a
microcomputer on asingle chip, the tremendous need for

Intel Corp., Santa Clara, Calif.

low-cost analog interfacing has hastened the development of just such a device: the 8022. By integrating the
a-d converter and other useful features, the chip achieves
the minimum system cost possible for high-volume
controller applications involving analog signals.
The heart of the 8022 is the 8021 general-purpose
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1. All aboard. The first single-chip microcomputer with a built-in 8-bit analog-to-digital converter is Intel's 8022. Around a foundation of the
8021, the chip packs several features that suit it to control applications: two multiplexed analog inputs, a zero-crossing detector, two 7-mA
digital outputs that are part of Port 1, and atotal of 26 digital input/output lines, eight of which have voltage-comparator inputs.
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2. The converter. The 8022's a-d converter uses successive approximation. A multiplexer selects either of two inputs, which is sampled and
held. The successive-approximation register holds a byte that taps off a voltage from a 256-resistor divider through decoding logic. Input is
compared with tapped voltage; when the two are equal, the held byte is sent to the conversion-result register.

microcomputer with built-in read-only and randomaccess memories, which go along way since many functions are carried out in hardware or require minimal
software. The 8021's modular design facilitates its use as
acornerstone for more highly integrated designs like the
8022. This new design, like the 8021, is amember of the
MCS-48 family of single-chip microcomputers, and its
on-chip a-d converter makes the family even more useful
in such high-volume, cost-sensitive application areas as
household appliances.
A microcomputer plus
Operating on asingle +5-volt power supply, the 8022
contains all the functions necessary for digital processing, plus digital or analog control. On the chip, as
diagrammed in Fig. 1, are 2kilobytes of ROM, 64 bytes
of RAM, an 8-bit central processor with more than 70
instructions (a subset of the higher-performance 8048),
an internal timer/event counter, a clock and oscillator,
the 8-bit a-d converter with two analog inputs, and 26
digital input/output lines.
All parts of the a-d converter are integrated onto the
chip—no external components are required. Conversion
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is performed entirely with hardware by a successiveapproximation technique and takes 40 microseconds to
complete. The only software is three single-byte instructions: select analog-input 0 (SEL Am), select analoginput 1(SEL AN°, and read the analog-to-digital conversion result (RAD).
Flexible I/O lines
The 26 digital input/output lines are organized into
three 8-bit general-purpose ports and two test pins, To
and T1.The three ports are quasi-bidirectional—each
line can be programmed for input or output. Adding to
the flexibility is an optional mask operation that eliminates the pull-up resistor for the metal-oxide-semiconductor drive transistor on each line, creating an opendrain output. The open drains are useful in driving
analog circuits and for certain loads such as keyboards.
Port 0also has variable-threshold voltage-comparator
inputs with acommon reference pin (V,h). This setup can
accommodate such input situations as high noise
margins, low-voltage (10-to-15-v) touch switching, and
expansion of the analog inputs. Two input/output pins
(Pb o and P1 1) provide for high-current drive; each sinks

123

3. Low-voltage touch. Because port 0 has variable-threshold comparator inputs on each of its eight lines, new input configurations are
possible, such as this low-voltage touch switch. Touching the panel momentarily pulls down the comparator input. The high-voltage driver,
which may be asingle transistor or part of ahex driver, then recharges the panel. The port is read by the microcomputer as is any other.

7milliamperes, more than four times the 1.6-mA load of
standard transistor-transistor-logic outputs. In many
applications of the 8022, 7MA can eliminate the need for
discrete drive transistors.
The lower half of port 2, in addition to serving as
general input/output, may be hooked up as a bus for
attaching vo expander units, such as the 8243, or
discrete rrt. parts for low-cost ho expansion. Operations
of the 8243 are synchronized by the port-expander
strobe pin, a feature that is especially useful for
input/output expansions designed with standard transistor-transistor logic gates.
The two test-pin inputs can be tested directly with two
conditional-branch instructions. To can interrupt the
system, while T1 also can detect the zero crossing of ac
signals—a plus when it comes to firing triacs for phase
control of motors.
The a-d converter
The 8022's a-d converter has two multiplexed input
channels. Channel selection by either the SEL ANO or SEL
AN I restarts the conversion sequence. A valid digital
value can be read with the RAD instruction during the
fourth instruction cycle after a select instruction.
Conversions occur continuously, and RAD may be
executed at any time with confidence that the sample is
no more than 40 is old. Typical software for reading two
sequential a-d conversions would be:
SEL ANO
MOV RO,#24
RAD
MOV @RO,A
INC RO
RAD
MOV @RO,A

Starts conversion
Setup memory pointer
First conversion to accumulator
Store first value
Ready for next conversion
Second conversion to accumulator
Store second value

As shown in Fig. 2, the conversion hardware itself has
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three parts: aseries string of resistors, avoltage comparator, and successive-approximation logic. The string of
256 resistors divides the voltage between V. and VDLI
(the reference pin) into 256 voltage steps. This configuration gives the converter inherent monotonicity. Decode
logic selects the appropriate tap and transfers that
voltage to the comparator block.
The conversion logic
The comparator amplifies the difference between the
ánalog input and the voltage tap. This difference is
presented to the successive-approximation logic. Eight
comparisons result in afully converted byte being transferred to the conversion-result register. All comparisons
are performed automatically by on-chip hardware;
executing the RAD instruction moves the contents of the
CRR to the accumulator.
Novel circuit design (see "The a-d converter: how it
was done," p. 27) gives the converter 8-bit accuracy over
the full input range of V. to V.. This capability simplifies direct connection to sensors, reduces software, and
provides fast, 40-microsecond conversions. The separate
power-supply pins complete the analog block and keep
the converter isolated from digital-noise sources.
The instruction set
To conserve memory and maximize throughput, most
instructions in the 8022 are single-byte and single-cycle;
no instructions are longer than 2-byte, two-cycle. The
cycle time is 10 gs.
The overall efficiency of the instruction set is
enhanced for control applications by the extensive conditional-branch logic that has been built into the microprocessor. For example, the instruction to decrement a
register and jump if not zero (DiNz) allows loops to be
formed in one 2-byte instruction. Similarly, the instruction to move to the accumulator from the current page
(movP A. @ A) allows table look-up for constants or
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display formatting with just asingle 2-byte instruction.
The 64-byte RAM integrates the hardware stack and
data memory. The first eight memory locations are
designated as working registers and are addressable by
any of the 11 direct-register instructions. Besides
increasing the variety of operations that can be
performed on data in memory, this approach further
reduces the number of instruction bytes required for
processing. Working registers 0and 1also may be used
as pointers to indirectly address all locations in memory,
using the indirect-register instructions.
The next 16 bytes of RAM may be used as the address
stack to enable the processor to keep track of the return
addresses generated from call instructions and to handle
interrupts. Since each address is 11 bits long, 2bytes are
needed to store each address. Thus, the 16 bytes of
address stack allow a total of altogether eight levels of
subroutine nesting.
A 3-bit stack pointer supplies the locations that are
loaded with the next return address generated. This
stack pointer is incremented when a return address is
stored and decremented when an address is fetched
during a return. If an application does not require all
eight levels of subroutine nesting, the free portion of the
address stack may be used as standard RAM.
Other on-chip features
The 8022 contains its own clock and oscillator
circuitry and requires only an external timing control
element to generate all internal timing signals. For
highly cost-sensitive applications, a single resistor or
inductor may be used as this element. If amore precise
clock is required, the designer may specify a crystal or
external clock for the application.
To further reduce the user's system cost and to permit
use of the chip in noisy environments, the power-supply
tolerance has been increased, permitting a range from
4.5 to 6.5 V. Less filtering and regulation is necessary,
therefore, and the microcomputer's immunity to noisy
power supplies is greater, as well.
The programmable 8-bit timer/event counter accurately monitors elapsed time, avoiding the software overhead of timing loops. Once it has been loaded with the
contents of the accumulator, its divide-by-32 prescaler is
incremented for each system clock cycle and at prescaler
overflow. A timer flag is set at overflow. Once activated,
it can be tested by a conditional-branch instruction to
generate an interrupt. Total count capacity is 8,192
instruction cycles or 81.9 milliseconds, for the 10-Ls
cycle time.
The timer may also be used as an event counter where
the test pin T1serves as acounter input. Upon command,
the chip will respond to a low-to-high transition on the
pin by incrementing its timer.
Comparator inputs
The input/output port 0of the 8022 has several properties that ease analog interfacing problems. Two of
these features are moderate-gain voltage comparators
and pull-up resistors on each line that either may serve
as standard TTL outputs or may be masked out to give
open-drain outputs.
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4. Zero-crossing detector. Useful in timing the firing of triacs for ac
phase control of appliances or getting a real-time clock, the 8022's
T, test pin detects the crossing of a waveform's dc level by its rising
edge. One hundred millivolts of hysteresis prevents chattering, and
the ac frequency is limited to 1kilohertz.

The comparators are especially handy for troublesome
inputs. The comparator at each pin accurately compares
that line to the threshold-voltage reference pin, VIII ,
within about 100 millivolts in the range from V. to
Vœ/2. Allowed to float, \tin will bias itself to the digital
switch point of the other ports, and port 0then behaves
as aset of conventional digital inputs.
However, the switch point can be both tightly
controlled and adjusted by specially biasing Vth .Uses for
this would include high-noise-margin inputs (up to
Vœ /2), unusual logic-level inputs as from a diodeisolated keyboard, analog-channel extension, and direct
interfacing of capacitive touch panels. The comparator
action is automatic, and the port is read just as is any
other port.
Three advantages
Since the on-chip comparators allow small voltage
changes to be detected, a cost-effective and safe touch
panel can be built. Many appliances using touch panels
have as much as 100 volts at the panel, albeit with
extremely low power. The comparators in the 8022,
however, permit appliance touch panels to be operated in
the 10-to-15-v range.
The advantages of alow-voltage touch panel are three.
First, it costs less to generate and switch the lower
voltage. Then, since the keyboard operates at below 30 v,
it is an Underwriters Laboratories' class II system,
which can sharply cut the time required for approval.
Finally, the possible product-liability problems associated with high-voltage operation disappear.
Simplified capacitive touch-panel operation is shown
in Fig. 3. Contact with the panel drives both the voltage
buffer and input to ground. When port 0is read, a0on
any line indicates atouched switch. The microcomputer
drives the voltage buffer to recharge the panel. Matrix
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5. Oven controller. The use of the 8022 is demonstrated in this controller for a combination microwave and conventional oven. The chip
needs no assistance in figuring temperatures from thermistors connected to its analog inputs, reading inputs from a touch panel, detecting
zero-crossing of ac for firing triacs and gating clocks and timers, direct-driving an alarm, and storing cooking-time instructions.

switch panels may also be sensed by the comparators.
Each pin on port 0 may or may not have an internal
pull-up resistor: the option is chosen during selection of
the ROM program code. If aresistor is left out for agiven
pin, the output appears as atrue open drain for the range
V„ to V.. There is no temporary low-impedance drive to
V„, as is the case with the remaining quasi-bidirectional
ports. With open drains, accurate output waveforms can
be generated, and operational amplifiers can be driven
directly, for example.
The zero-crossing detector
Although the T1 test pin on the 8022 may be driven
directly by a digital input, it has special circuitry to
detect an ac signal crossing its average direct-current
level. The signal required for the zero-cross detection
mode must be 2 to 4 y peak to peak and have a
maximum frequency of 1 kilohertz. It couples to T1
through an external capacitor.
Figure 4shows the waveforms for zero-crossing detection. The internal digital state of T1is sensed as a0, until
the wave's rising edge crosses the average dc level, when
it becomes a I. The digital transition takes place within a
5° phase from the zero point. The digital level then
remains at 1until the input goes approximately 100 mv
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below the zero point on the falling edge. The 100-mv
hysteresis keeps noise from causing chattering of the
internal signal.
The zero-crossing detection capability allows the
applications designer to make the 60-hertz power signal
the basis for system timing. All timing routines,
including time of day, can be implemented with the
signal and just afew conditional jump instructions.
Moreover, since T1 is also an input to the external
event counter, the detection feature may be combined
with this counter to interrupt processing at the critical
zero-crossing point. Thus the user can trigger phasesensitive devices, such as triacs and silicon-controlled
rectifiers, and use the 8022 in such applications as shaftangle measurement and speed control of motors—
anywhere that the zero crossing of a waveform provides
timing information.
An oven controller
The 8022's high level of functional integration
provides a single-chip solution to sophisticated, highvolume controller applications that have required relatively expensive multichip designs. An example is a
controller (Fig. 5) for a stove with a combined microwave and conventional oven and range-top burners.
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The a-d converter: how it was done
The drive to increase the density of large-scale integration
leads to continually improving control of small geometries.
In fact, self-aligned silicon-gate processes now allow
arrays of identical resistors and access transistors to be
almost as densely packed as memory arrays.
The resistive ladder on the 8022 is a string of 256
matched diffusion resistors with access gates to each tap.
Process geometry and resistivity control matches these
within 8-bit accuracy without trimming or special processing. Any mismatched resistors simply expand or contract
the voltage between taps. Even shorted resistors cannot
cause nonmonotonic voltage outputs.
Design of the voltage comparator requires offset
voltages smaller than could be expected from the standard memory/microprocessor process. So a chopperstabilized design is used to compensate for offset inherently. Similarly, the low supply voltage of 4.5 to 6.5 volts
does not allow sufficient gain or operating range from a
differential stage. Thus asingle-ended approach is used to
increase gain. Carefully devised circuit tricks are enough
VOLTAGE
TAPPED FROM
RESISTOR
LADDER

INPUT
VOLTAGE
VIN

to convert this stage into adifferential comparator.
As shown, the basic gain stage is a logic element biased
into its linear-gain region. Biasing is done while the input
voltage is forced to the other side of the sample capacitor.
When the bias gate is turned off and the ladder voltage is
selected, the stage essentially amplifies the difference
between the two voltage levels.
A string of these stages forms the comparator block.
The input voltage has no effect on the amplifier bias point
and therefore will not affect gain. This allows comparison
down to voltages as low as V.
Comparison with V. was made possible by judicious
use of bootstrap circuitry. To limit bootstrap drivers, the
voltage comparison actually occurs at half this external
level. This allows all ladder select voltages to be simply V.
or V.. Both resistive and capacitive dividers are used to
drop the two comparison voltages to their internal level.
Finally, the capacitors inherent in the amplifier become
the sample-and-hold mechanism that allows only one
voltage sample to be taken per conversion.

E
N
GE
I :1 F
r GAIN

OUTPUT
VOLTAGE
VOUT

--O

7

BIAS
GATE

Twenty keys enter timing and cooking instructions, and
a four-digit display shows cooking time, temperature,
and the time of day. Two temperature-sensing thermistors are employed, one for standard use and the other for
microwave use.
While such asystem could be controlled by aconventional 4-bit or 8-bit microcomputer, external circuitry
would be required to interface the keyboard, convert the
analog signals to digital data, drive an audio alarm, and
determine the zero-crossing point of the 60-Hz power
wave for timing functions and magnetron control. The
8022 reduces this multichip system to asingle chip. The
computer-plus-converter chip can save the oven maker
upwards of several dollars in parts costs.
In this application, the 8022 program memory stores
all control programs, cooking and power-cycling algorithms, and timing routines. Its 2-kilobyte ROM is large
enough to provide for easy expansion of oven features
and product differentiation. The on-chip RAM stores
temperatures, power-level and timing settings, and all
intermediate computational results.
The analog signals from the conventional temperature
sensor and the microwave meat probe feed directly into
the two analog inputs on the 8022 without any additional
circuitry. What's more, the chip's 8-bit a-d converter
gives more accurate temperature sensing than most
existing discrete configurations.
The keyboard interfaces directly to the device through
port 0. The keyboard in this application can be either a
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VIN

capacitive touch panel or a conventional switch type,
since the 8022 directly interfaces either.
The T1 pin in the zero-crossing detection mode establishes an accurate time base for all timing routines,
including cooking cycles, presetting functions, and time
of day. To accomplish this, the chip detects a zero
crossing using the two conditional-jump instructions
associated with T1:JT1 and JNT1. Then it increments a
register in data memory, effectively keeping track of
elapsed time. Using this technique, atime-of-day routine
can be written for most applications in less than 30 bytes
of code.
Control of the magnetron
The zero-crossing detection capability also efficiently
controls the microwave's magnetron. To minimize
current surges through the system, the magnetron should
be fired at the peak of the ac wave (90 °). To achieve this
performance, the 8022 detects the zero crossing point
with its T1 pin and delays the 90 ° phase shift with the
internal timer.
The high-current drive pins, Pl o and Pl i,are tied
together to directly drive a piezoelectric alarm, which
requires 10 to 15 MA of current. The remaining vo lines
are used to drive the display and status indicators, to
monitor the door interlock, and to control the triacs that
switch the burner and oven heating elements. The
internal timer controls the refreshing of the displays and
the scanning of the keyboard.
El
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Designer's casebook
PROM converts push-button
command to binary number
by Marco A. Brandestrini
University of Washington, Center for Bioengineering, Seattle, Wash.

A programmable read-only memory can be used to
convert a decimal-input command from a one-of-five
momentary-contact-switch array to its equivalent binary
number, thus forming a circuit with countless uses in
logic- and microprocessor-control applications. The
circuit is superior to systems using athumbwheel switch
to digitally set the binary number and is more reliable
than single-switch arrays using an all-mechanical
arrangement. Variations and extensions of this idea are
limited only by the size of PROMS available.
The basic idea is to connect the PROM'S output lines,
13 0—B 4,to their respective address inputs, A0—A 4 so that
any input signal may be latched and the resulting signal

at the output will remain active after a given key is
released (see figure).
The PROM, here the Signetics 82S23, should be
programmed as shown in the table if the output code is
to be the binary equivalent numbee of the decimal input
signal. In order to force the output to agiven state after
the circuit has been turned on (power up), inputs A0—A4,
usually all high, can be programmed to actuate any of
the five output combinations. The truth table shows how
the PROM is programmed for state O after power up. Of
course, any input-output relation may be programmed
into the PROM as desired.
Circuit operation is simple. If, for example, the O key
is depressed, a logic O appears at address Ao (all input
and output ports are active low). The resulting output at
PROGRAMMING OF THE PROM
DECIMAL
INPUT
NUMBER

INPUTS
A4 A3 A2 Al A0

OUTPUTS
87 B6 86 B4 B3 B2

1111

Bi Bo

1111

Key -stroke commends. Circuit converts decimal-input command to
its equivalent binary number. Momentarily depressed key is sensed
by PROM and displayed by light-emitting diode. Outputs of PROM
are wired to inputs and actuate latching. Interrupt generation is
provided for microprocessor applications.
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O
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Circle 129 on reader service card
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collector output lines move high temporarily, clearing
the output (see table), and the new key position is
latched. The temporary logic 1 state is sensed by the
NAND gate shown and produces an interrupt request—
which is useful in microprocessor applications.
El

Bo moves low, and this signal is fed back to its corresponding input, keeping Ao low after key 0 has been
released. A light-emitting diode monitoring the Ao port
glows, indicating that the line has been activated.
If a second key is depressed, all of the PROM'S open-

transposed, becomes:

RC-discharge clock makes
a-d encoder logarithmic

t= — RC ln(V c/V,)
Let t, represent the time it takes the capacitor to
discharge from V, to the input voltage V,. If during this
time a down counter is gated while being clocked at
frequency f„ the number of counts reached will be:

by V. Ramprakash
Electronic Systems Research, Madurai, India

nd = fa, = — f
cRC ln(V,/Vr)
This analog-to-digital converter produces a 12-bit digital
output that represents the natural logarithm of an input
audio signal in the 1-to-1,000-millivolt (60-decibel)
range. It is useful for monitoring slow changes in many
natural processes. The circuit also may be adapted for
use as acombination voice compander and encoder in a
digital communications system.
Operation is based on the principle that the discharge
rate of a voltage stored across a resistance-capacitance
network is proportional to the logarithm of the ratio of
the instantaneous to the initially applied voltage. When
the voltage across the RC network is used to control the
gating time of a counter, the counter's output is a
binary-coded decimal number equal to In V,, where V, is
the input voltage.
The voltage across a discharging capacitor, V„ in an
RC network is given by:
v

c

=

\i

re

—t/RC

where V, is the initial voltage. This equation, when

More generally, if the down counter is initially at acount
of n„ then the net count nd after time t, will be:
nr
,= n, — nd = n, + f
cRC In(VIV,)
Letting V, = 1,000 mv and n, = 690, we arrive at:
n„ = 690 — 1001n 1000 + 100 ln V, = 100 ln V,
which can be reduced to n„ = In V, with appropriate
scaling in apractical circuit.
The circuit shown in the figure implements the derived
equation. When the output of the 555 timing clock is
high, the 74192 up-down counter is loaded with the
number 690 as shown in the table. At the same time,
capacitor CT is charged to 3.3 volts. R, facilitates the
scaling of this voltage so that the potential as seen at the
noninverting input of the comparator is 1v.
When the output of the timing clock moves low, the
74192 begins to count down at a 10-kilohertz rate and
CT begins to discharge. As the voltage at the noninverting input drops below the sample voltage, Vi,the
LOADING OF 74192 UP-DOWN COUNTER
COUNTER
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Circle 131

on reader service card

comparator output moves low and generates a latch
pulse for the BCD-to-seven-segment displays, or 4-bit
latches, as required. Thus the contents of the counter are
stored in either the display or the latches. The sequence
is then repeated. Note that adecimal point is located in
the most significant display (corresponding to counter
Al)so that the natural logarithm of a 1,000-mv input

signal will be correctly displayed as 6.90.
The low-frequency clock limits the input signal
sampling rate to 13 hertz. However if the clock
frequency is increased to 5 kHz or so, and the clock
counter is replaced by one that can run at a few megahertz, the circuit will serve as an excellent speech
encoder.
D

When the system's control signal, MOTOR RUN, is
asserted low, Q2 turns on and applies power to the entire
circuit. Pulses emanating from AI are amplified and
inverted througii Q1 and pass through the motor, M. R4
and DIset the average voltage supplied to the motor and
thus largely determine the motor speed.
Note the absence of acapacitor at the output, which
would normally be required to filter the pulsed signals
and enable the motor to run smoothly. If a capacitor
were used, it would have to be large in value and
therefore large in size and costly as well. Instead, diode
D2 is placed in the circuit for filtering, enabling the
pulsed energy to be stored by the motor's inductance in
the field surrounding the windings. Between pulses,
when Q1 is off, little battery current is drawn, but the
motor current is relatively large, since the amplitue of
the current decays slowly through D2.
Note also that although DIprovides astable, accurate
reference, the average voltage fed back from the motor's
terminals is affected by the forward-voltage drop of D2.
The drop varies with temperature and the current drawn
through it and so reduces the absolute accuracy with
which the output voltage can be set. However, resettability and stability are both very good with respect to
battery voltage variations, and in applications where the
temperature variations are minimal, the drawback will
be unimportant. For example, the current variations due
to even a4-v supply-voltage change will be less than 2%111

Switching-mode controller
boosts dç motor efficiency
by Jay C. Sinnett
U. S. Environmental Research Laboratory, Narragansett, R. I.

On-site monitoring equipment that makes use of avariable-speed dc motor places a special premium on the
efficient use of the instrument's battery supply, because
current drain is often high. This motor-speed controller
circuit, which works on the principle of the highly
efficient switching-mode power supply, saves energy and
thus reduces circuit losses associated with the motor.
In this circuit, large, low-duty cycle pulses of supply
current set up continuous currents in a small (0.01horsepower) motor that are almost equal in magnitude
to the peak current drawn by the supply, thereby
contributing to circuit efficiency. As a typical example,
almost 200 milliamperes of continuous motor current
can flow when the average battery current drain is 100
mA, for an output voltage of 3.5 volts.
AI,avoltage comparator, serves as both an oscillator
and açluty cycle element in the controller, as shown in
the figure. CI and RI provide positive feedback to A1,
enabling it to oscillate at about 20 kilohertz. The duty
cycle, which can be from 10% to 70% of one 20-kHz
period, is controlled by the negative feedback loop Designers casebook Is aregular feature in Electronics. We invite readers to submit ori ginal
and unpublished circuit ideas and solutions to designproblems. Explain briefly but thoroughly
formed by Q1,RI,C3,and R3.
the circuit's operatin gprinciple and purpose. Well pay $50 for each item published.
Less drain. Dc motor-speed control, which
works on principle of switching-mode power
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to power supply questions.
Answers to better power and thermal efficiency. Answers to size and
weight reductions. Answers to available off-the-shelf covered/open frame
power supplies and transformers. And price and delivery answers.
These and many more answers can be found in our three product
catalogs. And they're yours. Free. Just circle reader card number. Better
yet, write or call Abbott. The Power Supply Specialist.
Power Supply Catalog — Comprehensive 60-pager describes our full line
of 1,573 hi-efficiency, hermetically sealed, single and dual output power
supplies and switcher modules. Inputs of 60 and 400Hz and DC are
available with outputs from 3VDC to 740VDC, 1to 250 Watts. Prices start
as low as $174 for 2-4 units.

Circle Card Number 100
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OEM power modules are detailed in this 16-pager. Includes covered/
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from 5to 36VDC, 0.5 to 320 Watts. Plus DC to AC converters with 50
and 60Hz outputs. Priced as low as $35 for up to 24 units.
Circle Card Number 101

Transformer Catalog — A 20-pager for the do-it-yourself power supply
designer with instructions on how to specify for your custom units. Also
covers 833 of our standard military, industrial and miniature pcb power
transformers. Included are 60 and 400Hz, single phase input units, with
prices starting as low as $5.10 for up to 9 pieces.
Circle Card Number 102
See Power Supply Section 4000, and Transformer Section 5600, Vol. 2, of your EEM
catalog; or Power Supply Section 4500, and Transformer Section 0400, Vol. 2, of your
GOLD BOOK for complete information on Abbott products.
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Techniques of
automatic wiring
multiply

El Automatic wiring originated with the large backplane. This metal or plastic panel, with its thousands of
wiring pins on one side and its crowd of printed-circuitboard or cable connectors on the other, turned up first
in telephone exchanges and soon spread to computers. But almost immediately, it proved impossible to
manually wire one of any size at a cost-effective rate
and without excessive errors. Only an automated form
of wiring could handle alarge backplane.
Automatic wiring today takes many forms, from the

Wire-Wrap remains the most popular,
but others offer helpful options
by Jerry Lyman,
Packaaina and Production Editor

well-known Wire-Wrap and Termi-Point through Multiwire, Stitch Wiring, and all the others listed in the table.
While still used for backplane wiring, it has also
become very popular for wiring panels of integratedcircuit sockets, which have wiring tails that lend themselves to some form of the process.
The techniques in the table, more or less without

SUMMARY OF DISCRETE WIRING TECHNIQUES
Type

Description

Kind of connection

Wire

Applications

Wire-Wrap

Mechanically wraps
stripped insulated wire
.n helical coil about a
rectangular post

Redundant gas-tight pressure
connection to acopper- or
gold-plated rectangular
pin typically 0.025 in. 2
with No. 30 AWG wire;
0.045 in. 2 posts are used
with No. 24 and 26 AWG
wire

Teflon, polysulfone-andpolyester-insulated silverplated copper, No. 24
through 30 AWG (most
commonly No. 30 AWG)

Daughterboards,
backplanes, and
packaging panels

Termi-Point

Connects asolid or stranded
wire to arectangular post
by means of ametal clip;
0.031-by-0.062-in. post used
with No. 22 through 28 AWG;
0.022-by-0.036-in. post used
with No. 28 through 30 AWG

Gas-tight connection at the
wire-post interface by means
of aspring-loaded clip

T or TE type Tefloninsulated solid or sevenstrand wire, No. 22 to 30
AWG

Backplanes and
packaging panels

Multivvire

Bonds continuous wire to
an adhesive substrate and
terminates it to aplatedthrough hole

Electroless copper-plated
connection

Polyamide-insulated, solid
No. 34 AWG, 6.3-mil
overall diameter

Packaging panels,
daughterboards,
and backplanes

Stitch Wiring

Bonds continuous wire
with insulation displacement

Resistance-weld (diffusionbond) connection to a
stainless-steel surface

FEP and TEE, Tefloninsulated nickel, typically
No. 30 AWG solid

Low-prof ile
daughterboards
and backplanes

Tiers

Reflow-solders wire
through insulation to a
solder-coated pad on a
printed-wiring board

Solder connection

Low-temperature, heatstrippable copper wire,
No. 28 through 36 AWG

Packaging panels
and backplanes

Solder-Wrap

Employs athree-stage
routing, soldering, and
cutting process

Solder connection to
component lead

Polyurethane-coated,
No. 38 AWG
solid copper wire

Packaging panels,
daughterboards,
and backplanes

Quick Connect

Uses continuous wire with
insulation displacement

Gas-tight pressure
connection

Typically No. 30 AWG
solid copper wire with any
nonbonded insulation

Backplanes and
packaging panels

U-Contact

Continuous run, insulation
displacement between eight
contact strips soldered to
plated-through holes

Gas-tight, press-fit
connection to berylliumcopper contacts with goldover-nickel plating

Polyvinylidene-fluorideinsulated No. 30 AWG
solid wire

Prototype and
short-run
production
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exception, are low-cost, fast, and dense, and facilitate
prototyping. Perhaps more important, they all share
two big advantages over their main competitor, the
multilayer printed-circuit board. First, the computer
base used to produce the wiring software can also be
made to produce the software needed for automatic
continuity testing and for automatic component insertion. Second, changes in a wiring program are easy to
put into effect, whereas a modified multilayer pc board
can take weeks to deliver.
All wrapped up
Wire-Wrap, the firstcomer in the automatic wiring
field, was invented in the 1950s by the Gardner-Denver
Co., Grand Haven, Mich. According to Gnostic
Concepts Inc. of Menlo Park, Calif., it accounted for
over 90% of all automatic wiring in 1976, though the

Wiring rates
(connections per hour)

Tooling
Manual

50 — 80

Semiautomatic: numerically controlled
terminal locating; manual wire
terminating

175

Automatic: automatic terminal locating,
wire feeding, stripping, and wrapping

900 — 1,000

Automatic: numerically controlled
terminal locating; automatic cutting,
stripping and terminating

850

Manual: manual termination tool

180

Computerized automatic wire routing,
employing conventional printed-wiring
technology for power and ground-plane
circuit formation

800 from/to
wires/panel;
runs four panels
simultaneously

Semiautomatic: numerically controlled
terminal locating; manual wire routing
and bonding

450 — 500

Manual systems: manual terminal
locating; manual welding

75 — 125

Automatic: numerically controlled
routing, soldering, and cutting

375

Semiautomatic: manual routing; automated soldering and cutting

150

Automatic: numerically controlled
terminal locating; automated wrapping,
soldering, and cutting.

