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C-MOS microprocessor matches n-channel performance/ 111
D-a converter provides bit-slice processor with fast analog output/ 140
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Coding
wipes out errors
in microprocessor systems

(

Over the last decade, Models 3006,
3299 and 3386 Trimpot® trimming
• potentiometers have set the standards
for cermet trimmers. And, because these
dependable models offer the best
performance per dollar around, they'll be
standards for a long time to corne.
All models are sealed for board processing.
Boums exclusive Swage-BondTmtermination
process virtually eliminates pin termination
failure. Cermet elements offer essentially
infinite resolution. Multi-fingered wrap-around
wiper design reduces contact resistance variation
and open circuit problems. Here are the specs:

II

Res. Tolerance
Power Rating
Tempco
CRV
Adjustment

3006
10 Ohms to
2Megohms
10%
.75 W @ 70°C
100 ppm/°C
3%
15 turns

Size
Pin Patterns

3/4" rect.
3styles

d. Res. Range

3299
10 Ohms to
5Megonms
10%
.5 W @ 70°C
100 ppm/°C
3%
25 turns
(top or side
adj.)
3/8" square
5styles

3386
10 Ohms to
2Megohms
10%
.5 W @85 °C
100 ppm/°C
1%
Single-turn
(top or side
adj.)
3/8" square
14 styles

me-proven trimmers, backed by the Boums reputation for
adership, performance and quality at cost-effective prices. Call
write today for your new 94-page TR-1 trimmer catalog. Or, see
e EEM directory, Volume 2, pages 3726, 3736 and 3746.
Timely Offer: Write to Trimmer Application Engineering on your
company letterhead. While supply lasts, we'll send you a free
trimmer design aid kit detailing all specifications and drawings.
TRIMPOt DIVISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, CA 92507. Phone: 714 781-5320. TWX: 910 332-1252.
European Headquarters: Boums AG, Zugerstrasse 74 6340 Baar, Switzerland.
Phone: 042 33 33 33. Telex: 78722.

For Immediate Application—Circle 120

For Future Application—Circle 220

YOUR CHIPS COME IN
MITEL'S
'CHIP+ CHIP'
TOUCH-TONE®
RECEIVER.
At Mitel Semiconductor, we
practice one-upmanchip.
The MT8860 DTMF Decoder
and the MT8865 Band Split
Filter are the lowest cost
100 per cent semiconductor
solutions to acomplete
DTMF receiver available.
Smaller than conventional
receivers, this chip-set
features separate filter
and decoder components
with applications ranging
from switching systems to
mobile radio.

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

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

MITEL SEMICONDUCTOR
United States: 1735 Jefferson Davis Highway, Suite 1009, Arlington, Virginia, U.S.A. 22202. Telephone 17031 243-1600
1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083. Telephone 12151449-5556.
2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone 17141 276-3421.
Canada: P.O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone 16131 592-2122,
Telex: 053-4596, TVVX: 610-562-8529.
18 Airport Blvd., Bromont, Quebec, Canada JOE 1LO. Telephone 15141 534-2321, Telex: 05-267474.
Europe: Hamilton Road, Slough, Berkshire, England SL1 4C1Y. Telephone 0753-36137, 0753-36138, Telex: 847730
Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone 1011 119302, Telex: 27246

Circle

Asia: Park-In Commercial Centre, Suite 1423, 56 Dundas Street, Mong Kok, Kowloon, Hong Kong.
Telephone 3-318256, Telex: 64235.
Copyright 1979 Mitel Corporation
1 on reader service card
Registered Trademark of AT&T
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We and Intel
have something
in commonresponsiveness to
customer needs?
I.Gary Bard, President,
Aydin Controls.

I. Gary Bard: "We've carved out adominant position
in the video graphics marketplace by listening
carefully to our customers and giving them the features
and capabilities they need. To do that, though,
we need to take advantage of the leading edge of
microcomputer technology.
"That's where Intel comes in. They've consistently
delivered the 'leading edge' products. More important,
they understand that our success depends upon
ahigh level of proprietary value-added. So in
addition to hardware, Intel has always given us
the software development tools we need to be
responsive to our customers' needs.
"Take the Intel®8086, their 16-bit micro computer, for example. It's enabled us to
technologically leapfrog the competition. The raster graphics state-of-theart is limited by monitor technology
to amillion elements. Coincidentally—
or not —the 8086 with its million byte
addressability means each dot on the

screen can be addressed individually— and
very rapidly. That's opened up all sorts of
feature and capability possibilities.
"With Inters 1ntellec® development system and
ICE86TM in-circuit emulation, we've been able to take
advantage of the 8086 by quickly developing
sophisticated proprietary software.
"And the Intellec system helps us be responsive
to the needs of our large OEM customers by customizing software. In amatter of days, we can develop
unique capabilities for acustomer, store the program
in PROM and deliver it to the field.
"In fact, that's what Intel microcomputers and
software development tools are all about: quicker
solutions more economically."
Intel microcomputer products and
development systems can make the
competitive difference for your company.
For more information, contact your
local Intel sales office or distributor, or
write Intel Corporation, Literature Dept.,
3065 Bowers Ave., Santa Clara, CA
95051. Telephone (408) 987-6475.
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Publisher's letter
L ike more than a few of today's
circuit designers, Ernst L. Wall,
member of the technical staff of
ITT's Telecommunication Technology Center in Shelton, Conn., got into
the field by happenstance. He is
actually a trained physicist (Bs,
University of Georgia; ms, University of Florida) who became involved
in semiconductor research and eventually gravitated to design work.
Even the assignment to design the
Hamming code circuits described in
the cover article (p. 103) was unexpected. "Serendipity is the story of
my life," Wall remarks.
He went to work at the ITT center
as a "liaison" man and was only
peripherally involved in processors.
When the need for ahigh-reliability
processor for telecommunications
switching equipment came up, he
looked into Hamming code and
suggested a design. His idea went
over and he got the assignment.
However, the opportunity did not
open up as accidentally as he modestly tries to convey. There was alot
of hard work and study preceding
this project. In a sense, Wall is an
example of turning continuing education into acareer opportunity.

During "a streak of unemployment" in the early 1970s, he decided
to get up to speed on microprocessors and microcomputers. While his
wife brought in asalary as ateacher,
Wall invested some $3,000 for
equipment and dug in to learn digital-circuit design. Later he took a
course in compiler theory.
By the time he arrived at ITT, he
was well grounded in microprocessor
design. Since completing the Hamming code circuits, he has been
working on other projects, including
a tone generator and filtering systems. He is comfortable in circuit
design now and wants to stay with it.
"I'm a grease-under-the-fingernails type at heart," says the 41year-old physicist-turned-engineer.
"In digital logic design, if you learn
the fundamentals and then do some
work in it, you've got 90% of the
problems licked."
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on the latest trends in electronic technology. Right now, we're strengthening
our coverage of the exciting consumer and industrial fields, including the
application and design of microprocessor-based systems in these areas. A
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yourself to the Managing Editor (Technical) at Electronics, 1221 Avenue of
the Americas, New York, N. Y. 10020.
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smart
power
for ATE!
PROGRAMMABLE POWER FOR YOUR AUTOMATIC TEST EQUIPMENT

KEPCO series ATE
power supplies
• programmable from IEEE-488 bus with Kepco
digital interfaces
• automatic crossover voltage and current stabilization
• 0.001% stabilization (load effect)
• 0.0005% stabilization (source effect)
• programmable over-voltage crowbar with flag
• fast programming capability
• five groups, 50 Watts to 1000 Watts

250 WATT MODEL
50 & 100 WATT MODELS

KERCO®

For complete specifications, write Dept. COF-14

KEPCO, INC •131-38 SANFORD AVENUE •FLUSHING, N.Y. 11352 U.S.A. •(212) 461-7000 •TWX #710-582-2631 •Cable: KEPCOPOWER NEWYORK
Circle 5 on reader service card

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

o

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

ENI

The World's Leader
in Power Amplifiers
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Readers' comments

M6800
"MICROMODULE" & "EXORCISER"
COMPATABLE
CRT DISPLAY MODULE

Another pioneer
To the Editor: As a designer of
monolithic digital-to-analog converters, Iread with great interest your
"Monolithic approach bears fruit in
data conversion" [May 10, P. 105].
In general, Ifound the article well
researched and presented. However,
Idid find disappointing the lack of
mention of one monolithic d-a
converter manufacturer who has pioneered precision film resistor processing— Micro Power Systems in
Santa Clara, Calif.
The article credits the AMD Am6012 with being the first single-chip
I2-bit device that gives 12-bit accuracy without individual trimming of
resistors. In fact, Micro Power
Systems has been offering a monolithic complementary-mos d-a converter (MP 7621) for some time in
I
2-bit linearity grades with no resistor trimming. This particular design
is based upon astraight film-resistor
R-2R ladder approach.
The article perhaps overemphasizes the significance of Amp's new
I2-bit design. The Am6012, though
very innovative, has limitations as a
I
2-bit converter. Aside from not
being accurate to 12 bits (accurate
to within ±0.05%), it suffers from
no on-board application resistors and
lacks low-temperature-coefficient
film-resistor processing.
Your article mentions that the
Harris 562 is faster than the Analog
Devices and PMI models. Although
the Harris product is indeed faster
than the original Analog Devices
part, it has optimized speed at the
expense of power dissipation. The
Harris part has been designed
around a5-mA full-scale current and
typically dissipates 660 mw with
± 15-v supplies. The AD, PMI, and
Micro Power designs all maintain a
2-mA full-scale current with dissipations of 525 mw, 375 mw, and 120
mw, respectively.
In all fairness, Analog Devices'
AD 566 I
2-bit converter achieves
the 12-bit accuracy at 180 mw of
dissipation at speeds comparable to
that of the Harris design.
Donald T. Comer
Los Gatos, Calif.
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*

84 X 24 display 180 X 25 optional/

*

7 X 9 dot matrix, 9 X 12 field

*

Glitch tree interaction with cpu

*

Background/underline control for each character

*

Composite and separate sync

*

1 or 2 MHZ CPU compatibility

NIXON ENGINEERING CO.
578 Menker Ave., San Jose, Ca. 95128
408-287-2816
The NES002A CRT Display Module is mailable front stock
Quantity 1Price is 5395 ; Fully assembled Si tested
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From Electronics
Magazine Book Series.
Zero-risk trial offer.
Design Techniques
des4gn
tec
ues
foReiectRoncs
erKyleeRS

Bectioacs

Book
Series

for Electronics

Engineers.

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

Electronics Book Series
P.O. Box 669, Hightstown, N.J. 08520
Send me_copies of "Design
Techniques for Electronics Engineers"
at $15.95 per copy.
Discounts of 40% on orders of 10 or more copies.
I must be fully satisfied or you will refund
full payment if the book is returned after tenday trial examination.
CI Bill firm
0 Bill me
CI Payment enclosed
Charge to my credit card:
0 American Express O Diners Club
0 BankAmericard 0 Master Charge
Date exp.
Acc't No
On Master Charge only,
first numbers above name
Title

Name
Company
Street
City

State

Zip

Signature
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Parallel
I/O Port #1

Parallel
I/O Port #2

Parallel
I/O Port *3

RS-232 o7
Curent Loop
I/O Port #4

Lathed
Outputs

Programmable
Baud Rate
UART with
Interval Timers

4MHz
Crystal Clock

4 MHz Z-80A

Completely Bulend
Bus Interface

On :;ard
Volage
Regulation

1I 11111111111
8K NM
Capacity

11( RAM

Stand ird Bus
for System
Expandability

The single card computer
with the features
that help you in real life
COMPLETE COMPUTER
In this advanced card you get a professional quality computer that meets
today's engineering needs. And it's one
that's complete. It lets you be up and
running fast. All you need is a power
supply and your ROM software«
The computer itself is super. Fast
4 MHz operation. Capacity for 8K bytes
of ROM (uses 2716 PROMs which can
be programmed by our new 32K BYTESAVER"' PROM card). There's also 1K of
on-board static RAM. Further, you get
straightforward interfacing through an
RS-232 serial interface with ultra-fast
speed of up to 76,800 baud — software
programmable.
Other features include 24 bits of bidirectional parallel I/O and five onboard programmable timers.
Add to that vectored interrupts.