300/panel; runs
four panels
simultaneously

Manual tooling

100

Semiautomatic: numerically controlled
terminal locating; automatic wire
feeding; manual terminating

300 — 400

Manual tooling

100

Close to the board

Source: Gnostic Concepts Inc.
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figure could shrink to 70% by 1983. In this process, a
special automated (or manual) wiring tool wraps the
stripped end of asolid wire five to seven times around a
square post forming agas-tight bond.
Wire-Wrap is the most complete wiring technique at
present available. Machines and wiring software, backplanes and IC socket panels, sockets, pins, and test
fixtures are all available to convert logic diagrams or
wiring lists into finished boards.
The process is heavily used in the telecommunications, instrumentation, computer, military, and industrial fields. It is also popular for prototyping digital
circuitry. Its advantages over the multilayer board are
high packaging density, easy repairability, a high wiring
rate, and low manufacturing costs. Its chief disadvantages are a relatively high profile due to the length of its
pins and poor high-frequency performance unless
specially designed panels are used.
In 1961, AMP Inc. of Harrisburg, Pa., came out with
a competitor to Wire-Wrap. Called Termi-Point, it also
employs a gas-tight connection, but one made by
sliding atiny spring-metal clip over the end of a post to
press the stripped end of a piece of wire against the
post. The spring clip maintains a high-pressure, gastight area of contact between the conductor and the
post. Up to three connections may be applied to the
post either semiautomatically or fully automatically, or
even manually.
Termi-Point, which is available only from AMP, is
strong in aircraft and avionics because of its three main
advantages over Wire-Wrap: it is relatively easy to
repair, can handle stranded as well as solid wire, and
can accept a twisted pair. But unfortunately, it suffers
from the same deficiencies as Wire-Wrap—a high
profile and poor high-frequency performance. This situation encouraged the entry of other wiring technologies
seeking to supply the missing requirements.

One of the most heavily used of the new low-profile
wiring methods is Multiwire. Multiwire was developed
during 1970-1971 by the Photocircuits division of Kollmorgen Corp., Glen Cove, N. Y.
The first step in Multiwire is to etch power and
ground planes from a copper-clad glass-epoxy board.
The next is to coat the board with adhesive. Then a
numerically controlled machine lays down a customized pattern of insulated wires in the adhesive, and the
board is heat-treated to cure the adhesive. Finally,
holes are drilled through wire and board and plated
with electroless copper to connect the two.
Unlike Wire-Wrap with its multiple sources, Multiwire
is really available only through Photocircuits and one
other source, Diva Inc. of Eatontown, N. J. The latter
firm multiwires its own disk-storage units but will supply
custom boards made on its Multiwire machines. Photocircuits now has three design centers at various loca-
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Route 2. Fast-Turnaround Custom (MC141000 1200)

For options you can't get anywhere else.
Flexibility and customer-orientation are
the intangible differences in Motorola's
Custom CMOS program. You choose
either the fully-customized design or the
fast-turnaround route which utilizes
the MC141000/1200 CMOS single-chip
programmable microcomputer. From
there, we do business your way. If you
prefer, we'll even help you make the
choice. Just what you expect from the
CMOS leader.
Start at any point, with your idea,
logic, breadboard, tape, punched cards,
or mask set. We'll take it from there to
high-volume chip production with either
method. It's Custom CMOS done the
way you want it.
In the fully-customized approach,
our circuit complement includes all the
usual counters, flip-flops, and gates,
plus op amps, comparators, and oscillators. We combine linear and digital on
your CMOS chip wherever it does the
job better. Our diverse technologies and
broad CMOS experience give us the
design capability and versatility to do
your whole job.
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Add to all this our human and production resources. Our large design team
is experienced in CMOS, and our Austin,
Texas, CMOS Center is the most modern CMOS facility. Our record of over
100 million CMOS units shipped in 1977
indicates we can produce whatever
volume you want. Our combination of
human, technological, and physical
resources offers the highest level
of confidence for asuccessful custom
program. Just what you expect from
the CMOS leader.
Give us the chance to discuss your
Custom CMOS requirements. Make
Motorola your CMOS source by contacting your Motorola sales office, or by
sending the coupon to
Motorola Semiconductor Group
Mail Drop M370. P.O. Box 20912.
Phoenix, AZ 85036.

Motorola Semiconductor Group
P.O. Box 20912, Phoenix, AZ 85036
Mail Drop M370
Motorola CMOS sounds like the answer
for my custom requirement. I'm working
on

Please contact me for:
O immediate need O future design
Name
Title
Company
Dept.
Address
Phone

MOTOROLA

City

State

Zip

Semiconductor Group
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LSI tester gets microprocessors
to generate their own test patterns
By deriving the test pattern from adevice identical to the one under test,
ageneral-purpose benchtop unit can handle different types of
microprocessors and peripheral chips at actual system speeds
by Stephen

Bisset,

Megatest Corp.. Sunnyvale. Calif.

E Integrated circuits are already evolving from largescale to very-large-scale, yet problems of testing the first
generation of LSI chips still remain. In addition,
programming costs for functionally testing LSI circuits
generally increase exponentially with device complexity,
and if this continues to be true, testing will soon become
the major cost involved in the manufacture and use of
these devices.
There is, however, away to break the back of this cost
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inflation that also solves many of the major testing
problems. The low-cost Megatest Q8000 greatly simplifies test programming and keeps costs under control by
drastically reducing both hardware costs and testing
time as compared with buffer-memory or storedresponse testers. In fact, the new tester, based on the use
of a reference device identical to the one under test to
generate test patterns, will do for microprocessors what
algorithmic pattern generation did for memories-
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1. General-purpose plus. Megatest Q8000 tester achieves high level of flexibility and ease of programming with general-purpose architecture
and modular approach. Functional data module provides real-time data for generating functional test patterns.

greatly reduce the amount of storage required for test
patterns, as well as speed up testing.
In this approach, an LSI device essentially emulates
itself in real time. However, since stimulating most such
devices with pseudorandom input sequences—which is
done in older comparison techniques for less complex
devices—will not reveal whether they will work in a
specific application, the Q8000 allows the reference
device to function as it would in its intended use. A
central-processing-unit chip, for example, can then
actually execute a program stored within the reference
system. Functional testing is performed in real time at
actual device clock rates with a consequent tenfold
improvement in throughput as compared with any available stored-response method.
Dedicated vs general-purpose testers
Flexibility in a tester is more important to the lowand medium-volume end user than to the high-volume
user because the former's costs will be extremely high if
he has to buy different test systems for microprocessors,
peripherals, memories, and transistor-transistor logic.
Flexibility also matters to the device manufacturer
because of the substantial investments in education and
maintenance required for each type of test system.
A completely software-controlled test system may be
'desirable in a laboratory, but it has two drawbacks for
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production use. First, it will be unavoidably expensive,
while most of its capability may be unused in testing any
given device. Second, because of its generality, it may be
poorly suited to a particular, isolated task—sooner or
later, the attempt at universality through software
control creates an inadequacy in some essential testing
requirements.
On the other hand, a highly dedicated tester has an
obvious drawback—each new device requires a new
tester. To handle avariety of device types, a tester can
have certain constant hardware, but it also must have
some variable features. The hardware required generally
is the same for many device types, provided the tester
can handle the number of pins. Essentially, all devices
require a tester that includes interfaces, controls, highspeed drivers and comparators, a dc parametric unit,
programmable power supplies, and time-delay generation. The method of pattern generation, however, varies
for each type of device. For example, pattern generation
for memory chips is substantially different from that
required for microprocessors.
A general-purpose LSI tester architecture, such as that
used in the Q8000, needs amodule to provide real-time
data for functional test patterns for the device to be
tested (Fig. 1). This modular approach gives the best of
both worlds: most of the tester is standard and therefore
general-purpose, while the pattern generator can be
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2. Self-emulation. Typical reference system for an LSI peripheral (Intel 8275 cathode-ray-tube controller) contains reference device, central
processing unit, program memory, and other logic. CPU is needed to drive reference device, additional logic to exercise it fully.

customized for the particular application.
There are three basic types of modules, called functional data modules, or FDms:
• Buffer-memory modules for simple devices requiring a
few hundred, or at most afew thousand, clock cycles of
functional test patterns. These include, for example,
small- and medium-scale ics and perhaps some bit-slice
microprocessors.
• Algorithmic-pattern-generation FDms for devices of
regular structure such as read-only and random-access
memories and shift registers. One such module, for
instance, includes a microprogrammable address and
data-pattern generator and may be softwareprogrammed to test any RAM.
• Reference-system FDMS for emulating in real time
highly complex devices such as microprocessors and
peripherals.
The reference system takes asnapshot of each pin of
the reference device at apoint in each clock cycle when
the data is stable. This is done by latching the data at
each pin in a pipeline latch. Thus, the output of the
pipeline latch appears as a truth table that is being
sequenced in real time. The method of handling the truth
table, or output test pattern, is the same as the way the
outputs from abuffer memory in astored-response tester
are handled. Because of the latching, the truth table is
independent of the timing and voltage characteristics
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(except for the cycle time) of the reference system.
Note that the pipeline latch and timing control logic
are part of the module. The latches and gates control
such operations as inversion of input data for worst-case
testing of setup and hold times. The FDM may also
include strobe-masking logic. Thus, flexibility is
retained. In contrast, building this logic into the mainframe would require an extensive system of high-speed
multiplexers to retain flexibility, and their use would
inevitably make certain special timing requirements
difficult or impossible. In other words, ahuge system of
buffer memory and timing control (which is obviously
expensive and difficult to calibrate and maintain) is
replaced by asingle wire-wrapped card.
Functional programs for testing cPus are straightforward, since the program is written directly in the
assembly language of the device being tested. Peripherals, however, are slave devices and thus must be driven
by a CPU. A reference system for testing peripherals
therefore includes a reference peripheral device, a CPU,
program memory, and other logic required to exercise
the reference device. The functional sequence is generated by the CPU, which sets the various modes of the
peripheral and causes it to execute its functions. Functional test data for the device under test is latched from
the pins of the reference peripheral.
To test, say, the Intel 8275, acomplex, programmable
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INCREASING COSTS

4

improve when areference system is used (Fig. 3).
First, observe the trend in system chip count. The
whole thrust of Ls! will continue to be replacing many
chips with a few. Thus, the physical complexity of the
reference system stays fairly constant. Second, the real
hardware costs in systems are for interconnects, and the
number of pins per device will not radically increase. The
STORED-RESPONSE
emphasis is on greater on-chip complexity to reduce
METHOD:
HARDWARE COSTS
exchanges between chips. Hence the number of drivers
PROGRAMMING COSTS
and receivers required for the bulk of Ls! devices remains
fairly constant (40 pins will cover most of them).
Third and most important, the greatest effort in
microcomputer development is toward simpler programREFERENCE-SYSTEM
ming. Therefore, although chips perform more and more
METHOD:
complex
functions, it remains relatively easy to
HARDWARE COSTS
PROGRAMMING COSTS
command them to do so. This evolution in software
efficiency is reflected in the simple programming
required for the functional data modules.
The programming costs include, of course, the expense
..••••
of designing an FDM. Experience has shown that the
t I
economic crossover on programming costs between the
SMALL- MEDIUMLARGEVERY stored-response and the self-emulation, or referenceSCALE SCALE
SCALE
LARGE
SCALE
system, method lies somewhere between that for a bitINCREASING CHIP COMPLEXITY (INTEGRATION)
slice microprocessor, for which the reference-system
approach would be more expensive, and that for an 8-bit
3. Trends. Hardware and programming costs of reference-system
CPU of the complexity of, say, an 8080, for which
approach rise gradually as degree of integration increases, and
adequate stored-response testing is more expensive.
programming/hardware cost ratio actually decreases with increasing
But what about the cost of all those hundreds of
volume. Costs of stored-responses method rise sharply.
FDms? Since LSI devices are programmable, afew satisfy
many functions. In other words, users are not faced with
cathode-ray-tube controller, an 8080 CPU would execute hundreds of device types as they are with SS! and Ms!.
the program (Fig. 2), but the tests can be defined in The typical user will need to test less than 10 kinds of
terms of the functions of the 8275. For example, a device. In any event, as complexity goes up, the modules
peripheral instruction might be: set characters per row cost less than their fully software counterparts.
= n1, set retrace interval = n2, scan n3 pages.
The FDM approach ensures that devices with unusual
A complete peripheral instruction set can thus be defined testing requirements can be accommodated. A recent
with certain instructions having arguments (n1, n2, n3,in example is single-chip microcomputers (actually, their
the example).
test needs are far from unusual). With on-chip oscillaThese instructions have mnemonic equivalents that tors, output timing is often specified in relation to other
are assembled into operating codes. The 8080 program outputs. This could have required a time-consuming
includes asupervisor that uses the op code to look up in a characterization of each part in order to test it. But with
table the address of a corresponding procedure. Each the 8748, for example, the FDM designer simply generprocedure consists of several 8080 instructions that cause ates time delays for output directly from the appropriate
the peripheral to execute the function given by the outputs of the device being tested. This is simple, but fast
peripheral instruction. The result is a concisely docu- and effective. The tester does not lock the test engineer
mented program that is not only easy to understand and in with an unalterable set of "universal" capabilities.
modify but also costs far less to write and debug than
Testing confidence—the ultimate judgment
tens or hundreds of thousands of is and Os would.
Programming costs
By using the ability of LSI devices to generate their
own test programs, the Q8000 cashes in on the huge
investment made in chip development, instead of being
penalized by it. Whereas the cost of stored-response test
hardware goes up linearly with complexity (largely
because of increased storage and test-time requirements), programming costs go up exponentially (because
the cost of generating and modifying a truth table
reflects the exponentially more complex interactions
between different parts of achip). On the other hand, as
a chip becomes more complex, the ratio between chip
complexity and test programming costs may actually
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Much of the literature on microprocessor testing has
assumed (and lamented) that lower-cost testers automatically mean lower testing confidence. If this principle
were always true, computers using integrated circuits
would be inferior to those using vacuum tubes, since they
are less expensive. Instead, technological changes often
put akink in the usually linear relationship between cost
and quality.
Test quality for Ls! devices depends on two things.
First, all ac and dc parameters must be properly
measured. For ac parameters, that means that every
parameter must be measured during every clock cycle of
an exhaustive functional test sequence. Since the Q8000
is of recent design, it is able to use both linear and digital
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4. Ac parameters. Microprocessors and other large-scale integrated devices must be tested for ac and dc, as well as functional, parameters
Shown here is the basic set of ac parameter measurements made using a bidirectional bus pin as an example.

Ls!, as well as innovative circuit design, to make possible
economical measurement of all ac parameters (Fig. 4),
plus all dc parameters.
The second and equally important criterion for testing
confidence is the adequacy of the functional test
sequence. Determining such adequacy is alarge subject
in itself. In brief, a test sequence can be evaluated by
stimulating stuck-node conditions and seeing whether
the test sequence detects them (a very expensive procedure), by correlating test results with other test
sequences, and by statistical maturity—that is, amanufacturer ceases to receive returns from the field that
passed his test sequence.
The latter two are more practical in the real world of
LSI. The method of functional-sequence generation has
no direct relationship to the adequacy of the sequence,
providing there is no limitation on the types of sequences
generated. But as a tool, the method used affects the
practical likelihood of achieving good test quality. The
reference-system approach encourages exhaustive functional testing. Once the reference system exists, generating and modifying functional sequences is very efficient. Because testing takes place in real time, and
because there are no practical limits on program storage,
there is much less pressure to reduce test length. Thus,
for a given level of testing confidence, longer test
sequences actually reduce programming costs, because it
is cheaper to methodically test all functions of adevice
than it is to begin individually justifying each omission
from thorough test coverage.
What if the reference device fails? There are two
possible causes: the device may be defective, or the basic
logic of the part may be in error. Experience has proved
the first problem to be a nonproblem. If the reference
device is defective, the test pattern becomes incorrect
and yield drops to zero. It is no different from any other
device in the pattern-generating system.
If, on the other hand, the basic logic of the device is
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incorrect, there is a problem, since a defect-free device
under test will have the same logical error as the reference device and will therefore pass. However, it is not
really the function of a test system to verify the device
designer's logic. Although a truth table generated independently of an actual device is of value in finding logic
errors, there is no guarantee that apart that matches a
test sequence will work in asystem. New designs must be
thoroughly evaluated for functional correctness within
the intended system. Once a design has been corrected
and verified this way, an unlimited supply of valid reference-device candidates is immediately available.
Even though the manufacturer is forced to test less by
economic pressures, he is also forced to test adequately
by competitive pressures. And since he must test, he
must make the investment in test programming. With
microprocessor-related parts, this investment is not
small, no matter what the approach.
Should each user have to duplicate the investment in
test programming? While some independent generation
of test procedures is healthy, the general availability of
standard test programs and FDMS would provide the best
possible testing credibility for the user at the lowest cost.
The device manufacturer is the best source of FDM
designs and functional sequences, and atester company
is the logical vehicle for distributing and supporting
them. While auser may wish to test using more combinations of voltage levels and timing than the manufacturer, programming of these parameters is trivial, the
real cost being in the functional sequence. Because of the
programming efficiency of the reference-system approach, and because the manufacturer is the target for
all returned devices, he is highly likely to develop agood
functional sequence (even if he does not test under
enough different operating conditions). Besides, once the
user has acquired afunctional data module, he now has
the most efficient possible pattern generator for implementing his own sequences, if desired.
ü
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Biaxial modulators double
data-system transfer rate
by Robert J Stetson
Storage Technology Corp., Aurora, Ill.

The information-handling capacity of simple data
systems will be doubled if a scheme employing both
pulse-width and pulse-amplitude modulation is used to
multiplex data through the transmission line. More
specifically, a one-cable, single-channel system can be
expanded to two channels, enabling data to be sent at
twice the original bit rate. Such a biaxial modulation
circuit is far more economical than those using separate
cables and transmitter-receivers for each channel and is
1'6

Y
DATA

less complex and costly on aper-channel basis than those
using synchronous eight-channel digital multiplexers.
The biaxial transmitter and receiver are simple to build.
Figure la shows atransmitter suitable for transferring
data through aline at 4,800 bauds per channel, or 9,600
bits of data per second for two channels. The X- and Yinput data, which are non-return-to-zero (NRz) pulse
trains, operate at the same baud rate and are synchronized with the bit clock. The latter is framed at the
midpoint of the data, as shown in the timing diagram
(Fig. l6).
The width of the pulse emanating from transistor Q1
and therefore from the output line is afunction of the Xinput data. Q 1 normally conducts with no input signal.
Generally, the bit clock periodically fires A 1,a one-shot
with an on time of 200 nanoseconds, and thus a 5-volt,
200-ns pulse appears at Q 1if X and Y are at logic 0.
When the X data is high, however, a bit clock pulse
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1. Modulation multiplexing. Two-mode modulation permits low-cost data multiplexing. Pulse-width modulation of X data combined with
pulse-amplitude modulation of Y data doubles the capacity of one-cable systems (a). Timing diagram (b) details modulation processes.
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Finally -acheap
(or rather inexpensive)

Video A/D Converter

Now you can afford to go digital
We've done today what everyone thought was years away.
We've developed a Monolithic Video A/D Converter to
sell for less than $500—it works just great—and best of
all, it's ready for delivery now.
TRW's new 8 bit TDC 1007J costs only $485 (in 100's),
features up to a 10 to 1 power reduction over existing
converters, is less than 1/
3 the size, and converts with
unmatched accuracy up to 30MHz (33 ns conversion time).
The TDC 1007J exceeds the standards that networks require for studio equipment, yet is economical enough for
field and/or industrial use. If you have a product that is
now using one of those expensive Video A/D Converters
you can mount the TDC 1007J (and about $30 worth of
other components) on a card and start saving a bundle
immediately. (Incidentally—we are making available, in
small quantities, an evaluation board. It's a fully tested
drop-in unit containing everything you need to go digital
—just ask for TDC 1007 PCB.)
Let us show you how you can go digital...economically.
Available from stock from Hamilton /Avnet or contact
your local TRW Electronic Components field sales office
or call Willard Bucklen at (213) 535-1831, or send coupon.

TRW LSI Products
An Electronic Components Division of TRW Inc.,
P.O. Box 1125
Redondo Beach,CA 90278
Please send data sheets on the new TDC 1007J Monolithic Video
A/D Converter and the TDC 1007 PCB.

Name

Company

Div/Dept

Mail Code

Address

City

State

Zip

E-4 j

MWLSI PRODUCTS
... for Digital Signal Processing

Circle 146 on reader service card

INTERNATIONAL SALES OFFICES: AUSTRALIA, Kingsgrove N.S.W. 500111
BELGIUM, Brussels 6600012 DENMARK, Bagsvaerd 9PA.133 FINLAND, Helsinki 640641
FRANCE, Paris 7581111 GERMANY, Munich 503007 ISRAEL, Tel Aviv 444572 ITALY, Monza 360021 JAPAN, Tokyo 4615121
NETHERLANDS, Amsterdam 934824
NORWAY, Oslo 157550 SOUTH AFRICA, Capetown 457656 • Johannesburg 6181027 SPAIN, Madrid 2425204 SWEDEN, Vallingby, Stockholm 380370
SWITZERLAND, Zurich 429900 TAIWAN, Taipei 7512062 U.K., London 9025941

sends A2 high for aperiod of 800 ns, overriding A I.The
result is that the output of Q 1is apulse-width-modulated
waveform having a width of 800 ns at 5 y for a logic 1
input at the X port and a pulse 200 ns wide at 5y for a
logic 0at the X port.
The output of Q2 and the line, on the other hand, is
pulse-amplitude-modulated by data on the Y port. When
the Y input is high, and X = 0, the output of the signal
line will be 10 y for aperiod of 200 ns after the arrival of
the bit clock signal. If both X and Y are high, the line
output will be at 10 y for 800 ns. The four possible X-Y
input combinations are summarized in the timing
diagram. The PWM-PAM signal that is to be sent over
LH0042

TP1 0

2kS2

Ri a
5V

Y

cable to the receiver appears at the line output, as shown.
The line signal is first introduced to the receiver end of
the system through two LH0042 precision comparators
(Fig. 2a). The 10-kilohm resistors limit the input current
to well below the comparators' rated maximum of 200
microamperes. The Y comparator clips the signal, so
that only the 5-to-10-v portion is seen at test point 1
(TP1). Note that the Y data is demodulated but not yet
in the form it was originally at the transmitter, that is,
reconstructed. The diode bridge at the input of the 7413s
serves as a combination limiter and zero-crossover
network to aid in signal recovery. The output of one
7413 fires the 74123 one-shot, A3, producing the Y
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2. Recovery. Demodulation process is largely inverse to operation performed at transmitter. X and Y comparators separate pulse-width- and
pulse-amplitude-modulated signals, generate XD and YD with aid of several one-shots and flip-flops (a). Timing diagram (b) aids in
understanding the circuit's reconstruction operation. Two circuit adjustments optimize receiver performance (c).
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True RMS to DC
•
isn't a big deal anymore.
The AD536 true RMS to
DC converter is amonolithic IC
in a14-pin ceramic DIP. Complete and self-contained. Just
plug it in and forget about external trims.
The chip is laser wafer
trimmed for maximum accuracy

and stability. That means an
accuracy of ±
-2mV ±
--0.2% of
reading with high crest factor
and excellent bandwidth. And
besides the linear DC output,
you get adB output with a60dB
dynamic range for free.
Only $9.95 in 100s. Now that
is abig deal.

For specs and samples call
Doug Grant at (617) 935-5565.
Analog Devices, P.O. Box 280,
Norwood, MA 02062.

ANALOG
DEVICES

The real IC converter company

Analog Devices, Inc., Box 280, Norwood, MA 02062 East Coast: (617) 329-4700; Midwest: (312)894-3300; West Coast: (213),595-1783;
Texas: (214) 231-5094; Belgium: 031/37 48 03; Denmark: (02) 845800; England: 01/94 10 46 6; France: 686-7760; Germany: 089/53 03 19; Japan: 03/26 36 82 6; Netherlands: 076/879 251;
Switzerland: 022/319704; and representatives around the world.

See us at Electro '78 in Boston,
Booths 1235 and 1237.
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signal to regenerate the Y data (YD).
The PWM portion of the receiver derives its signal from
the X-data input component. The line signal is applied to
the D input of the 7474 to generate the XD signal. The
7474 is also clocked by the same input signal through the
74123 one-shot, A4,on the positive edge of each output
pulse of the xCLOCK.
The positive-going edge of the X CLOCK signal occurs
400 to 600 ns after A4 fires. If the line-input signal is a
logic 0(200 ns wide), aspace will be clocked in at the D
input of the 7474 storing the XD data. If, on the other
hand, the X input is at a logic 1(800 ns wide), a mark
will be clocked through, since the X pulse will still be
present on the arrival of the xCLOCK signal. The trailing
edge of xCLOCK also fires AS and A6, two monostable
multivibrators, for 400 to 600 ns. This enables the bit
clock signal, which originated at the transmitter, to be

CLOCK

Go/no-go tester checks
optocoupler's transfer ratio
by S Ashok
Rensselaer Polytechnic Institute, Troy, N. Y.

This extremely simple circuit performs a go/no-go test
on the quality of an optocoupler. Here, an operational
amplifier and azener diode are used to determine if the
most fundamental parameter of the optocoupler, its
forward current-transfer ratio, a (which is the ratio of
the phototransistor's output current to the photodiode
input current), is greater or less than apreset value.
The operation of the circuit is based on the principle
that the phototransistor tends to saturate if the current
forced into its collector lead is less than ah where iis the

recovered also, as shown in the timing diagram (Fig. 2b).
To set up the most efficient circuit, ascope is required.
Also, the X and Y data inputs should be initially tied to
ground at the transmitter. The scope should then be
connected to the signal line cable and R1 adjusted for a
peak amplitude of 5v. After alogic 1is applied to the Y
input, the signal line pulses should rise to at least 10 v.
At the receiver end, the scope should be connected to
TP1 and Ria adjusted as seen in Fig. 2c. Next, the scope
should be connected to TP2 and R2„adjusted as shown.
A slight shift between the X and Y data output will
occur, basically because of the internal-timing method
used to recover the data. The output data will otherwise
be areplica of the original information transmitted.
CI
Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.

photodiode current, and that it tends toward avalanche
breakdown if the current is higher than that amount.
The forced current is (I, —I 2),. where I and 1
2 are
current sources. The preset value of a corresponding to
these currents will thus be (I, —12)/11. Adequate current
sources for 11 and 1
2 can be implemented by using
variable resistors returned to +15- and — 15-volt
supplies as shown in the figure.
Typically, the phototransistor breakdown voltage is
greater than 51/, so that if the value of a is lower than
the preset figure (bad optocoupler), the current into the
zener-transistor combination will be greater than ai,the
5-v zener will break down, and V., will then go to 5v
(logic 1). If on the other hand, ais higher than the preset
value (good optocoupler), the phototransistor will saturate and there will be alogic 0at the output.
Note that the polarity of 12 should be reversed if
optocouplers with Darlington outputs are tested, because
Darlington circuits have an athat is greater than unity.

Light test. Op amp and zener diode check
optocoupler quality by determining if its
forward current-transfer ratio, a, is above or
below preset value. If a is above value set by
current sources 1, and 1
2, phototransistor
saturates and

V,,„, = 0,

indicating

good

element. Otherwise, the zener breaks down,
and V,,„, = 5, indicating bad device.
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Does 85%
commonality
make Centronics'
line printer family
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thigh parts commonality;
features like an operator-changeable print
band with achoice of EBCDIC character sets and microprocessor control,
for example. Four models— providing superior print quality and arange of
print speeds —75, 150,300 and 600 1pm, plus design simplicity that provides exceptional reliability and makes the 6000 series atrue family of lowpriced, fully formed character line printers.
And, as with Centronics' matrix printers and teleprinters, the 6000 series
is backed by the largest worldwide service organization of any printer
company, and Centronics' reputation for reliability.
Write or call for complete 6000 series information. Centronics Data
Computer (U.K.) Ltd., Petersham House, Harrington Road, London.
Tel: 01-5811011. Telex 8951373. Offices in Frankfurt, Paris and Milan.
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Engineer's newsletter
$50,000 prize
for TV en
in
apply now

Transformer circuit
indicates presence of
60 or 400 Hz on bus

LEDs outlast bulbs
on minicomputer
consoles

A substantial but little-known prize—nearly $50,000 at present exchange
rates—has been created to reward an out
st
an di ng con t
rib ut i
on to te l
ev i
si
on
technology. It is the 1978 Eduard Rhein prize of DM100,000, nominations for which are now being received. Eduard Rhein, physicist, author,
and publisher, founded the award in his name in the autumn of 1976 with
a grant of DM2,000,000. His original goal was to encourage television
research internationally, but when the executive board of his Rhein
foundation found none of the work nominated in 1977 to be outstanding
enough, it enlarged acceptable nominations to include persons who have
significantly improved the total TV system's performance in a major way
the general viewer can appreciate. Such a contribution may be a major
improvement or development in either present or future TV systems.
Anyone interested should write either to the Eduard Rhein Foundation,
Klopperstieg 3, 2000 Hamburg 67, Federal Republic of Germany, or to
the U. S. member of the foundation, James Hiller of Arreton Road,
Princeton, N. J. 08540.

In many avionics test systems and uninterruptible power sources, highvoltage alternating current may be presen tatf
requenc i
es ot h
er th
an th
e
usual 50 to 60 HZ of the standby mode and 400 Hz of the operational
mode. To directly verify the presence of those frequencies (and no others)
on abus, David Newton of Abbot Transistor Laoratories in Los Angeles
has designed asimple, reliable circuit consisting of alow-cost transformer,
a resistor, and two neon bulbs. Key to its operation is the frequencysensitive saturation characteristic of the transformer's core. In series with
the transformer's primary winding is one bulb in parallel with the resistor.
In parallel with the secondary winding is the other bulb.
The primary winding is designed to saturate the core at 60 HZ, yielding a
low impedance that allows its bulb to light up. The secondary winding,
meanwhile, in effect stays decoupled from the line until at 400 HZ the core
operates linearly, energizing this winding and lighting up its bulb. The
ratio of secondary to primary turns ensures that the primary bulb is kept
well below its turn-on voltage while the resistor in parallel with it passes
enough primary current to magnetize the core and power the secondary
bulb. The absence of semiconductors makes the circuit's operation in the
power-line environment highly reliable.

The incandescent lamps in Digital Equipment Corp.'s PDP minicomputers
fail often enough to create a really naggi
ng re pl acement pro bl em, says
T. J. Rohrer, asenior engineer with Lockheed Electronics Co.'s Aerospace
Systems division in Houston. His solution: replace them with National
Semiconductor's NSL-7944 light-emitting diodes.
The NSL-7944 LED fits almost directly into the lamp assembly area on
the programmer's console panel. The only modification necessary affects
the lamp driver circuitry — the keep-alive resistor normally connected
between each lamp's driver transistor and ground must be clipped out.
Once installed, each LED runs at maximum intensity over its entire 3-to18-v range and so far, of those retrofitted to Lockheed's PDP computers,
none has failed, though some have been in place for three years.
Jerry Lyman
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ANALOGIC INTRODUCES THE
CONCEPT OF FULL PERFORMANCE,
LOW-COST DIGITAL
PANEL INSTRUMENTS...
AND LAUNCHES
THE MOST SIGNIFICANT
PRICE/PERFORMANCE
BREAKTHROUGHS
IN RECENT TIMES.
ANALOGIC

PRESENTING ANALOGIC'S 2570

NOW DIGITAL PANEL INSTRUMENTS HAVE ANEW STANDARD OF PERFORMANCE

IT ALL STARTED HERE
AN2570
The latest LSItechnology gives this low
cost 3' ¿digit instrument features that you
lust cant find anywhere else for the price.
Differential input with afull-scale input
range of •1.999 volts or •199.9mV
coupled with four available power configurations (two DC and two AC (make the
AN2570 universally applicable. Ahost of
interlace and control signals. including
parallel BCD data output. provides
maximum versatility.