ENORMOUS EXPANDABILITY
Besides all these features the Cromemco single card computer gives you
enormous expandability if you ever need
it. And it's easy to expand. First, you
can expand with the new Cromemco
32K BYTESAVER PROM card mentioned
above. Then there's Cromemco's broad
line of S100-bus-compatible memory
and I/O interface cards. Cards with features such as relay interface, analog
interface, graphics interface, opto isolator input, and AID and D/A conversion. RAM and ROM cards, too.

EASY TO USE
Another convenience that makes the
Model SCC computer easy to use is our
Z-80 monitor and 3K Control BASIC (in
two ROMs). With this optional software
you're ready to go. The monitor gives
you 12 commands. The BASIC, with 36
commands/functions, will directly access I/O ports and memory locations —
and call machine language subroutines.
Finally, to simplify things to the ultimate, we even have convenient card
cages. Rugged card cages. Ihey hold
cards firmly. No jiggling out of sockets.
AVAILABLE NOW/LOW PRICE

Card Cage

32K BYTESAVER PROM card

The Model SCC is available now at a
low price of only $450 burned-in and
tested (32K BYTESAVER only $295).
So act today. Get this high-capability
computer working for you right away.

Cromemco
incorporated

Specialists in computers and peripherals
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 •(415) 964-7400
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New possibilities for
your Printed Circuit
Board

WIMA Miniature
Capacitors

WIMA MKS 2
with aPCM of 5mm
The new miniatures from WIMA help
you to save space on your Printed
Circuit Boards and can be utilised
everywhere. They are the smallest
plastic cased, metallised polyester
Capacitors available.
Capacitance values 0.01 —0.47 pF
(1 biF with 7.5 mm PCM.)
WIMA FKS 2from 1000 pF.
All capacitors are resistant to
moisture.
Please ask for
our special
catalogue.

WILH. WESTERMANN
Spezialyertrieb elektron. Bauelemente
P. 0. Box 2345 • D-6800 Mannheim 1
Fed. Rep. of Germany
U.S. Sales Offices:
BOSL & ROUNDY • 3333, Delray Drive
Ft. Wayne • Indiana 46815
(219) 483-3378
THE INTER-TECHNICAL GROUP INC.
North Dearman Street • P. 0. Box 23
Irvington • New York 10533
(914) 591-8822
TAW ELECTRONICS CO.
4215 W. Burbank Blvd., Burbank
California 91505 • (213) 846-3911
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News update
MA battlefield computer system
called Wavell is about to go into
production after a prototype spent
1978 in the British army undergoing
field tests. Intended as a front-line
aid to commanders and their staff in
making decisions, Wavell will offer
information on troop dispositions,
combat strengths, orders of battle,
and intelligence reports via cathoderay-tube displays [Electronics, Aug.
4, 1977, p. 56 or3E]. Its developer,
Plessey Defence Systems Ltd. in
Addlestone, Surrey, has received a
first $22.5 million production contract'.
Wavell works with any internationally standardized trunk communications network to distribute information among headquarters but
eventually will be mated with the
Ptarmigan digital switching system
that will become operational in the
early 1980s [Electronics, Aug. 19,
1976, p. 73]. The computer on which
it is based will have a magneticbubble memory backup from Plessey
Microsystems Ltd.
-Kevin Smith

• Despite the fact that tests are still
going on to determine the interference of large windmills with television reception [Electronics, Sept. 13,
p. 96], residents of Rhode Island's
offshore Block Island have no doubts
about the problem. Neither apparently does the U. S. government,
which will spend upwards of
$600,000 to enable them to watch
TV programs without the picture
shaking.
The action is mandated by the law
that says Federal projects may not
interfere with the environment. On
Block Island, it represents the cost of
a coaxial system to homes within a
mile or so of the island's new wind
turbine, aproject of the Department
of Energy and the National Aeronautics and Space Administration.
The turbine, or windmill, generates electricity for the Block Island
Power Co. But its large rotating
metal blades cause interference, producing extraneous modulation of the
electromagnetic waves now carrying
the television signals.
-Harvey J. Hindin

Instant Access to All
American and
International

Data
Communications
Standards
Presents all 89 relevant
data communications
standards promulgated by:
•ANSI

•CCITT
•EIA

•ISO
•FTSC

P/us ... descriptions of each
of the standards groups
;Ind... relational charts of
similar interfacing standards
produced by each group

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

Order today using this coupon!
Return coupon to:
Data Communications Standards
P.O. Box 669
Hightstown, New Jersey 08520
Send me
copy (copies) of DATA
COMMUNICATIONS STANDARDS
(099782 9) on a 10-clay money-back
guarantee. I
understand that if Iam not
absolutely satisfied, Imay return the
book(s) within ten days at no further
obligation. Otherwise, McGraw-Hill will
bill me 8165. for each copy, plus applicable sales tax, shipping and handling
charges.
Check enclosed
Bill me
Bill my company
Company
purchase order ,

SAVE MONEY! Enclose payment in full, plus

local sales tax, and McGraw-Hill pays all
regular shipping and handling charges.
Ten-day money-back guarantee still applies
Name
Title
Company
Address
City

State

Zip

This offer subject to acceptance by McGraw-Hill
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A lot of complex thinking goes into
the Teletype* model 40 printer.
And, incredibly, it all fits on this 9" by
19" circuit card.
More brains; less brawn.
That's the advantage of an
electronic printer like our 300 LPM
model 40 series. The LSI (Large Scale
Integration) circuitry tucked
underneath the printer can perform
functions with greater reliability than
mechanical hardware.

And it can perform them in a
fraction of the time with afraction of
the parts. Plus, fewer moving parts
means less maintenance and
increased printer life.

cabinet, if you need one. And our
technical assistance is never extra.
So for not much money, the brains
behind our operation can become the
brains behind yours.

All you have to do is plug it in.
Just attach the AC power and a
serial signal source and your model
40 is ready to go to work. There are
32 switch-selectable options and
self-diagnostics available at no additional cost. Housed in an attractive

5555 Touhy Avenue, Dept. 3185, Skokie, IL 60076.

Teletype Corporation
Telephone (312) 982-2000.

OPERATION.

,

*Teletype is atrademark
and service mark of the Teletype Corporation.
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When it comes to
building faster, denser RAMs,
we don't horse around.

10
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Hold your horses! Now Fairchild has gone
4-wide and fast. We've just developed avery
reliable new family of high-speed 1K x4devices
that can replace low-density RAMs, yet still offer
high-performance capabilities.
These new devices have been
produced with lsoplanar-S, the
latest enhanced version of Fairchild's lsoplanar process for scaling down bipolar LSI geometries.

Fairchild is lengths ahead
of the field.
For the past seven years, Fairchild has had
the fastest RAMs in the industry Now, thanks
to Isoplanar-S, this new family offers increased
density while still maintaining its leadership
performance position.
The TTL member of the family, the 93475,
has amaximum TAA of 45 ns, and features
standard 2114 pinout.
The two ECL members, the 10474 and the
100474, have 24-pin separate I/O pinout, which
enables them to offer a25 ns maximum TAA

BIPOLAR RAM PERFORMANCE EVOLUTION
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Isoplanar-S.
It will keep us way out in front.
Within the next few years, we're planning to
scale down geometries from 4µ
to 1µ through lsoplanar-S. This will
give us devices that are four times
faster, with 16 times the density and
much lower power requirements.
Along with our faster 4K
devices, we're also producing
larger, faster RAMs with Isoplanar-S.
You'll be hearing much more about
them later. When you use any of our new RAMs
for your high-speed memory applications,
from mainframes to minicomputers, you can only
strengthen your market position.

We'll leave the rest of the field at the
starting gate.
Right now, we're way ahead of the pack on
the learning curve. We already have one of
the lowest speed-power products in the industry,
with one of the highest-volume production
capabilities. And things can only get better with
Isoplanar-S in the saddle. For us and for you.
Now that Fairchild's gone 4-wide and fast,
there's no reason to horse around with anyone
else's RAMs. For more information, call or write
Bipolar RAM at Fairchild Semiconductor
Products Group, PO. Box 880A, Mountain View,
California 94042.
Tel: (415) 962-3951.
IRC HILD
PA/X: 910-379-6435. •

Shaping the future of LSI technology.
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sthisthe

end of
NMOS for
your design?
(1) Low power consumption. RCA CMOS Microboards consume only 7.0 milliamperes (typical).
Atypical NMOS board requires 1.5 amps.

(2) Low operating temperature. NMOS boards
can get very hot. Our CMOS boards generate little
heat. So cooling fans are totally unnecessary.

RCA introduces
Microboards with
CMOS technology.
At competitive prices.

boards are the logical choice. Like
CMOS logic, CMOS Microboards
can withstand voltage noise spikes
three times higher than NMOS
boards.
The introductory line.
And for your design, this could very
For starters, the RCA Microboard
well be the end of NMOS. Just glance line includes two basic single board
at the illustrations below and judge for computers, three memory boards, a
yourself. You'll find that CMOS Micro- UART interface board, acombination
boards (based on the COSMAC 1800 memory and I/O board, a5Vpower
Series Microprocessor) can do more supply, afive card chassis.
jobs in more different environments
And there's more in the design
than any other single-board
stage: I/O boards, DIA and A/D
computer on the market.
boards, plus additional computer and
The "go anywhere" board.
memory boards.
Ordinary NMOS boards consume
All boards measure 4.5 x7.5
lots of power and give off lots of
inches. So you get avery compact
heat. That calls for bulky power
system, even when you use expandsupplies, large cabinets and fans to
able memory and I/O with the single
keep the whole package cool.
board computer.
RCA's new low power CMOS
The CMOS universal backplane.
boards run at room temperature. So
We've designed our BUS to help
cabinets can be alot more compact save you hardware headaches. Any
and fans are totally unnecessary.
board plugs into any slot in the backPlus our microboards consume so plane, anytime. No need to hand wire
little power, they can run on builtbackplanes or breadboards.
in batteries. Which makes them parOur universal backplane has full
ticularly suitable for just about any
swing logic for that high CMOS noise
portable application.
immunity, and there's no complex
In noisy environments like induslogic needed to talk to the backplane.
trial process control, RCA MicroAnother design feature—none of

those annoying "wait states" to hold
up your design.
Full design support products.
To make prototyping easy, we're
offering alow cost fully assembled
prototyping system containing a
Microboard computer, power converter, control/display module,
technical literature, and all the nuts
and bolts you need to get to work on
your design.
Microboards are also plug-in
compatible with all the RCA
COSMAC development tools. Such
as our COSMAC D.O.S. Development System (CDP18S007). So
integration and checkout of software
and hardware is asnap.
Free color brochure.
We've put together a12 page color
brochure giving full technical data on
RCA's CMOS Microboards.
To get your free copy of the brochure, use the reader service card
or contact your local RCA Solid
State Distributor.
Or contact RCA Solid State headquarters in Somerville, New Jersey.
Brussels, Belgium. Tokyo, Japan.

RCA
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(3) Portable operation. NMOS boards are
normally operated off power lines. Battery powered
CMOS boards open anew world of portable uses.

(4) A lot in alittle space. RCA Microboards
measure 4.5 x7.5 inches. Compare this to most
NMOS boards offered today.

People
Champine decries increases
in cost of innovation in U. S.

EXPANDED

ZIP DIP® II
Socket/Receptacle
Series
NEW TEXTOOL MODELS TEST
UP TO 64 PIN 900 MIL DEVICES
TEXTOOL's expanded ZIP DIP II socket/receptacle series (12 different sizes) now offers new
models capable of testing 64 pin 900 mil, 48
pin 600 mil, 42 pin 600 mil, and 28 pin 400 mil
devices.
Versatile ZIP DIP II sockets feature an
enlarged entry for use with an even wider range
of devices and aflat top plate for easier entry
and extraction. Contacts are on even 100 mil
spacing (300, 400, 600, and 900 mil) for more
convenient mounting on standard hardware.
Abuilt-in "stop" insures that the ZIP DIP
Il handle can't be easily overstressed. Top
mounted assembly screws facilitate the replacement of damaged or worn internal parts.
TEXTOOL has strengthened both hardware and
plastic for increased reliability and screw
mounting of the socket to the ZIP DIP II receptacle makes possible amore positive locking
system.
The ZIP DIP II
receptacle
(shown with socket
mounted) has all
the features of previous
ZIP DIP receptacles, yet at a
lower price. It virtually eliminates mechanical
rejects, is adisposable plug-in unit requiring
no soldering and has atypical life of 25,00050,000 insertions. The receptacle is ideal for
high volume hand testing and, since replacement time is eliminated, atest station can
process literally millions of devices before it
must be replaced.
Detailed Information on these and other
products from TEXTOOL .. IC, MS! and LSI
sockets and carriers, power semiconductor
test sockets, and custom versions ... is
available from your nearest TEXTOOL sales
representative or the factory direct.

144,
PRODUCTS, INC.
1410 W. Pioneer Drive •Irving, Texas 75061
214/259-2676
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"The challenge for the country today
is to restore profitability to technical
innovation," says George Champine.
He is in a good position to know,
since managing technological development—and keeping it profitable—
is his job as director of research for
Sperry Rand Corp.'s Univac division
in Blue Bell, Pa. Although appointed
to the position just last month,
Champine is no newcomer to research and development in electronics, having been associated with
Univac's computer operations for
over 20 years.
A number of factors makes meeting that challenge harder now than
ever before. To begin with, "the
current tax structure has taken the
profitability out of innovation," he
says. And the financial aspects of
research are becoming more critical
because, Champine continues, "the
sophistication of technology makes
the equipment needed to develop it
very expensive. Yet without that
equipment you can't compete."
This rising price tag on research is
already causing a centralization of
research efforts. As a result, Champine, who runs the central research
lab at Blue Bell, coordinates the
efforts of Univac's other labs: a
semiconductor facility in Eagan,
Mich., one devoted to terminal
research in Salt Lake City, Utah,
and another concentrating on rotating memory at Univac's iss subsidiary in Cupertino, Calif. In addition,
he works closely with Sperry's corporate research facility in Sudbury,
Mass.
In addition to making research
more expensive, technology is gaining sophistication faster and product
development time is shorter. Cham pine says choices of basic technology
must be made as much as seven
years before aproduct is ready.
Besides contributing to this fast
pace and rising costs, large-scale
integration is forcing computer manufacturers to change the type of
research they do. "As chip density
increases, chip specialization in-

Cost-conscious. Champine keeps an eye
on the nsing cost of technical innovation.
creases and we need less," Champine

notes. That translates to low-volume
requirements, so "all computer makers must do their own logic chip
design, mask making, testing, and
prototyping." And Champine, despite the litany of difficulties, looks
forward to positioning Univac in the
forefront of those sectors.

Watson plans afirm hand
on software R&D
Even before it became apparent to
most that Computer Automation
Inc.'s fiscal 1979 would be a losing
season (nearly $4.2 million), management at the Irvine, Calif., minicomputer manufacturer began looking ahead to future campaigns. One
of its more important moves was to
hire Gordon M. Watson, ahardware
and software executive, out of TRW
Electronics.
Now, as the newly appointed vice
president for engineering at Computer Automation's Naked Mini
division, the 43-year-old Watson
heads a new engineering team. The
team represents a redefinition of the
firm's approach to the development
and production of computers for
original equipment manufacturers,
as well as added emphasis on parallel
software work for all products.
With prior experience including a
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PDP11/23®
ARRAY PROCESSOR SYSTEM

FIRSTaR"
Li1i11® 1:1;Ei®
ertku-rwr

XTENSIVE DEVELOPMENT SOFTWARE—SAVES
With every FIRSTAR System you con select from on extensive library of easy to use software consisting of an
Assembler, Debugger, Simulator, Utilities, Moth Libraries
Signal Processing Libraries, Image Processing Libraries,
and Host Executives. It's easy to sta -tusing your FIRSTAR
System auickly.

INTRODIr

reter

rrrre-riVE HIGH_Çnrrr,

Fi-st Computer Corporation, one of the world's largest
System integrators, has married Digital Equipment Corporation's advanced PDP-11/23 Computer Systems with the new
Floating Point System's FPS-100 Arithmetic Processor. This
complete packaged Array Processor System provides the
power to tackle tough computational problems which were
previously the domain of the "Super Computers".
The FPS-100 is capable of up to eight million floating point
operations per second with on effective throughput of up
to forty million operations per second.
r

rkteu.- iimc

The cPS-100 is based on the proven parallel p peline
architecture of the FPS AP-120D. New enhcncements such es
extensive Real-Time capabilities provide maximum computational efficiency with o minimum host computer interaction. The cost-performance of the New FIRSTAR System is
unbeatable in the universe.

" MIIITt-TASKINIC; RFAI_T1Mr SIIDFRVISAR

This new Real-Time Supervisor permits the execution of
multiple Real-Time tasks on a priorty basis. SUPER-100 can
virtually place the FPS-100 in a stand-alone multi-rosing
mode for the processing of multiple streams of input data
with a minimum of host computer dependency.
Select the Digital Equipment Corporation Operating System
which best matches your application needs. FIRSTAR is
available with either the RI-11 Real-Time Executive or the
RSX-11M Resource-Sharing Executive. All Operating
Systems are fully supported by Digital.
INSTALLATION AND FIELD SER'
iORLDWIDE 11V DEC
FIRSTAR Systems are jointly installed and maintained by
DEC's and FPS's own Field Service Organizations. No third
parry maintenance to worry about.

Registered trademark of Flooring Point Systems Inc.

arm computer corporatuon
TM

TWX NUMBER 910-651-1916

corporate square/825 north casa avenue., westrmont, illinois 60559 "(32) 920.1050

— Trodemork

First Computer Corporation

'Registered trademark o Digital Equ,pment Corporation

AP -1.
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Does Triple Duty
Our Tri-State LED Lamp (XC-5491) provides red and green lighted color
from the same T-1 3/4 plastic package -saving PC board space.
assembly time, and inventory count. Advanced manufacturing techniques
provide an equal color brightness of the red and green
at the same drive current of 10mA.
Capable of being driven directly off CMOS, PMOS, and TTL -the TriState (red- -green- -oft) is ideal in level sensors, null indicators, alarms,
consumer appliances and instrumentation applicatons.

What About Price and Delivery?
Try us. An integrated quality assurance and engineering support program
assures timely delivery of product with an average 8week lead time.
Prompt quotations, competitive pricing, accessible technical assistance, plus
unmatched product service with aone year warranty -is what Xciton is all about
Catalog, application note, and free Tri-State samples are available
from the factory direct. Let Xciton make your Tri-State.

Xciting

Call Cliff Jurus

citon 1

Xciton Corporation
Shaker Park, S Hemlock Street
Latham, New York 12110
(518) 783-7726, TWX: 710-444-4962
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TO TEST THE
ENGINEERING JOB WATERS
IN THE SUNSHINE STATE,
TURN TO ELECTRONICS'
CLASSIFIED SECTION
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Watchdog. Watson believes bad management, not bad technology, causes failure.
stint at Varian Data
Machines where he became vice
president for engineering, responsible for all hardware, firmware, and
software development, Watson says
he is totally convinced that engineering operations most often fail
because of a lack of management —
"and not the lack of technology or
skill in performing the trade." He is
determined to see that such failures
do not occur.
"When Iarrived, Ifound that the
software activity, for example,
lacked leadership, and that there was
zero gray hair in the engineering
organization. They had used firsttime people to do things and, as a
result, they had a low probability of
success." Thus, Watson is trying to
build structures with good, journeyman managers, "those with proven
track records, who are compatible,
team-type people that I've known.
Also, he says, "I don't see any
mystique in software." Watson,
whose background as a practicing
engineer was 70% software, believes
"you can build software as successfully as hardware. It just takes half
again more management attention."
From a hardware standpoint,
Watson plans to move Computer
Automation much closer to the forefront of technology. Whereas the
firm typically built and sold low-cost
systems and used low- to mediumperformance devices, "we will broaden our line and have more highperformance, high-ticket items," he
states, like the upcoming Protos. D
seven-year
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MIL-SSR UPDATE

We married SSR technology
to military needs...
and the family keeps growing
P/N 852-1
LOAD: 26M1P, 280VAC, 50/400Hz
CONTROL: 3.8-9VDC

4.

1

:i

PAT NO. 3648074

It all started with our M640 series — miniature SSRs in
hermetically sealed TO-5 packages. These were the first solid state
relays ever to receive QPL approval to MIL-R-28750.
Teledyne is still the first and only SSR manufacturer with a
family of products designed specifically for military and
aerospace applications. We have AC and DC models with outputs
ranging from milliamps to 25 amps, featuring optical as well
as transformer isolation. All utilize military grade components
and hybrid microcircuit techniques to reduce parts count and
increase reliability. Our latest is a3-phase AC SSR designed for
220 volt, 400 Hz operation.
If you need asolid state relay for military or aerospace
applications, come to the recognized leader in military SSR
technology — Teledyne Relays.

1r- TELEDYNE

RELAYS

12525 Daphne Avenue, Hawthorne, California 90250 •(213) 777-0077
U.K. Sales Office: Heathrow House, Bath Rd. MX, TW5 9QQ •01-897-2501
European Hqtrs.: Abraham Lincoln Strasse 38-42 •62 Wiesbaden, W. Germany •6121-700811
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ZU We learned about memory leadership by becoming
W
the world's largest supplier of dynamic RAMs. Now,
we're becoming aleader in static RAMs.
Our commitment to statics began in the early 70's
when we pioneered the use of the depletion load resistor.
Next, we developed our superior Poly R process, which
resulted in the best speed/power product available. Now
we've taken our Poly R process to volume production with the 1V1K4104 4K and MK4118 8K
static RAMs. With the MK4104 we used our Edge-Activated' technique to combine state-of-theart circuit design and processing in the same device.
Our MK4118 is designed with the user in mind, providing optimum density and performance
in apin-out that's compatible with ROMs and EPROMs. It's the first of many RAMs in Mostek's
family of Byte-WydeTM memories, developed for easy interface to all microprocessors.
"I

TM

c• 1979 MOSTEK CORPORATION

Our next introduction will be a2K x8-bit static RAM for
even more flexibility of system design.
In addition to 16K RAMs, we will introduce apair of
4K X 1
200ns
MK4104-3
4K RAMs. The MK 2147 and MX2148 will provide sub-100ns
150ns
1K X 8
MK4118-2
perfórmance. And, like the high-speed 1K X 8-bit MK4801,
-100ns
1K X 8
MK4801
these new products will use our advanced Scaled Poly 5TM
•100ns
4K X 1
*MK2147
100ns
process. So you can look forward to higher system density,
1K X 4
*MK2148
lower power and reduced system cost.
You've always depended on Mostek for dynamic RAMs.
For alot of good reasons. Now you can depend on Mostek for static RAMs for the same reasons.
Product

Org

Speed

find out more, write Mostek at 1215 West Crosby Road,
Carrollton, lbxas 75006. Or call 214/323-6000. In Europe,
contact Mostek Brussels, phone: 660.69.24.