WE FOLLOWED WITH OUR
COMPACT MODEL
AN2575

WE BROKE THE
TEMPERATURE BARRIER
AN2572

The 3 i-digit AN2575 packs AN2570 features
into aminiature package that's ideal for tight
quarters. including '4-DIN installations
With its small size and tough construction
its ideal for 5-volt portable instruments
used in remote measurement display and
control applications. In addition, it can
accommodate aBCD option for lab and
industrial operations involving computer
interaction.

The introduction ut this digital thermometer
gave Analogic adramatic competitive advantage. Even at twice the price no one can
come close to the AN2572's performance or
input output versatility You can use it
virtually anywhere. It can accommodate up
to seven different thermocouples and 14
ranges. And it can output to awide range
of analog and digital devices, including
recorders. set point controllers remote
meters. printers and computers.

AN 2572

AN2572
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AN 2575

AN2570
FEATURES
•Bipolar differential inputs •Full-scale
ranges of ±
-1.999VDC or :±199.9mVDC
•0.05% accuracy and resolution •BCD output for digital control or printout •Ratiometric operation •Universal powering: 5VDC.
8-28VDC. or 110/220 VAC. ±20%. Automatic zero correction •50 picoamps bias
current •Input protected to 300V •Control
signals for display test. hold. blank. EOC.
and overrange •24-month warranty.

AN2575
FEATURES
•Compact —only 3.18 W x1.38 Ft x1.8 0
•Small enough for '4-DIN controller applications •EMI- and RFI-shielded metal
case •Bipolar differential input •Full-scale
ranges of ±1.999VDC or -199.9mVDC
•0.05% accuracy and resolution •Lowpower 5VDC battery operation (160mA. with
70mA option). 50 picoamps bias current
•Automatic polarity and overrange indication •Buffered Parallel BCD option
•Automatic zeroing •24-month warranty.

AN2572
FEATURES
•Programmable for 14 different temperature
ranges in either Cor f. by simply changing one plug-in passive software module
•Automatic cold-junction compensation
.Both digital and analog outputs for driving
variety of control. recording. display. and
printout equipment •Automatic lineariza- .
non for thermocouple. through built-in sig- 1
nal conditioning circuitry •Solderless
screw-terminal connections •Universal
powered: 5VDC. 8-28VDC. 110 220VAC.
1•20%.

SERIES: THE CLASS OM
THEN WE ADDED A
UNIVERSAL RATE INDICATOR
AN2573

AND NOW ANEW HIGH
PRECISION PRICE LEADER
AN2574

Here's arate indicator you can count on
in more ways than one. it saccurate It
rugged. designed for industry And it can
be used owvirtually any rate measurement.
RPM. inches /sec.. gallons min.. cycles
sec.. liters-Min. You name it. What's more
it's user programmable. giving the operator
fingertip control over pulse or sinewave
inputs, full-scale range totalizer output and
data averaging filter

It sAnalogic s4 i-digit word-programmable DPI and you can't find another high

From the world leader in
Digital Panel Instrumentation.
For almost ten years. inure Analogic
OPUS have been used by OEMS and end-users,
for more different applications, than any other
brand. This leadership position is continued
with the introduction of the products shown
here, all price/performance leaders in their
respective classes.
Analogic is committed to producing the
best instrumentation available, and this dedication to quality is no more apparent than in
our quality control procedures. the most demanding in the industry. Moreover. thoroughness in the factory is followed through in the
field at our 40 Analogic Customer Interface •
Centers throughout the country. These centers
are never more than afew hours away. You can
get same-day delivery of most instruments and
parts or custom modifications for special
ranges. offsets. conversion rates —whatever.
You get fast repairs using factory parts. And
you can get application assistance. whether it
consists of documentation. installation or operation advice, interfacing recommendations.
or just help in debugging your application
For more information, simply detach
and send the reply card below, or contact one
of the Analogic stocking distributors, or write
or call Analogic Corporation. Audubon Road.
Wakefield. MA 01880 (617-246-0300).

accuracy instrument even near its price
range. It features gigaohm differential input.
microvolt sensitivity and programmable
Tri -state BCD outputs that can teed 4. 8 12.
or 16 bits to adata bus. You can interrogate
multiple devices on the same line or
interrogate only the one you want. An outstanding capability for multi-instrument.
high-precision environments.

AN 2573

AN 2574

ailtooyailt

...,

FOR MORE INFORMATION. SIMPLY
DETACH THIS PREPAID CARD. CHECK
THE APPROPRIATE BOXES. AND MAIL

Li r'ri

Gentlemen:
Please have asales representative contact
me immediately.

AR2573
FEATURES
•User programmable —by handy front-

panel switches—for pulse or sinewave
input, full-scale range. totalizer output.
data-averaging filter •Accepts pulse inputs
from 1.5V to 100V •Accepts sinewave
inputs from 6mV pp to 300V pp •0.05°.
4

accuracy and resolution •Automatic zero
for long-term stability •Both analog and
digital control outputs •Fully isolated frontend withstands 2000 Volts CMV •High•impact plastic case is UL94V-0 rated

•EMFIR greater than 200dB •Built-in data
averaging •Solderless screw-terminal
.connections •Universal powering: 5VDC.
à 8-28VDC. 110 220VAC. 1-20°..

Please send me additional information on:
2570 Digital Panel
ffl 2573 Universal
Instrument
ffl Rate Indicator
MI 2575 Miniature
al 2574 High PreciMM Digital Panel
sien Word ProInstrument
grammable DPI
2572 Precision Digiffl Measurometer
ffl tal Thermometer
MIM Series

AN2574
FEATURES
•Bipolar. differential. guarded FU input
•Full-scale ranges of +1.9999VDC or
,7199.99mVDC •10 Microvolt resolution on
199.99mV scale • t0.005"0 readout resolution for 19999 counts •.01 0.accuracy
•Less than 50 picoamps bias current •One
gigaohm input resistance •CMRR greater
than 140dB •Universal powering: 5VDC.
or 110 220 VAC. .t 20°. •Control signals for display test. hold. blank. overrange.
and (OC •Automatic zero for long-term
stability.

NAME:

TITLE:

DEPARTMENT:

TEL. NO.

COMPANY:

ADDRESS:

CITY:

STATE

ZIP

ANALOGIC'S MEASUROMETER SERIES

THE BENCHMARKS OF INDUSTRIAL MEASUREMEN
FEATURES

In avery short time, th aMeasurometer
series has gained such enthusiastic acceptance that it must be considered the industry
standard. Combining state-of-the-art
performance features with industrial-grade
toughness proten under tortuous conditions,
these units are the ultimate in reliability.
They'll interface with virtually any transmitter or transducer and display digital readouts in LBS.. PSIG, RPM. F. °C, AC/Volts.
etc. All signal conditioning and interfacing
circuitry is built right in. Just cornect the
transducer, plug in the Measuro:neter —and
it's ready to go.

«um..

Measure and display eight direrent types
cf process parameters with digital accuracy
•Two full-scale ranges available: 0to ±1999
(PI 2400 Series) 0to ±3999 (PI 4400 Series)
...plus one or two optional "dummy
zeroes - ...
with three selectatle decimal
pints Readout resolution to 0.025% •Big,
tright. glare-tree displays. for maximum
readability . .up close, several feet away,
or off at an angle! •High-precision, ultrastable solid-slate electronics. One full year
recalibraticn interval!. Rugged, fully
enclosed and shielded DIN/NEMA-standard
metal case — keeps out dust, dirt, con-
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lamination, helps suppress pickup and
interference •Comprehensive test and
reliability procedures ensure long-term
reliability, sustained high performance
•Virtually immune to AC line noise, switching spikes, and fluctuations: shock and
vibration stresses: and temperature and
humidity variation •Choice at isolated
and/or buffered parallel BCD outputs, for
interfacing to printers, set-point controllers.
data loggers, or minicomputers.
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NCC eyes new
roles for computer
with emphasis on
energy problem
Effects of growth form second theme
at National Computer Conference
by Raymond P. Capece,

Computers Editor

which will be delivered by an impressive collection of
scientists, industry leaders, and politicians. Next, a
dozen or more of the technical sessions relate to the role
of computers in energy either directly, as in modeling
and econometric forecasting, or indirectly, as in the
conservation and energy efficiency that computers
contribute to manufacturing and production.
The growth leitmotiv is best evidenced by the Personal
Computing Festival, an exciting addition that made its
debut at last year's NCC in Dallas. The festival will
complement the main conference with special sessions
and exhibits in the Disneyland Hotel and Convention
Center. Featured will be amicroprocessor design contest
offering several prizes of digital equipment and aspecial
program that includes tutorials. And unlike last year, the
festival will have no minimum age requirement—so the
kids can divide their time between personal computing
and looking for Mickey Mouse.
It all adds up to a meeting with more technical
programs, exhibits, and, conference officials predict,
greater attendance than ever before. The technical
sessions will cover 26 topics. Among them are anumber
of trends and recent developments: new architectures
that are taking advantage of advances in large-scale
integrated circuits; the new hardware available; the
swiftly expanding use of computer modeling; data-base
management and the distributed systems with which its
interest grows; and some theoretical subjects, like artificial intelligence and voice input to computers, that have
migrated from the fringes into developments. Moreover,
for the first time, several of the sessions will be devoted
to the recent progress made in Japan, both in systems
and in technology.
The record-setting number of exhibits, pegged at
1,401 booths filled by 353 organizations, is guaranteed
to wear thin both patience and soles: the two main
exhibit halls and the arena in the Convention Center
total aquarter million square feet. The list of companies
showing their wares is awesome. What's more, two firms
will be appearing after afour- or five-year absence from
the NCC: Digital Equipment Corp. will make the 3,000mile trek from Maynard, Mass., with tons of equipment,
including its recently announced 32-bit minicomputer
and some surprises. Also rejoining the flock is NCR
Corp., Dayton, Ohio, which will occupy a sizable piece
of floor space. These large companies contribute to a
trend for the traditional companies to show again at the
NCC: two years ago, Sperry Univac division of Sperry
Rand came back, and last year it was Honeywell Inc.

0 Not only is it back to the land of fun, sun, and
Disneyland for the National Computer Conference, but
it's also Miller time again. From June 5 to 8, the
computer people will again be at Anaheim Convention
Center in southern California under the chairmanship of
Stephen W. Miller. In 1975 the NCC was also held in
Anaheim with Miller as chairman. This year, he is
promising abigger and better conference than ever.
Miller, who manages research program development
at SRI International in Menlo Park, Calif., is espousing a
dual theme: the role of computers and the growth of
computing. The primary theme, the role of computers,
focuses on the world's energy problem. "The NCC is
traditionally avery big and broad show—a good conference to tackle a big issue like energy," he declares.
"Besides, a national conference should address national
and even international issues."
Miller feels the secondary theme of growth is important because of the problems it raises. "The computer
Hot topics at the show
industry is the most rapidly growing industry in the
country," he says, "and such expansion breeds problems
in everything from education and training to its impact
More than 300 papers will be delivered at 107 sessions
on society—how computers affect our daily lives."
spread over the show's four days. But since as many as
The primary theme is brought out in several ways.
nine talks may be given concurrently, be sure to check
Energy issues start as the focus of the keynote addresses,
the timetable. The preview below is broken down by
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to proceed any further with the energy program.
Another session devoted to energy is "Computer
Modeling in Energy Technology," led by Julius Chang
of Lawrence Livermore Laboratory, Livermore, Calif.
This session deals with oil and how the computer can
help in its conservation and recovery.
Data-base management
Interest in data-base management systems is growing
for those involved in systems of all sizes, from mainframes down to microcomputers. Consequently, altogether four sessions are devoted exclusively to the
subject. The first gives a synopsis of the report on data
bases in adistributed environment that is being prepared
by the Codasyl Systems Committee, followed by a
commentary on the report.
The second session considers data-base design methodology, addressing some of the elusive problems in
physical designs. The third discusses the headaches of
software conversion, both for applications and for data,
when new computer systems are installed. It will include
a panel on the process of converting an application-

oriented system to aDBMS environment.
Finally, the fourth session, "Programming Language
Interfaces to DBMS," headed by Sham Navathe of New
York University in New York City will take up changing
DBmss with statements embedded in high-level language
programs. Navathe notes that with the proliferation of
both hardware and software, "it becomes increasingly
important to deal with program changes when going
from one to another." Papers will delve into new areas
like relational data bases and improved programming
environments to support them and will also discuss a
semiautomatic process to handle the effects of translating data when high-level queries are made.
Networks link the world
Four sessions come under the topic of "Data
Networks," a subject with truly international appeal.
The kickoff event is a panel on "International Data
Networks," the chairman of which is Barry Wessler of
Telenet Corp., Washington, D. C. With so many organizations in telecommunications interconnecting so many
types of dissimilar equipment, there is indeed aproblem,

WEDNESDAY
8:15 A.M. —
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3:50 P.M. —
5:30 P.M.

8:15 A.M. —
9:55 A.M.

10:05 A.M. —
11:45 A.M.

2:00 P.M. —
3:40 P.M.

IMAGE PROCESSING AND REMOTE SENSING

DATA-PROCESSING MANAGEMENT
AND ADMINISTRATION

DATA-BASE MANAGEMENT SYSTEMS

SPECIAL -PURPOSE TERMINALS
(VOICE INTERFACING)

ELECTRONIC FUNDS
TRANSFER SYSTEMS

COMPUTER ARCHITECTURE

AUTOMATIC
PROGRAMMING

ARTIFICIAL INTELLIGENCE

OFFICE AUTOMATION

LEGISLATION AND
ITS IMPACT

NEW
APPLICATIONS

SOFTWARE DEVELOPMENT
METHODOLOGY

EVOLUTION OF NEW HARDWARE TECHNOLOGY
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MEAS. AND
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5:30 P.M.

DISTRIBUTED SYSTEMS

DATA -PROCESSING
MANAGEMENT AND
ADMINISTRATION

FORMAL METHODS
IN PROGRAMMING AND
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COMPUTER CAREERS AND EDUCATION

SOFTWARE
METHOD OLOGY
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and panel members from Japan, England, and Canada
will dissect various of its aspects.
A second session, "Nationwide Packet-Switching
Networks," compares the architectures of several types
of packet-switched networks, including the Arpanet,
Telenet's Public Packet Network, and IBM'S System
Network Architecture. The participants' goal theoretically will be to find the best architecture for serving the
future data-communications needs of the public.
A third session is devoted to international computer
communications regulations. Once the satellite joins the
ranks of common carriers, regulations and standardization will be needed; and the difficulties that might arise
are examined by the participants from their various
viewpoints: that of anational satellite common carrier, a
gateway state common carrier, amanufacturer of dataprocessing equipment, and an international service
bureau company.
The fourth session is "Satellite Data Communications
for the Public-Service Sector." It is the belief of session
chairman John P. Witherspoon, president of the Public
Service Satellite Consortium, San Diego, Calif., that in
the developing market in the 1980s for satellite data
communications, public-service groups will be bigger
users than anyone previously thought. "With only a
modest channel capacity projected for 1982—a bandwidth of about 90 megahertz—we estimate publicservice revenues to exceed $100 million ayear. That's a
lot more than the private lines will do."
So Witherspoon assembled participants to present
their views of what is needed to bring together an
organization of such magnitude in such short time. Problems will be many. For one, Witherspoon says, the
projections assume that present satellite communications
plans will proceed without ahitch, "in particular that an
appropriate network will be available and that numerous
inexpensive earth stations will be located at the point of
use." Another pitfall is that the National Aeronautics
and Space Administration's experimental satellites
ATS-6 and CTS, among others, might fail and not be
replaced because of budget considerations.
Architectures old and new
Not to be missed are the discussions of computer
architecture, which start off with apanel and follow up
with adouble session. The participants are noteworthy.
Head of the panel, titled "Impact of Semiconductor
Technology on Computer Architecture," is the president
of Intel Corp. of Santa Clara, Calif., Gordon Moore.
Represented on the panel, which will review the history
of semiconductor technology in relation to computer
architecture and offer some glances into the future, will
be Fairchild Camera & Instrument Corp., Motorola
Inc., and Texas Instruments Inc.
The two-part session —"Architecture Evolution" —
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boasts some of the most highly respected names in the
computer business. The session has three chairmen:
Samuel H. Fuller, formerly with the computer science
department of Carnegie-Mellon University, Pittsburgh,
and now with Digital Equipment Corp.; DEC's C. Gordon
Bell; and Daniel E. Siewiorek of Carnegie-Mellon. It is
based on the January 1978 special issue of the journal
Communications of the ACM [Association for Computing Machinery], which was devoted to computer architecture, and the papers to be delivered in the session
were originally published in that issue.
The session relates the histories of machines that have
earned respect for their architectures. Each of the
machines has contributed to the progress of computer
architecture. The early machines out of Manchester
University in England, like the Mark Iand the Atlas,
pioneered such concepts as paging and virtual memory;
while the state-of-the-art MU-5, also from Manchester
University, applies concepts of array processing and
content-addressable memories to real life in a smart
random-access memory that is capable of processing the
elements it stores. Sperry Univac's 1100 series is perhaps
the best study of a long-term, continuous architectural
evolution, and Digital Equipment Corp.'s DEcsystem 10
family has earned the major minicomputer maker
respect in the mainframe business with a machine that
originally aimed at artificial intelligence and academic
timesharing. The IBM System 370, the world's most
successful computer family, lived through the radical
increase in memory size and the advent of timesharing
(the speakers will discuss fully the machine's strong and
weak areas). Finally, Cray Research Inc.'s CRAY-1
supercomputer is amarvel from the standpoints of both
vector processing power and product development.
A look back at languages
"Programming and Operating Systems" reflects on
the current state of applications and operating-system
software. Sessions cover data protection in operating
systems, which is a growing concern in data-processing
centers, and the status of Cobol. Another is devoted to
data encryption, which, though struggling through legislation, will surely be central to data communications and
electronic funds transfer in the 1980s.
"A History of Programming Languages" will be led
by Jean E. Sammet of IBM Corp. Apropros of programming, it is advisable to attend the Sigplan Conference on
"The History of Programming Languages," which is
being held June 3-5, just before the NCC, also at the
Anaheim Convention Center. Sammet says that
her NCC session is intended to provide some valuable
insights into the early history of computer-programming
languages, regardless of whether or not the persons
attending it also attended the earlier conference.
Sammet is programming language technology man-
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computers. Remote data processing is also discussed, and
aspecial application, acontrol system for Japan's Shinkansen high-speed railway, is detailed.
New hardware on the scene

While everyone appreciates the growing problem of
software development for tomorrow's computers, it is
much easier to get excited about the new hardware. That
is why a big turnout is expected for the four sessions
making up "Evolution of New Hardware Technology."
Kicking off consideration of the topic is asession called
"VLSI: The New Semiconductor Revolution," which is
led by Federico Faggin, president of Zilog Inc., Cupertino, Calif.
Faggin promises to give attendees a knowledgeable
look into upcoming developments. He himself believes
that the industry is entering atransition period between
Lsi chips of 1,000 or more gates and VLSI chips with
10,000 to 20,000 gates. "The generation after the Z8000
[Zilog's upcoming 16-bit single-chip microcomputer]
and Intel's 8086 will be in VLSI territory," he declares.
Faggin foresees by 1985 asingle-chip microcomputer
containing 32,768 by 16 bits of random-access memory,
8,192 by 16 bits of erasable programmable read-only
memory, and 18,000 gates to perform the logic functions—all on a chip that measures 400 mils on a side.
But with adevice so powerful costing, as he expects, the
same as present chips—less than $10 in quantity—the
technology will be "outstripping our ability to use it," he
says. A microcomputer superchip may sound fine, but
Faggin wonders whether the market is big enough for it,
alluding to the fact that worldwide minicomputer sales
probably total less than 100,000 units so far. "We can
make that many in a month," he says. "Then what?"
Both Faggin and Intel's Ron Whittier will try to provide
some answers to these questions in this session.
"What's Ahead in Computer Memory and Storage
Technology" will cover RAMS, charge-coupled devices,
and bubbles and other magnetic technologies. Keeping
up with each technology becomes more difficult as
progress is made, and in this session, chairman Lewis M.
Terman of IBM's Thomas J. Watson Research Center in
Yorktown Heights, N. Y., hopes to sort out some of the
more recent changes.
"The Future of Peripheral Devices" is session three on
new hardware technology. Chairman Gil Gates from
Control Data Corp., Minneapolis, will focus on two
major peripherals, printers and disks. Discussing the
former will be Donald S. Swatik from cpc's Computer
Peripherals Inc. subsidiary in Rochester, Mich. CPI is
working in all areas of impact and nonimpact printing
and will perhaps reveal some of its recent developments
in the areas of ink-jet and electrophotographic printing.
The future of disks is presented by another CDC
subsidiary, Magnetic Peripherals Inc. in Bloomington,
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Minn. David L. Conway and Thomas L. Muran will
discuss the ever increasing growth of mass storage and
the coincidental evolution of disk technology.
Finally, in the panel "Opportunity for New-Technology Companies" the chairman Vir A. Dhaka of
Xerox Corp. in El Segundo, Calif., has brought together
four representatives of firms that have successfully
brought new technologies to the marketplace. Dhaka
contends that technological innovations create unique
opportunities for developing new markets and that the
entrepreneurial force has in fact become the incentive
for developing new technologies.
Computers that listen

A double sesion entitled "Voice Interface to Computer Systems," should be well attended. The session, half
of what the NCC is devoting to special-purpose terminals,
will bring together leading experts in the field, including
some from the military, which has probably done more
research and development than all those in industry
combined. In the second part of the session, speakers
from both the technology and application areas —
including representatives from IBM; Threshold Technology Inc., Delran, N. J.; Carnegie-Mellon University;
the Speech Research Communication Laboratory; the
U. S. Naval Air Development Center; and TI —will be
open for questions.
Artificial intelligence

Probing the further reaches of man's understanding is
"Artificial Intelligence as aScientific Field." The first of
three sessions considering this topic offers two papers
from the academic world. One chronicles the activities of
Stanford University's heuristic programs; the other,
which was the 1977 MIT Computers and Thought lecture
by Doug Lenat of Carnegie-Mellon, describes a system
for discovering new mathematical concepts.
The second session, called "Question the Experts," is
devoted entirely to audience inquiries. The panel will
include such notables as Saul Amarel from Rutgers
University, New Brunswick, N. J.; Ed Feigenbaum,
Stanford University, Palo Alto, Calif.; and Raj Reddy
and Doug Lenat from Carnegie-Mellon.
Finally, the double session "Artificial Intelligence in
Science and Medicine" brings together 10 researchers
from several disciplines. The first half of the session is
devoted to artificial intelligence in medicine and covers
diagnostic problem solving, treatment planning, and
consultation systems. The second half concentrates on
problems of artificial-intelligence systems designed to
support scientific inquiry. One paper discusses design of
experiments, asecond takes up theory formation, and a
third examines amineral-exploration task.
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Three OEM drives from Control Data
with proven technology and reliability.

All three drives share acompatible interface. All
have 35 ms. average access time, the same 2.5 MHz
transfer rate and are daisy chainable from the same
controller. They are among the most popular
products in our line of OEM rotating memory.
Choose our Fixed Media Disk Drive for its
6000 MTBF reliability
The Model 9414 uses a non-removable 5440-type
media disk,to store up to 12 Mbytes. Configured
as stand-alone memory or with one of our low-cost
flexible disk drives for backup, you get superior
reliability.
Or our Cartridge Disk Drive that uses
fixed/removable media
The Model 9427-H uses aremovable disk cartridge
and a single fixed disk to provide 12 Mbytes of
storage capacity. One of the reasons for its wide
acceptance (over 25,000 installed) is our flexible
switch-controlled interface and four different
connector options. This interface flexibility means
our customers—and yours—can "plug and play"
without costly hardware or software conversion.
Or a Voice Coil Drive for large-capacity storage
The Model 9747 gives you up to 60 Mbytes of
storage using aCDC® 9873 or IBM 2316 disk pack.
It's one of our most popular drives because of its
proven reliability and exceptionally low cost._
more than 30.000 delivered.
And all drives are ready for shipment
Control Data manufactures heads, media and
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actuators for these drives, so you don't have to
worry about delivery delays.
Put quality behind your nameplate. Call us at
612/853-3399 or if in Europe, contact one of our
European representatives. Or return coupon to:
E525

D. C. Steiner, General Manager. OEM Product Sales
Control Data Corporation
P.O. Box 0
Minneapolis, MN 55440
Please send information on your
D 9414 Fixed Media Disk Drive
O 9427-H Cartridge Disk Drive

0 9747 Voice Coil Drive
D Entire OEM Product Line
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TERADYNE'S
MEMORY
TEST SYSTEM
GIVES YOU A
DEFINITE EDGE.

Only Teradyne's J387
Memory Test System gives
you Automatic Edge Control.
Avitally important feature that
eliminates the risk of inaccurate edges and the time and
tedium of manual edge-setting.
With Automatic Edge
Control calibration becomes a
function of the system itself.
Afunction it performs automatically in amatter of a
minute or two.
Now calibration can be
performed often enough to
keep edges repeatable. No
more hours of downtime every
week for recalibration. No
more risk of human error.

The advantages are
obvious. With 16k and pagemode parts in production,
timing integrity is more vital
than ever. Automatic Edge
Control guarantees this integrity. And the fallout from that
is strictly financial.

LEARN MORE.

Automatic Edge Control
is one of the most important

reasons why the J387 is the
hands-down leader in memory
testing. But it's far from the
only reason. If you produce
memories or use them in volume, send for our new booklet,
"Memory Testing With aDifference." It will tell you why
owners of the J387 have such a
definite edge. Write Teradyne,
183 Essex Street, Boston,
MA 02111.

This circuit module has revolutionized
memoly testing. With it Teradyne's J387
calibrates its edges automatically. At arate
of an edge per second!
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The power audio leaders
are sounding off again.
Fairchild didn't get to be the largest
manufacturer of power audio
amplifiers in the United States by
resting on its laurels. So here we
go again.

The low-down on low.

Our new µA7307 is, modesty
aside, simply the best low-cost amp
for battery operation available
today. Particularly at low voltage.
It's constructed on asingle
silicon chip using Fairchild's patented Planar process. And to save
space, it's packaged in aplastic
8-pin mini-DIP with copper frame.
Power supply voltages range
from 3.5 to 12 V. Power output
from 0.22 to 1.6 W. Speaker
impedance is 4C/ .And minimum
working voltage is 3V.

The low-down on high.

Our new µA783 is ahigh
voltage monolithic integrated
circuit in a12-pin power package.
It's designed for use as an
audio frequency Class Bpower
amplifier and for 8and 16 LI
applications.
With 24 Vof power supply
voltage, you get 9W of power
output using an 8û speaker.
The µA783 also has awide
supply voltage range from 4-30 V.
Applications are primarily line
operated TV and audio.

Apowerful performer.
Our new TDA2002/2002A's
are 10W audio power amps in
5-pin TO-220 power type packages.
The specs are powerful, too:
Power supply voltage
16 V. Power output 10 W.
Speaker impedance 2û.
Features include
thermal shutdown,
overvoltage protection
(on the TDA2002
only) and short-circuit
protection.
TDA2002/2002A's
are perfect for auto and
mobile radios and CB's.

AllisurPoser
d-American amp.

Our new TBA820 is
an integrated monolithic
audio amplifier in
a14-pin plastic power
package. It's constructed
on asingle silicon
chip, using Fairchild's
Planar process.
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AUDIO POWER AMPLIFIERS
Device

Power Supply Voltage
Speaker Impedance
Power Output

Package

Features/Mkt. Area

TDA2002
TDA2002A

16 V, 211, 10W
14.4 V, 2n, 8W
14.4 V. 411, 5W

5-pin
TO-220 type
Power package

2-4 n loads
Thermal shutdown
Overvoltage protection
Short-circuit protection
Auto radio, CB, Mobile Radio

mA783P3
µA783P4

24 V. 8n,
9W

12-pin Batwing

Thermal shutdown
Operation 4-30 V
Line operated TV &Audio

TBA810DS
TBA810DAS

14.4 V. 411, 6W

12-pin Batwing

Thermal shutdown
Overvoltage protection
Auto radio, CB, Mobile Radio

TBA810S
TBA810AS

14.4 V. 4n, 6W

12-pin Batwing

Thermal shutdown
General purpose audio

p.A706BPC

14 V, 411, 5.5W

14-pin dual in-line
power pkg. w/bracket

Not recommended for new
designs

TBA800
TBA800A

24V, 1611, 5W

12-pin Batwing

Suitable for 24 Vsupply
operation, e.g., TV and
line operated radio

Tf3A641611

14 V, 411, 4.5 W

14-pin quad in-line
power pkg. w/bracket

Not recommended for new
designs

µA706APC

9V, 411, 2.2 W

14-pin dual in-line
power package

Not recommended for new
designs

TBA641Al2

9V, 411, 2.2 W

14-pin dual in-line
power package

Not recommended for new
designs

TBA820
TBA820L

12 V, 8n, 2W
9V, 811, 1.2 W
6V, 4n,0.75W
3.5V, 4n,0.22 W

14-pin DIP

Low power supply operation
Suitable for battery operation

pA7307TC

9V, 411, 1.6W
9V, 811, 1.2W
6V, 4n, 0.75W
3.5V, «1,0.22 W

8-pin mini-DIP

Low cost
low voltage-battery
operation

The TBA820 is an inexpensive,
all-purpose amplifier used primarily
as alow frequency Class Bamp.
It operates over awide supply
voltage range of 3-16 V And its
capable of providing up to 2W of
output power.
The low quiescent current in
TBA820's make them extremely
useful in battery operated portable
applications.

Say hello
to some del favorites.
Fairchild has the broadest and
most complete power audio line
in the U.S. for use in TV, radio, hi-fi,
CB and industrial applications.
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It covers the entire range from 3.0
to 30 Vof power supply.
And from less than 1to 10W of
power output.
In short, we've got your amp.
For more details on our power
audio products, just contact
your Fairchild distributor or representative. Or, for more immediate
results call your nearest Fairchild
sales office.
France: Fairchild Camera &Instrument SA., 121 Aie,
750013-Paris, Tel: 00331 584 55 66. Telex: 0042 200614.
Italy: Fairchild Semiconduttori SPA., Via Rosellini, 12,20124
Milano. Tel: 02 6887451. Telex: 36522. Germany: Fairchild
Camera 8. Instrument (Deutschland) GmbH. 8046 Garching
Hockbruck, Daimlerstr. 15, Munchen. Tel: 089 320031.
Telex: 52 4831 fair d. England: Fairchild Camera 8. Instrument
(UK) Ltd., 230 High St., Potters Bar, Hertfordshire EN6 5BU.
Tel: 0707 51111. Telex: 0051 262835. Sweden: Fairchild
Semiconductor AB, Svartengsgaton 6, S-11620 Stockholm.
Tel: 8-449255, Telex: 17759.
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Alittle knowledge about
computers can be expensive.
Alot can be free.

•"1""

IThe inside story on how our full
PRODUCT LINE makes the difference
to you.
Reader Service #113

2. How Commercial ECLIPSE
Systems answer the diverse demands
business makes today on adata system.
Reader Service #114

4

0

3. The secret of having computer power where
your business needs it. Our book on CS/40
SMALL BUSINESS SYSTEMS tells.
Reader Service #115

61.
orke ,..t

I 3.....::,
‘..."- f

1401

Ara'

4. Describes seven important SUPPORT SERVICES that get systems
up and running, then keep them there.

5. Find out how our Real-Time Disc
Operating System SOFTWARE can get
you on-line fast, and keep you there.

6. IT'S SMART BUSINESS to
know how our way of doing business
benefits our customers.

Reader Service # 118

Reader Service # 117

Reader Service # 116

7. How OEM's solve the dilemma of
keeping their system costs down with our
NOVA 3COMPUTER FAMILY.

8. What you need to know about getting
everything for aDATA ACQUISITION
and CONTROL system from one place.

9. The last word in microprocessorbased microNOVA systems with full
I6-bit NOVA architecture.

Reader Service #119

Reader Service #132

Reader Service #133
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10. The amazing story behind our unique
heuristic MULTI-PROGRAMMING
operating system.