MOSTEK.
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Everybody has his own idea of security. Like some
people just can't feel safe about aDMM unless it's
over-specified and over-priced. That's OK for
them. But what about people like you, who know
that buying more than what you need is awaste?
At Keithley, we think you should have a
choice. We think you deserve the best possible
DMM for your application at the lowest possible
price. So that's how we design our DMMs—to
match specific user need levels.
You pay for only what you need.
Of course, we'll be glad to sell you all the capabilities you want whether you need them or not.
The important thing is that with Keithley the
choice is all yours. We think aDMM on this page
will show you exactly what we mean.
Our new, rough-and-ready 169.
The tough, battery-powered 169 is a31
2 digit
/
DMM which delivers .25% DC accuracy. MTBF
is 20,000 hours. Electrical parts are kept to a
minimum for long life and fast, easy maintenance.
It's the only low-powered DMM which displays
both function and range along with the reading.
You'll never settle for analog meters again.
Price: $149.

makes possible a12-month recalibration cycle—
twice that of its nearest competitor. Price: $549.
The 179 is afull function DMM and a4* value.
The 41
2 -digit 179,expands 178 capabilities with
/
true RMS, 10µ,V sensitivity, 1kV protection on II,
DC & AC current to 2A. It is also available in a
20A version.
Battery operation and BCD output are optional. 179 Price: $319. 179-20A Price: $359.
The 177 is total measurement capability.
The most sensitive DMM in its price range, the
177 offers outstanding specifications on all functions
with 1µ,V, lnA, and 1m0, sensitivity.
True RMS, 5-functions, 0.03% basic accuracy,
analog output, optional BCD output or battery
pack— the 177 is afirst rate bench DMM. Price: $429.
The 172A and 173A offer added features and
performance.
Keithley's top-of-the line 41
/ 's offer 30,000 count
2
display and auto or manual ranging on all functions
including AC & DC current. Basic DC accuracy
is 0.009%. Resistance capability spans seven
ranges to 300M,f1. Both 2or 4terminal and Hi-Lo
ohms are switch selectable. The 173A adds increased current capability to the 172A. Battery
pack, BCD interface, and
IEEE output are available
on both models.
172A Price: $545. 173A Price: $675.
We sell satisfaction.
At Keithley we feel the best judge of what's
best for your DMM application, is you. That's
why we continue to expand our broad product
line with astream of first-quality, user-oriented
DMMs.
When you look at all the price/performance
options in the Keithley line of DMMs, we think
you'll feel plenty secure.
To order the DMM of your choice or for
information on any Keithley electronic measurement instrument, contact your Keithley representative or call us at (216) 248-0400. Telex: 98-5469.

Buying too much DMM
makes some people
feel secure.
The 191 outclasses its class.
Our newly introduced 191 is aµcomputerbased, 51
/ -digit DMM. It offers 107 sen2
sitivity, ±-200,000 count resolution, 0.004%
basic DC accuracy, 4readings per second,
non-linear digital filtering, pushbutton
offset compensation and 2or 4-terminal
ohms measurement
from 1m11 to 20MS1
across 6ranges.
It is amanual
ranging bench DMM with DCV and ohms
standard. ACV is optional. The tiP design

KEITH LEY

All prices U.S.A. only.

Keithley Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44139
(216) 248-0400
Telex: 98-5469

Keithley Instruments Ltd.
1, Boulton Road
GB-Reading, Berkshire RG2 ONL
UNITED KINGDOM
(0734) 86-12-87
Telex: (851) 847047

Keithley Instruments, GmbH
Heiglhofstrasse 5
D-8000 Munchen 70
WEST GERMANY
(089) 714-40-65
Telex: (841) 5212160

Keithley Instruments SARL
44, Rue Anatole France
F-91121 Palaiseau Cedex
FRANCE
1011014-22-06
Telex: (842) 204188
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Tektronix offers 15 storage
scopes and the widest selection
of storage modes. Here is how
just afew of those scopes are
being used today.

17834 being used to capture

•1 The TM 500 with an SC 503
• bistable storage plug-in being
used for audio maintenance.

n The extremely bright display
4 provided by the 466 in variable persistence mode makes it
easy to view low rep rate switching performance.

A The highly portable 214
it at work in system troubleshooting.

The FAST storage mode of the

high speed laser pulses.

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

e

e
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Storage
Scopès.
Choose
the one
to
match
the job.

The industry's widest selection.
You'll find them throughout the world, in
research and development labs, in
service centers, and in the field. Each
oscilloscope offers aunique combination of features ideally suited for aparticular application. Choosing from the
widest selection of storage speeds and
modes to match the job is easy with the
Tektronix Storage Scope Selection
Guide.
Performance. The 7000 Series finds
wide use in laser fusion labs in single
shot analysis, glitch detection, and ECL
logic design by offering the fastest
storage available. Writing rates up to
2500 cm/its, allow signals to be stored
to speeds in excess of 250 MHz and
with real-time bandwidths to 400 MHz.
Flexibility. Tektronix realizes that tools
must be flexible. That's why both the
7000 and 5000 Series offer you awide
selection of storage mainframes...
some that offer three different storage
modes ...and abroad selection of

plug-ins that lets you custom tailor a
package to meet your specific measurement need.
Mobility. If you need to perform tests in
several locations with ascope that can
capture and store slow, randomly timed
events or very fast signals, our 400
Series meets the challenge.
Portability. For climbing ladders or
traveling to remote locations where
power is not available, we offer storage
portables weighing from 1.6 kg (3.5
lbs), with awide range of bandwidths
and writing speeds.
Configurability. Our TM 500 Series
offers astorage plug-in scope that you
can combine with generators, multimeters, counters, or other plug-ins to
create acost-effective, multitest capability in one package.
Service and Support. There are hundreds of Tektronix Service Engineers
located throughout the world to calibrate and maintain your Tektronix
Scope.
Send for your FREE Selection Guide.
Whatever your storage application,
we've got the scope to match the job.
So send for your free Selection Guide
today. Descriptions of each storage
mode and technical data on every
model will help you select the one
that's right for your application.

TektronDc
- .
COMANTTED TO Fkrit IFrycE

Send me the Tektronix Storage Scopes
Selection Guide.
Name
Company
Address
City

State

Mail to: Tektronix Storage Scopes
Tektronix, Inc.
P.O. Box 1700
Beaverton, Oregon 97075

Zip

Editorial
Mr. Carter's feeble R&D initiatives
When Jimmy Carter sent his new program
for spurring American industrial research
and development to Capitol Hill early this
month, the specifics failed to support the
President's press conference rhetoric. Mr.
Carter proposes to "unleash America's creative
genius" by adding some $55 million to the
Federal R&D pot—an increase of 0.002% on
fiscal 1979's obligations of $28 billion.
But those pathetic numbers are less
important to innovators in industry than the
President's failure to address the issue of tax
law changes that would encourage increased
private R&D investment by permitting some
of it to be tax-deductible. Much of the Federal
R&D budget —one half of it spent by the
military—goes for specific products that
have limited appeal to many innovators.
Under most Government programs, acompany
must respond to an agency's needs rather
than the demands of the marketplace.
The President offers short rations for new
small companies—which history shows have
been responsible for most advances in electronics
and other high technologies. He advances no

plan to encourage capital investment, nor
does he make mention any capital-gains tax
changes that would permit the use of limited
stock options to attract new engineering talent.
What might have been acouple of good
points—changes in patent policy and relaxation
of antitrust rules on R&D collaboration
between companies—are weakened by their
vagueness. A proposal to grant exclusive
manufacturing rights to acompany whose
product would use aFederally owned patent
has little appeal since the Government would
retain ownership of the patent.
White House domestic policy chief Stuart
Eizenstat, the man behind the rewrite that
watered down the stronger draft initiatives
first advanced by the Department of Commerce,
says the missing tax incentives may show up
separately in the fiscal 1981 budget. But
Eizenstat's credibility at the moment is at a
new low in view of his performance on the
long-awaited initiatives. They do not provide
significant help to industry, much less unleash
its creative genius, and they certainly have
not helped Jimmy Carter.

It's time to be heard
Talk about silent majorities—about 53% of
the eligible membership failed to return
ballots in this fall's Institute of Electrical and
Electronics Engineers election. Of course,
that percentage differs little from earlier—in
fact, about as many votes were cast as last
year, but there was asmaller base from which
they were drawn. Still, the continued apathy
is nothing to cheer about.
It is possible to speculate at length on the
reasons for this apathy, but it is more important
to shake it. Why? Because the concerns of
the IEEE are crucial to the well-being of the
individual engineer, of the electronics industries,
and of the great world beyond. With electronics
clearly the dominant technology for at least
24

the next century, engineers must prepare for
influential new roles in society.
No better vehicle exists for this than the
IEEE. Indeed, the long-standing controversy
about the extent to which the organization
should engage in member-oriented professional
activities stems from arecognition on both
sides that the IEEE can be apowerful group.
Of course, this election hardly settles that
controversy, but neither should the dispute
over professional activities shroud the
importance of technical activities. The IEEE
must fill both roles, and it must constantly
evaluate how well it is meeting the needs of
the members and the rest of the world. It is
time to get involved— in fact, it is past time.
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Pro-Log maps the STD BUS route
to easy microprocessor design.
First checkpoint, our STD BUS
Information Packet.
It explains the basics of the
new STD BUS and Pro-Log's Series
7000 cards. With these, you can
build 8-bit microprocessor systems
around a standard bused motherboard. You can choose the functions
in your system, the memory type,
even the microprocessor type by
simply selecting from among Series
7000 cards. The STD BUS is 56 lines
wide, compatible with Pro-Log's
standard 4-1/2 inch by 6-1/2 inch
edge - connected cards, supported
by other manufacturers, and freely
available to the industry.

Second checkpoint, our STD BUS
Technical Manual.
It contains detailed electrical
and mechanical specifications for
the STD BUS and Pro-Log's Series
7000 cards.
Third checkpoint, our
microprocessor design course.
Where we teach you how to design and document an STD BUS microprocessor system independent
of any development system. Write
for a schedule of courses in your
locale.
Your destination: easy,
cost-effective, fast design.
Contact Pro-Log Corporation,
2411 Garden Road, Monterey, CA
93940, phone (408) 372-4593.

SERIES 7000 CARDS AVAILABLE
Z-80; 6800; AND 8085 PROCESSOR
16K BYTE STATIC RAM; 16K BYTE 2716 EPROM

rt. INPUT; 1TL OUTPUT: AND TTL I/O

PORTS

UNIVERSAL TTL I/O

TRIAC OUTPUTS; SP/ST RELAY OUTPUTS
AC/DC OPTOISOLATED INPUTS
MEDIUM POWER DC DRIVERS
RS 232 AND TTY DRIVER/RECEIVER
KEYBOARD/ALPHANUMERIC DISPLAY
I/8;

1/4;

AND /
2 STD BUS RACKS
1

CARD EXTENDER; GENERAL UTILITY
UTILITY DIP; DECODED UTILITY

PRO-LOG
C 0 FI P () RATION
Microprocessors at your fingertips.
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"THE
AmZ8000
IS BETTER'?

Meetings
VHSIC— A

New Era in Electronics,
American Institute of Aeronautics
and Astronautics (Box 91295, Dept.
VHSIC, Los Angeles, Calif. 90009),
Washington, D. C., Dec. 6-7, and
Boston, Jan. 21-22.

Second Design and Finishing of
Printed Wiring and Hybrid Circuits
Symposium, American Electroplaters' Society (1201 Louisiana Ave.,
Winter Park, Fla. 32789), San Francisco Hilton, Jan. 15-17.