11. What to do when you need fast,
fast access to MASS STORAGE.

12. NOVA 3systems, software and
support let you customize asystem to
your application.

Reader Service #135

Reader Service #134

Reader Service #136

13. A wealth of information about how
our computers are being used in actual
APPLICATIONS.

14. Wonder what sets the benchmark
for big performance computer systems?
Wonder no more, it's ECLIPSE S/230.

15. Is there asensible way to use computers
in DATA COMMUNICATIONS?
The message comes through clear.

Reader Service #137

Reader Serv:ce #138

Reader Service #139

4
.,,,
. Mt

7NIUMNFIL3 ‘
.
THAW

16. What's the most you can expect to get from
amid-range mini today? What you get with
an ECLIPSE S/130— the standard setter.
eader Service #141

U

,./

17. You want terminals that work the
same way you do? You want the facts on
our DASHER TERMINALS.

18. Our whole SPARE PARTS
catalog. They're too important to be
kept amystery.

Reader Service #142

Reader Service #143

1
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Mail to: Data General, Westboro, MA 01581
E Yes, I'd like to pick your brains. Please send me the brochures Ihave circled.
El I'm in ahurry. Have your sales representative bring in the brochures Ihave circled.
Broc.hure numbers: 1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19

lee
118111111
)
medal* e
td111
—
SC

Name

Title

Company
Address

Tel.

City

State

Zip

Data Gene, al, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd., Ontario. Data General, Europe,
15 Rue Le Sueur, Paris 75116, France, 50-006-06. Data General Australia. Melbourne (03) 82-1361.

19. 1976 was avery good year. Our
ANNUAL REPORT could be
good for you..
Reader Service #144
Electronics/May 25, 1978

C) Nova and ECLIPSE are registered trademarks of Data General Corp., 1977. DASHER is atrademark of Data General Corporation.

I. Data General
smart business.
e

ILO

.• Data General Corporation, 1971mi
7l
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ENERTEC

measurement
is our vocation
Oscilloscopes
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channels
75

MHz

Voltmeters

500 em/ps

storage oscilloscope
Dual mixed time base
Variable persistence CRT
Long term storage
Trace position indication by L.E.D.
Transient capture capability

Selective levels

5273

DC powers

LF generators

Counters

ENERTEC

Schlumberger
ENERTEC
DÉPARTEMENT INSTRUMENTS
5, RUE DAGUERRE 42030 SAINT-ETIENNE
CEDEX FRANCE TEL. (77) 25.22.64
TELEX 330696 CIRCE STETN
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C-size plotter is fast and smart,
thanks to dual microprocessor
By combining adual-microprocessor
design with a dual-motor X-axis
drive system, Tektronix Inc. comes
up with aflatbed plotter that is fast,
simple to operate, and easy to interface. The new 4663 will appear first
at the 1978 National Computer
Conference in Anaheim, Calif.
"We noticed alack of plotters for
C-size media," Byron E. Fisher,
product marketing manager for the
Information Display group says. "A
plotter for that size [17 by 22 in. or
420 by 594 mm] that uses the
latest technology to make it smart
and versatile appeared to be a good
choice for a new product," he adds.
Fisher explains that, for an initial
purchase, many companies have
elected to buy a larger E-size
plotter to accommodate larger drawings, "but 60% to 80% of the time
they're using it for smaller plots."
To enhance the plotter's appeal,
Tektronix designed a special X-axis
drive system to outspeed similar
plotters: with amaximum pen speed
of 16.5 inches/second, the 4663
moves faster than the ink can flow
out of some pens, according to
Fisher. Fast vector drawing is aided
by the system's programmable acceleration/deceleration rate of up to
three times that of gravity at nearly
100 feet/second/second.
"The key in getting the speed up is
minimizing reactive elements in the
system," says Gunther Wimmer,
hardware project engineer. Wimmer
says that the dual-motor system cuts
drive cable lengths in half, thus
halving reactance as well. The
motors are phase-locked electrically
each time the system is powered up.
"We've also minimized the system
mass with lightweight parts, such as
a magnesium Y-axis arm," the
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Tektronix project engineer explains.
The two microprocessors work in
Mutt-and-Jeff fashion: all communications, interfacing, and local commands are implemented with a
Motorola 6800 chip, while a Signetics 8X300 bipolar processor does
the number crunching—vector generation and other high-speed housekeeping—and communicates with
the 6800 through direct-memoryaccess channels. This parallel processing further enhances the
throughput of the 4663. Moreover,
the distributed internal processing
can accept simple external commands with an expandable buffer
memory (up to 6.5 kilobytes), thus
alleviating any possible drag on a
host computer.
Communicating baud rate, interface type, pen speed and pressure,
and other operating parameters may
be selected one at a time by the
operator using a simple parameter-

entry device. What's more, three
complete parametric configurations
can be stored in a battery-backed
memory, and an operator can select
any one of the three with a single
keystroke. The parameter data
stored in random-access memories
lasts for up to 90 days with the
power off, Fisher says.
Special firmware options include
keyboard entry of vector instructions
for graphic figures, circular arc
generation, and down-loadable character sets. Optional interfaces are
half- and full-duplex RS-232-C,
GPIB (IEEE-488), 20- or 60-mA
current loop, teletypewriter, and
Tektronix-type 4081.
Fisher expects the market for the
4663 to be printed-circuit-board
manufacturers as well as civil engineering and drafting firms, and he
believes the plotter, at approximately $9,000, is the cost-performance design they will be after.
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Deliveries of the 4663 are scheduled
for late September or early October,
according to the company.

Tektronix Inc., P. O. Box 500, Beaverton,
Ore. 97077. Phone Byron Fisher at (503)
644-0161 [372]
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Documation fills out printer line
Part of the engineering philosophy at
Besides the Impact 3000, other
Documation Inc. is to introduce the models in the Documation Impact
more difficult-to-design, high-per- printer line operate at 1,500, 1,800,
formance entries in a product line and 2,250 lines/min. Cattorini
first, and then to add the more points out that the 1000 and 1200
economical units later [Electronics, will be especially important for the
Jan 5, p. 14]. In line with that OEM market. "Before, if a customer
approach, the Melbourne, Fla., man- bought his high-speed printers from
ufacturer of computer peripheral us, he had to go to someone else for
equipment is now introducing the the lower-speed models." He expects
slower, cheaper models in its latest the new printers to compete favorfamily of impact line printers. A ably with the IBM 3203, which he
total of six printers will be unveiled says is being used in many of that
at the National Computer Confer- company's newer systems.
ence—three that run at 1,000 lines
Two Intel 8080 microprocessors
per minute and three with aspeed of control channel communications,
1,200 lines/min.
housekeeping, and all printer funcThe three models of both the tions, such as paper stacking and
DOC 1000 and DOC 1200 will feeding and hammer firing and servo
consist of units compatible with the controls, in the DOC 1000 and 2000.
IBM 3211, units compatible with the Both printers have a 50-inch-perIBM 14'03, and versions for original- second slew rate and vertical spacequipment manufacturers. All six ings of 6 or 8 lines/inch. Both can
employ 48-character print bands handle up to six-part forms in
that can be replaced in less than two lengths varying from 3to 24 in. and
minutes, according to Joseph Catto- widths from 4 to 18 1
4 in. Cattorini
/
rini, vice president for engineering.
says that the slew rate, while slower
In addition, both have some of the than that of the Impact 3000, still
features of the recently introduced offers efficient enough throughput
Impact 3000 [Electronics, Feb. 2, for forms printing, even when there
p. 34]. Cattorini says those features are only afew lines per page.
include the same paper-moving tracPrices, beginning June 1, are
tors and hammer, which are very simi- $42,500 for the DOC 1000, and
lar, though not identicàl. The print $47,500 for the DOC 1200; prices
bands offer most of the same char- for OEM models are available from
acter sets available with the higher- the factory.
speed units, including ASCII, optical- Documation Inc., P. O. Box 1240, Melcharacter-recognition, text, and bourne, Fla. 32901. Phone (305) 724-1111
script bands.
[371]
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Floppies store twice as much
For the fourth time in two years,
Micropolis Corp. has extended the
capacity of its 51
4 -inch floppy disk
/
subsystems, adding double-sided
models with formatted file storage of
nearly 2 million bytes. Part of the
firm's megaFloppy series, to be
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introduced at the National Computer Conference, they also feature an
intelligent controller for interconnecton of four subsystems to a
common interface. Total on-line
storage capacity is more than
15 megabytes.

Double-sided versions of Micropolis' product line will be implemented initially on two existing
models, the company says—the 1015
and the 1055. For large-volume
original-equipment manufacturers,
the 1015 is an unpackaged drive for
integrating floppy-disk storage into
system enclosures. Previously sold in
single-sided, one-drive versions with
35 or 77 tracks per surface, it is
expanded into four products with
double-sided options. A range of
storage capacity from 143,000 to
630,000 bytes per drive is available.
With optional intelligent controller
and group code recording method,
file space may be expanded to
946,000 bytes.
For lower-volume OEMs who want
a packaged subsystem, the model
1055 came out in March as asinglesided, dual drive. It now can have a
doubled capacity, useful to systems
integrators who buy all hardware
and add value through software
development and services. For a
double-sided version, the 1055 has a
maximum capacity of nearly 1.9
million bytes of file space for 77
tracks, each with four soft-sectored
formats. Even greater capacity may
be added through amodule that has
two read/write heads and two drives
that share a common controller.
Subsystem capacity of the module is
nearly 3.5 million bytes, according to
Micropolis. Further, up to four
1055s with add-ons can be daisychained to a common host for
15-megabyte storage.
"The differences between the
1015 and 1055 reflect the two-tier
nature of our OEM marketplace,"
says Robert Chisum, Micropolis
marketing manager. The single-drive
1015 is an unbundled subsystem that
permits the high-volume buyer to
buy drives, controllers, and selectable features in high volumes as if
they were components.
"For the lower-volume system
integrator, the 1055 series packages
the hardware, allowing the customer
to focus total attention on software
for specific applications," he continues. "With its substantial upward
growth capacity, the 1055 can
handle virtually any application now
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PC1 SYSTEMS

Innovative solutions to Today's Recording Needs.
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Engineers at A.UWE. Portland have selected
Micro Consultants' P.C.I. Systems for sea
trials of sonar equipment.

Used in conjunction with instrumentation tape
recorders, the P.C.I. System enables improved
dynamic range, recording accuracy and
interchannel phase accuracy to be realised.

e
o
The Guided Weapons Division of British
Aircraft Corporation (Bristol), a British
Aerospace Company is using Micro
Consultants' P.C.!. Systems in conjunction
with instrumentation tape recorders, for field
trials of the Rapier missile system.

A computer interface has been provided to
speed up data analysis.

The P.C.!. System enables BAC engineers to
record 60 analogue and 64 digital channels on
one recorder track using Pulse Code Modulation techniques.
Comprehensive facilities are provided by the
P.C.I. Replay System to aid data analysis
in real, compressed, or expanded time.

Micro Consultants Ltd
INTERFACE HOUSE •CROYDON ROAD •CATERHAM •SURREY •CR3600 •ENGLAND
Telephone: CATERHAM 48921(7 lines)
Telex.946643

Circle 40 on reader service card

Electronic accuracy through mechanical precision.

New products

variable
capacitors
....made by Johanson. Quality
without compromise is our target in
the design and manufacture of
capacitors in sizes, mounting
configurations and capacitance
values to meet every application.
Perhaps that's why—for more than
three decades—superior variable
capacitors have been synonymous
with the name Johanson, where
standards of excellence always
come first.

actual size

The
standard
o excellence!

MANUFACTURING CORPORATION
Rockaway Valley Road
Boonton, N.J. 07005
(201) 334-2676, TVVX 710-987-8367
Circle 174 on reader service card

being programmed for the larger,
more expensive 8-inch floppies."
The 35-track configuration singledrive, double-sided 1015 mod III,
with 287 kilobytes of formatted
capacity, is priced at $330 in 500
quantities. A quad-density version,
with 77 tracks per surface, adensity
of 100 tracks per inch, and up to 946
kilobytes formatted capacity, the
1015 mod IV is $396. As an option

on the quad-density model the
Micropolis intelligent controller is
$369 in 500 quantities.
The dual-drive, double-sided model 1055 mod IV is priced at $1,795 in
50 quantities. It includes controller,
power supply, bidirectional interface, enclosure and nearly 2 megabytes of on-line capacity.
Micropolis Corp., 7959 Deering Ave., Canoga Park, Calif. 91304 [377]
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Low-cost band printer does 600 lines
The people at Dataproducts Corp.
have been busy in the year since the
last NCC. They have taken the B-300
band printer, introduced at that
show, doubled its speed to 600 lines
a minute, and will introduce the
newly christened B-600 at Anaheim.
Building on the 300's technological
foundation, Dataproduct's designers
used the same patented Mark V
hammer technology, swapping the
66-double-column hammer set for a
132-single-column set to double the
600's throughput.
The B-600 is intended to fit into
small- to medium-size business
systems and batch terminals, according to Robert J. Pieper, vice president of marketing at the Woodland
Hills, Calif., firm. It will compete in
the same market as Control Data
Corp.'s model 9386, Dataprinter's
model 3600, Data 100's model 5560,

Centronics' model 6600, and similar
equipment.
The heart of the B-600's design is
the Mark V hammer technology. By
using rare-earth metals for the
magnetics of the voice-coil—actuated
hammers and cutting the hammers'
mass, the designers are able to drive
its circuitry directly from low-power
integrated circuits.
Based on standard 2901 bit-slice
microprocessor architecture, the
B-600's electronics not only control
the communications interface and
decoding, but provide a set of valuable operator diagnostics. If the
system should fail, the internal diagnostics indicates which mode the
printer was last in, and by way of a
two-digit numerical display, what
the problem is "right down to the
5-volt supply," boasts James R.
Christie, the firm's product manager
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Get both price
performance
Make adetailed price/performance comparison and
you'll find that these DMMs come out on top.
Only these models give you bench-top features
like four digits and auto ranging plus the kind of price
that used to be reserved for field service instruments.
Not that the PM 2517 isn't ideal for field service.
Full 4-digit displays: give higher resolutions than
31/
2 digits. We also give you a parameter readout.
Choice of LED or LCD: so whatever your light/line
requirements; there's aPhilips DMM to match.
Autoranging: for quicker,
much more convenient read:
ings. Manual too, of course.

Dimensions are compact, construction rugged.
It also has an ergonomic layout, choice of LED or LCD
readouts and all the professional features listed
below. In other words, we invite you to make a
detailed comparison because there really isn't
one.

Small but sturdy: no cheap plastic cases or sloppy
controls.
Ergonomic design: works in any
position. Works without fuss
or fumble. On auto it also
works
automatically.

True RMS: instead of
average. The only true way
to measure AC signals
other than sinewaves
without stopping and
thinking.
High resolution and
accuracy:
due to the combination
of four full digits and
high sensitivity
ranges.
Current to 10 A:
as volts go down,
currents go up,
for same output.
So 10 A should
be a must, not
an option.
Overload
protection: almost
the only way to damage
this DMM is accidentally on
purpose.

DMMs for labs,
service and workshops

PHILIPS

Test&Measuring
Instruments

Tempera
tures too:
this low-cost
option is a
virtual must for
trouble- shooting.
Data hold: abig
Philips plus. Touch
the test point, push
the ring on the probe
and the measurement
data is "frozen" until
you can tLrn round and
read it. This option is a
must for tricky service
situations.
Meets International
Standards: you name them and
the PM 2517 meets them. But what
else would you expect? And of
course we also make analogs.

Philips Industries,
Test & Measuring Instruments
TO III-2,
Eindhoven, The Netherlands

PHILIPS
Circle 41
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NEED RELIABLE
CIRCUITRY?
ELORG CAPACITORS
WILL DO THEIR BIT!
With their specifications that meet IEC
standards for ratings, tolerances and temperature coefficients.

Offered 40-odd types include
• K10-7V ceramic capacitors rated from
22 to 47,000 pF for voltages of up to 50 V;
II Electrolytic capacitors;
II Thin film capacitors.

for medium-speed products.
The operator, simply by comparing the displayed two-digit number
to alist of problems in an operator's
manual, can tell immediately if the
difficulty can be corrected by the
operator—such as "needs paper" —
or if it requires the attention of a
field technician. The field technician, informed in advance of the
two-digit code, need carry only the
tools and parts required to correct
the problem.
The steel-band font carrier is the
same as that of the B-300. It is flexible yet durable and easily changed
by the operator—no tedious alignment procedures are necessary. Another convenient feature is the
B-600's self-test, which runs the
printer independently of the system,
so that the operator can see immediately if the malfunction is in the
printer or the system.
Deliveries of the B-600 are scheduled for early 1979. The price will be
$6,500 singly down to $4,700 in 100piece quantity. Options for the
B-600 include either direct-access or
tape-controlled 12-channel vertical
format units, a forms-length select
switch, parity check, an elapsed-time
meter, automatic line feed, long-line
drivers, and receivers and ground
isolation.
Dataproducts Corp., 6219 De Soto Ave.,
Woodland Hills, Calif. 91365. [374]
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Arrivals crowd
Zilog MCZ-1 clan

Sole exporter
¡DAP
32/34 Smolenskaya-Sennaya
121200 Moscow
USSR
Telephone 251-39-46, Telex 7586
176

Circle 176 on reader service card

To reinforce the point that Zilog
Corp. makes more than just Z80
microprocessors, the Cupertino, Calif., subsidiary of Exxon Corp. will
take the wraps off three new
members of its modular MCZ-1
microcomputer family at the NCC.
Expanding the current four-member
family will be two at the low end and
anew high-end system.
"Like the other family members
[MCZ-1/20, 25, 30, and 60], the
new MCZ-1/05, 10, and 90 are
based on the Z80, and the whole
family will now operate at 4-megahertz clock rates," says David West,
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Nice going DEC®
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DEC's microcomputer

DEC's LSI-11® has been called the world's most
powerful 16-bit microcomputer, and we wouldn't
argue with that at all.
Good show, DEC.
*Registered trademark of Digital Eqoamtedt Cd,Tambtat

Plessey's Micro-1

In fact, we like DEC's micro so much that we
turned it into amini and named it the Plessey
Micro-1.
The Micro-1 consists of aDEC LSI-11
combined with a Plessey Unibus® converter
and Plessey backplanes,memory controller and
interfaces, packaged in either a51
/"or 10 1
4
/"
2
rack-mount chassis.
The Plessey Micro-1 has the full instruction repertoire of the PDP-11/34® (more than
400 instructions), supported by DEC's RT11
operating systems and diagnostic software. You
can mix Q bus® and Unibus interfaces and
peripherals; use DMA from your floppies and
discs; and think what you can do with the multilevel priority interrupt structure.
All this minicomputer performance is
available at microcomputer prices. And we're
shipping now.
Values like these have made us the largest
independent supplier of DEC-compatible
peripherals. Our product line presently includes
add-in/add-on core and semiconductor memories, cartridge disc systems, floppy disc systems,
mag tape systems, complete computer-based
systems, and awide variety of backplanes,
expansion chassis, and other accessories.
We're the only real alternative to DEC, a
complete single source. For all the details, please
contact the nearest Plessey sales office today.

Cli
ti Plessey Peripheral Systems
17466 Daimler, Irvine, California 92714, (714) 540-9945
See us at the NCC: Booths 4355 and 4446, West Hall.
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Bectiones
Rook series
1. Microprocessors What you must know about available microprocessor
technology, devices, information, 4th printing. $8.95

2. Applying Microprocessors

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

3. Large Scale Integration

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

4. Basics of Data Communications

Includes 47 articles from Data

Communications magazine covering more than 11 key areas. $12.95

5. Circuits for Electronics Engineers

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

6. Design Techniques for Electronics Engineers Nearly 300 articles drawn
from "Engineer's Notebook." A storehouse of design problem solutions. $15.95
7. Memory Design: Microcomputers to Mainframes

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

8. New Product Trends in Electronics, Number One

From "New Products,"
state-of-the-art materials and equipment, arranged according to function. $14.95

Electronics Book Series
1. Send me
copies
2. Send me
copies
3. Send me
copies
4. Send me
copies
5. Send me
copies
6. Send me
copies
copy.
7. Send me
per copy.

P.O. Box 669, Hightstown N.J.08520
of "Microprocessors" at $8.95 per copy.
of "Applying Microprocessors" at $9.95 per copy.
of "Large Scale Integration" at $9.95 per copy.
of "Basics of Data Communications" at $12.95 per copy.
of "Circuits for Electronics Engineers" at $15.95 per copy.
of "Design Techniques for Electronics Engineers" at $15.95 per

copies of "Memory Design: Microprocessors to Mainframes" at $12.95

8. Send me
copies of "New Product Trends in Electronics" at $14.95 per copy.
Discounts of 40% on orders of 10 or more copies of each book.
Imust be fully satisfied or you will refund full payment if the book is returned after ten-day
trial examination.
El Payment enclosed
Charge to my credit card:
D American Express
0 BankAmericard/Visa

D Bill Firm

CI Bill me

El Diners Club
Master Charge

Acc't No.

Date exp

On Master Charge only, first numbers above name
Name

Title

Company
Street
City
Signature

State

Zip

manager of systems product marketing. The former maximum clock rate
of 2.5 MHZ has been increased by a
combination of faster central processors and peripherals, according to
West.
The low-end MCZ-1/05 and 10
are housed in a four-slot, modularly
expandable card cage and have 32
kilobytes of random-access memory,
3 kilobytes of read-only memory,
and 600-kilobytes of dual floppydisk storage. The lowest-cost member, MCZ-1/05, is designed to
communicate with a system console
via its RS-232 or teletypewriter
serial interface. Its main memory
can be expanded to 64 kilobytes, and
the user can choose from a selection
of options for parallel and serial
input/output plus aprinter interface.
One step up from the 1/05, the
1/10 has an integral parallel keyboard and video drive interface for
its 90-key ASCII Il keyboard and
12-inch CRT monitor. Like the 1/05,
it has undedicated RS-232 or teletypewriter interface provisions.
Both low-end systems are supported by Zilog's general-purpose
RIO operating system, which has
relocatable software modules and
efficient 1/0 management, according
to West. What's more, RIO can
support a Cobol (ANSI 74) compiler,
a Fortran IV compiler, a Basic interpreter, or a PL/Z interpreter and
compiler, offering a host of highlevel language programming choices.
The 1/10's main memory can be
expanded to 64 kilobytes and both
low-end systems have room for an
extra kilobyte of ROM.
At the high end, the 1/90 (see
photo) offers the OEM acombination
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We're getting tough with DEC

e

The PDP-11/34 by DEC
The DEC PDP-11/34 is fast and powerful. Standard features include stack architecture, multilevel vectored interrupts, hardware multiply/
divide and memory management, DMA and a
powerful set of over 400 instructions.
And abroad range of hardware and software options make it an even better value for
today's systems.
dliRegiatered trademark of Digital Equipment Corporation

The PM 1150/RP Ruggedized Processor
We've ruggedized the computer power on the
left to make it adaptable to awide range of environmental conditions. These include ships,
vans and rigorous test and industrial control
applications.
The PM 1150/RP withstands vibrations
up to 1.7G from 5to 150 Hz and shocks up to 8G.
Optional ruggedized peripherals include adual
floppy disc system and an 80 column daisywheel printer. And the 1150/RP is priced much
lower than you would expect.
Adding value to minicomputers has made
us the largest independent supplier of DECcompatible peripherals. Our product line
presently includes add-in/add-on core and
semiconductor memories, cartridge disc
systems, floppy disc systems, mag tape systems, complete computer-based systems,
and awide variety of backplanes, expansion
chassis, and other accessories.
We're the only real alternative to DEC for
all your rniniperipherals, acomplete single
source. For all the details, please contact the
nearest Plessey sales office today.

Plessey Peripheral Systems
17466 Daimler, Irvine, California 92714, (714) 540-9945

See us at the NCC: Booths 4355 and 4446, West Hall.
Electronics/May 25, 1978
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5X7 LED DISPLAY
(up to 32 Cham.)
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New products

El RIO ti

o

RIO

(UP TO 64 KEYS}

ALPHA CHIP
CL

o

ALT- 256

met« microprocesior dioplow
—VIDEO RAMS:

A family of alphanumeric CRT controllers Wide range of d splay formats

—GRAPHICS:

A family of versatile CRT controllers

—ALPHA CHIP:

A family of single chip LED alphanumeric keyboardidisplay cortrollers.

Resolutions tram 256 x 256 to 512 x 512

Matrox offers you ahighly diversified line of :nnovative display controllers. Our products have
proven themselves in almost every imaginable application: from ground control displays for
the Viking mission to Mars to hobby displays. You can choose from one of the most complete
lines of micro-mini-computer CRT and display controllers in the industry.
These state of art OEM devices come as complete off the shelf, ready to use sub-systems.
(Single chips, modules, PCB's). They connect directly to any uP and can drive standard TV
monitors. We offer many products which are plug-in compatible with industry standard buses
including DEC LSI-11, Intel SBC-80, S100 bus and Prolog. Matrox also offers aunique custom
design capability which ranges from complex single chip cortrollers to complete systems.
If you need a display for your uP, let us know. We are ready lo help you.

matron electronic oysterns
P.O. BOX 56. AHUNTSIC STN.. MONTREAL. QUE H3L 3N5
U S. ONLY. TRIMEX BUILDING. MOOERS. N. Y 12958

TEL

TL X 05-825651

rSir, 481-6838
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(514

735-1182
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of aprogrammable intelligent terminal and general-purpose microcomputer system, West says. The list of
features includes an integral 9-in.
CRT display and a 12-megabyte
moving-head disk drive. Main memory is expandable to 64 kilobytes,
video memory to 52 kilobytes.
This high-end machine uses three
Z80s. One microprocessor serves as
the video processor, giving the unit
intelligent terminal qualities and
making it fully programmable by
programs downloaded from the main
processor. The second Z80, coupled
with 16-K high-speed static RAM and
the Z80 direct-memory-access board
forms a powerful moving-head diskdrive controller. The last CPU is the
basis for the general-purpose microcomputer board that is common to
all family members.
The MCZ-1/90, like the others, is
supported by RIO for a selection of
high-level-language program capability and has optional serial, parallel, and printer interfaces plus the
necessary software to implement
them. Prices for the new family
members are: MCZ-1/05, $4,750;
MCZ-1/10, $5,750; and MCZ1/
90,$16,800.Deliveryisin 30days.
Calif. 95014. Phone (408) 446-4666 [373]
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Chip inductors, both variable and fixed, have been in pr=ur,ficri for a erumber of years at
Vanguard Electronics Company. Our fixed and variable chips co lot ..ise substrates. ILLS eliminating the separation problems inherent in that design. Instead, aunique. design utilizes a lead frame
to contain the winding. Individual cbils are wound, leads electrically melded, and the components
are transfer molded. Carefully selected materials and precision fest equipment ensve that each
component meets design specifications. Our Chip Catalog gives i•omplete details.

Each Chip Kit Contains:
(1) 30000 Micro Miniature Fixed Chip Inductor :0.010 pH)
(1) 30012 Micro Miniature Fixed Chip Inductor ¡CAC pH)
(1) 30024 Micro Miniature Fixed Chip Inducto- i1.0 pH)
(1) 26024 High 0 Fixed Chip Inductor (1.0 pH)
(1) 26036 High 0 Fixed Chip Inductor (10
(1) 27048 High Inductance Fixed Chip Inductor (100 pH)
(1) 27060 High Inductance Fixed Chip Induckir (1000 pl-l)
(1) 33024 High 0 8 High Stability Fixed Chip Inoucror (1.0 pH)
(1) 33036 High 06 High Stability Fixed Chip inductor (10 pH)
(1) 34036 Shielded Fixed Chip Inductor (100 “Fl)
(1) 34046 Shielded Fixed Chip Inductor (1000 pH)
(1) 29009 Side Tuned Variable Inductor (0.10 vi)
(1) 29021 Side Tuned Variable Inductor (1.0 pH:
(1) 31033 Top Tuned Variable Inductor (10 pH)
(1) 31045 Top Tuned Variable Inductor (100 pH)
(1) Tuning Tool

VANGUARD ELECTRONICS CO., INC./930 WEST HYDE PARK BLVD. /
inglewood, california 90302/Phone (213) 678-7161/

Four heads beat
two in disk drive
Take a four-headed flexible-disk
drive that stores up to 3.2 megabytes
of data in the space required by a
standard size of floppy drive, and
you have the basis for a lower-cost
independent data-management system, says its developer, PerSci Inc.
of Los Angeles. The model 299
diskette drive interfaces to 8080,
6800, and Z80 type microprocessors, as well as minicomputers.
Model 299 is a dual-headed dual
drive that reads and writes both sides
of two 8-inch diskettes. Data may be
encoded in either single or double
density in IBM-compatible softsectored formats or in expanded
hard- and soft-sectored formats on
IBM's Diskette I, II, IID, or equiva-

TWX 910-328-6126 ELECTRONICA VANGUARD —MEXICALI, MEXICO
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DEC never had it so good

DEC's semiconductor memories:
If you want to, you can always buy semiconductor memories for your DEC mini's from DEC.
But they tend to be bulky (16K bytes to a
board for some mini's and five boards for their
ECC unit).
And you probably already know about
DEC's pricing structure on additional memory.
19Registered trademark of Digilal Equipment Corporation

Plessey's:
We offer acomplete family of DEC-compatible
semiconductor memories.
64K, 128K and 256K bytes (with ECC) for
the DEC PDP-118 series. 128K words for the
PDP-8N. And 64K bytes for the LSI-111 PDP11/03e and our own Micro-1.
Our plug-compatible memories cost less
and run faster than DEC's. Reliability is ensured
through 100% component burn-in and 100%
board testing. Each and every memory is then
run in the minicomputer it was designed for
before we ship it out the door.
This kind of care has made us the largest
independent supplier of DEC-compatible peripherals. Our product line presently includes addin/add-on core and semiconductor memories,
cartridge disc systems, floppy disc systems,
mag tape systems, complete computer-based
systems, and awide variety of backplanes,
expansion chassis, and other accessories.
We're the only real alternative to DEC for
all your miniperipherals, acomplete single
source. For all the details, please contact the
nearest Plessey sales office today.