Electronic Component and Telecommunications Apparatus Industry
Show, Ente Fiera— Mostra di Coinponenti Elettronici (Viale degli Scaligeri —C.P. 805, 36100 Vicenza, Italy), Vicenza fairgrounds, Dec. 8-10.

TV

Electronic Mail in Tomorrow's Office, Institute for Graphic Communication (375 Commonwealth Ave.,
Boston, Mass. 02115), Highlands
Inn, Carmel, Calif., Dec. 9-11.
Second International Symposium on
Mini and Microcomputers in Control, International Society for Mini
and Microcomputers (P. O. Box
2481, Anaheim, Calif. 92804), Galt
Ocean Mile Hotel, Fort Lauderdale,
Fla., Dec. 10-11.
Distributed Data Processing, Data
Communications and Networks, and
Minicomputers Conference, American Institute of Industrial Engineers,
(P. O. Box 3727, Santa Monica,
Calif. 90403), Jack Tar Hotel, San
Francisco, Dec. 10-12.

Learn why.
Advanced Micro
Devices is offering a4-day
seminar on the AmZ8000.
For all the facts, call (408)
732-2400, ext. 2325.

Advanced
Micro
Devices
rvi

901 Thompson Place
Sunnyvale, CA 94086
Telephone: (408) 732-2400
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Computer Networking Symposium,
IEEE Computer Society (Box 639,
Silver Spring, Md. 20901) et al.,
National Bureau of Standards, Gaithersburg, Md., Dec. 12.
Conference on Decision and Control,
IEEE, Galt Ocean Mile Hotel, Fort
Lauderdale, Fla., Dec. 12-14.

Mex, the TV Microelectronics and
Microprocessing Exhibition, and
IDEA, the International Domestic
Electrical Appliances Exhibition,
Montbuild Ltd. (11 Manchester Sq.,
London WI M 5AB, England), National Exhibition Centre, Birmingham, England, Jan. 15-17.

Advanced Semiconductor Equipment
Exposition, Associated Ad-Ventures
Inc. (Suite V, 4546 El Camino Real,
Los Altos, Calif. 94022), Convention
Center, San Jose, Calif., Jan. 22-24.
Annual Reliability and Maintainability Symposium, American Society
of Mechanical Engineers, IEEE et al.
(for information, contact N. H.
Kutner, Burroughs Corp., Burroughs
P1.-5F48, Detroit, Mich. 48232),
San Francisco Hilton, Jan. 22-24.
Communication Networks '80, The
Conference Co. (60 Austin St.,
Newton, Mass. 02160), Sheraton
Washington, Washington, D. C.,
Jan. 28-30.
Fifth Topical Meeting, Integrated
and Guided Wave Optics, Optic
Society of America (Suite 620, 200
L St. N W., Washington, D. C.
20036) and IEEE, Hyatt-Lake Tahoe, Incline Village, Nev., Jan.
28-30.

Winter Consumer Electronics Show,
Electronic Industries Association,
Convention Center, Hilton and Jockey Club Hotels, Las Vegas, Nev.,
Jan. 5-8.

11th International Symposium for
Mini and Microcomputers, International Society for Mini and Microcomputers (P. O. Box 2481, Anaheim, Calif. 92804), Asilomar Conference Grounds, Pacific Grove, Calif., Jan. 30-Feb. I.

Sixth Semiannual ATE Seminar and
Exhibit and First Annual Test Instruments Conference, Benwill Publishing Corp. (1050 Commonwealth
Ave., Boston, Mass. 02215), Convention Center, Pasadena, Calif.,
Jan. 7-10.

Eighth Semiannual Conference on
Federal ADP Procurement: New Departures, American Institute of Industrial Engineers (P. O. Box 3727,
Santa Monica, Calif. 90403), Shoreham Americana Hotel, Washington,
D. C., Feb. 4-6.
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Nbcralffl® 200 Series...
Higher throughput
than step-and-repeat
at amuch lower price.
Perkin-Elmer designed the
new Micralign Model 200 to be
the most cost-effective projection mask aligner available.
In performance, it achieves 2micron geometries or better
in production, distortion/magnification tolerance of 0.25
micron, and 4percent uniformity of illumination. Options
available include automatic
wafer loading and automatic
alignment. Soon to be available:
deep UV optical coatings for
still smaller geometries.
Compared to the leading
step-and-repeat aligner, the
Micralign Model 200 delivers
outstanding performance for
not much more than half the
cost. It takes about aquarter
of the floor space. It provides
consistently higher throughput
regardless of die size.
The Model 200's remarkable
performance is the result of a
number of major innovations.
Improved optical design
and fabrication
We improved the optical design
to provide increased resolution
and depth of focus. Optical
manufacturing tolerances are
five times tighte to ensure
precise overlay from aligner
to aligner.
Near-zero vibration
We minimized vibration. We
constructed the Model 200
with two frames—one inside
the other. The inner frame,
which carries the projection
optics and carriage drive, is
completely isolated from the
outer frame.

Cooled Air

Heaters

HEPA
Filter

We included aseparate thermal control for the mask, to
compensate for mask run-out
No mask contamination
We designed asealed mask
carrier for the Model 200. You
put the mask in the special
carrier right in the mask department. Seal it. When you load
the sealed carrier in the Model
200, the cover plates are automatically removed. After use.
the cover plates are automatically replaced.
Inner Frame

Projection
Optics

Outer
Frame

Air Bearing
Slide

Moving Coil
DC Motor
DC Tachometer
Vibration
Isolators
(Isolated
Structure
Support)

1st) ated
Structure
Vibration Iso alors
(Inner Frame Support)

We incorporated asuperb
linear motor carriage drive with
air bearing slide. This drive
does more than eliminate vibration. With the air bearing feature
there's no contact and no
wear. And no limit to carriage
drive durability.

Optical Encoder

Flexure
Linkage

Built-in environmental
control
We provided the Model 200
with abuilt-in environmental
chamber. External air, supplied
by you or from our optional air
conditioning system, is blown
through aI-EPA filter and
heating elements built into the
Model 200 topcover. A positivepressure, class 100 environment is carefully controlled to
better than 1°F

Proven production
capabilities
Perkin-Elmer, the leader in
projection mask alignment systems, offers six years of proven
production capability, with an
excellent training and service
record.
Get all the facts
These are just afew of the features that make the Micralign
Model 200 Series acomple:ely
new concept in projection
mask aligners. Get more details on how these and other
improvements in design can
translate into improvements
in your production. For literature, write Perkin-Elmer Corporation, Microlithography
Division, 50 Danbury Road,
Wilton, CT 06897. Or phone
(203) 762-6057.

PERKIN-ELMER
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Make Fluke your partner

in automated testing.
Buying automatic test
equipment is an important
investment with long range
effects on profitability and
efficiency. We recognize the
magnitude of this decision and
offer you not just aproduct but a
partnership. It's apartnership
dedicated to your test needs,
based on trust, confidence, and
unwavering high-performance.
You're in good company.
When you buy aFluke
system, you join the ranks of
companies like IBM, Philips, and
Olivetti. In fact, our customers
include the top electronics
manufacturers throughout the
world. Why do these companies
choose FAS? Because our
systems offer solutions backed by
years of experience in solving
tough test problems. And
because we've reduced their
testing costs by one-third.
A close look at testing.
Deciding when to test is as
important as how. With an
overall goal of high end-product
turn-on rates, PC board
functional testing is the best
approach. It offers comprehensive
testing to locate faults across the
entire fault spectrum, from
production faults to dynamic
operational errors.
Deciding how to test comes
next. You need to consider awide
range of factors including PC
volume, board types, test yield,
production yield and anticipated
new products. You also need to
take alook at the true costs of
the system including initial
capital expense, programming
and diagnostic costs and the kind
of service you'll get when every
moment of downtime costs
thousands.
Take aclose look at Fluke
Automated Systems. You'll find
some surprisingly simple answers
to these complex questions.
Making every dollar count:
time proven techniques.
We pioneered the concept of
reference board testing. Over the

years, it has proven to be the
fastest, most economical means
of board testing, producing
higher throughput and superior
test confidence.
FAS systems are designed to
make test program generation
fast and easy to learn. Over 700
automatic stimulus patterns can
be selected with the push of a
button. For sequential logic, our
high level language uses efficient
data compression techniques,
allowing auser to quickly
generate massive stored sequence
stimuli. Both techniques can be
interleaved "on-the-fly" gaining
the advantages of each.
The key to testing is
comprehensive test programs.
Fluke's test techniques enable
exhaustive test sequences to
operate at real-time speeds.
Extensive test response patterns
are data-compressed into asingle
output signature. Consequently,
operation is not limited by disk
capacity or access times —
problems that plague
simulator-based systems.
After test program
development, the Automatic
Fault Emulator Option verifies
comprehensiveness by emulating
fault types — from simple
"Stuck-at" faults to complex
single-bit errors.
Production throughput with
aFAS test system is increased by
afull spectrum of diagnostic
methods. They range from 12
manual aids (including
Faultrack® and abuilt-in logic
analyzer for LSI) to apowerful
computer diagnostic package
called Autotrack0
> 98% Uptime.
The John Fluke Company is
founded on the commitment to
provide products and services
that yield the highest return for
your investment dollar. The
success of our equipment and the
innovative contributions we've
made to the industry prove this
has not been an empty promise.
Innovative designs are

implemented by our
manufacturing professionals.
Materials are exhaustively
screened. Precision components
crucial to test performance are
100% tested. In-process inspections
are made throughout. The end
result: greater than 98% uptime.
Hundreds of experts
supporting you.
After asystem is delivered, a
Fluke Customer Engineer moves
in as your consultant to set up
your system, give programming
assistance and lead hands-on
training sessions. He's there to
assure that you get maximum
utilization of your test system.
And he's never more than a
phone call away.
For service, you can rely on
Fluke Service Engineers working
out of 45 service centers around
the world. They're dedicated to
solving your repair problems in a
minimum of time — locally.
Talk to us — we listen.
We solve test problems by
listening to you — to what you
need, what your problems are.
Call us at (800) 426-0361 or use
the handy coupon below. Make
Fluke your partner in automated
testing.

FLUKE
AUTOMATED SYSTEMS
I.
IN THE US AND NONEUROPEAN COUNTRIES:

IN EUROPE:

Fluke Automated Systems
630 Clyde Avenue
Mountain View, CA 94043
(415) 965-0350
TWX 910-379-6573

Fluke (Holland) B.V.
P.O. Box 5053,5004 EB
Tilburg, The Netherlands
(013) 673 973
Telex: 52237

Tell me more about automated testing.
Send me aliterature package.
D Let's not mess around — arrange ademo.
D I'm acompetitor — How'd you make testing
so easy anyway?
Name
Title

Mail Stop

Company
Addreea
City

State

Telephone(

Zip
Ext.
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STANDARD EQUIPMENT
WITH EVERY FAIRCHILD
TEST SYSTEM.
Half the reason anybody buys a
Fairchild test system is the quality of the
system itself.
The other hall is customer support.
We pride ourselves on providing
the very best customer support
program in the test system business.
We offer the world's most comprehensive
training to get you started. Meaningful
applications to get you
running. And worldwide
field service to keep your
downtime to an absolute
minimum.
Everything we do is
designed to meet a
common goal: Give you
maximum use of your
Fairchild system at the
lowest possible cost.
That's the overview
Here are the specifics:
TRAINING
YOUR PLACE
OR OURS.
Fairchild operates
training centers in San Jose, Munich
and Tokyo. Courses can also be taught
in your own plant by special
arrangement.
In our training centers, your personnel are given hands-on experienc,e
with the exact kind of test equipment
you buy. They start with 12 to 18 manweeks of basic training, and then
choose from abroad range of courses
to fit your specific needs—from testing
fundamentals to advanced LSI testing
techniques.
We use the very latest teaching
techniques, including videotape and
programmed learning courses, in addition to live lectures and demonstrations.
Our average instructor has aminimum
of seven years of experience.
We have trained over 8,000 customer
30
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personnel in the past seven years.
APPLICATIONS.
NOT JUST HOW, BUT WHY
The key to effective applications
support is making sure your Fairchild
system does everything it can to meet
your specific testing requirements. We
maintain aworldwide team of applicatbns engineers to help you get your

system up and running. We also have a
software library containing hundreds of
ready-to-run device test programs for
standard ICs, almost every known microprocessor; I/O chips, bipolar RAMs,
MOS RAMs and anumber of support
circuits. These programs would cost you
tens of thousands of dollars if you had to
devebp them yourself from scratch.
It all adds up to an applications
base that meets many of your testing
needs before you begin.
SERVICE. ALWAYS THERE
WHEN YOU NEED US.
No matter where you are in the
world, we have afield service engineer
close by to keep your system uptime
up. We have more than 25 major service centers throughout the U.S., Europe
and the Far East.