Plessey Peripheral Systems
17466 Daimler, Irvine, California 92714, (714) 540-9945
See us at the NCC: Booths 4355 and 4446, West Hall.
Electronics/May 25, 1978
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ELECTRONICS
REPRINTS

No of

New products

Plessey
Peripherals
Worldwide:

New reprints

copies

wanted

R-801 World market report 1978 24 pp
-

$4.00
R-734 Microcomputer families expand

-

20 pp. $4.00
R-730 Special Report—Automotive
electronics gets the green light
10 pp $3.00
R-728 Flexible circuits bend to designers' will 10 pp $3.00
R-724 Special Report —Technologies
squeeze more performance from
LSI 22 pp. $3.00
R-722 Demands of LSI are turning chip
makers towards automation 12

-

pp $3.00
R-720 How EEs Feel About Engineering-3-part series 26 pp $5.00
R-718 Display makers strive to refine
their technologies 8pp $3.00

Books
R-803 New product trends in electronics— Electronics Book Series
333 pp $14.95
R-732 Memory Design—Microcomputers to Mainframes—Electronics
Book Series 180 pp $12.95
R-726 Design Techniques for Electronics Engineers— Electronics Book
Series 370 pp $15.95
R-711 Circuits for electronics engineers: 306 circuits in 51 functional groups—Electronics Book
-

Series 396 pp $15.95
R-704 Thermal design in electronics
$5.00
R-701 Applying microprocessors—
Electronics Book Series 191 pp
$9.95
R-608 Basics of Data Communications— Electronics Book Series
$12.50
R-602 Large Scale Integration—Electronics

Book

Series

208

pp

$9.95
R-520 Microprocessors— Electronics
Book Series 154 pp $8.95

Payment must
accompany your order
Make check or money order payable to Electronics Reprints. All orders are shipped
prepaid by parcel post. Allow two to three
weeks for delivery. For additional information
call (609) 448-1700 ext. 5494.
Mail your order to:
Janice Austin
ELECTRONICS REPRINTS
P.O. Box 669
Hightstown, N.J. 08520
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lent media. The drive will store up to
1 megabyte of data in IBM format,
1.6 megabytes of unformatted single-density data, and up to 3.2 megabytes in unformatted double-density
form.
Operational tolerances required
for dual-head data handling and
storing double-density data are supplied by PerSci's voice-coil positioning system, a miniaturization of
the positioner used for large disks,
the company says. It gives the new
drives an average seek time of 33
microseconds, which includes zero
settle time and is claimed to be five
to seven times faster than steppermotor—positioned drives. A fullstroke 76-track seek, for instance, is
performed in 100 µs. Speed and
capacity are maintained with industry standard data reliability of 1in
10 9 soft errors and 1 in 10 12 hard
errors.
For convenience in media handling, the 299 has electric autoload
and can be unloaded by remote,
host-software control. An opticalwrite protect feature secures the file.
The four-headed drive is 4.38 in.
wide by 8.72 in. high by 15.4 in.
deep so that two drives can be
mounted horizontally or four vertically in a 19-in. rack. Price is $1,595
in single units, with large volume
discounts available. Delivery starts
in June.
PerSci

Inc.,

12210

Nebraska Ave.,

NORTH AMERICAN
SALES OFFICES:
Irvine, CA (714) 540-9945
Los Angeles, CA (213) 540-1227
Mountain View, CA (415) 968-3681
Orlando, FL (305) 859-7500
Schiller Park, IL (312) 671-4554
Wheaton, MD (301) 840-9455
Waltham, MA (617) 890-2654
Southfield, MI (313) 644-4944
Minneapolis, MN (612) 881-0190
South Plainfield, NJ (201) 757-2211
Albuquerque, NM (505) 294-5790
Dallas, TX (214) 387-0229
Olympia, WA (206) 866-2001
Toronto, Canada (416) 677-5410
EUROPEAN SALES OFFICES:
Hasselt (Antwerp) (011) 22.77.01
Copenhagen (01) 12.48.03
Helsinki (080) 542.077
Paris (01) 776-4334
Munich (089) 351.7021
Cologne (0221) 58.50.07
Eschborn (06196) 48777
W. Berlin (030) 24.72.12
Milan (02) 688.7548
Turin (011) 61.63.33
Zeist (Utrecht) (03404) 2L344
Oslo (02) 15.00.90
Madrid (01) 252.37.22
Stockholm (08) 23.55.40
Geneva (022) 82.55.30
Zurich (01) 50.36.55
Northampton (0604) 62.175
Tolworth (Surrey) (01) 330.4100
OVERSEAS SALES OFFICES:
Sydney 929-8299.
Johannesburg 724 7241
Madras 600 002
SERVICE CENTERS UNDERLINED

Los

Angeles, Calif. 90025. Phone (213) 8203764 [378]
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We're with you all the way DEC

DEC's PDP-11/60" & 70'
DEC recently introduced two of the most flexible, most powerful minicomputers available
today—the PDP-11/60 and 70.
However, the more you want them to do,
the more memory you need, and you're probably
all too familiar with DEC's pricing structure on
additional memory.
i/PRegistered trademark of Digital Equipment Guinean.

Plessey memories for the 11/60 & 70
We're the first independent supplier of add-in
core memory for the PDP-11/60 and 70 mini's.
Our 64K byte (plus parity) PM-1132 W is
adirect replacement for the MM11/WP used in
the PDP-11/60. It is also pin-compatible with
the MM11-U/UP memories used in the PDP-11/
35/40/45/50 mini's.
Our 128K byte (plus parity) PM-1132W/JE
is pin-compatible with DEC's MJ11-BE. It can
be plugged directly into the DEC MJ11-BA/BB
expansion chassis used on the PDP-11/70
minicomputer.
The Plessey memories occupy less space
and cost approximately 30% less. They're also
easier to use, with on-board switches for address
bank and I/O mask size selection, and jumpers
for interleave/non-interleave and parity/nonparity operation.
Providing mini users with more for less
has made us the largest independent supplier of
DEC add-ins and peripherals. Our product line
presently includes add-in/add-on core and semiconductor memories, cartridge disc systems,
floppy disc systems, mag tape systems,
complete computer-based systems, and awide
variety of backplanes, expansion chassis, and
other accessories.
We're the only real alternative to DEC for
all your miniperipherals, acomplete single
source. For all the details, please contact the
nearest Plessey sales office today.

ePlessey Peripheral Systems
17466 Daimler, Irvine, California 92714, (714) 540-9945
See us at the NCC: Booths 4355 and 4446, West Hall.
Electronics/May 25, 1978
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PLUS EVERYTHING
THEY WANT IT IN.
The new RLO1 5Mb disk.
Introducing atop-load, rack mountable, low priced 5.2Mb disk with stateof-the-art performance and solid OEM reliability.
The RLO1 features 512Kb per second transfer rate.
Plus an incredibly simple design. There's no back plane. And just 5electronic modules. So it's super reliable and easy to spare.
The RLO1 is simple to service, too. All maintenance is done from the top
of the unit. The heads can be changed in minutes, not hours. There's even a
universal power supply with afrequency range of 47.5-63 Hz that can be quickly
(but not accidentally) switched between 100-127V and 200-254V. And it can be
replaced with just four screws without disturbing heads or logic.
The RLO1 is also easy to configure. Our one board controller can power
four drives for up to 20.8Nffi.
Our RLO1 is so good, you probably
won't want asystem without one. So
we're offering those, too.
1
Incredibly priced new packaged
systems, starting at just $18,000.
Here's what you get: aPDP-11 CPU
with 64 Kb of main memory, clock, serial
line interface, cabinet, 10Mb of RLO1 capacity with controller, an LA-36 terminal,
and our RT-11 operating system.
You can get aPDP-11/03 based system
for just $18,000, PDP-11/04 based for just
$21,000, and the PDP-11/34 based one in
the picture for just $25,500. And prices
go even lower with our OEM discounts.
The new RLO1 disk and new
PDP-11/RLO1 packaged systems.
They're the systems you've always
wanted.
Which is just what you'd expect
from the OEM Group at Digital.
Call or write: Digital Equipment
Corporation, PK3/M-86, Maynard, MA
01754. (617) 493-4237. In Europe: 12 ay. des
Morgines, 1213 Petit-Lancy/Geneva.
Tel. 93 33 11. In Canada: Digital Equipment
of Canada, Ltd.

II EH

d

OEM PRODUCTS
GROUP
Electronics/May 25, 1978

Circle 185 on reader service card

185

ENERTEC

measurement
is our vocation
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microprocessor
controlled counters

Voltmeters

2710 120 MHz - 27H 520 MHz - 2712 1.25 GHz
9 versions -stability up to 5.10
All functions programmable

-1° /day
DC powers

Period 10 ns, ratio, time interval 10 ns
Totalize, phase 0.1°
General Purpose Interface Bus

Selective levels

LF generators

1111111

ENERTEC

Schlumberger
ENERTEC
DEPARTEMENT INSTRUMENTS
5, RUE DAGUERRE 42030 SAINT-ETIENNE
CEDEX FRANCE TEL. (77) 25.22.64
TELEX 330696 CIRCE STETN
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See Products newsletter, p. 241

New products

Action in one-board computers
Data General's latest is afull 16-bit machine built around the MN601
chip; it includes 2 kilobytes of RAM and sockets for 4 kilobytes of ROM
by Lawrence Curran, Boston bureau manager

The single-board-computer business
is heating up again with the introduction of a microNovA computer
system on one board by Data
General Corp., Westboro, Mass.
[Electronics, May 11, p. 33]. The
16-bit MBC/1 is one of the few such
fully 16-bit machines to have
reached the market, the first having
been the TM990/100M from Texas
Instruments Inc.
The MBC/1 is a full system in
that it incorporates on one board
what has required four or five circuit
boards from most other microcomputer manufacturers, says Edward
Zander, Data General's marketing
manager for microproducts. It is
built around the company's MN601
microNovA microprocessor chip
[Electronics, March 4, 1976, p. 133],
which features 16-bit hardware multiply and divide capability, a realtime clock, direct-memory-access capability, hardware stack and frame
pointers, and a 16-level priorityinterrupt structure.
Besides those inherent features of
the microprocessor, the MBC/1 also
includes on the single 7.5-by-9.5inch board 2,048 bytes of static
random-access memory, sockets for
4,096 bytes of programmable readonly memory, an asynchronous communications interface, and a 32-line
digital input/output port. A small
operating system called MBC/M,
available with the computer, allows
users to develop software on larger
Data General minicomputers—up to
and including the largest in the
Eclipse line. "That's a big plus for
the user compared with most other
single-board computers," says Edward Belove, manager of microprocessor development.

Electronics/May 25, 1978

He points out that with most 8-bit
microcomputers, software development is done on a simulator that
communicates with the larger computer. "Here we can run on native
hardware," Belove notes, by means
of an emulator for program development under all Data General operating systems and a monitor for
program execution on the MBC/1.
The price for a single MBC/1 is
$725, but Zander says that will drop
to $500 in quantities of 50, and
below that in 100s. Zander foresees
the system being used "by people
who are just learning that they can
computerize an instrument, such as
a blood-gas analyzer, or in factory
data automation. But we want more
and more to reach people with packaging constraints and cost problems.
This is a class of users that
complements our existing microNOVA business." He expects the
MBC/1 also to be used in communications systems where there is aneed

to put intelligence into remote terminals at the data source.
The 32-line digital 1/0 interface
provides 16 input lines, an external
interrupt line, 16 output lines, adata
strobe, and a system reset line. The
asynchronous interface offers fullduplex communication with an asynchronous terminal or modem at
speeds from 110 to 9,600 bauds.
The memory and ho buses are
expandable to drive peripherals as
far as 100 feet away, and the
MBC/1 is compatible with the
company's full line of microNovA
interfaces and peripherals. It is also
compatible with the NOVA 3 minicomputer line, providing avariety of
growth options. Delivery time is 90
days, and the .MBC/1 will also be
available from distributors Schweber
Electronics Inc. and the Wyle Distribution Group.
Data General Corp.,

Route 9, Westboro,

Mass. 01581. Phone Dick Pleau at (617)
366-8911 [338]
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»ugh the pP maze.
Everywhere you turn your
pP choice has impact: system
costs, parts count, power
supplies, programming even
future developments. The wrong
choice could be expensive.
That's why you should consider
the RCA 1800 — it's CMOS and
it has COSMAC architecture and
it's apackage put together to
minimize your total system cost.
Here's why.

CMOS means lower
power requirements.
The RCA 1800 uses
typically one fiftieth the power
and that may mean you can
reduce supply size. And CMOS
also means better noise
immunity and greater tolerance
to supply voltage variations.

Built in1/0 capability
keeps parts count down.
The CPU has interrupt,
DMA, flags in and bit control out,
all of which means you need
less I/O. And you get greater
flexibility and power because
of the wide range of low-cost
I/O devices, including the
unique 2-mode UART and
programmable I/O.
Electronics/May 25, 1978

COSMAC architecture
gives you more efficient
instructions.
Since the CPU accepts
compact 1-byte instructions, you
need less memory. Registers
store data with 1-byte access.
And they act as pointers, so
individual instructions don't need
addresses.

Easily expandable
memory.

And all the support you
could ask for.
RCA provides everything
you need in hardware and
software from the basic Microtutor
learning tool to acomplete
COSMAC Development System
with floppy disk.
To get you through the pP maze,
fill in the coupon and we'll send the
RCA COSMAC
Microprocessor
Product Guide.

Build up to 64K without
adding any address management parts. RCA offers the ROMs
you'll need and CMOS RAMs.

The new COSMAC
Micromonitor reduces
debugging time.
Our new COSMAC
Micromonitor CDP18S030 is the
most complete portable pP
system diagnostic tool available.
The best tool, in fact, to perform
bréadboard debugging and
factory checkouts and field tests
without additional diagnostic
equipment. The only one that can
take instructions electronically,
supply hardcopy orCRT display
through your terminal and
become more powerful via our
COSMAC Development system
with floppy disk — all useful
features in automated testing.

Name:
Company:
Address:

RCA s.a.
Rue de lo Fusee 100
1130 Brussels
Belgium tel.: 02/720 89 80
RCA GmbH
Justus-von -Liebig -Ring 10
2085 Quickborn b. Hamburg
Germany tel.: 04106/2001
Munchen tel.: 089/52 79/28
Stuttgart tel.: 0711/7363 57-59
RCA Ltd., Solid State-Europe
Sunbury-on-Thames
Middlesex TW17 7HW
England tel.: 093 27 85511
In France, Italy, Spain,
and Sweden, call:
RCA s.a., Boulogne 603 8787
RCA spA, Milano 637 048/051
RCA S.A., Madrid 250 6955
L.RCA Intl Ltd., Solna 08 83 42 25
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New from Electronics...
when you can't
afford to reinvent
the wheel.
design

ues
foR electRonics
engineeRs

Electronics

Here's just asampling of the
vast range of useful information
you'll have at your fingertips...

Book Series

• How to use soluble masks to protect pc boards
from solder.

• How to reduce IC FET op-amp input bias currents.

• How to evaluate power dissipation in microcircuit design.

• How to build timing circuits for noisy environments.

• How to hand-solder DIP circuits to save testing dollars.
• How to compare the power of C-MOS with TTL.
• How to really look at low-drift IC op amps.

• How to approximate waveforms with exponential
functions.
• How to increase an instruction set without increasing
word length.

• How to accurately trim closed resistor loops.
• How to drive LEDs directly from C-MOS logic outputs.

• How to extend the life of digital recording heads.

• How to convert coordinates and find SWRs graphically.
• How to compare coaxial-cable shielding effectiveness.
• How to calculate resistance for sum and difference
networks.

• How to add numeric readout to logic probe displays.
• How to pick the right film for better oscilloscope pictures.
• How to use afrequency counter to measure capacitance.
• How to evaluate high-energy pulse effects on materials.
• How to operate alogic gate as aflip-flop.

• How to use aprogrammable calculator to analyze
filter designs.

• How to choose the right detector for rf power
measurements.

• How to compute response of RLC networks with a
short program.

• How to measure the access time of bipolar read-only
memories.

• How to eliminate stray signals in remotely gain-switched
op amps.

• How to test power supplies quickly and cheaply.

• How to chart power losses for hybrid-combined
amplifiers.

• How to get the most out of adigital multimeter.
•And much, much more.

Order today, and don't forget the other valuable books in the
Electronics Books Series listed on the coupon below.
Electronics Book Series
P.O. Box 669, Hightstown, N.J. 08520
1. Microprocessors
Send me
copies at $8.95 per copy.
2. Applying Microprocessors
Send me
copies at $9.95 per copy.
3. Large Scale Integration
Send me
copies at $9.95 per copy.
4. Basics of Data Communications
Send me
copies at $12.95 per copy.
5. Circuits for Electronics Engineers
Send me
copies at $15.95 per copy.
6. Design Techniques for Electronics Engineers
Send me

copies at $15.95 per copy.

Discounts of 40% on orders of 10
or more copies of each book.
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If after my 10-day free-trial examination Iam not fully
satisfied, Iunderstand that my full payment will be refunded

e

iFiÏ
n

D Payment enclosed
D Bill firm
D Bill me
Charge to my credit card:
D American Express
El Diners Club
BankAmericard
D Master Charge
Acc't No.

Date exp

On Master Charge only, first numbers above name
Name

Title

Company
City

State

Zip

Signature
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New products

HP 1000 computers are refurbished
Improvements include faster processors, agraphics package,
taster main memories, and anew operating system
by Raymond P. Capece, Computers Editor
In the face of competition that's as
strong as ever in low-end minicomputers, Hewlett-Packard Co. has just
revamped its HP 1000 computer line
with a speedier processor, a new
operating system, special scientific
instructions, a hotter floating-point
processor, a graphics package, and
faster main memories,
The new F-series processor goes
the previous E-series one better with
floating-point hardware, which is
exploited in special scientific instructions that execute transcendental
functions quickly. Calculating the
sine of anumber, for example, takes
only 47.6 ;Is using the special
instructions, as compared with 300
to 500 i.ts for asoftware routine.
"Basically, we're using more microcode to get the speed up," says

systems is on greater graphics capability. HP has unified its graphics
software to maintain compatibility
throughout its many display peripherais. A high-level graphics Ianguage, called AGL, has been defined.
"Since we have several divisions
working on graphics products, we've
moved to standardize on 40 graphics
macrocommands," explains Puette.
For the 1000s, AGL is available in a
plotting package that takes care of
all conversions between different
display peripherals. If a user has
described his plot on one of the
company's raster-scan terminals, for
example, the graphics software can
configure that same plot automatically for any other HP display
peripheral.
In all HP is offering three new
systems with different standard combinations of new end old software
and hardware. The low-end model
25, for example, has the F-series
processor, a 2645 terminal, the
simplest RTE-M operating system
and starts at $27,500 for 64 kilobytes of main memory expandable to
2megabytes. The model 40 features

Bob Puette, marketing manager in
HP'S Data Systems division. The
company is taking advantage of the
flexibility of microprogramming, as
evidenced in the set of microcoded
routines it offers as standard to
accelerate Fortran performance.
Underlying the refurbishing of
HP's 1000 line is the quest to handle
more data. That is why the 1000s get
a new operating system, the RTEIV. Now available, the fourth version of HP'S real-time executive operating system (downward-compatible
with the earlier three) can handle as
much as 2 million bytes of data.
Further, its ability to manipulate
enormous matrixes makes it well
suited for many scientific applications. A user can specify a 1million-element matrix—he simply
declares A(1000,1000)—and the
memory man'agement is carried out
completely transparently.
A second emphasis in the 1000

the RTE-IV operating system, a
7906 20-megabyte disk, a 2645
terminal, the E-series processor, and
is priced as low as $40,000 with 128
kilobytes of memory.
At the top of the line is the model
45, with both the F-series processor
and the RTE-IV operating system. It
comes with the 20-megabyte disk
and the 2648 graphics terminal and
plotting software and starts at
$46,500 for 128 kilobytes of fast
(350-nanosecond) memory. With 1
megabyte of high-performance,
fault-controlled memory, the model
45 costs $85,000.
HP is also renaming its 21MX
computers for original-equipment
manufacturers to the 2111F and
2117F. These differ only in the
number of memory and input/output boards they can house. The
2111F holds a 1
/ megabyte of fast
2
fault-controlled memory and 9 vo
boards, while the 2117F can accommodate 1megabyte of memory and
14 1/0 boards. Delivery time for all
models is estimated at 16 weeks.
Hewlett-Packard Co., 1501 Page Mill Road,
Palo Alto, Calif. 94304 [339]
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IN A MARKET FULL
OF DROPOUTS,
OUR NEW
REGULATORS ARE
PHI BETA KAPPA.

Fairchild is introducing two new Linear regulators
that are astudy in efficiency. Our µA78H05ASC
5-amp positive voltage regulator. And our
liA78P05SC 10-amp positive voltage regulator.
They're designed to provide extremely low
dropout voltage — typically 2volts at 5amps
on the µA78H05ASC and 2.2 volts at 10 amps
on the µA78P05SC. And as any student of
regulators knows, dropout like this just isn't available
with monolithic designs.

STRAIGHT "A"
PERFORMANCE.

Since lower dropout voltage
provides more efficient power
supply designs, these regulators, like all Fairchild voltage
regulators, require fewer
components than traditional
designs. And that reduces
design time considerably.
Features include shortcircuit and safe-area protection,
thermal shutdown and hermetically sealed TO-3 packages. And all
this at the same price you'd expect to be paying
for regulators that graduate at the bottom of their class.
In fact, you can start designing in our new regulators for
as little as $5.00 in quantities of 100 (µA78H05ASC).

IF YOU HAVE QUESTIONS, PLEASE RAISE
YOUR HAND.
For more details on our new
enhanced voltage regulators, or
information on our other Hybrid

IMAM RCHI LE)

CALL US ON IT.

products, contact your Fairchild
distributor or representative. Or,
for immediate results, call your nearest Fairchild sales office.
France: Fairchild Cornera 8Instrument SA., 121 Ave. d'Italie, 750013 — Pans. Tel: 00331 584 55 66.
Telex: 0042 200614. Italy: Fairchild Semiconduttori SPA., Via Rosellini, 12,20124 Milano. Tel:02 6887451.
Telex: 36522. Germany: Fairchild Cornera 8Instrument (Deutschland) GmbH, 8046 Garching Hockbruck
Doimlerstr 15, Munchen. Tel: 089 320031. Telex: 52 4831 fair d. England: Fairchild Camera 8Instrument (UK) Ltd.,
230 High St., Potters Bor, Hertfordshire EN6 5BU. Tel: 0707 51111. Telex: 0051 262835. Sweden: Fairchild
Semiconductor AB, Svartengsgatan 6, S-11620 Stockholm. Tel: 8-449255. Telex: 17759.
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New products
Subassemblies

Supply packs
1.6 W/in. 3

temperature reaches approximately
80°C. It is available from stock at
$650 apiece in quantities of less than
100. All model 712 power supplies
are warranted for five years, according to the manufacturer.
RO Associates, 3705 Haven Ave., Menlo

600-W half-bridge uses

Park, Calif. Phone (415) 322-5321 [381]

only two power transistors,
measures 3.5 by 7 by 13 in.

Synthesizer is fluent
in four languages

Ro Associates, Menlo Park, Calif.,
finished designing the model 712
switching power supply two years
ago, but the 600-w unit needed two
400-v, 15-A power transistors for its
half-bridge drive circuit. At that
time, no one made the necessary
transistors. But now that they are
available, the firm will introduce the
new switcher at the current IEEE
Electro/78 show.
"While half-bridge design is common in low-power switchers, using it
in high-wattage supplies required
paralleling existing power transistors," explains Richard Okada,
marketing vice president. Early designs using parallel power transistors
often failed. Although it was routinely possible to match the transistors at room temperature, variations in storage time with increased
temperature caused a high component mortality rate, he says.
Instead of trying to parallel transistors or adopt an inherently less
reliable full-bridge approach, the Ro
designers waited till International
Rectifier and Fairchild came up with
sufficiently high-power transistors.
Then they snatched them up, and the
712 prototype was finally completed.
Okada believes it was worth the
wait. A 3.5-by-8-by-13-inch unit, the
712 is not only a small supply, but
also contains 50% fewer components
in the failure-prone drive circuitry
than previous supplies. Fan-cooled,
the 712 is rated 1.6 w/in. 3 Now fancooled switchers rarely exceed
1.3 w/in. 3,Okada claims.
The 20-kHz supply delivers 5v at
up to 120 A, features current limiting, short-circuit and overvoltage
protection, and a thermostat that
will allow full output until the case

Electronics/May 25, 1978

requires power supplies of —5 and
— 15 ydc, an audio filter circuit, an
audio amplifier, and a speaker. The
manufacturer can supply these optional items.
The module alone, with a24-word
vocabulary, is priced at $95 and is
available for immediate delivery.
With associated circuitry, the price
is $150 and delivery is also immediate. Prices for larger-vocabulary
modules are higher, and custom
vocabularies can be programmed.
Telesensory Systems Inc.,

Using a 16-K read-only memory, a
custom Rom controller, a digital-toanalog converter, and various other
discrete components, the manufacturer of the model S2 series speech
synthesizer has been able to generate
a 24-word calculator vocabulary in
English, German, Arabic, and
French. Originally developed for use
in a talking calculator for the blind,
the module, programmed for any one
of the four languages, is now available for small computer and OEM
applications. Also being offered is a
module with an additional 16-K Rom
that can be manufacturer-programmed for either of two 64-word
general-purpose vocabularies: an
ASCII vocabulary or a vocabulary
with standard numbers and measurement terms, including volts,
ohms, amperes, hertz, dc, and ac.
The vocabulary stored in aRom is
fetched by the custom Rom controller when the latter receives a 6-bit
parallel binary address code and a
start signal. It then determines the
speech characteristics of the word
and provides a digital signal to an
a-d converter. The resultant analog
signal can produce a clear, intelligible male voice. The module

Ave.,

P. O. Box

3408 Hillview

10099, Palo Alto, Calif.

94304. Phone (415) 493-2626 [383]

5-to-28-V power supplies
reduce operating costs
The LGS-G series of switching
power supplies consists of seven
models that provide output voltages
in the 5-to-28-v range and output
currents of up to 200 mA. Rather
than use fans or blowers to provide
necessary supply cooling, the devices
have been designed so that they can
operate with convection cooling
alone, thus reducing power consumption and operating costs. At a
power cost rate of $0.04 per kilo-

watt, the units will pay for themselves in less than 18 months.
A feature of the LGS-G series is a
digital front-panel meter that can be
switch-set to read either voltage or
current. Voltage is adjustable to
within 5% of rated output. Standard,
fixed-over,voltage protection has
been built in to shut down the
inverter and crowbar the output voltage. The supply also features a
power hold-up time of 16 ms for line
power failures.
Designed for listing in the tn.
Recognized Component Index, units
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New products
are priced at $1,300 and are available for immediate
delivery.
Lamda Electronics, 515 Broadhollow Rd., Melville, N. Y. 11746 1387]

Dialight
sees aneed

•
•

(Need: The widest choice for your every application.)

CRT refresher displays
images in up to 16 tones
The in-5770 refresh memory system, with a total
capacity of 256-K 4-bit words, provides 4-bit resolution
of the picture elements of video images projected onto
raster-scan cathode-ray-tube display terminals. Use of a
256-kiloword memory produces aone-to-one relationship
with the elements of the 512-by-512 graphic matrix
commonly used in such terminals.
Designed specifically for use with computer-driven
medical, scientific, and laboratory displays, the in-5770
can act to refresh displayed
data or to store
data for later
viewing. With 4bit resolution,
the memory can
produce 16 different tones; two
units linked in
parallel give 8bit data storage
that can be used to generate 256 different colors.
The 11.25-by-16-inch board-mounted memory accepts
computer output on a 16-bit bidirectional data bus.
Serial output to the CRT comes from the memory's four
16-bit shift registers; the memory also contains all the
timing and control logic needed to operate the required
random-access-memory address multiplexing and clock
pulses. Maximum read or write cycle time is 450 ns.
Typically, a read/write segment of an operational cycle
will occupy 690 ns and data modification will take a
maximum of 90 ns.
Power requirements for the circuit are + 12, + 5, and
— 5 v. The in-5770 is priced at $3,400, and a similar
memory with half the line resolution is available for
$2,400. Delivery is in 30 days after receipt of the order.
Intel Memory Systems,

1302 N. Mathilda Ave., Sunnyvale, Calif.

94086. Phone Connie Magne at (415) 745-7120 [388]

Crystal clock oscillator
has timely price
The LOCO Il is athick-film crystal clock oscillator that
is designed to sell for under $5.00. Three discrete
frequencies are available: 19.6608, 18.432, and 16.000
megahertz. Taking into account the effects of temperature variation and of input voltage, load, and normal
environmental changes, frequency instability is 0.05%.

Electronics/May
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513 SERIES With bezel for snap-iri
anel mounting. Alternate, momentary and snap-action con
tacts with ratings to 5 amps. NO., N.C. and two circuit (on&
NO., one N.C.). Low level switches also available. Round,
square and rectangular bezels in four colors; caps from 1
2 "
/
to Ph" in more than 12 colors. Illuminated caps with or,
without legends. UL listed.

"Mee'
PUSH BUTTON CAPS Round, square
and rectangular shapes in wide variety of sizes and colors.
With hot stamped, engraved or film legends.

Dialight, the company with the widest
choice in switches, LEDs, indicator lights
and readouts, looks for needs ...your
needs ... and then they develop solutions
for your every application. No other company offers you one-stop shopping in all
these product areas. And no other company has more experience in the visual
display field. Dialight helps you do more
with these products than any other company in the
business, because we are specialists that have done
more with them. Talk to the specialists at Dialight first.
You won't have to talk to
anyone else. Send for your
free new copy of Dia light's
Dialight, A North American Philips Company
203 Harrison Place, Brooklyn, N. Y. 11237
current catalog.
(212) 497-7600

DIA LIGHT

See Dialight
Circle 198 on reader service card
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New products

PEARSON

Very High Voltage
PULSE
TRANSFORMERS
Pearson Electronics, Inc. specializes in
the development, design and manufacture of very-high and super-highvoltage, high-power pulse transformers
and related modulator components.
Typical pulse transformers manufactured by Pearson Electronics, I
nc. range
in output voltage from 90kV to 600kV.
Other Pearson pulse-modulator components include precision current
transformers, voltage dividers and
charging inductors. Inquiries regarding
specific requirements for these components are welcomed.
PEARSON ELECTRONICS, INC.
4007 Tranqfort St., Palo Alto, California 94303, U. S. A
Telephone 1415)494-6444
•

•

•

•

•

•

•

•

•

•

•

•
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C-MOS a-d converter
multiplies on little power
Combining complementary-metaloxide-semiconductor switches with a
laser-trimmed 10-k9-20-k9 ladder
network, the designers of the model
DAC-HA14B 14-bit multiplying
The oscillator's output frequencies digital-to-analog converter have produced adevice that is not only low in
can be divided into universal-asyncost, but consumes very little power,
chronous-receiver/transmitter fretoo. The circuit requires a +5-v
quencies for various baud rates or
power supply, and the maximum
into multiple outputs to drive combiquiescent current is 10 µA. And
nations of baud-rate generators,
active-laser trimming of the laddermicroprocessors, and large-scale innetwork resistors gives 14-bit resolutegrated circuits in the same system.
tion with amaximum linearity error
Motorola Inc., Communications Division, Moof ± 1least significant bit.
torola Component Products, 2553 North
The device can be operated as a
Edington, Franklin Park, III. 60131. Phone
one-, two-, or four-quadrant multiBarney III at (312) 451-1000 [386]
plier for such applications as digitally controlled attenuators, automatic gain control, signal correlaCrystal clock oscillators
tors, and digitally controlled voltage
sources. The reference input voltage
are short and stable
of the device can vary from — 10 to
+10 v, thus producing a true
Packaged in low-profile ceramic
enclosures, the XO-33 series of multiplying capability. The output
hybrid crystal clock oscillators pro- current range is ± 1mA and settling
vide output frequencies between 4 time for the output is 500 ns. Inputs
and 25 mHz with a frequency insta- must be transistor-transistorlog—compatible. The reference input
bility range from 0.005% to 0.1%.
The devices have amaximum seated bandwidth extends to 200 kHz.
The DAC-HA14B comes in a20height of only 0.2 inch, are tranpin dual in-line package and is availsistor-transistor-logic-compatible,
able in three temperature ranges,
from standard commercial to military. In quantities of 1 to 24, a
device with arange of 0to +70°C is
priced at $69; with a range of —25
to +85 °C, $99; with arange of —55
to +125°C, $139. Availability for
the devices is given by the manufacturer as four weeks.
Datel Systems

Inc.,

1020 Turnpike St.,

Canton, Mass. 02021. Phone Eugene Mur-

COMPLETE LINE OF
POWER SUPPLIES
•ENCAPSULATED
3.6 to 28V. 25 mA to 2A
• DC/DC CONVERTERS
5 to 12 WATT MODELS
• HIGH-EFFICIENCY
SINGLE & DUAL OUTPUTS
MODELS TO 100 WATTS
ATTRACTIVE OEM DISCOUNTS

and drive up to 10 TTL gates each.
The input supply requirement is 5v
dc both at 30 mA from 4to 15.9 MHz
and at 50 mA from 16 to 25 MHz.
Price for the device in quantities
of 100 and above is typically $7.49
each. Delivery is from stock to eight
weeks.
Dale Electronics Inc.,

Computer Products, inc.
Fort Lauderdale. Flooda 33309 •(3051974.5500
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phy at (617) 828-8000, ext. 141 [3841

Frequency Control

Group, 930 W. 23 St., Tempe, Ariz. 85282.
Phone John Elliot at (602) 967-7874 [385]
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The Centaur type of fan is the best selling,
most widely used fan in Europe. And, the
Centaur itself offers more application
versatility than any other airmover of its kind.
III 33 to 54 L/sec at free delivery
El low acoustical disturbance.. .10w as NC-38
El sleeve or ball bearings

applications where space is at a premium
CI compact standard size:119mm sq. X 38mm
11 long maintenance free life
The Centaur is just one of the many standard
and custom designed airmovers made by
Rotron...find out for yourself why it's one of
the most popular fans in Europe.

four models, one that's 25 mm thin, for

Rotron has a way with air
ROTRON B.V.
AN 4,EIlige COMPANY

ROTRON
INCORPORATED

European Sales Organisation, P.O. Box 285, 490C A.G. -Oosterhout (N.B.), The Netherlanos u Tel. (01620) 32920, Telex 74174
Plants in Breda. Netherlands, Garden Grove, Ca., and Woodstock, N.Y.
.1889
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Whose whose in LSI-11 memories?

instrumentation and
pioneer in multichannel
electro-optical detection
techniques.

Strand Century, Inc.
Los Angeles, California

The company:
The leading manufacturer
of memory light control
systems for theatrical
productions and TV
shows.

i4e

Notable application:
Lighting controls for the
Broadway hit "Annie."
(Photo 1, courtesy Martha
Swope.)

'• FOR

THE BIG
APPLE..
ALIVE
SWELL

-

Tf

Whose CPU:
Digital Equipment
Corporation LSI-11

Whose CPU:
Digital Equipment
Corporation LSI-11

Whose memory:
Monolithic Systems
Corporation MSC 4601
Dual Height

Whose memory:
Monolithic Systems
Corporation MSC 4501
Quad Board

Whose decision:
David Cunningham,
Director Research and
Development
Comment:
"We've been buying both
quad and dual height
memories from
Monolithic Systems for
several years. The
outstanding cooperation
of their people and
their on-time deliveries
were major factors in
selecting them."
American Sign &
Indicator Corporation
Spokane, Washington

The company:
The world's largest
supplier of computer
directed lighted signs,
scoreboards and color
displays.
Notable application:
Mark 400 Spectacolor
Display on Times Square
(Photo 2, courtesy
American Sign &
Indicator Corporation.)
Whose CPU:
Digital Equipment
Corporation LSI-11

Notable application:
The OMA-2 Optical
Multichannel Analyzer
(Photo 3) permits
real-time spectral
analysis from below 200
nanometers to nearly 2.0
micrometers. RAM
memory is used for
storage of the scan
format.

1. (Right) A scene from "Annie."
Presented by Mike Nichols.
Winner of 7 Tony Awards-1977
-including Best Musical. Best
Musical Award 1976-77. N.Y.
Drama Critics' Circle. Produced
by Irwin Meyer. Stephen R.
Friedman and Lewis Allen.
2. (Left top) World's largest
computer controlled
Spectacolor display at the
nation's number one sign
location. Times Square in New
York City. Eighty-two hundred
lamps enable the extraordinary
system to perform cartoon
like animation in up to 17
different colors.
3. (Left bottom) Just as the
human eye detects the
variations in the visible light
spectrum. the DMA -2 provides
areal-time readout of
wavelengths and intensities
of this spectrum. Suitable
detectors allow DMA-2 to "see"
into the ultraviolet and infrared
regions as well.

Whose decision:
John Zipper, Project
Manager

3.

Whose memory:
Monolithic Systems
Corporation MSC 4601
Dual Height
Whose decision:
David Cole, Director of
Materials
Comment:
'Our displays have used
Monolithic Systems'
LSI-11 memories
exclusively since 1976.
Cost and delivery were
the primary reasons for
changing vendors and
Monolithic's new dual
height version has kept
us convinced we made
the right choice."
EG & G Princeton
Applied Research
Corporation
Princeton, New Jersey

The company:
The leading manufacturer
of signal recovery

Comment:
"We've standardized on
Monolithic Systems'
LSI-11 quad memories for
two reasons .price and
they work."
Your company
Whether your LSI-11
based system is aleader
in the industry or heading
in that direction, head in
our direction for LSI-11
compatible memories.
For price, delivery and
reliability.
DEC compatible
memories...
from the first.

o-oit -\ic

fiti corp

East
Englewood, Colorado 80110
303/770-7400
14 Inverness Drive

@ISM, Monolithic Systems Corporation

•
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ADVANCED OPTOELECTRONIC PRODUCTS

How To Give Your
Displays aLot More Character:
Put more LED alphanumerics in
less space with Monsanto's new
MAN2815. Save panel space with
the More Character Display" from
Monsanto. Advanced engineering gives
you more character density (character/
inch of panel space) than conpetitive
displays. Monsanto's unique lens and
font design takes advantage of human
engineering experience. More pleasant
viewing with aheight/width ratio that
is optimized, not squatty and square.

MAN2815 gives you wider viewing
angles with less distortion. Our
new lens design lets you view the
characters from several angles. Where
other displays distort at off-axis viewing
angles, the MAN2815 shows you the
real message ... clearly, brightly,
undistorted. Less chance of error. More
convenience.

Displays can be precisely aligned
from character to character with
MAN2815. The MAN2815 is precision
manufactured to allow end-to-end
stacking for any number of units. And
you can maintain the alignment of the
characters from module to module so a
full line of words looks even and
professional.

rivo,

t
4

Left: More characters—MAN2815 (top) and competitive unit character density in same panel space.
Right: Less distortion—MAN2815 (top! and competitive unit when viewed 25° off of normal.

tions of 100 ft.-candles of illumination.
That's only 80 mW, yet the MAN2815 is
rated for 1200 mVV. And competitive
units can't match the MAN2815 for
operating temperature range (0-85°C.).
Not only do you get power savings ...
but cooler, longer, and more reliable
operation.

MENSFINTE

_L
0.135

1.390 MAX

1
.0- 0.740 -01

.195" MAX.

Send now for the MAN2815
Design Kit—limited time offer.
Now you can order Monsanto's More
Character Desiçn Kit: sample, complete
data, applications design information,
everything you need to evaluate this
new display in your prototype. Compare
it to other units. You'll get "more
character" in your equipment.
Send 844.00 (check or money order,
please) to: Monsanto Commercial
Products Co., Electronics Division, 3400
Hillview Avenue, Palo Alto, CA 94304.
Telephone (415) 493-3300.

MAN 2815

.150 MIN

Reliability is high ... the power
requirement is acool low. An
average current of 0.5 mA is more than
adequate for viewing in ambient condi-
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FIRST IN LED MATERIAL AND TECHNOLOGY

Monsanto

Circle 209 on reader service card
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your nearest sales office for
information on Piher components.
The name is todays guarantee of
product excellence.

Piher Servicios Centrales S.A.
Riera cañada, 1.
Badalona, Barcelona Spain
Telephone (93) 389 03 00 Telex 59521
Piher International Limited
Horton Road, West Drayton
Middlesex, England
Telephone West Drayton 40513
Telex 934167
Piher International Corporation
505 West Golf Road
Arlington Heights, Chicago
Illinois 60005, USA
Telephone (312) 640 8300
Telex 254190

Piher International S.A.
21 Rue Paul Fort
F-75014 Paris
France
Telephone 541 00 08
Telex 270107F
Piher International SpA.
Via Cenisio 34
1-20154 Milan
Italy
Telephone 314 532 Ft 316 213
Telex 37488

Piher International GmbH
Tuchergartenstr. 4
D -8500 Nurnberg
West Germany
Telephone (0911) 533051 Telex 623354
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it will process your wafers,
supply production control information, help you establish a
management data base, and
grow as your needs change.
Uniplane System 40(30. Suddenly all other wafer processing
systems are obsolete.
Because System 4000 is more
than a processing system. It is a
total information and management control system for wafer
processing.
Now, for the first time, you
can have both local and remote
supervision and programming.
Now, for the first time, you
can have reports on system operation whenever you want them—
displayed or printed.
Now, for the first time, you
can truly manage your wafer
fabrication.

No
system available
can mat bit.
Syst14000 includes new
micropr&cessor-controlled
scrubbers, spinners, developers,
ovens, ana complete handling/
interface fac'lities. Plus a unique
optional Supervisory Terminal
System (STS) for remote programming and monitoring.
It's so completely modular
that each station can operate independently of the others, under
the control of its own on-board
microprocessor. Or as part of a
totally integrated system with full
station-to-station communications
upstream and downstream.

You can even integrate mask
aligners and inspection stations
into the system.
It's so completely flexible
that you can expand at any time.
Now, or in the years to come.
Uniplane System 4000. It has
so many other features to improve your wafer fabrication
you simply cannot afford to be
without it—because you cannot
afford to be obsolete.
Get in touch with your local
Kasper office right away. They
have an 8-page color brochure
for you. Or write Kasper Instruments, 749 N. Mary, Sunnyvale,
California 94086, (408) 733-9800.

o

INSTRUMENTS

A Cutler-Hammer Company

The dawn
of anew era
in wafer processing.
Introducing
Uniplane
System 4000.
Circle 212 on reader service card

AT LAST!
E
XACT
REPLACEM NTS
IN .43" LED
Bright. Tough. Competitive.
They're the new Litronix DL-7000
Series .43" digits — available
now in acomplete range of green,
yellow, red and hi-brite red.
Digits are encapsulated in asolid
plastic DIP with astandard

0.3" pin-out for IC sockets and PCBs.
This is The End to solesource .43" digits. The replacements
are available now.
Litronix, 19000 Homestead
Road, Cupertino, California 95014.
Phone (408) 257-7910.

litronix
AN AFFILIATE OF SIEMENS

THE LIGHTS FANTASTIC
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New products
Data handling

An analog I/O
board for minis?
Yes, says Datel, for
users who want to move
up from microcomputers
With the rush to supply analog
input/output boards for single-board
microcomputers, it might seem surprising that Datel Systems would
come up with an analog-to-digital/digital-to-analog interface subsystem for Data General's NOVA
minicomputer line at this stage of
the game. But Lawrence Copeland,
Datel's product marketing manager
for computer peripherals, argues
persuasively for the strategy behind
the ST-NOVA.
The ST-NOVA board slides directly
into the NOVA series minicomputer
housings, and offers 64 a-d channels
and an optional four d-a output
channels. Copeland believes that
users of microcomputers who have to
digitize analog data often find that
after they have some experience with
a microcomputer, they want more
data channels or more speed or more
performance than most 8-bit microcomputers provide. "In process control," Copeland maintains, "anything analytical needing highermath Fortran, floppy disks, CRT
peripherals, or many channels at
high speed will make a microcomputer choke."
For that kind of user, the ST-NOVA
Me
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offers aspeed of 45,000 a-d samples
per second with achoice of program
control, interrupts, or direct memory
accessing. It is directly compatible
with NOVA series assembly language
programs, as well as with NOVA
Basic, and Fortran. It can also be
expanded to 256 or more a-d channels and 32 or more d-a channels if
the customer separately purchases
Datel's System 256 remote a-d/d-a
housing.
The basic ST-NOVA, with 64 singleended or 32 differential non-isolated
channels, sells for $1,445 in single
units; another $350 buys the four d-a
output channels. Prices for the
remote System 256 expander unit
start at about $2,000. The latter has
been on the market for some time,
and deliveries of the ST-NOVA are in
six to eight weeks after receipt of
order. Its jumper-selected full-scale
input ranges are: 0 to +5 v, 0 to
+10 v, —5 to +5 v, and —10 to
+10 V. The unit is accurate to
within 0.025% of full-scale range at
25°C.
Resolution is 12 bits, and nonlinearity and differential nonlinearity
are both within 1
/ least significant
2
bit. The d-a output sections can
include 12 latched digital bits per
d-a converter, which, under program
control, can be used as up/down
controls for a chart pen, intensify/blank Z-axis controls for an oscilloscope, cathode-ray-tube color controls, or controls for external logic.
Copeland expects the ST-NOVA
applications to include high-speed
automatic test systems, intelligent
analytical instruments, and signal
processors. He says users who especially need hundreds of data channels include those testing such things
as jet engines and nuclear reactors.
Datel

Systems

Inc.,

1020 Turnpike St.,

Canton, Mass. 02021. Phone Roland Petrelli
at (617) 828-8000 [361]

!....

System allows remote entry
by master's voice
With intelligent terminals now getting heavy play for distributing
processing throughout a network,

214

Interstate Electronics Corp. is acquainting potential buyers with its
version of the next step: a userprogrammable voice-operated intelligent terminal. The Interstate device aims at meshing with any
system in which remote data must be
entered into acentral computer.
The system is built around its software and proprietary high-level language, Voice (Voice-Oriented InCore Executive). This software lets a
user configure a programming format to any requirement, much as
with a microprogrammable computer. The Interstate terminal is controlled by a NOVA minicomputer,
with the basic package capable of
supporting four voice-input stations
at the same time.
The package permits the choice of
up to 900 words, or 250 per station
in afour-input cluster. It offers such
refinements as what the company
calls an action structure, which can
be triggered to carry out other
programs with the appropriate voice
command. Any experienced computer software person can learn how to
program the terminal in several
hours, and unskilled workers can
operate it after only one runthrough, says acompany spokesman.
Another feature is the unit's sensitivity to variations in individual
speech patterns. After each word has
been placed in the vocabulary, the
user repeats it slowly for storage in
the terminal memory. The unit can
even be programmed to respond only
to one individual's speech. Also,
words spoken into the microphone
are displayed on acathode-ray tube
as a double check on accuracy and
may be changed by voice command.
The basic $18,750 Interstate
package comprises voice-recognition
unit, user station, microphone, and a
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The HP 2649A
is what you make it.
A microcomputer. Why not? The

A controller. It's anatural. Just program the built-in
8080 microprocessor to do your thing, and get it into
your system. The HP 2649A has avariety of
synchronous, asynchronous, serial and parallel
interfaces (including HP-IB, our IEEE
Interface Standard 488). This makes it
easy to hook up with instruments
and peripherals. In short, it's a
complete controller system in a
single package.

A terminal. Terrific! Great editing
ability, achoice of keyboards,
flexible data communications,
and avariety of baud rates
make it an excellent fit in an RM.
situation. Preprogrammed
firmware is available to get you
off to ahead start.

You can really make
alot with the HP 2649A.
You start with the
basics — aCRT, power
supply, backplane, I/O
cards, MPU, and versatile,
modular architecture.
You program

microprocessor gives you alot of power
Then you can add ROM memory,
interface with adisc, control
peripherals, and access other
systems via amodem.
So the HP 2649A acts like
asmall computer, even
if it doesn't look like one.

A graphics display station. Sure.
You can put awindow in your system
and see exactly what's going on. Alphanumerics,
auto-plot, and full graphics, including Area
Shading, Pattern Definition and
Rubber-band line, give you
the whole picture.

11 I

it to do your specific job, and pick only the \ memory, keyboard, I/O, breadboard,
and other modules you need. These include RAM (up to 32K bytes on one
module), ROM, and PROM boards, which all simply slip into the chassis.
(There are slots for your own boards as well.) You can also
add 220K bytes of mass storage on dual plug-in cartridges.
To top it off, we have documentation, development
tools, and aone week training course in programming and customizing
the HP 2649A.
So whatever you
I'm interested in your microcomputer/controller/graphic display
call it, call your nearest
station/terminal.
Hewlett-Packard office
El Have your representative contact me.
0 Send me technical literature.
listed in the White
Pages and ask for complete
D Send me OEM information.
details. Or send us the coupon. We'll help you make
it any way you want it.
Name
Title
Company
Address

HEWLETT il
l PACKARD
42802H PT 6

City/State/Zip
Mail to: Ed Hayes, Marketing Manager,
Hewlett-Packard Data Terminals Division,
19400 Homestead Road, Dept. 618, Cupertino CA 95014.
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HOW COULD THE INDUSTRY STANDARD
51/2-DIGIT DMM BE IMPROVED?

iiiptir•n

SENS('

El

II

I A ITA!

200 MV OC
2000

2

MIILTIMATtn

20

200

itiev iec

20

200

2000

awe

AUTO
AUTO,

POWER
PRESS ON OFF

It's specified for one year! You know how much
money you can save by eliminating the time and expense
of shorter re-cal cycles. And this kind of long-term stability
is just what you'd expect from Fluke.
So now, in addition to the industry standard 8800A,
you have your choice of application-oriented and costsaving configurations of the new 8810A, choices you'd
expect only from Fluke.

The problem was, what could be improved? The 8800A
already has made its reputation by providing the accuracy,
stability and resolution usually found only in big, expensive lab instruments. And it has four-terminal ohms,
1000 MIMC input resistance, and full guarding thrown
in for good measure.
Combine all this with autoranging, extensive overload
protection, and acost effective price, and it's no wonder
the 8800A is the industry's most popular bench/portable
51/
2-digit DMIVi.
Field-installable options snap-in when you need them.
Now look at the 8810A.
It's modular! You can buy the lab-performance DC
mainframe for only $695.* Add the six-range ohms converter for $175* any time you wish.
It's got true rms ac! Actually you can choose either
the true RMS converter module for accurate measurements of most waveforms at $275,* or the average-responding AC converter module at $150.* Both are spec'd
to 100 kHz.
For data recording, there's adata output option.

CALL (800) 426-0361, TOLL FREE. Or, contact one
of the more than 100 Fluke offices or representatives.
worldwide. In the U.S. and all countries outside of 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. Tel.: (013) 673973. Telex:
52237.
*U.S. prices

COMMAND PERFORMANCE: DEMAND FLUKE DMMs.
2505-8019
Electronics/May 25, 1978

FLUKE
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Sie sollen jetzt schon einen Besuch auf West-Europas
einziger Industriemesse planen, die ausschlieglich auf
Halbleiterherstellung spezialisiert ist. Auger einem
dreitâgigen technischen Symposium erwarten Sie über
200 Einzelaussteller mit den neuesten Produktionsausrüstungen und dem neuesten Material zur Herstellung
von Halbleitern.
Don't miss your one opportunity to come to Zurich for
Western Europe's only tradeshow devoted entirely to semiconductor production equipment and materials. Now in its
third year, SEMICON Europa will feature an informative
three-day Technical Symposium, and more than 200 exhibits demonstrating the industry's latest products. Plan
now to be one of the 4,000 engineers, managers and
decision-makers in attendance.
Pensez dès maintenant à aller voir la seule exposition
commerciale d'Europe Occidentale consacrée entièrement àla fabrication des semi-conducteurs; un Symposium
Technique d'une durée de trois jours et qui devrait s'avérer
très instructif figure au programme, et plus de 200
exposants présenteront les nouveautés les plus récentes
en matière d'appareils et de matériaux pour la fabrication
des semi-conducteurs.

Sept. 12-14

ZURICH

Züspa Convention Center

1f7111

Sponsored By

Semiconductor Equipment and
Materials Institute. Incorporated
IN WESTERN EUROPE CONTACT
SEM ICON Europa '78 Secretariat, Oberdorfstr. 28,
8001 Zurich, SWITZERLAND
Telephone: 01/47 44 45
Telex: 56 170
IN THE U.S.A. CONTACT
Golden Gate Enterprises, Inc. 1307 South Mary Ave.
Suite 210, Sunnyvale, CA 94087 U.S.A.
Telephone: (408) 737-1100
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to do the dishes.
Mostelis 3870 microcomputer.

From dishwashers to
televisions, ovens to air conditioners, the appliance
industry's choice for electromechanical logic replacement
is the Mostek 3870 family of
single-chip microcomputers.
Why? Engineers talk
about the 32 I/O lines and
the large memory capacity.
Program managers like the
low cost and reliability. They
both appreciate the flexibility and economy offered by Mostek's In-Socket Expandability (ISE-1)M
The ISE-1 design concept protects your
large investment in engineering time. Any
3870 family device may be replaced by any
other 3870 family member in the same socket
without project redesign. Double the ROM
and RAM of your 3870 system by inserting a

3872. Later this year, the 3876
(double RAM version of the
3870) and the 3873 (serial I/O
ersion) will be available for
urther in-socket versatility.
SE-1 means new applications
ith faster development and
ower design costs.
Mostek is now building
nd shipping over two million
MOS devices per month. So we
can handle the volumes required
by the appliance industry.
For more information, call or write Mostek,
1215 West Crosby Road, Carrollton, Texas
75006; telephone (214) 242-0444. In Europe,
contact Mostek GmbH, West Germany; telephone
(49) (0711) 701045.

MOSTEK

4-

1978 Mostek Corporation
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Introducing GMR-37

Low cost hign pertormance graphics
GFINNELL SYSTEMS

256 x 512 resolution
4 memory planes
7 colors plus blink

$

540U

$5900

25m6ex
m2
p
5r
6
y resolution
planes
8
256 grey levels

These are just afew of the
ways you can tailor the all solid
state GM R-37 to fit your needs.
You don't give up performance
either. Every GMR-37 has, as
standard, the generation of vectors, characters, plots, graphic
data and high speed images. Plus
4K MOS random access memories, memory readback, full
alphanumerics and astandard
RS-232 computer interface.

In addition, a powerful instruction set minimizes software overhead and simplifies programming.
You don't need complex macro
instructions and high order programming languages.
Available options include video
lookup tables, independent cursors, trackball or joystick control
units and many more. Plugcompatible parallel interfaces are
available for most minis.

256 x 256 resolution
12 memory planes
4096 colors

512 x 512 resolution
1memory plane
Black & white video
Further, if you ever want to
move up, Grinnell has acomplete
line of larger systems—all software compatible w th the GMR-37
—to do things like animation,
image processing and real-time
frame grabbing.
GMR-37 systems start at $3900,
and quantity discounts are available. (Domestic U.S.A. prices.)
For a quotation on your specific
needs, call or write.

"LeilISINELL

itÉ

1!,

2986 Scott Boulevard, Santa Clara, California 95050 (408) 988-2100
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New prpducts
Packaging & production

Wafer tester
keeps hands off
Proprietary sonic testing
and single-whisker sensing
prevent wafer damage
Keeping tight controls on siliconwafer thickness and resistivity is
crucial to high integrated-circuit
yields. But up to now, lc manufacturers have had to use either contacttype instruments, which damage
portions of the wafer, or noncontacting types, which can only
measure one parameter. Now Tencor Instruments' new Sonogage RT 2,
employing a proprietary sonic technique, measures both parameters
without contact and at the same
point on the wafer surface.
"We expect to see the sonic technique being used in other instruments," Tencor vice president John
R. Schwabacher predicts, because
the technique, for which the company has a patent application, does
not depend upon the measured material's physical properties and could
therefore be used to measure the
thicknesses of metals, paper, and
other thin-sheet substances.
The bulk resistivity is determined
automatically by calculation after
the wafer's thickness and sheet
conductance have been measured.
Accuracy is maximized if both
parameters are measured at the
same point on the wafer; the RT 2's
special head arrangement allows the
user to do this.
The wafer is suspended on atrack
between two identical measurementhead housings: one above the wafer
and one below it. In each housing are
two heads—one to measure thickness and another to measure surface
sheet conductance. The loading
track, which is adjustable for wafers
between 2and 5inches in diameter,
can be internally programmed to
move the wafer in linear increments
and to rotate it so that several
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measurements can be made at different points on the wafer.
After each measurement, the results are displayed on the RT 2 lightemitting-diode display panel. Thickness can be read in micrometers or
mils; the user simply selects which
units he wants with a panel switch.
Resistivity, in ohm-centimeters, is
displayed once the thickness and
conductance measurements have
been fed into and operated upon by
the internal National Semiconductor
LH0094—based analog multiplier
circuitry.
Most instruments use afour-point
probe to determine whether amaterial is p- or n-type. Unfortunately,
the probe comes in contact with the
wafer's upper surface, thereby destroying a portion of it. The RT 2 is
able to make the determination with
a thin-wire whisker sensor that
lightly brushes the underside of the
wafer without damaging it.
An option provides for linking up
the RP with the new HewlettPackard HP 97S programmable
printing calculator. This combination performs a five- or nine-point
test pattern sequence on each wafer,
with the calculator capable of
recording all test values or just the
final statistics.

The HP 97S controls the RP,
which makes measurements at three
or five positions along awafer diameter, then rotates the wafer 90° and
measures two or four more, skipping
over the center, which has already
been tested. The calculator, which
has received all data via the binarycoded-decimal interface, can then
perform whatever calculations the
user requires.
The RT2,which stands for resistivity, thickness, and typing, is
Tencor's second product in its 15month history. Schwabacher expects
it to be used by both 1c manufacturers and wafer fabricators to
perform various types of inspection.
It will sell for $8,000 without the
calculator and $9,7000 with the HP
97S and software. Shipments are
expected to start next month.
Tencor Instruments, 2426 Charleston Rd.,
Mountain View, Calif. 94043. Phone (415)
969-6767 [391]

Stacking colnector gives
close fit for pc boards
With the Conmet stacking connector, printed-circuit boards can be
çonnected with as little as 0.025 inch
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YOU AHE INTERESTED IN RELIABLE
EQUIPMENT, YOU ARE INTERESTED IN

LSI

DEVICE RELIABILITY, AND THE PLACE TO LEARN
ABOUT THAT IS IN THE BRAND NEW RAC DATABOOK:

MEMORY/LSI
DATA, 1977
•Failure rates, screens,
stresses, malfunction distribution, operational life data
•RAMS, ROMS, PROMS, shift
registers, microprocessors
and complex standards
•TTL, Schottky, CMOS,
NMOS, PMOS and ECL
technologies
•Observed failure rates vs MIL-HDBK-217B predictions
•Ordering No: MDR-7. $50 per copy ($60 Non-U.S.)

New products
between them. The device consists of
a plastic holder into which the user
can insert a red, blue, or green strip
of silicone rubber containing a laminate of copper-alloy wires. The
rubber strips provide electrical contact between pc boards while isolating the connection from the operating environment. For contact spacings of 0.025 to 0.050 in. center to
center, red strips are used; for 0.050
to 0.100 in., the strips are green; and
for 0.100 in. and above, blue are
required.
In quantities of 10 to 24, the
connectors are priced from $4.78 to
$2.61, with substantial discounts
available for large quantities. Delivery is in two to three weeks.
Technical Wire Products Inc., 129 Dermody
St., Cranford, N. J. 07016. Phone (201) 272-

RAC

5500 [394]

Reliability Analysis Center
RADC/RBRAC

• Griffuss AFB, NY 13441

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

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

Press inserts DIP contacts
from preloaded Mylar strips

Circle 230 on reader service card
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Those who custom-make moderate
quantities of printed-circuit boards
for use with devices in dual in-line
packages will be interested in the
model 736-M001 Holtite socketinsertion machine. The unit, which
may be operated manually or provided with an optional pneumatic
activator, can stamp sets of Holtite
contacts into pc boards that are 1
/
32
to 1
/
4 inch thick. The only other
dimensional limitation on the boards
is that their Y axis be no more than

/4
I
81-1GD211"

tA16 1S

Ni

1570

t
iI51LP
rmanc e

Widest selection of Bite Indicators for high perfo
co
aircraft, computers, communications, ground test equipment,
etc.

QI)1..

listings to 101.-1-8328711, 1'2., 13 or
°C to
or circuit condition

14. Provide
ction with

power drain low as 50 milliwatts. Display positive color
nreliable fault detection
vibration to 2000 tee.
trast with excellent visibility under extreme environments,

Available to operate
at 1.5,3,5,6,1
temperatures
—65
*-125°C, 2 or 28onvolts, manual or
electrical reset. PROI0r1PES el1ABlE
phone or letter•Bu ilt-M
1-"
rest-Equipment
SUDDEN SERVICE on SMALL.
QUAttielES

hea drequest.

MINELGO
aINII.EN
135
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INDUSTRII.S Company

South Main St.,
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Inornaston,
ci 06787
Phone 203-283-8261
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30 MHz Oscilloscope

CS-1570

5 MHz Oscilloscope

S-1560A

Its Time You Get
Trio-Kenwoods Scopes
Trio-Kenwood engineering and research plus latest technical developments,
have given birth to the most excellent aucho equipments, test instruments
and communication equipments.
Our best selling test instruments with its cost/performance,
30 MHz oscilloscope model CS-1570 and 15 MHz oscilloscope model CS-1560A are
the undisputed symbol of maximum quality in the field.
Are your oscilloscopes compatible with the rest of your needs. Give it a
thought. It may be time to consider atrade-up to Trio-Kenwood
oscilloscopes.
When plans call for renewing or upgrading your testing facilities, write us
for further information on our highly-specialized test instruments.

'ri. IQ
Ft. IC) -KETN WC) 0 ID core. F'

Ft A -TIC:11\T

A producer of world-renowned KENWOOD brand audio equipment

Test Instrument Division

TArrEs
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21 -24. 3-chome. Ikejin. Setagaya-kp Tokyo 154, Japan CABLE - TRIOINSTRUMENT TOKYO, Telex 242-3446

T

REED RELAYS
NO DELAYS
I

Quality
since
1959

EAC

Choose from over
1,000 stock reed relay
styles from our catalogs,
or let us build to your
specifications. Either way,
you'll get delivery in 2
weeks for thousands, and
sooner for smaller quantities. And at good prices.

Electronic Applications Company
4918 Santa Anita Avenue
El Monte, CA 91734

Telephone:
213/442-3212

April 1978
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New products
18 inches long, says the company.
Key to the machine's operation is
the use of reels loaded with Mylar
strips carrying prearranged configurations of connectors. Strips contain
up to 5,000 tin- or gold-plated
contacts each and are available in all
standard 8- to 40-pin DIP socket
patterns. Universal patterns with
pins spaced on 0.100-in, centers in
rows 0.300, 0.400, or 0.600 in. apart
can also be obtained, and custom
patterns are provided upon special
request. On the average, 5,000
contacts can be pneumatically inserted per hour.
In its manual version, 736M0015M, the machine costs $475
without seating tools. The pneumatic
unit, 736-M0015A, is priced at
$695. Users who purchase manual
machines can later upgrade their
systems to pneumatic use by purchasing a conversion kit, 736-HK003, for $239.50. On reels, contacts
are priced between 1.8 and 3 cents
each, depending on the quantity
ordered.
Interconnection Products Division, Augat
Inc., 33 Perry Ave., Attleboro, Mass. 02703.
Phone R. Holt at (617) 222-2202 [393]

High-intensity UV lamps erase
up to 9EPROMS in 12 minutes

A.