We offer avariety of service contracts that can be tailored to your needs.
They give you monthly servicing and
calibration of your test systems, automatic field change notices, automatic
software updates, replacement of defective parts, and acommitment to be
there within amatter of hours (within 50
miles of aservice center, average.response time is four
hours).
All in all, we guarantee never to forget you
after the sale. That's why
every Fairchild test system you buy comes with
the personal commitment of trained professionals, applications
engineers and service
personnel as standard
equipment.
For more information, contact your nearest Fairchild Test
Systems sales office. Or
write Test Systems Group, Fairchild
Camera and Instrument Corporation,
1725 Technology Drive, San Jose,
California 95110. Tel: (408) 998-0123.
TWX: 910-338-0558.

MAI Ft

H ILi=

TEST SYSTEMS GROUP

The
&st family
of All.
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Our people give
you three etching
modes in
one machine.
Ultek's new 4440 Production Etching
System gives you unprecedented
freedom to choose the etching
approach best suited toyour product.
Our people have designed the 4440
to operate in any of three modes:
reactive ion etch, plasma etch
or triode etch.
This flexibility makes it easy to meet
your goals for line width, anisotropy,
etch profile and selectivity both in
the lab and on the production floor.
A stainless steel gas handling
system permits use of almost any gas.
Up to four can be precisely handled
with independent control of flow
and pressure.
Batch loads of 30 three-inch or 13
four-inch wafers can be processed
with high throughput, high yield and
excellent etch uniformities.
If you'd like a better choice for
your etching operations write:
Perkin Elmer, Ultek Division, P.O. Box
10920, Palo Alto, CA 94303. Or call:
(415) 967-2100.

PERKIN-ELMEM

Putting quality and plasma systems toget --emmo
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Electronics newsletter
NTT to look
at Motorola's
pagers in test

Exxon's Magnex
ready to market
thin-film heads

Semiconductor
test, fabrication
systems linked

Voice system
fits Muitibus

In the first step in the open-door procurement policy sought by the U. S.,
Motorola Corp.'s Communications Systems division, Schaumburg, Ill.,
will ship about 150 pagers to the Nippon Telegraph and Telephone Public
Corp. next summer as part of a qualification test to enter the Japanese
home market. The cost of the test units will be comparable to the $300
price tag for pagers linked to telephone systems or specialized common
carriers in the U. S., but Motorola will modify them to meet NTT'S
specifications.

Magnex Inc., an Exxon Enterprises Inc. business venture formed in
September 1977 to develop and manufacture thin-film magnetic recording
heads for computer disk and tape drives, is about to begin volume
production of what it calls the integrated slider. This thin-film head is
fabricated like an integrated circuit. Hundreds of magnetic circuits are
deposited on awafer, which is then diced and machined to form hundreds
of one-piece head and slider units with the tightest tolerances, highest
densities, and lowest costs to date.

Semiconductor manufacturers will soon be able, for the first time, to buy
test and fabrication systems that can be tied together easily to make a
totally integrated facility tailored to their own needs. The Macrodata
memory test line and the Kasper Instruments line of wafer-processing,
ion-implantation, and mask-alignment systems will be offered in the third
quarter of 1980 with hardware that lets them communicate with any host
computer from the PDP-11 family. The move reflects the thinking of
Macrodata and Kasper Instruments. Both were acquired by the Eaton
Corp. of Cleveland when it took over their parent, Cutler-Hammer.

A single-board automatic Voice Recognition Module that is Multibuscompatible was announced by Interstate Electronics Corp., an Anaheim,
Calif., subsidiary of A-T-0 Inc. of Cleveland. Various models, with singlequantity prices ranging from $1,650 to $2,090, recognize 40, 70, or 100
words or short phrases with better than 99% accuracy. After spectral
analysis, all processing—including pattern recognition—is done digitally.
Also, using a patented algorithm, all words and phrases are compressed
into 128 bits. Although this system is speaker-dependent, Interstate
intends ultimately to design speaker-independent systems using custom
integrated circuits.

RCA video disk

It's official: on Dec. 6, RCA Corp., New York, will at last announce its
1980 marketing strategy for its video disk player. Although competitor
to be unveiled
Magnavox will be selling its Philips-developed VLT system nationwide by
on Dec. 6 year-end [Electronics, Oct. 25, p. 72], RCA will sell its capacitive system
nationally right from the start through retail television outlets. Backing
the player will be an array of 300 or so disk titles, with 10 to 15 introduced
every month during the first year. RCA has trimmed the weight of its
system to less than 20 lb, eliminated many of the discrete components in
favor of integrated circuits, and hiked the original retail price estimate
from less than $400 to about $500.
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Electronics newsletter
Datapoint adds
word, message
features to ARC

VW to purchase
Hall-effect sensors
from Micro Switch

DEC unveils
PDP-11/44 and
DECsystem 540

Bell underestimates
software job
for data network

Addenda

34

Look for Datapoint Corp. to join the rapidly growing list of companies
with new products targeted at the automated office of the future [Electronics, July 19, p. 8]. Late this month, the San Antonio, Texas, firm plans to
offer word-processing and electronic-message capabilities that may be
integrated with the data-processing and voice-communication management already available on Datapoint's Attached Resource Computer
(ARC) network system.
Among other features of the new package is believed to be a contentaddressable access system, by which files can be searched for all documents
containing user-specified key words or sets of words. Also expected is the
announcement of a unique short-distance communications device using
modulated, noncoherent infrared light.

Honeywell Inc.'s Micro Switch division in Freeport, Ill., has concluded an
agreement with Robert Bosch ombH of West Germany to supply 1980
Volkswagen automobiles with Hall-effect ignition timing sensors (to
replace mechanical breaker points). Micro Switch has been supplying
Chrysler with Hall-effect devices for the ignition systems in Omni and
Horizon automobiles since 1977, when these cars were introduced.

The Digital Equipment Corp. has introduced what is probably its successor
to the PDP-11/34. The Maynard, Mass., firm's new PDP-11/44 is said to
have twice the performance of the former unit but costs $23,900 —only
about 20% more. The new 11/44 uses the instruction set of the larger
PDP-11/70 computer, offers mos main memory expandable from abasic
256 kilobytes to 1megabyte, uses an internal 8-kilobyte cache memory to
speed operation, and includes ASCII interface and programmer's
consoles—both under microprocessor control and the latter with built-in
diagnostics. DEC is simultaneously announcing the DECsystem 540. Based
on the 11/44, the business-oriented system includes an enhanced Cobol
compiler that DEC claims makes the system 50% faster than any of its
earlier mid-range systems.

"We underestimated the software job" is how AT&T chairman Charles L.
Brown explained the company's decision at the beginning of the month to
postpone its Advanced Communications System. Speaking last week at a
meeting of New York security analysts, Brown said that, in the interim,
the company would "leapfrog" itself by going to new technologies in the
all-digital data-communications network. Meanwhile, the telecommunications giant is upgrading its existing network, to create what Brown called
the "network of tomorrow," by installing new electronic local office
equipment at the rate of one per working day and adding 21 more
electronic switching systems to the long-distance network during 1980.

Maurice R. Valente has been named president of RCA Corp. He succeeds
Edgar H. Griffiths, president since September 1976, who becomes chairman while continuing as chief executive officer. Valente, 50, has been
executive vice president of International Telephone & Telegraph Corp.
...Meanwhile, Harold S. Geneen says he will step down as ITT
chairman at year's end.
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Microsoft is fulfilling the ultimate fantasy of microcomputers with excellent, reliable, tested software. Not
just one or two items for certain computers, but acomplete, integrated line of system software for all major
microprocessors. Isn't it nice to know you can find alittle
island with such abig array of software? To microcomputers everywhere, we're adream come true.
BASIC-86 and BASIC-80 Interpreters. BASIC for
the 8086 and 8080/Z80. Both support the extensive language features that have made Microsoft' BASIC the
world standard—including PRINT USING, PEEK and
POKE, RENUMBER, WHILE/WEND, CHAIN with
COMMON, long variable names, protected files, error
trapping, double precision arithmetic and dynamic string
space allocation. Disk BASIC-86 for Intel SBC 86/12,
$600. Disk BASIC-80 for CP/M, ISIS-II or TEK DOS.
$350.
BASIC Compiler. With the same extensive language
features —plus fast, relocatable object code— the Microsoft BASIC Compiler is ideal for all types of commercial
applications and microcomputer development systems.
This single pass compiler performs extensive optimizations that maximize speed and minimize space of the object
code. Available for CP/M or ISIS-II operating systems.
$395.
COBOL-80 Compiler. Indisputably the best compiler
for powerful use of disk files, data manipulation facilities
and intetactive ACCEPT/DISPLAY. COBOL-80 is an
ANSI-74 standard COBOL that supports indexed and
relative files, including DYNAMIC access, FILE
STATUS, START, READ NEXT, DELETE and REWRITE. In versions for CP/M or ISIS-II. $750.
FORTRAN-80 Compiler. More 8080/Z80 computers
are using FORTRAN-80 than any other FORTRAN in the

world. With good reason. Microsoft' FORTRAN-80 is
the most complete micro FORTRAN you can buy. It has all
of ANSI-66 FORTRAN (except COMPLEX data), plus
unique enhancements for use in the microcomputer environment. An extensive library of single and double precision scientific functions, too. Available for CP/M, ISIS-II,
OASIS or TEKDOS. $500.
And every Microsoft compiler comes with the
MACRO-80 assembler and LINK-80 loader, giving the
flexibility to generate, load and run any combination of
relocatable modules.
We can also fulfill the most unusual microcomputer
fantasies with custom software or consultations. OEM
licensing and purchasing agréements are available.
Microsoft. An island unto itself.

fÍ

10800 NE Eighth, Suite 819
Bellevue, WA 98004
206-455-8080 Telex 328945
VECTOR MICROSOFT
Research Park
B3044 Haasrode
Belgium
016-23-08-94 Telex 61978JEWEL B
ASCII MICROSOFT
502 Hi Torio
5-6-4 Minami Aoyama
Minato-ku
Tokyo 107, Japan
03-409-7351 Telex 2426875 ASCII .1

We set the standard.
Prices quoted are U.S.A. domestic only.
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Three questions about digital
in-circuit test sysirms
other ATE companies
hope you won't ask.

Introducing GenRad's enhanced 2270—the first analog/digital in-circuit
test system with all the right answers.
Our new system is so unique, so advanced, so accurate, it begs to be compared with
every other system on the market.
To make your comparison alittle simpler, we'll give you the three toughest questions
you can ask about any test system.

1. Can your system test MS! and LS! boards?
This simple question will weed out quite afew systems right off the bat. Most systems
can power an MSI or LSI, but that's it. GenRad's 2270 accurately verifies the functionality
of adevice.

2. Can it test each device comprehensively? Simultaneously?
,

This is where the competition starts dropping by the wayside. Almost every other
in-circuit system can only test asingle pin at atime. That's hardly the way to test acomplex device. Hardly the way to test aboard quickly and efficiently.
GenRad's 2270 uses anew technique called "parallel stimulus/response." It simultaneously tests both the inputs and outputs of each device. And since each pin is backed
by amemory, it can deliver acomplete stored pattern sequence in aburst. That means
you can test every device comprehensively. Efficiently. Simultaneously.

3. Can it easily differentiate between abad interconnect and a
bad device?
Every other company has to answer no. So you may end up throwing out
aperfectly good device because of abad connection. And that can cost you
thousands of dollars every year.
With the GenRad 2270, our unique new SCRATCHPROBING technique lets you know exactly what's wrong in seconds. If an IC tests faulty, just
run the probe across the pins. You'll know in seconds whether it's the IC at fault
or the interconnect.
That's the new 2270 from
GenRad. Compare it. Ask these
questions of any other ATE company
in the industry.
But don't hold your
breath waiting for an answer.
For more information,
write GenRad, Concord, MA
01742. Or call the sales office
The GenRad 2270's powerful and flexible Automatic Test Generation software
package automatically defines digital stimulus and expected responses for each IC.
nearest you.
TM

GenRad
Put our leadership to the test.
Atlanta (404) 394-5380; Boston (617) 646-0550; Chicago (312) 884-6900; Cincinnati (513) 831-9210; Dallas (214) 234-3357;
Los Angeles (714) 540-9830; New Jersey (201) 791-8990; New York (212) 964-2722; San Francisco (408) 985-0662;
Washington, D.C. (301) 948-7071.

Circle 37 on reader service card

Je
roc e

9

Solderless saves time like you
wouldn't believe. Our Proto-Board"
solderless breadboards put everything you need to get your circuit up
and running on an aluminum
backplane that lets you work at
frequencies from DC to half a GigaHertz. Three Proto-Board "models
feature built-in regulated power
supplies—and one of them's a
build-it-yourself kit!

CSC solderless breadboards save
energy, too. Especially yours. Because
circuit building becomes a simple
plug-and-chug process, straight
from an idea to a working circuit.

That's why we've become the
easiest-to-find solderless breadboards in the wood—available at
more stores than anybody else in
the business. Because people who
know solderless best insist on CSC.
Save time and energy. Get a
head start with CSC.

There are 9Proto-Boards" in all,
manufacturers suggested U.S. resale
prices from S15.95 to S124.95.

CONTINENTAL SPECIALTIES CORPORATION

=M=

70 Fulton Terrace, New Haven, CT 06509 (203) 624-3103, TWX 710-465-1227
OTHER OFFICES: San Francisco: (415) 421-8872 1TWX g10-372-7992
Europe: CSC UK LTD. Phone Saffron-Walden 0799-21682, TLX 817477
Canada: Len Finkler Ltd., Ontario

1-800-243-6077
Call toll-free for details
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Electronics review
Significant developments in technology and business

All-silicon devices
will match SOS
in performance
by John G. Posa, Solid State Editor

Laser anneals polysilicon
on silicon dioxide;
technique could lead to
three-dimensional ICs
Researchers at Texas Instruments
Inc.'s Central Research Laboratories
have succeeded in fabricating mos
devices in laser-annealed polysilicon
on silicon dioxide. Not only will the
devices have the speed and density of
those fabricated on sapphire, but the
all-silicon construction could lead to
true three-dimensional circuitry.
A paper by the Dallas lab will be
one of the highlights of the International Electron Devices Meeting in
Washington, D. C., Dec. 3-5 (see
also the following story). The TI
researchers say they have fabricated
both enhancement- and depletionmode n-channel mos field-effect
transistors with various width-tolength ratios, as well as 7- and 11stage ring-counter circuits. Eventually very large-scale integrated circuits may use this technique.
Effect on sapphire. With performance comparable to silicon on sapphire, cheap and easily grown oxide
may replace sos. The excellent
isolation of the sapphire substrate
has inspired large but as yet unavailing efforts to reduce the cost of
materials for commercial devices.
Another more subtle implication
stems from the fact that, unlike
metal, polysilicon supports further
growth of silicon dioxide. Entire
circuits fabricated in annealed polysilicon may be covered with oxide
and asubsequent layer of polysilicon
can be deposited atop this for anoth-
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er level of circuitry, and so on.
Therefore, while single-crystal silicon made possible the two-dimensional integrated circuit, polysilicon
may be responsible for truly threedimensional ics. Al F. Tasch Jr.,
manager of the lab's VLSI technology
branch, acknowledges that such a
prospect "is entirely possible."
Unannealed polysilicon is made up
of randomly oriented crystal grains
on the order of 500 angstroms
across. Carrier flow is impeded at
each grain-to-grain boundary and
the resulting low mobility would
yield apoor device at best.
Armed with a pulsed frequencydoubled neodymium-yttrium-aluminum-garnet laser, TI scans the polysilicon surface to induce localized
melting. The grains recrystallize
with much larger dimensions so the
number of interfaces is reduced and
mobility is enhanced. With this

setup, researchers have observed
grains as large as 10 micrometers
across (see photograph).
To build what it calls silicon-oninsulator mos FETS, TI begins with a
single-crystal p-type silicon substrate. On this, it grows a 1-µm-thick
oxide layer and then deposits a
0.5-am film of undoped polysilicon
film. The samples then go onto an
X-Y translation stage, which is
heated to 350 °C while a stepping
motor moves it in synchronization
with the pulsed laser.
Implantation. Then the polysilicon is selectively etched down to
the oxide level to isolate islands for
each transistor. Boron ions are
implanted to form the channel,
which is covered with a thermally
grown 500-À gate oxide. A polysilicon gate is deposited on the gate
oxide and implanted with phosphorus. It also is used for aself-aligned

All silicon. Depositing polysilicon on silicon dioxide (top) and then annealing the deposited
material (bottom) gives TI alarge-grain film with improved mobility.
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arsenic ion implantation of the
source and drain.
The researchers discovered that
the highest mobilities were obtained
when asquare grid pattern was plasma-etched into the oxide before
polysilicon deposition. The square,
µ111 on a side and 0.1 1.tm deep,
encouraged more uniform recrystallization of the polysilicon.
TI also annealed previously im-

planted polysilicon and will report
the results in another IEDM paper.
Implanted silicon doped for gates
and interconnections also has a
small-grain structure, so it too can
stand recrystallization for mobility
improvements—especially as design
rules are scaled down. By laserannealing, sheet resistance was lowered up to three times more than it
was by thermal annealing.

static memories with doped polysilicon resistors. The transistors simply
consume too much real estate.
Speed. Unexpectedly, the change
did not extend the access time. "The
polysilicon loads do not affect
speed," says Pashley. Indeed, using
rather conservative 4-micrometer design rules, the memory sports a
respectable 40-nanosecond typical
access time, while consuming 0.5
watt.
Memories
Two self-aligned levels of polysilicon give device density at least
double that achievable with singlelevel polysilicon. The added upper
level of the Intel RAM is implanted
with arsenic to form the high-resistance pull-ups, but it is also selecClearly one of the highlights of this
technology than ever before." More- tively doped for low-resistance interyear's IEDM presentation will be
over, his company will release soft- connections. The second level makes
Intel Corp.'s disclosures about its
error reliability data.
a self-aligned direct connection to
16-K n-channel mos static randomSuch an exposé is dearly sought. the first polysilicon layer, which, as
access memory, a design that will
The company's hustle has netted it a usual, forms gates. Projection printbecome aproduct next year. Though
one-to-two-year lead in fast n-chan- ing with a2-1.tm misalignment tolerdiscussed at the International Solid
nel technology. It enjoys acorner on ance is used throughout the process.
State Circuits Conference in Philathe market for such parts—and
Two implants. Smart money is
delphia [Electronics, Feb. 15, p. 122],
several other MOS houses, poised to betting that Intel uses multiple ion
Intel designers will be much more
pounce on that commanding posi- implantations for the 16-K static,
specific this time.
tion, are eager to know just how and it wins. In fact, the company
In fact Richard Pashley, manager
Intel does it.
needs only two threshold-adjusting
of static RAM design and developTo obtain 16-K densities, Intel channel implants to build the four
ment of the Santa Clara, Calif., chip designers were forced to replace the transistor types listed in Table I.
maker, nervously admits that "more
depletion-mode load transistors used
The chip's power-down feature is
will be said about Intel's static RAM
in the cells of their 1- and 4-K fast made possible by one of those types,
a zero-threshold switching transisTABLE 1 COMPARISON OF TRANSISTOR TYPES
tor. Driven by the chip-select buffer,
the switch turns off nonessential
Channel
Threshold
Circuit
implant
voltage (V)
application
blocks of internal circuitry and
power use is cut to one seventh,
Enhancement-mode
0.7
pulldown device
boron
about 70 milliwatts, with no penalty
in access time.
Depletion-mode
arsenic
-3.0
high-performance load
As for errors, amodern depletionDepletion-mode
arsenic, boron
-1.5
low-power load
load static RAM can expect no
alpha-induced errors in 1,000 hours
none
Zero-threshold
-0.2
power-down device
of operation, given the layout rules
implied in Table 2. Alpha hits are
more easily assimilated with depleTABLE 2: RELIABILITY AND RELATED FACTORS
tion loads because cell holding
currents and capacitance are higher.
Single
Double
polysilicon depletion
polysilicon resistor
The soft error rate for the polysiliload (1979)
load (1975)
con-load 16-K memory has been held
to less than 0.05%/1,000 hours. The
Soft error rate
0%/1,000 hr
<0.05%/1,000 hr
chip was also stressed to predict
Cell size
3.0 mil 2
1.5 mil 2
threshold shifts due to the trapping
of hot electrons in the gate oxide,
Cell node capacitance
- 12 fF
- 50 fF
and it was found that it would take
Range of load resistance
5-10 mu,
50-200 Mn
almost 60 years for a5-millivolt shift
to OCCIIT.
-John G. Posa

Intel to disclose 16-K static secrets

and to release soft-error data

40

Electronics/November 22, 1979

Solid state

Silicon nitride cap keeps implants
in place on gallium arsenide
Working towards the goal of a
single-chip X-band receiver, TRW
Inc. has developed an improved
method of doping gallium arsenide
integrated circuits. So confident is
the firm that it has licked a major
problem associated with the highly
temperamental material that it predicts it will have its IC receiver in
about ayear.
The GaAs material is desirable for
its inherent low-noise characteristics
and its frequency limit of 30 to 40
gigahertz, which is well above the
5.2-to-10.9 -GHz boundaries of the X
band where the U. S. Navy plans to
use the single-chip receiver. Moreover, TRW anticipates that its implantation technique will make pos
sible digital logic, as well as the
analog devices found in the receiver.
"We have already fabricated and
successfully operated the basic onchip building-block circuit," says
Thomas G. Mills, referring to afourquadrant analog multiplier. Mills is
senior scientist at TRW's Microelectronics Center, in Redondo Beach,
Calif., part of the firms's Defense
and Space Systems Group.
Ion implant. The key to the metalsemiconductor field-effect-transistor
configuration is the ion-implantation
method the center devised for GaAs.
The precisely controlled introduction
of impurities possible with ion
implantation can provide avariety of
circuit elements on asingle lc —and
the X-band chip must pack in many
different receiver circuits.
However, there is a stumbling
block in ion-implanting GaAs wafers. "Any time you implant wafers
with ion energy, you get damage—
especially on the surface with gallium arsenide," says Mills. "Silicon
can be annealed at 800 °C, but that's
not the case with GaAs," which
dissolves at 350 °C.
As Mills describes the problem,
the catch is not so much repairing
the crystal damage as sealing the
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surface of the wafer so that implants
remain where they are supposed to.
For this sealing, he and his fellow
scientists have developed a cap of
plasma-deposited silicon nitride.
Benefits. Among other advantages, Si 3N 4 adheres well to GaAs
and can be deposited at low temperatures. Also, its 90% doping efficiencies approach those of silicon—that
is, 90% of the performance possible
from the amount of implanted impurities is actually realized.
Mills claims that the plasma deposition process permits reproducible
performance characteristics, as in
ion-implanted silicon. In the analog
multiplier, for example, the contem-

plated low noise figures can be maintained, he says. Tests at 8 GHz (the
middle of the X band) show losses of
only 3decibels.
In an area of only 40 to 50 mils,
the multiplier has operated at up to
10 GHz, says Mills. The researchers
are working on improved performance through such changes as moving sources closer to gates for faster
response time. They also are tweaking the circuit to get better gain —
"in the neighborhood of going from
a few decibels' conversion loss to a
few decibels' conversion gain," Mills
explains.
At the same time, they are designing the other receiver elements,
including amplifiers, oscillators,
modulators, and demodulators. In
mid-1980, all the components will
come together on asingle chip, Mills
predicts, giving the Navy the lownoise receiver that an lc configuration promises.
-Larry Waller