NAPCC miniature digital Elapsed Time
Indicators and aneed to conserve space.

Our Series 49200 Elapsed Time Indicator is tiny. Just 37/64" sq
x1-1/4". It's the ideal way to monitor equipment usage time
where space is limited and accuracy extremely important.
For instance, utilities use them to measure peak demand
time. They're installed in crowded instrument boxes on central monitor poles. Lots of information in just .418 cu. in. of
space. Less mass. More room for other instruments. In electronic medical instruments designed for home rental, the
ETI's record usage time for billing purposes. Other applications include monitoring operating time for parts replacement, maintenance, testing, etc. 1W, 115V ac, 60 Hz. Surface
or through-panel mount.

The PT -24T is a specially designed
unit that will erase a maximum of
nine erasable programmable readonly memories in as little as 12
minutes using an ultraviolet lamp.
The unit operates from a 115-v,
60-Hz source and contains a timer
that can be set for any duration up to
60 minutes, after which it automatically shuts the lamp off.
The PT-24T weighs approximately 5 pounds and is priced at

Send for information today!

NORTH AMERICAN PHILIPS CONTROLS CORP.
Cheshire, Conn. 06410 •12031 272-0301
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When nobody's got
just what you need in
Bubble Memories

New products

PERMAG'
Got It!

$104.50. Smaller versions of the unit
weighing about 4lb and handling six
erasable PROMS at the maximum are
available for $84.50 with timer and
$59.50 without.
Spectronics Corp., 956 Brush Hollow Rd.,

In stock. Off-the-shelf. 24-hour
delivery. Grinding to your prints.
Engineering assistance. Fabricating
facilities. In addition, PERMAG has
exotic, exclusive hard-to-get items.
Complete facilities for measuring,
testing, and producing special
materials. 8modern plants stocked,
staffed, and equipped to meet your
every requirement

Westbury,

N. Y.

11590. Phone B. William

Cooper at (516) 333-4840 [395]

Wafer prober handles
lab or line tasks

Write for new catalog.
IN THE MAGNETIC FIELD
PERMAG IS NO. 1.

',wit NO. I SOURCE
ALL MAGNETIC MATERIALS

OR

ALL

ACROSS

TOE

COUNTRY

Consult you, Yellow Pages
for address and
telephone number
of Permag near you.

The PS50 wafer prober incorporates
an 8085 microprocessor chip, giving
it the ability to operate in any of four
modes. Though not intended solely
for production use, the machine can
perform standard production probing using an X and Y die-size
indexing system. It can also perform
matrix probing using front-panel
switches, random pattern probing
employing the on-board program-

Circle 234 on reader service card

Out front in
Digital Testing
Probes for the PRO !
LP-600 SERIES•
The only true 5 Nano second Logic Probe.
• Dual Threshold®
• 115 VAC protection on
tip and power leads.

Ale
e-

AVAILABLE IN SINGLE AND
MULTI-FAMILY MODELS

HL-680 PULSER•
The only Pulser to sic. or
source.
• 1.5 AMP required for digital testing.
• 115 VAC protected tip
and power leads.
LP-670 PROBE

•PAT. #3525939

HL-680 PULSER

Kurz.Kasch, Inc.
1501 WEBSTER STREET
P. 0. BOX 1246 DAYTON, OHIO

45401

mable read-only memory, and probing controlled by an external computer and the internal microprocessor. These capabilities allow the
prober to accummulate substantial
data, both on the production line and
in the laboratory, for process evaluation.
The PS50 standard format includes a 4-inch-wafer chuck. The
unit also has a patented inking
control with front-panel delay, an
edge-sensing system under microprocessor control, a wafer location and
orientation system, and controls that

(513) 223-8161
234
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Now the first data logger
with get-up-and-go.

Take EMR's suitcase-sized
COMPACT 3430 Data Logger away
to those "difficult" sites where bulky
equipment or hardwiring would be
too inconvenient or costly. Just take
it and leave it — anywhere, any time,
for as long as amonth. COMPACT's
built-in battery and power source
make it easy.
You can even take your pick of
three models: one with abuilt-in line
printer; one with abuilt-in cassette
tape recorder; and one with auniversal peripheral interface usable
with aline printer, paper punch tape,
teleprinter or modem. All three are
microprocessor-controlled, providing keyboard programmability for up

to 30 analog inputs and 20 (optional)
digital status inputs, with any mix of
voltage or thermocouple inputs.
As simple to use as apocket
calculator, COMPACT's pushbutton
control eliminates plug-in modules,
and lets you set individual high and
low limits, specify channel input
type, skip channels and select scan
intervals. A choice of three modes
lets you record all input data, out-oflimit conditions only, or inputs as
they pass through the set limits. You
can even print out alarm conditions.
For more details or ademonstration, call or write today.

SANGAMO WESTON

Schlumberger
Electronics/May 25, 1978

Sangamo Weston, Inc.
I EMR Telemetry
P.O. Box 3041, Sarasota, FL 33578
813-371-0811
Circle 235 on reader service card
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Test With Confidence

New products

Precision Digital Stroboscope

can be easily used by either left- or
right-handed operators.
Equipped for all four operational
modes, the unit may be purchased
for $16,000. For only the standard
production mode, it is priced at
$7,000. Delivery is currently in 10
weeks.

with high intensity daylight lamp
—Accurate
—Fast
Model

169

Probe-Rite Inc., 2725 Lafayette St., Santa

110/25,000

Clara, Calif. 95050. Phone (408) 249-1255

FLASHES PER
MINUTE

[396]

PRECISION STROBOSCOPIC TACHOMETER WITH 5DIGIT READOUT
— INSTANT STARTING — HIGH INTENSITY WHITE LIGHT — INTERNAL OSCILLATOR CONTROL OR LINE SYNCHRONIZED OPERATION
— CAN BE TRIGGERED FROM EXTERNAL TTL LOGIC

Unit compares pc boards with
video overlay or split screen
Using two specially modified vidicon
cameras, the Video Comparator System can compare a printed-circuit
board under inspection with a preselected master board. The operator
can chose to display either superimposed, split-screen, or individual video images, depending on the type of
inspection he wishes to make. Boards
up to 12 by 16 inches may be placed

MANUFACTURERS OF INSULATION TESTERS
CABLE & HARNESS

TESTERS

...MEGOHMMETERS

STROBOSCOPES ...COIL & WINDING TESTERS
& BAT TERY TESTERS

SLAUGHTER COMPANY
MOORE & HAILEY STS
Tele:

ARDMORE, OKLAHOMA 73401

405-223-4773

TWX: 910-830-6972
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Just published
1978 EBG!
3.

le

Directory for manufacturers. Local sales offices,
reps, and distributors. with
phone numbers. Number
of employees and engineers, dollar volume.
name of company contact.

Directory of products.
Over 4,000 products, over
5,000 manufacturers.

4.

2.

Directory of trade names
of products and their
manufacturers. You can
trace aproduct by its trade
name only.

Directory of catalogs.
Includes six post-paid
catalog inquiry cards for
10-second ordering.

To insure prompt delivery enclose your check
with the coupon now.
Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes, please send me
copy(ies) of 1978 EBG.
12 I've enclosed $25 per copy delivered in the USA or Canada.
El I've enclosed $35 per copy for delivery elsewhere ($47 if
shipped by Air). Full money-back guarantee if returned in 10 days.

in aball-slide—mounted frame that is
manually positioned by the operator
during comparison. It takes an hour
or less to learn how to operate the
unit properly.
The VC system is 54 in. high, 54
in. wide, and 36 in. deep. It is available in three models: the VC1000A,
which has a 9-in, monitor and
provides a 3.8 X magnification; the
VC2000A, which offers a 12-in.
monitor and 4.3 X magnification;
and the VC2000A-1-1, a 12-in, monitor unit with 5.2X magnification.
All magnification figures are approximate. Prices for individual
units begin at $4,400.
Ham

Name

Street

Company

City

Industries

Inc.,

853

Highland

Rd.,

Macedonia, Ohio 44056. Phone (216) 4674256 [397]
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Zip
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OUR 054000 TAKES
OVER WHERE TUBE
STORAGE LEAVES OFF.
The Gould OS41000 digital memory oscilloscope extends your capabilities beyond the
limits of conventional storage tube technology.
With the 0S4000, stored transients do not
deteriorate and are clearly displayed at will
indefinitely — as long as you choose to keep
the data. Stored trigger points allow you to
display pretrigger signals as well as the signal
itself. You see what actually caused the signal.
Digital storage also offers you four useful
options: 1) Fully automatic operation, 2) analog and digital output for hardcopy, 3) higher
resolution through expansion of stored traces,
4) the ability to generate complex wave forms.
The 0S4000 can enhance the effectiveness
of traditional dual trace displays by simultaneously displaying real time and stored traces
without the amplitude restrictions of a split
beam storage tube. Both signals have optimum brightness to help you draw the critical
inferences from close comparisons. At low

frequencies there is no irritating flicker or
C.R.T. glow.
Rated at 10 MHz for conventional operation
the 0S4000 utilizes an 8bit x1024 word RAM,
with asampling frequency of 1.8 MHz. Normal/
refreshed/roll modes are standard.
With amultitude of new applications in general electronics, medical electronics, research
laboratories and transducer related measurement situations, Gould's 0S4000 simply outclasses every tube storage scope on the market.
But even though the 0S4000 represents a•step
forward in storage scope technology, it is both
easy to use and extremely affordable.
For more information contact Gould Inc.,
Instruments Division, 3631 Perkins Ave.,
Cleveland, OH 44114. In Europe contact Gould
Advance LTD., Roebuck Rd., Hainault, Essex,
CB10 1EJ, England.
For brochure call toll free (800) 325-6400.
Ext. 77. In Missouri: (800) 324-6600.

Example of expanded output (1:2)
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When the question of gas
blows up, you'd better have
EEV pellistors around.

Because EEV pellistors are fitted into the best gas
detection instruments.
Because their high sensitivity to gas presence at very low
levels (often the most dangerous moment) will trigger a
warning response in good time.
Because EEV pellistors are renowned for long term
stability and will react effectively after many inactive years.
Because each and every matched pair of EEV pellistors is
rigorously tested for sensitivity, stability and resistance to
vibration before they leave the factory.
This is why you should specify EEV pellistors when you
are ordering gas detection equipment.
If you'd like to know more, contact us at Chelmsford.
S 5073

EEV/M-OV

Members of GEC- turnover £2054 million

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX, ENGLAND CM1 2QU .
TEL: (0245) 61777. TELEX 99103. GRAMS ENELECTICO CHELMSFORD
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Most 2114s are new products with new

and all the speed you need for

product problems. Not ours. The SEMI

1

2114 is a member of the Royal Family

1

of Static RAMs. It is, in fact,
a new pin-out of an 18-pin,

microprocessor applications.

If you'd like complete information on the SEMI 2114, or any other

members of the Royal Family of static

5V, 1Kx4 static RAM that we've

RAMS, see your local EMM/SEMI

been delivering in production quan-

distributor, or contact us directly.

tities for a year and a half.
The SEMI 2114 features low power
(only 300 mw), TTL compatible I/O,

mm

SEMI, INC.

A subsidiary of Electronic Memories & Magnetics Corp., 3883 N. 28th Ave., Phoenix, Arizona 85107 (602) 263-0202
ENGLAND: EMM, Ltd. Tel: (01) 751-1213. WEST GERMANY: EMM, GmbH Tel: 6172-6629. BELGIUM: EMMSA
Tel: (03) 76.69.75. FRANCE: EMM c/o Clip. Tel: (01) 754-2319

See us at Booth 1327 at the NCC Show, Anaheim, Ca.

eseo--

June 5-8.

Circle 251

on reader service card
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Products newsletter
Signetics opens
big push on RAMs
for 8X300 family

More personality
mod les due
for HP 1611

Honeywell adds
di gital
programmer
to industrial line

Two options offered

Users of Signetics Corp.'s 8X300 will appreciate the midsummer arrival of
afamily of 2,048-bit random-access memories supporting the fast bipolar
microprocessor. First will be apair each of 256-by-8-bit and 256-by-9-bit
devices. The RAMS will mark the beginning of abig push by the Sunnyvale,
Calif., company for the 8X300, its flagship microcontroller, which has
generated interest from those designers who are frustrated by the limitations of bit-slice units.

Look for Hewlett-Packard to almost double the capabilities of its model
1611A logic-state analyzer by adding three new personality modules to the
present list of four. The 1611A can now be used with the 6800, 8080, F8,
and Z80. New personality modules for the 1802A, 6502A, and 8085 are
soon to be announced. A 1161A with one module costs $5,200; users can
add any of the remaining six modules for an additional $1,250 each.
Modules can be exchanged in about 15 minutes and consist of two printedcircuit boards, a replacement section of front panel, and a dedicated
microprocessor probe.

Planning to expand its family of microprocessor-based instruments and
systems, Honeywell Inc.'s Process Control division in Fort Washington,
Pa., has slated amid-June unveiling of anew digital control programmer,
the DCP 7700. It will offer users improved repeatability, resolution, and
control accuracy in processes requiring generation of setpoint versus time
profiles. Applications include heat treating and furnace control, environmental or test-chamber control, metallurgy, and weld stress relieving. The
DCP 7700 is designed around an Intel 8080 microprocessor.

BP

Instruments of Cupertino, Calif., is about to announce two new options

for lo gic analyzers

for its 50D and 50D16 logic analyzers. The first is atransitional clocking
option for compacting data. It uses the incoming data for generating the
clock. The second new option is the Pro-Pod, an umbilical add-on with 12
inputs that attach to the 8 inputs of the 50D to permit the use of four
extra probes for additional qualifiers. By combining two Pro-Pods for the
50D16, for example, the user has 16 data inputs, plus extra qualifier lines.
The transitional clock option will cost approximately $500, the Pro-Pod
$435. BP will begin shipping the options in July.

Price changes

Recent price changes have been announced for semiconductor products by
two companies:
• EMM Semi Inc., Encino, Calif., which has dropped the price on its 3539
2,048 bit static random-access memories. In 500 quantities the cut was
from $7.80 each to $4.05.
• Standard Reference Labs. Inc., Fair Lawn, N. J., which has reduced the
tags on four of its precision reference diodes. For quantities of one to nine,
the reductions are as follows: type PRD 2005 from $170 to $140, PRD
2010 from $115 to $105, PRD 2020 from $70 to $65, and PRD 2030
from $47 to $45.
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New products/materials
A single-component plastic adhesive
with a temperature resistance of up
to 400 °F will bond ceramic to metal
as well as adhere to glass, mica, and
many plastics. Aremco-Bond 515
requires no weighing, mixing, or
activating and can be cured at
temperatures as low as 330 °F in 45
minutes. It has a dielectric strength

8by 11 /
2 in., says the company.
1
Sealed Air Corp., Park 80 Plaza East, Saddle
Brook, N. J. 07662 [356]

between glass plates for safety
purposes. Eccogel 1265 is available
from stock in 16-pound quantities. It
is priced at $2.95 per pound.

A thick Kapton polyimide film is
under evaluation by Du Pont. It is
intended for applications that require insulations with thickness and
stiffness in addition to an ability to
retain their physical and electrical
properties in hostile environments.
The film has a dielectric strength of
1,440 v/mil and adielectric constant
of 3.33 at afrequency of 100 Hz and
25 °C. Limited quantities of the 11and 17-mil-thick experimental films
are available.

Emerson

Du Pont Co., Plastic Products and Resins

& Cuming

Inc.,

Canton,

Mass.

02021 [479]

of 400 v/mil and has a life of one
year when refrigerated. AremcoBond 515 is available from stock at
$27.50 per pint, $35 per quart, or
$90 per gallon in 10-gallon lots.
Aremco Products Inc., 23 Snowden Ave.,
Ossining, N. Y. 10562 [476]

Infrared Solderflux 840, a biodegradable compound, efficiently fuses
solder to circuit boards while they
are being conveyed through an oven.
The material wets and levels well on
ground planes and provides a bright
and essentially uncontaminated
plated surface. It rinses well, is
completely smoke-free, and is nearly
odorless. It costs $40 for a 4-gallon
pack, $47.50 for a 5-gallon pail, and
$495 for a55-gallon drum.
J&S

Laboratories

Inc.,

1352

Coil

A base-metal conductive coating designated X-coat 205 has a bright,
reflective appearance similar to that
of silver coatings, yet costs less than
50 cents per square foot. A one-part
application that may be air-dried, it
exhibits excellent environmental resistance and adheres well to engineering thermoplastics such as Valox, Noryl, and Lexan. Production
quantities are available at $95 per
gallon; a 1-pint evaluation sample
costs $25. Delivery is from stock to
two weeks.
Electro-Kinetics Systems Inc., 2500 E. Ridley

Dept., D-6119, Wilmington, Del. 19898 [357]

An adhesive-backed plastic film can
be used to hold silicon wafers,
alumina and glass substrates, or
other semiconductor materials for
dicing or scribing. Wafer-Mount 559
has a paper backing that when
peeled away exposes the soluble
adhesive layer. Once the paper backing is removed, the substrate is positioned on the film and pressed down
so that it adheres to the film; no
heating is required during the process. Dicing or scribing of the material is accomplished mechanically or

Ave., Chester, Pa. 19013 [480]

Bubble-wrap bags use a 1-inch lip
coated with pressure-sensitive adhesive to provide users with resealable
protective bags. The bags are available in five sizes: 3 by 4 inches, 4 by
51
/ in., 4 by 71
2
/ in., 6by 81
2
/ in., and
2

Ave.,

Wilmington, Calif. 90744 [477]

A transparent epoxy resin called
Eccogel 1265 can be used to protect
components from shock or pressure
or to provide a window when it is
needed to inspect a device. Once
cured, the resin becomes transparent
and can be cut with a knife for
access to aprotected component and
later repaired. The material has a
low viscosity so that it will easily
impregnate components. It can also
be used as a laminating resin
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with a vacuum manifold. The parts
can be separated from the film by
using an appropriate solvent. WaferMount comes in 10-by-10-in, sheets
at $50 for 10 sheets and $2.75 per
sheet in lots of 1,000 and up. Disks
that accommodate 2-, 3-, or 4-in.
silicon wafers sell for $0.51, $0.71,
and $1.05 each, respectively, in lots
of 1,000 or more disks.
Aremco Products, P. 0. Box 429, Ossining,
N. Y. 10562 [478]
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DDC has developed the world's fastest hybrid 12 bit
and 8 bit data acquisition components. The 12 bit has
a throughput rate of 450 kHz and the 8 bit has a
throughput of 900 kHz. Each consists of two compatible
stand-alone 24 pin DDIP modules: an A/D converter
and a track/hold or sample/hold amplifier.
The 12 bit ADH-8516 Analog-To-Digital Converter
has aconversion time of 1.8kis and 0.012% linearity. It is
the smallest Hi-Rel A/D available that also includes 3State outputs for microcomputer interfacing. With the
matching ADH-050 Video Track and Hold Amplifier a
super-fast acquisition time of 120ns is achieved.
Aperture time uncertainty is alow 500ps. Buffering and
pin programming allow many differential and singleended input options.
The 8 bit data acquisition components include the
ADH-8512 A/D Converter which features a 95Ons
conversion time. The matching SH-8518 Sample and
Hold Amplifier has a 25ns acquisition time and a60ps
aperture uncertainty.

Both data acquisition component sets are well suited
for military, aerospace and telecommunication
applications. All DDC hybrids are processed to MILSTD-883 requirements to perform under the most
extreme environments. DDC also designs custom card
mounted multiplexed data acquisition systems. Call
your nearest DDC representative listed in EEM, or call
Mike Andrews at (516) 567-5600.

co

o

ILC DATA DEVICE
CORPORATION

LC DOVER is the
sole designer
and manufacturer 7F.r1
of the Apollo
Skylab and Shuttle
space suits

A Wholly Owned Subsidiary of ILC Industries. Inc.

Airport International Plaza, Bohemia, New York 11716
516-567-5600 TWX 510-228-7324
West Coast: 7337 Greenbush Ave., North Hollywood, CA 91605 • 213-982-6454
Southwest: 5050 North 19th Ave., Suite 420. Phoenix, AZ 85015 • 602-249-0703

up
throughput.
i"
f..1„;7,-4z>96-'
,04,
7
90

IM1
S/D and DIS
Converters

A.T.E.
Synchro
Instruments

Custom Hybrids

Signal
Data
Conversion
Systems

DDC puts it
all together.

D/A and AID
Converters

e-

Video Converters

Circle 243 on reader service card

Twenty minicomputer makers
are testing the 6250 bpi capability of
the STC 1900...
What about the high-performance capability of your minis?
Can you offer your customers the high performance read-write capability of the GCR
format?
•Increased throughout using GCR's
6250 bpi.
•Improved error correction for fewer
reruns.
•Three to one file compaction on multireel files.
Can you remain competitive without a
6250 bpi tape subsystem for your minicomputer?
You can, with the STC 1900 high density
magnetic tape subsystem. It includes 1600
and 6250 bpi as astandard feature, so you
have library interchangeability with other
systems operating at these densities.
244

Circle 244. on reader service card

You can offer the storage capability formerly available only with big mainframes.
Computer output microfilm (COM), and
seismic exploration equipment makers have
tested and approved the 1900. Minicomputer manufacturers have tested the 1900 and
found it fits their needs for arack mountable
high density tape subsystem.
You can afford this high density subsystem because it's designed specifically for
the OEM market by the world leader in high
density tape subsystems.
To arrange for an evaluation, call Ron
Brown direct, toll free. 800-525-2940.

and they're
buying it.

STORAGE TECHNOLOGY CORPORATION
P.O. Box 6, Louisville, Colorado 80027

83878
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IBM STOCK
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New literature
plating information, are discussed in
a 12-page catalog from Sealectro
Corp., Mamaroneck, N. Y. 10543
[429]

with adiscussion of some techniques
for fabricating monolithic circuits.
Datel Systems Inc., 1020 Turnpike
St., Canton, Mass. 02021 [430]

Standards. A new release, RS-448,
Lamps. A 24-page catalog offers
entitled "Standard Test Methods for
information on a line of solid-state,
Electromechanical Switches," will
neon and incandescent indicator
help engineers who need reference lights. Important products covered
material on the mechanical, electri- are Omni-Glow, Glo-Dot, Line-0cal, and environmental testing of Lite, Tiny-Glow and the Mini-Dot
switches. Fourteen test methods are series of indicator lights. The availgiven and the relationship of the able housings, lenses, and colors, and
RS-448 tests to those found in Inter- the types of bezels, plus mounting
national Electromechanical Com- details, complete dimensions, leads
mission Standards is discussed. The
index of Electronic Industries AssoINDICATOR LIGHT
ciation and the Joint Electron Device
Non-Relampable
Engineering Council standards and
OEM Selection Guide
•Sold lug*
Neon
lereodrecent
engineering publications distributed
by the EIA is available free of charge.
f
Standard RS-448 sells for $8.25 a
copy. Standards Sales Office, Electronic Industries Association, 2001
Eye St. N. W., Washington, D. C.
ail

1.116.1e,•••••••••Le/TM Yet 3.1.4•71ele

MINNESOTA:
Minneapolis, Engineering Products Assoc., Inc.
(612) 925-1883
NEW JERSEY:
Whippany, Livers-Polk Assoc., Inc.
(201) 377-3220

and terminations, are given for each'
series. A section on design considerations and on specifying indicator
lights is included. A self-addressed
request form makes it easy for
designers to obtain free samples of
any of the company's indicator light
for prototypes and new designs.
ILG-378, Industrial Devices Inc.,
Edgewater, N. J. 07020 [431]
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ARIZONA:
Scottsdale, PLS Associates (602) 994-5461
CALIFORNIA:
Pasadena, A-F Sales Engineering Inc.
(213) 681-5631
San Jose, Richards Associates (408) 246-5860
COLORADO:
Denver, PLS Associates (303) 773-1218
CONNECTICUT:
Litchfield, Digital Sales Assoc. (203) 567-9776
FLORIDA:
Orlando, Gra-Mar, Inc. (305) 894-3351
ILLINOIS:
Chicago, Coombs Assoc. (312) 298-4830
INDIANA:
Indianapolis, Coombs Assoc. (317) 897-5424
MARYLAND:
Lanham, Brimberg Sales Assoc., Inc.
(301) 946-2670
Baltimore, Brimberg Sales Assoc., Inc.
(301) 792-8661
MASSACHUSETTS:
Waltham, Digital Sales Assoc. (617) 899-4300

Data-conversion products. "Microcircuits for Data Conversion," a48page catalog, describes a broad line
of high-performance monolithic and
hybrid data converters. Features and
specifications are given for: analogto-digital, digital-to-analog, and
voltage-to-frequency converters;
multiplexers; operational amplifiers;

and active filters. Ordering information is included. Also, ashort history
of the hybrid and monolithic dataconversion circuits is provided, along

Open Frame
D.C.
Power Supplies

Microprocessor training. For those
engineers who wish to increase their
knowledge of microprocessors, National Semiconductor is offering
training courses on such topics as
microprocessor fundamentals, 8060
applications, 8900 applications, and
peripherals, listed in an eight-page
brochure. Registration is June 1,
1978. National Semiconductor
Corp., Training M/S 470, 2900
Semiconductor Dr., Santa Clara,
Calif. 95150 [432]

NEW MEXICO:
Albuquerque, PLS Associates (505) 255-2330
NEW YORK:
Roslyn Hts., Livera-Polk Assoc., Inc.
(516) 484-1276
Syracuse, C.W. Beach Company
(315) 446-9587
OREGON:
Portland, Jas. J. Backer Co. (503) 297-3776
Salem, Jas. J. Backer Co. (503) 362-0717
TEXAS:
Dallas, Advance Technical Sales
(214) 361-8584
Houston, Advance Technical Sales
(713) 469-6668
Dallas, Solid State Electronics (214) 352-2601
Houston, Solid State Electronics
(713) 785-5436
WASHINGTON:
Seattle, Jas. J. Backer Co. (206) 285-1300
WISCONSIN:
Milwaukee, Coombs Assoc. (414) 671-1945

EUROPE:

Hanex, Inc., Los Angeles, California
(213) 556-3807; Cable Address: "Extra«
Telex: 69-1661 (TRANSTRADE LSA)

CANADA:
Duncan Instruments Ltd., Weston, Ontario
(416) 742-4448; Telex: 06-969636
(DUNCANINST TOR)

NEW '78 CATALOG!
Get your free copy now!

tegClire,?-1111e,„.
D.C. POWER SUPPLIES

Power One Drive •Camarillo, CA 93010
(805) 484-2806 •TWX 910-336-1297
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'RPM Frames

o.v.aevs

ONLY POWER•ONE
OFFERS THESE EXCLUSIVE FEATURES:

QUALITY •Two-Year Warranty - fully transferable to your customer •Two-Hour
Burn-in - plus two full functional tests on every unit •UL Recognized, CSA Certified
SERVICE •83 Standard Stocked Models - the industry's largest selection •Local
Stocking Centers Nationwide - stocked for immediate delivery
ECONOMY •The industry's most cost-effective D.C. power supplies •Liberal discounts
for quantity buyers
SINGLE OUTPUT - STANDARD
-• 02% REGULATION • REMOuE SENSING

VOLTS

AMPS

MODEL

PRICE 1-9

VOLTS

AMPS

MODEL

PRICE 1-9

VOLTS

AMPS

MODEL

PRICE 1-9

VOLTS

AMPS

MODEL

PRICE 1-9

5

3.0
6.0
12.0
18.0

B5-3
C5-6
D5-12
95-18

$24 95
44.95
74.95
104.95

12

1.7
3.4
6.8
10.2

B15-1.5
C15-3
D15-6
915-9

$24.95
44.95
74.95
104.95

18

1.3
2.6
5.2
7.8

B24-12
C24-2.4
D24-4.8
924-7.2

524.95
44.95
74.95
104.9$

24

12
2.4
4.8
7.2

024-1.2
C24-2.4
D24-4.8
924-7.2

$24.95
44.95
74.95
104.95

6

3.0
6.0
12.0
18.0

B5-3
C5-6
D5-12
95-18

$2#95
44.95
74.95
104.95

1.5
3.0
6.0
9.0

B15-1.5
C15-3
D15-6
915-9

524.95
44.95
74.95
104.95

20

1.3
2.6
5.2
7.8

1324-1.2
C24-2.4
024-4.8
924-7.2

$24.95
44.95
74.95
104.95

_

_

_

___

AMPS
1.2

MODEL
HB24-1 .2

PRICE 1-9
$24 .95

MODEL

PRICE 1-9

2.4
3.6
4.8
7.2

HC24-2.4
HN24-3.6
HD24-4.8
HE24-7.2

44.95
64.95
74.95
104.95

1.0
2.0
3.0
4.0
6.0

H924-1.2
HC28-2

$24.95
44.95

HN28-3.0
HD28-4
HE28-6

64.95
74.95
104.95

5

SINGLE OUTPUT - HI -VOL
115/230 VAC INPUT • OVP ON 5V MODELS

VOLTS

AMPS

2

5

MODEL

PRICE 1-9

VOUS

AMPS

MODEL

PRICE 1-9

12

0.5
1.7
3.4
51
6.8
10.2

HAIS -0,5
HB12-1.7
HC12-3.4
HN12-5.1
HD12-6.8
HE12-10.2

522.95

HA15-0.5
HBI5-1.5
HC15-3
HN15-4.5
H015-6
HE15-9

522.95
24 .95
44.95
64.95
74.95
104.95

30
6.0
12.0
18.0

HB2-3
HC2-6
HD2-12
HE2-18

$29.95
49.95
79.95
109.95

1.2
3.0
6.0
9.0
12.0
18.0

HAS-1.2/OVP'
H85-3/OVP •
HC5-6/0VP•
HN5-9/0VP•
HD5-12/0VP•
HE5-18/0VP•

522.95
24.95
49.95
69.95
79.95
114.95

15

0.5
1.5
3.0
4.5
8.0
9.0

VOLTS
24

24.95
44.95
64.95
7#95
104.95
28

AMPS

5

MODEL

PRICE 1-9

25.0
35.0

F5-25/0VP •
G5-35/OVP •

$149.00
185.00

12

16.0

F15-15

$149.00

15

15.0

F15-15

$149.00

24

12.0

F24-12

$149.00

28

10.0

F24-12

$149.00

VOLTS

AMPS

PRICE 1-9

9415-0 8

12V @ 1.0A
Of
15V @ 0.8A

-12V @ 1.0A
or
-15V @ 0.8A

$42.95

BB15-1.5

12V @ 1.7A
or
I5V @ 1.5A

-12V @ 1.7A
or
-15V @ 1.5A

$53 95

12V @ 3.4A
Or
15V @ 3.0A

-12V @ 3.4A
Or
-15V @ 3.0A

$84.95

CBB-75W
DB13-105W

5V @ 3.0A

12V ® 1.0A or I5V @0.8A

51/ @ 6.0A
5V @ 12.0A

-12V @1.7A or -15V @ 1.5A
-12V @ 1.7A or -15V @ 1.5A

5 69.95

$ 91.95

+5)I•

+5V and +12V
CF-249

07A

+24V end f5V
CF-205
CP-206
CP-162

IA
2SA
3A

-5V•

INCLUDES BUILT-IN OVP. SET® 6.2V +0.4V.

"Think
about

$34.95

EFFICIENCY @ NOMINAL UNE

MODEL

PRICE 1-9

14
18
23

63%
60%
57 %

RES-23/0VP•

$130.00

5

25
32
40

63%
60 %
57 %

RG5-40/0VP •

$220.00

MODEL

OUTPUT #1

OUTPUT #2

PRICE 1-9

±12 to 15V
HAA15-0.8
HBB15-1.5
HCC15-3.0

12V@ 1.0A or 15V @ 0.8A
12V@ I.7A or I5V @ 1.5A
12V @ 3.4A or 15V @ 3.0A

-12V@ 1.0A of -15V @ 0.8A or -5V @ 0.4A
-12V@ 1.7A or -15V @ 1.5A or -5V @0.7A
-I2V @ 3.4A or -15V @ 3.0A

$39.95
4995
79.95

•18 to 24V
HAA24-0.6

18-20V @ 0.4A or 24V @ 0.6A

(-)18-20V @ 0.4A or -24V @ 0.6A

15V
HBB5-3/0VP
HCC5-6/0VP

5V @ 3.0A•
5V @ 6.0A•

5V and 9-15V
(Isolated Outputs)
HAA512
HBB512
HCC512

5V@2.0A •
5V @ 3.0A •
5V @ 6.0A •

MODEL

$39.95

-5V @ 3.0A•
-5V @ 6.0A •

$61.95
92.95

9-15V @ 0.5A
9-15V @ 1.25A
9-15V @ 2.5A

$44.95
54.95
86.95

OUTPUT #1

OUTPUT *2

OUTPUT #3

PRICE 1-9

HTAA-16W

5V @ 2.0A•

9-15V @ 0.4A

(-19-15V @ 0.4A or -5V @ 0.2A

$ 49.95

HBAA-40W

5V @ 3.0/1*

12V @ 1.0A
or 15V @ 0.8A

-12V @ 1.0A or -15V @ 0.8A or
-5V @ 0.4A

$ 69.95

HCBB-75W

5V @ 6.0A*

I2V @ 1.7A
or 15V® 1.5A

-12V @ 1.7A or -15V @ 1.5A or
-5V @ 0.7A

$ 91.95

CP-131

5V @8.0A•

12V @ 1.7A
or 15V® 1.5A

-12V @ 1.7A or -15V @ 1.5A or
-5V @ 0.7A

$110.00

-12V @ 1.7A or -15V @ I.5A Of
-5V @ 0.7A

$126.95

-12V @ 3.4A or -15V @ 30A

$149.00

HDBB-105W

5V @ 12A•

+24V
AVG./PK

PRICE 1-9

HDCC-150W

5V @ 1240

12V @ 3.4A
or 15V® 3.0A

$ 39.95

NEW '78 CATALOG!

15A,1 .7A
3.0A/3.4A
5A/6A

S 69.95
$ 91.95
$120.00

1.IAI.7A
0 SA
0SA
0.6A

HB250-0.1

12V @ I.7A
or 15V @ 1.5A

FOR 5.258 8.0" MEDIA DRIVES

+12V
AVG./PK

0.1

5

OUTPUT RATINGS

015K-ORIVE
MODEL

250

$ 99.95

$126.95

FLOPPY-DISK SERIES

SINGLE/DUAL DRIVE MODELS

$34.95

115/230 VAC INPUT • OVP ON 5V MODELS

PRICE 1-9

-12V @ 1.0A or -15V @ 0.8A

12V @ 1.7A or 15V @ 1.5A

H1320341 12

TRIPLE OUTPUT - HI-VOL

OUTPUT #3

12V@ 1.7A or 15V @ 1.5A

0.12

RD5-150VP•

TRACKING REGULATORS • ±.021% REGULATION

BAA-40W

180.
200

66%
63 %
60%

TRIPLE OUTPUT - STANDARD
OUTPUT #2

49.95
79.95
109.95

115/230 VAC INPUT • OVP ON 5V MODELS

OUTPUT #2

OUTPUT #1

529.95

liC48-1
HD48-3
HE48-4

DUAL OUTPUT - HI -VOL

OUTPUT #1

MODEL

HB48-0.5

1.0
3.0
4.0

9
12
15

02% REGULATION

MODEL

CC15-3.0

0 5

5

DUALN(OUTPUT - STANDARD
KI' REGULATORS •

AMPS

48
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Get Your FREE Copy Now!
Phone us direct or circle the reader service
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D.C. POWER SUPPLIES

Power One Drive •Camarillo, CA 93010 •(805) 484-2806 •TWX 910-336-1297
Circle 249 on reader service card
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section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

CLASSIFIED SALES REPRESENTATIVES

Cleveland

Mac Huestis

Atlanta

Jane Core

404/892 2868

Dallas

Mike Taylor

Boston

Jim McClure

617/262-1160

Denver

Shirley Klotz

Ch•capo

Fit/ Htqcjens

312/751 3733

Detroit

Mac Huesks

216/781-7000

214/742-1747
303/837-1010
313/873.741n

Houston .
Los Angeles

Mike Taylor
Stan Kassin
Larry Kelly

713/659-8381
213/487-1160

Pittsburgh

Dean Genge

New York

212/997-3554

San Francisco

M E Kenny

412/391-1314
415/362-4600

Stamford

Jim McClure

203/359-2860

Phtladeonia

Dan Ferro

.''n s6F FI61

XEROX 400 TELECOPIER

212/997-6800

TECHNICAL TRANSLATIONS

ENGLISH/RUSSIAN

COMMUNICATION AND
CONTROL SYSTEMS
PROJECT ENGINEERS
Major midwestern energy company seeks several
growth oriented electrical engineers for its engineering staff. Responsibilities will include the system
design, preparation of specifications, evaluation of
new equipment, and directing the installation and
start-up of a variety of complex communication and
remote control telemetering systems utilizing microprocessors and minicomputers.
Your background should include aBachelors degree in
Electrical Engineering and two to five years of related
experience. These positions offer substantial growth
opportunity, attractive salaries, and an excellent
benefits package.
Please submit your resume and salary history to:
P-7184, Electronics
Class. Adv. Dept., P.O. Box 900, NY, NY 10020
An Equal Opportunity Employer M1f/F

computerized phototypesetting
Advertisements/Catalogues/
Manuals/Technical documentation
EASTA Translations, P.O.B. 1365
Rehovot, Israel, Tel. (02) 713-915
Telex 26144 BXJM IL ext. 7037
*FOR MIDWEST ACTION! *
Computer Professionals
RECRUITING
Computer Professionals
All fees paid by Client Companies.

H. Wm. Myers &Assoc.
361 Virginia Street
Crystal Lake, IL 60014
Located in the suburban Chicagoland area

POSITIONS VACANT
Engineer—Technicians For Planetarium. National Air & Space Museum,
Wash. DC. Two pos: GS-7/8/9, approx. $12K to $15K (Civil Service)
and ISW-8, $6.24/HR (not Civil
Service) Assist in maintenance, troubleshooting & operation of automated planetarium & sound
systems. Develop special effect projectors for public shows. Design &
build electronic circuits. Should be
well-rounded; familiar with CMOS.
TTL, optics, sound, electromechanicals, AV equip, plastic & light metal
work. Some knowledge of astronomy
helpful. Some odd hours, excel.
benefits. Send SF-171 (avail. at Post
Office) to Personnel Office, 1410 A
& I, Smithsonian lnstn. Wash. DC
20560, Attn: MPA 77-500. EOE, M/
F.

EMPLOYMENT SERVICE
M.E.s, I.E.s, E.E.s, Ch.E.s —Let our
search firm represent you to our
clients nationally and overseas. If
you are seeking a more prestigious
position with increased responsibilities and a better Future, send a
resume or request aposition profile
and at no charge we will provide you
with
interview
opportunities.
Register in our exclusive Executive
Search Program. All replies strictly
confidential. All Fees employer paid
at Management Recruiters, 1900
Point West Way, Suite 281, Sacramento, CA 95815. (916) 920-0441.
Electronic engineering growth positions with clients located nationally.
We would be glad to consider your
resume. Joe Torcassi (EE), Director,
R.J. Bushee & Associates, 1001
Carew Tower, Cincinnati, OH 45202.
513/621-2015.

REAL ESTATE BUS. FOR SALE
Mobile Phone Business—Mobile
telephone operation is in town
center, on leased R.E. Reported to be
only business of this type in western
Montana. Includes antenna sites on
mountains & accompanying leases
for sites. Trucks, mobile equip, for all
weather. Very reputable business for
$278,000. Possible terms. Contact
Strout Realty, 1430 W. Broadway,
Missoula, MT 59801 (406) 7280360.

FREE

Your dream job.
We hope you're happy in your current position,
but there's always that ideal job you'd prefer if
you knew about it.
That's why it makes sense to have your
resume on file in the Electronics Manpower
Register, acomputerized data bank containing
the qualifications of career-conscious
ELECTRONICS readers just like yourself.
You'll benefit from nation-wide exposure to
industry firms privileged to search the system,
and since the computer never forgets, if you
match up with their job requirements you'll be
brought together in confidence.
To take advantage of this free service,
your resume to the address below.

mail

ELECTRONICS MANPOWER REGISTER
Post Office Box 900/New York, N.Y. 10020

250
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ENGINEERS (Communications)

Arole in
developing the new
"SINCGARS"VHF-that% the kind of
challenge you'll find at
ITT Aerospace/Optical.
There's a lot going on at ITT Aerospace/Optical Division
in Fort Wayne, Indiana, to quicken the pulse of an ambitious
communications engineer. Our new contract to develop the
U.S. Army's new generation battlefield tactical VI-IF radio
is a case in point.
SINCGARS (Single Channel Ground/Airborne Radio System)
is a secure radio that will use the latest frequency-hopping
anti-jamming techniques. Like our other radio communications
and air traffic control programs, it extends the state-of-the-art
and translates it into new and widely diverse fields of application.
If you thrive on challenges of a high order, and are looking
for a position that offers wide opportunity for rapid and sustained
professional growth, we look forward to reviewing your
qual fications for immediate openings in the following areas:
• RF System Analysis and Design
• Portable Transceiver Design and Applications
• Digital and Spread Spectrum Communications Systems
• Modulation Techniques (FM, FSK, PSK)
• Frequency Synthesizers
• COMSEC and Tempest Design
• Mechanical/Thermal Packaging
• Microwave Automatic Test Equipment Design
• RF Power Amplifier Design
• Miniaturized Power Supply Design
• Conversion of Circuit Designs into LSI Form
We're located in Fort Wayne — a city that offers fine cultural,
educational and recreational attractions, non-stressful family
living, and an enviable cost-of-living.

To arrange appointment,
Call collect 9AM -3PM
Larry Haynes at (219) 423-9636
Or send your resume, including salary history to:
Mr. Larry Haynes, ITT Aerospace/Optical Division,
3700 East Pontiac Street, Fort Wayne, Indiana 46803.

AEROSPACE/OPTICAL
An Equal Opportunity Employer, M/F
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Why are FL RIDIANS
moving to Kansas?
OPPORTUNITY...CHALLENGE ... ENGINEERING
career openings exist NOW at Boeing Wichita
Company on a number of long range programs
involving advanced aircraft systems. Staffing is underway for the early phases of a range of projects
relating to Air Force bombers and tankers.
Air Launched Cruise Missiles Integration ... Offensive and Defensive Avionics Systems ... Countermeasures Systems ... Electronic Agile Radar
Systems ... Electronic Steerable Antenna Systems
... Weapon System Trainers ... Aircraft Winglets
and Automated Test Equipment. Join these high
technology programs now while program assign-

ments are growing. Ask us today just how your
experience and background match our many requirements. We think you'll be pleasantly surprised
at what we have to talk about.
AND MIDWEST LIVING, the kind of friendly
neighbor environment you won't find elsewhere, in
a Metropolitan area without big city problems is
waiting ... for families and families-to-be. Wichita,
with an area population of 383,312, has close-towork living, excellent schools including three universities, smog-free four-season climate and recreational activities, informal atmosphere with ample
opportunity for personal expression and growth.

IMMEDIATE REQUIREMENTS include the following which call for aBS or higher degree
in Engineering, Physics, Computer Science or Math.

•AVIONICS SYSTEMS DESIGN

•SOFTWARE SYSTEMS DESIGN/ANALYSIS

•AVIONICS SYSTEM TESTING

•SYSTEMS ENGINEERS

•ELECTROMAGNETIC PULSE ANALYSIS

•SYSTEMS TESTING

•ELECTRONIC CIRCUIT DESIGN

•TEST PLANNING

•TECHNICAL PUBLICATIONS—ELECTRICAL/ELECTRONIC SYSTEMS

Send resume to: Wes Penner, Boeing Wichita Company
4300 E. MacArthur Road, Wichita, KS 67210
or Call Collect (316) 687-3057

WICHITA COMPANY

An Equal Opportunity Employer M/F
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engineers
For achange, join a
company that wants
to work for you!
At GTE LENKURT an employee is first and foremost a human being and
not a component.
Our customers depend on us for excellence in design, manufacture, and service
of sophisticated video, voice, and data communications systems. You can trust
us for a rewarding career, endless advancement potential, interface with the
best and the brightest people in the industry, and personal growth and development in adynamic organization.
If you wish to upgrade your position, send us your resume for a new career. If
you don't have a resume, complete and clip our instant application below and
mail it to us for prompt and confidential consideration:

--instant- um' ------ -Employment
Kazim Ali,
_.
Manager
application
GTE LENKURT, INC.
1105 County Road
San Carlos, Calif. 94070
(415) 595-3000

GTE LENKURT, INC.
Name
Address
City
Home Phone (
Bus. Phone
(
Job Applying for
Present Employer

State

)
)

Zip

(Salary Regs.) $
(Present Sal.) S

Dates Employed
Job Title
Duties
Previous Employer
Dates Employed
Job Title
Duties
Education
Other experience

MN

MI

254

MI

IM

M

IIM

Ill

LEnicuRT
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development engineers

Electrical Engineers at all levels for projects in subscriber carriers, signalling and VF equipment design, PCM carrier and
switching as well as digital microwave radio. Experience is either linear, digital or microprocessor control circuit design.
(Job #SRS11

SUBSCRIBER CARRIER
CONCENTRATORS

DIGITAL SYSTEMS

Systems and circuit design Engineers to develop microprocessor
controlled subscriber pair gain systems. Knowledge of PCM signal
processing and digital switching techniques is desirable. (Job
#SRS2)

PCM TRANSMISSION Et TERMINALS
For design of PCM digital multiplexers and terminal equipment.
2-7 years experience. Background in high speed digital design
utilizing TTL and ECL Logic, some knowledge of microprocessors desirable, but not required. (Job #SRS3)

FIBER OPTICS

We seek an experienced Engineer desiring to work on the design
and circuit applications of fiber optics components such as laser
diodes, light emitting diodes, avalanche photodiode receivers,
single fiber connectors and cable-to-cable splicing. (Job # SRS4)

SEMICONDUCTOR TEST ENGINEER

We seek an Engineer with aBSEE (or equivalent) and 2-5 years
experience testing and evaluating low and high frequency semiconductor components such as Diodes, Transistors, Linear and
Digital Integrated Circuits. Knowledge of component failure
analysis, Sentry II programming and some circuit design experience is desirable. (Job #S RS61

MICROWAVE SYSTEMS
Responsible for defining radio performance specifications and
product arrangements including baseband, IF, RF and protection
switching. Must have experience in 2-13 gigahertz analog and
digital radio development. (Job #SRS8)

Responsible for defining characteristics, evaluating new applications and developing customer documentation on evolving multi
line PCM subscriber pair gain systems, channel banks, multiplexers and repeatered lines. Should have electrical engineering
background and be familiar with Telephone Operating Company
switching and digital transmission plant. (Job # SRS7)

CUSTOM I.C. DESIGN
Development of Custom Integrated Circuits, Analog and/or Digital
Design and computer simulation desirable. Willing to train an
engineer with solid experience in discrete circuit design. Will work
with Bipolar and N-MOS technologies. (Job # SRS9)

PROCESS EQUIPMENT
PROGRAMMING

Development of Automatic programs for high speed laser trim
and test of hybrid circuits. Solid background in linear or digital
circuit analysis and aptitude in mini-computer programming required. (Job #SRS13)

DESIGN SUPPORT

Electrical Engineers at various levels to maintain, modify and assist
the current production of electrical designs in various product
lines. (Job #SRS111

EQUIPMENT DESIGNERS

For Physical design of Proprietary Products. Equipment Designers
must have knowledge of electro -mechanical packaging and/or
printed circuit board layout. No degree necessary. (Job #SRS121

other openings at LEITIKURT

INDUSTRIAL:
METHODS IMPROVEMENT

APPLICATIONS ENGINEER

COMPUTER GRAPHICS
OPERATOR

TEST EQUIPMENT ENGINEER

Responsibilities include methods improvement, equipment selection, facilities layout and work flow, materials handling and
packaging, computer applications to manufacturing problems and
solution of production problems during new product introduction.
Electronic assembly experience desirable. Minimum BSIE or equivalent with 1-2 years experience desired. (Job if M CK 1

We need an Operator in the field of Computer Graphics.
Position requires aminimum of 1year experience on
Computer Vision and/or similar equipment. (Job # PM21.

SYSTEMS ANALYST

Bachelor's degree plus 1-5 years experience in analysis and design
of computerized business information systems. Experience in data
base/data communications-oriented applications for amanufacturing company desired. Must have sound knowledge of business
functions and have strong verbal and written communications
skills. (Job # SL1)

Be responsible for analyzing customer orders and determining
exact detailed requirements. This effort requires performing
varying amounts of System Engineering, scheduling, contract
interpretation and direct customer or sales contact plus factory
support.
You must have aBSEE (or equivalent) plus prior technical experience in the following areas: microwave radio, multiplex, supervisory and control and switching systems. (Job #JR1)
Position requires experience in analog and digital circuit design,
preferably in the area of test equipment. Some programming
background desirable. Ability to convert engineering test requirements into finished production test equipment.
You must be able to analyze existing test facilities and processes,
and design and implement cost effect improvements. BSEE or
equivalent experience required. MSEE preferred. (Job #JC1)

SENIOR TEST ENGINEER

Responsibilities include the ability to test and troubleshoot thick
film circuit hybrids, evaluate yield data and take corrective action
in hybrid assembly operations. The engineer should have experience with computer controlled laser trimming and be capable of
programming and evaluating of hybrid test equipment and comANALYST PROGRAMMER
plete controlled laser systems for functional trimming.
To work in an IBM 370-148 SVS environment. Must have indepth
knowledge of COBOL, JCL, utilities, etc. BS or BA degree preThe position will require an Electrical Engineering degree of
ferred, AA acceptable or related work experience. (Job # EC11
equivalent with three to five years of manufacturing experience.
(Job #MCK2)
GTE Lenkurt benefits are an outgrowth of a feeling of responsibility toward the
Employee that has always prevailed. Some benefits are entirely at the option of the
Employee — as they should be. Others are automatic. Taken as a whole, they represent
a comprehensive, competitive package that can offer a distinct advantage to the user.
Consider the following:
Excellent salaries; paid vacations and Holidays; Medical, Life and Disability Insurance;
stock purchase; savings and investment program; 100% tuition refund; pension plan;
Employee Store, Credit Union and Recreation Club privileges.

CEDILE111KUI

Rire are an equal opportunity employer

A Part of General Telephone & Electronics corporation on the beautiful SAN FRANCISCO PENINSULA

Electronics/May 25, 1978
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What brought an electronics engineer
from Baltimore to Central Mass.?
¿NEW HAMPSHIRE,
elASSACHUSETr8

The engineering challenges
at Simplex.
Simplex is very simply the right company
with the right technologies at the right
time. Demand for our Total Systems Line
of Life, Safety, Fire, Security, Time and
Energy Management equipment is increasing dramatically. We're continually
introducing new products, and are staffing up for still more rapidly accelerating
growth.
Right now we're seeking engineers
across the country who have BSEE,
BSME, BSCS or advanced degrees and
experience in various aspects of microprocessor design and application. Specifically, we need:
Electrical Engineers for:
• AID Circuits analog-digital applications for commercial products.
• Product Support-design modifications,
testing and engineering support for
alarm, monitoring, and control systems.
• Advanced Development microprocessor-based interface circuits using logic
and microprogramming.
In addition to these openings, we also
have need for:
• Packaging Engineer — Mechanical design for electronics alarm, control,
security systems.

Microprocessor Software Engineer —
Development of assembly language
software for real time microprocessor
controlled systems.
• Technical writer — Generate technical
manuals for high technology products
involving microprocessor controlled,
multiplex systems.
• Mechanical Engineer — Specific experience with electro -mechanical
mechanisms and knowledge of fits,
surface finishes, stampings, materials, gearing, plastics, springs, tolerancing, tooling, etc.
Coming to Electro '78? Call us collect
at 617-632-2500 for abriefing. Or
send detailed resume, earnings record
and requirements promptly to:
Mr. John MacKinnon, Simplex Time
Recorder Co., Gardner, MA 01440.

Simplex
Gardner, Massachusetts 01440
An equal opportunity employer, m/f

Simplex — founded in 1888 — is the world leader in time recording, fire alarm and
building control systems. We're awholly independent company with 4,000 employees,
7 manufacturing facilities and 210 offices throughout the world. Headquarters is in
Gardner, Mass. — close to top ski areas. Boston, with its incomparable educational and
cultural attractions, is within 55 miles.

256
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• ELECTRICAL DESIGN ENGINEERS
• PROGRAMMERS/SYSTEMS ANALYSTS

Work with thepeople who have
revolutionized the banking business:
NCR-Dayton.

EDP Terminals for
FinancialInstitutions
NCR business computer systems
have changed the financial picture so
radically that yesterday's bankers
and financiers wouldn't
recognize their businesses
today. At NCR-Dayton, our
part in that transformation is
alineup of financial terminals
of such versatility and
performance, they have made
possible new banking and
financial services which have
motivated new marketing concepts
for financial institutions. That, of course,
opens up larger marketing potentials for us. And greater
career potentials for you.

(

F

We're now designing new advances in EDP terminals with greater
computing and communications power, to maintain NCR's leadership
position in business and financial systems. To accomplish our
objectives, we're enlisting the best of the field of electrical design
engineers and programmer/analysts. If you'd like to join one of the
computer industry's Big Three, the one that has revolutionized the
banking and retail businesses, we invite you to investigate these
openings. We have opportunities at all levels ...from trainees to
project leaders in the areas listed below. BS in EE, CS, or related field is
required, with or without experience. We'd like to hear from
recent graduates.
Electrical Design Engineers
•Microprocessor Applications
•Digital and Analog Circuits
•Electrical Control Circuitry
•Terminal Peripherals
Familiarity with microprocessor
programming helpful for all
positions.

Programmers/Systems
Analysts
•Microcomputers
•Minicomputers
•Operating Systems
•Distributed Processing Systems
•Communications Software
Requires background with 8080
Assembly and COBOL language.

We offer an outstanding compensation and benefits
package with a fine environment in which to work
and live. Please forward your resume, indicating
salary requirements, to:
Mrs. Judith E. Chorazewitz
Engineering & Manufacturing-Dayton
Employment Dept. E 525
NCR Corporation, Dayton, Ohio 45479

N
An Equal Opportunity Employer
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321( ROM
It's fully-static NMOS.
It's fast (300 ns max. cycle time).
It's available in volume now.
If you're ready for a32K ROM, make the
move up to aRockwell R2332 fully-static
N-Channel ROM, (4096 x8-bits).
The R2332 is universally compatible
with N-Channel microprocessors, and
supports Rockwell's growing R6500
microprocessor family.
The fast R2332-3 features maximum access
and cycle time of 300 ns. Both the R2332-3 and
the standard 450 ns R2332 use 400 mW power
and one 5V power supply.
R2332 and R2332-3 inputs are TTL compatible
with a400 mV minimum noise immunity on both
the HIGH and LOW inputs. All eight outputs are
tri -state drivers capable of driving 100 pf and
aTTL gate.
The R2332 from Rockwell operates totally asynchronously and requires no clock input, so it's
compatible with both static and clocked-static
versions. Two mask-programmable chip select

inputs allow four 32K ROMS to be OR-tied without external decoding. Programming allows selection when the input is HIGH or LOW or in adon't
care mode. Both chip select and chip deselect
delays are 100 ns.
Get started today by getting more information
on R2332 and the R6500 family. Contact alocal
Hamilton/Avnet distributor or write: D-727-F,
Microelectronic Devices, Rockwell International;
P.O. Box 3669, Anaheim, CA. 92803 or phone
(714) 632-3729. Telex (via TWX) 910-591-1698.
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New Product
Book
new
new
new
new pRoduct tRends
in eLegtRionics
new
new
new
new
new
new
numbeR one
Bectronics
Book
-Senes
New Product Trends in Electronics, Number One
333 pages, $14.95
More than 700 state-of-the-art products, arranged
by function, are easy to find in this addition to the
Electronics Book Series. This valuable reference
presents up-to-date, usable information on
products from 500 vendors listed in acrossreferenced company index. Compiled from recent
issues of Electronics, all propduct information was
carefully researched by the editors.
Order today, and don't forget the other valuable
books listed on the coupon below.
_
Electronics Book Series P.O. Box 669, Hightstown, N.J. 08520
1. Send me
copies of "Microprocessors" at $8.95 per copy.
2. Send me
copies of "Applying Microprocessors" at $9.95
per copy.
3. Send me
copies of "Large Scale Integration" at $9.95
per copy.
4. Send me
copies of "Basics of Data Communications" at
$12.95 per copy.
5. Send me
copies of "Circuits for Electronics Engineers"
at $15.95 per copy.
6. Send me
copies of "Design Techniques for Electronics
Engineers" at $15.95 per copy.
7. Send me
copies of "Memory Design: Microprocessors
to Mainframes" at $12.95 per copy.
8. Send me
copies of New Product Trends in Electronics"
at $14.95 per copy.
Discounts of 40% on orders of 10 or more copies of each book

Imust be fully satisfied or you will refund full payment if the book
is returned after ten-day trial examination.
D Payment enclosed
Charge to my credit card:
D American Express
El BankAmericard/Visa

D Bill firm

CI Bill me

E Diners Club
Master Charge

Acc't No

Date exp.

On Master Charge only,
first numbers above name
Name

Title

Company

Advertising sales manager: Paul W. Reiss

1221 Avenue of the Americas, New York, N.Y. 10020
[212] 997-4371
Atlanta, Ga. 30309: Michael Charlton
100 Colony Square, 1175 Peachtree St., N.E.
[404] 892-2868
Boston, Mass. 02118: Frank Mitchell
607 Boylston St.
[617] 262-1160
Chicago, Ill. 60611
645 North Michigan Avenue
Jack Anderson [312] 751-3739
Robert M. Denmead [312] 751-3738
Cleveland, Ohio 44113: William J. Boyle
[716] 586-5040
Dallas, T
75201: John J. Uphues
2001 Bryant Tower, Suite 1070
[214] 742-1747
Denver, Colo. 80203: Harry B. Doyle, Jr.
123 Speer Blvd. 4#400
[303] 837-1010
Detroit, Michigan 48202: Jack Anderson
1400 Fisher Bldg.
[313] 873-7410
Fort Lauderdale, Fla. 33308: Michael Charlton
3000 N.E. 30th Place
[305] 563-9111
Houston, luxas 7700*k John J. Uphues
601 Jefferson Street, Dresser Tower
[713] 659-8381
Los Angeles, Calif. 90010: Robert J. Rielly
Robert E. Boedicker, 3200 Wilshire Blvd., South Tower
[213] 487-1160
Minneapolis, Minn. 55435: Robert M. Denmead
4015 W. 65th St.
[312] 751-3738
New York, N.Y. 10020
1221 Avenue of the Americas
Michael J. Stoller [212] 997-3616
Matthew T. Reseska [212] 997-3617
Philadelphia, Pa. 19102: Matthew T. Reseska
Three Parkway
[212] 997-3617
Pittsburgh, Pa. 152Zh Matthew T. Reseska
4 Gateway Center
[212] 997-3617
Rochester, N.Y. 14534: William J. Boyle
1175 Pittsford-Victor Rd., Pittsford, N.Y.
[716] 248-5620
San Francisco, Calif. 94111: Don Farris
Dean Genge, 425 Battery Street,
[415] 362-4600
Paris: Patrick Mouillard
17 Rue-Georges Bizet, 75116 Paris, France
Tel: 720-73-01
United Kingdom 8 Scandinavia: Robert Ghey
34 Dover Street, London W1
Tel: 01-493-1451
Scandinavia: Andrew Karnig and Assoc.
Kungsholmsgatan 10
112 27 Stockholm, Sweden
Tel: 08 51 68 70 Telex: 179 51
Milan: Luigi Rancati
1via Baracchini, Italy
Phone 86-90-656
Brussels:
23 Chaussee de Wavre
Brussels 1040, Belgium
Tel: 13-73-95
Frankfurt/Main: Fritz Krusebecker
Liebigstrasse 27c, Germany
Phone 72 01 81
Tokyo: Tatsumi Katagiri, McGraw-Hill
Publications Overseas Corporation,
Kasumigaseki Building 2-5, 3-chome,
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan
[581] 9811

Business Department
Thomas M. Egan
Production Manager [212] 997-3140
Carol Gallagher
Production Manager International
[212] 997-2045
Betty Preis
Production Manager Domestic
[212] 997-2908
Roberta Cummings
Production Assistant [212] 997 -2044
Frances Vallone
Reader Service Manager
[212] 997-6057
Electronics Buyers' Guide
H.T. Howland, General Manager
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Regina Hera, Directory Manager
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Complete entire card.
Circle the number on the Reader
Service postcard that corresponds
to the number at the bottom of the
advertisement, new product item, or
new literature in which you are
interested.

Reader Service
For additional information
on products advertised,
new products or new literature,

ffl11
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Electronics

May

Subscriptions & Renewals

To aid the manufacturer in filling your
request, please answer the three
questions.

use these business reply cards.

F____

All inquiries from outside the U.S. that
cannot reach Electronics before the
expiration date noted on the Reader
Service postcard must be mailed
directly to the manufacturer. The
manufacturer assumes all responsibilities for responding to inquiries.

Please print or type.
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Fill in the subscription card adjoining
this card. Electronics will bill you at
the address indicated on the card.
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COMPANY

(Company CI or home CI check one)
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COUNTRY

Was Th(s Magazme Personally Addressed to You', CI Yes CI No

Industry classification (check one):
a D Computer & Related Equipment
b O Communications Equipment & Systems
cIll Navigation, Guidance or Control Systems
d O Aerospace, Underseas Ground Support

eO
f El
gD
hD

Test & Measuring Equipment
Consumer Products
Industrial Controls & Equipment
Components & Subassemblies

j D Independent R&D Organizations
kD Government

Your design function (check each letter that applies):
Your principal job responsibility (check one)
X D Ido electronic design or development engineering work.
t El Management
yD Isupervise electronic design or development engineering work.
v 1:1 Engineering
zD Iset standards for, or evaluate electronic components, systems and materials.
Estimate number of employees (at this location):
1
2
3
4
5

16
17
18
19
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1. III under 20

2. D 20-99

3. D 100-999
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32
33
34
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46
47
48
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61
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63
64
65
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77
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94
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107
108
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121
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469
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718
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6
7
8
9
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24 39
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51
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66
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141
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171
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174
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216
217
218
219
220

231 246 261 338 353 368
232 247 262 339 354 369
233 248 263 340 355 370
234 249 264 341 356 371
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383
384
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398
399
400
401
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413 428 443 458
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473
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476
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11
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