IEEE

President seeks support from 1980 board
that 1979 group denied to his candidacy
As the first petition candidate to win
the IEEE presidency, Leo Young may
now have to build support from the
1980 board of directors that he did
not get from the 1979 board for his
candidacy. In addition, in order to
accomplish anything, he will have to
establish a close working relationship with the executive committee,
which will be chosen in New Orleans
this weekend.
At this point it is not clear if the
new president will enjoy the full
support of that committee, which
plays a crucial role in the development of policy. Although as executive vice president he currently holds
the No. 2 elective position, Young
was challenging the IEEE establishment simply by running for president as a petition candidate. As a
result, his standing in the institute's
hierarchy is unclear.
Nor do the results offer much of a
mandate to guide the executive
committee. Young, a staff consul-

tant at the Naval Research Laboratory, won decisively enough-22,947
to 18,544 for board candidate Burkhard H. Schneider, vice president for
divisions at Detroit Edison—but the
total vote represents only 27V2% of
the ballots.
Moreover, the two constitutional
amendments, which Young supported, went down to defeat. They
provided for direct election of the
vice president for professional activities and of members of the Nominations and Appointments Committee,
and neither approached the twothirds majority needed for passage;
in fact, neither received aplurality.
Member-oriented. Nevetheless,
the amendments represent the kind
of thrust that Young wants to introduce into the IEEE's policies—what
might be termed member-oriented
professional activities [Electronics,
Aug. 30, p. 90]. Schneider represents a more conservative approach,
close to that reflected by the board
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of directors and its executive committee. Similarly, the unopposed
board candidate for executive vice
president, C. Lester Hogan, aformer
Fairchild Camera and Instrument
Corp. executive, is typically cast as a
conservative.
List. Already the Nominations
and Appointments Committee (itself
appointed by the board) has alist of
two candidates each for the various
vice presidencies that compose the
executive committee. The board's
elected members—the heads of the
regions and the technical divisions,
the new president and vice president
and the two immediate past presidents—will be considering that list
in New Orleans, although they are
free to bypass the suggested candidates and choose their own. One
well-positioned observer calls
chances for a slightly more liberal
executive committee atossup.
Young agrees with incumbent
president Jerome J. Suran on the
relative powerlessness of the office.
"The president does not have the
power to set major policy without
the approval of the board, and
approval of the executive committee
is needed for implementation," Suran notes.
However, Young has long been

active in IEEE professional and technical affairs, and he speaks hopefully
of his ability to be persuasive with
the board members and to unite the
feuding factions within the general
membership when he takes office
Jan. 1. He sees one way of reconciliation being ad hoc groups representing the spectrum of membership,
including the establishment. These
groups would be charged with fairly
specific assignments by the board, he
says.
-Benjamin A. Mason

Components

Transducer sports
SOS diaphragm
A new role for silicon on sapphire is
about to appear in the commercial
arena. Conrac Corp.'s Systems-West
division has developed an sos transducer whose impressive temperature
range and high sensing accuracy are
the result of the material's good electrical isolation, low power dissipation, and high thermal stability.
sos has been largely relegated to
use in semiconductor memories and
logic and microwave integrated circuits. The Conrac development may

What happened to Feerst?
Low turnouts are hardly a surprise in IEEE elections, but one factor that did
surprise observers this year was the slight effect Irwin Feerst apparently had
on the returns. A petition candidate in several recent elections, Feerst
entered this year's campaign, but aheart attack torced him to withdraw.
The causes with which he associates himself •Élre distinctly on the liberal
side of IEEE politics, yet he endorsed the more conservative of the two
remaining candidates—board nominee Burke Schneider. However, he was
unable to deliver his constituency to Schneider.
Working through his newsletter, the Committee of Concerned EEs, Feerst
mounted a strong ad hominen attack on the successful candidate, Leo
Young. Since Young's positions are closer to his than are Schneider's, it may
be that he simply confused his followers, who then sat out the election. It is
also possible his endorsement drove some conservatively oriented IEEE
members out of the Schneider camp because his stamp of approval is
outright anathema to them.
Not that Feerst agrees with such assessments. He characterizes the
election as a battle between two political machines and speculates that his
constituency simply is so disillusioned that it did not vote. "I did get on the
ballot," he notes, and his illness meant not only that he had to withdraw his
nomination but "I also was not as vigorous in the campaign as Imight have
been." He plans to continue his activities. As for entering next year's
campaign, he says simply, "I don't know—we'll see."
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Precious stuff. For a high-performance
transducer, Conrac has developed a sapphire diaphragm with epitaxially grown
p-type silicon strain gages. The unit's upper
temperature limit is 475 °F.

open up applications where high
performance is needed in hostile
environments.
An outgrowth of amilitary development, the series 4720 transducer
has a patented sensing element that
consists of a sapphire diaphragm
with silicon piezoresistive strain
gages grown epitaxially (see figure).
The diaphragm is glass-bonded to an
alumina base.
There are two versions, both offering several pressure ranges between
0 and 1,000 pounds per square inch
absolute and an output of 50 ±2
millivolts. Both have an extremely
wide temperature range of —65° to
+475°F, with one offering very high
accuracy of within ±0.3% of fullscale value over a 375 °F compensated temperature range and the
other accurate to within ±4%.
Better. The upper temperature
limit is more than 200°F higher than
that of typical transducers using an
all-silicon diaphragm, and the accuracy shows similar improvements.
Silicon units are limited to about
250°F by large thermal drifts caused
by diode leakage. Thermal expansion also has been aproblem, necessitating complicated graded seals
between the diaphragm and the
stainless-steel casing. The excellent
insulating quality of sapphire eliminates the diode leakage in the 4720
up to about 500°F. Because the
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!lore functions. Fewer bonds.
A better watch now costs less.

Traditional CMOS circuit

OKI

CflUX circuit

Two new OKI CMUX multiplexed
watch circuits provide 8digit
multifunction or "no-hands" operation.

Call or write for data
sheets detailing
these new circuits.

The 8digit MSM-5081 does it all with
the touch of abutton: 7 function
primary time watch, 5function
secondary time zone watch,
with stopwatch split 1/100
second information up to 24 hours,
two separate alarms, countdown timer,
and aprogrammable on-the-hour chime.
And for alot of information without lifting
afinger, the 8digit MSM-5080 constantly displays
date, day, hours, minutes and seconds and AM or
PM information.
Both of these ion-implanted CMOS circuits feature
low power consumption and operate from asingle 1.5V
supply.
OKI's new CMUX circuits reduce assembly costs and
improve reliability.
Multiplexing, aproven concept that behind some of
today b most advanced telecommunications systems, is
now working for you on OKI CMUX watch chips. Now a
number of signals time-share a single output.
OKI has applied this concept to the MSM-5080 and
5081 circuits and the result is more functions on fewer
contacts.
And this means fewer bonds. Consider your cost-perbond. OKI CMUX circuits will reduce bonds by 25%. What
about the cost of failures and returns? Fewer bonds means
improved yields and better reliability.

Contact OKI today for
data sheets on these
CMUX watch circuits, and
our new wall chart. You'll get
all the information you'll need
to design them into your next
generation of watches. OKI has a
complete line of watch circuits that
cover the full range of functions, all
meeting standardized specifications and
performance requirements. OKI
Semiconductor, 1333 Lawrence Expressway,
Santa Clara, CA 95051. Telephone (408) 984-4842.

To: OKI Semiconductor, 1333 Lawrence Expressway, Santa Clara, CA 95051

D Send me data sheets on OKI's new MSM-5080 and 5081

CMUX circuits.

I'd like to know about other OKI LCD watch circuits. Send data sheets on:
DBASIC circuitso MULTIFUNCTION circuits D CHRONOGRAPH circuits
D Send OKI'sWatch /Clock Product Line Wall Chart and Design Guide.
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Company
Address
City
Phone

__
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Zip _
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material is so stable thermally, it is
relatively unaffected by large thermal expansion in the adjacent p-type
silicon gages.
There are additional benefits in
using SoS. The monolithic construction imparts ahigh degree of insensitivity to shock and vibration. Also a
factor is the high strength-to-weight
ratio of sapphire, about twice that of
steel. The resulting error is given as
less than 0.004% per gravity of
vibration up to 20 g.
To keep output well within the
linear portion of the stress-strain
curve of the diaphragm, the transducer is designed so that the 50-mv
full output is produced at only 5% of
the sapphire's ultimate yield
strength. Repeatability, hysteresis,
and creep—all functions of the level
of stress—are therefore minimized,
says the company.
Low stress, of course, means longer transducer life. Conrac says test
units cycled 1million times at 300%
of the rated pressure ranges showed
no effect on performance. In fact,
the manufacturer is confident
enough of the pressure-range capability to be prepared to offer custom
versions handling up to 6,000 psia.
Initially intended for fuel- and oilpressure monitoring, the device also
will be aimed at the process-control
market. Of course, superior performance does cost: in 100-lot quantities,
the more accurate version costs
$1,900 each and the other $1,200
each.
-Roger Allan

Strong dose A cosmic ray passing through asilicon device with channel lengths of less than
0.6 gm would have its strongest radiation at its center and "cylinders" of lesser strength.

ening, many systems now on the
drawing board will have to abandon
VLSI for space applications," Vail
said in a paper at adigital avionics
conference in Forth Worth, Texas,
this month. However, other scientists
dispute this contention, arguing that
the redundant circuitry possible with
VLSI will lead to solutions.
Vail maintains that shrinking VLSI
geometries are the crux of the problem. A cosmic ray in space that
Aerospace
might pack a 10 8-rad wallop at its
core (see figure) could exceed sensitive VLSI design tolerances and
produce hard errors in the form of
destroyed transistors.
Since VLSI transistors will operate
on reduced switching margins, they
Cosmic radiation could cause major will also be more vulnerable to soft
obstacles to the use of very largeerrors, he says. It takes fewer ionized
scale integrated devices in space, a electrons to cause aspurious change
U. S. Air Force researcher contends.
of state in a VLSI device compared
Analysis shows that rays will cause
with LSI and larger devices.
device failure, as well as soft errors
Coauthor John H. Bradford, also
like those caused by alpha particles, at the development center at Hansays Patrick J. Vail, project scientist scom Air Force Base, Mass., proat Rome Air Development Center.
vided an analysis that permits Vail
"One thing is clear: without a to predict as many as 25,000 soft
major breakthrough in circuit hard- errors and 50 or more hard errors

Do cosmic rays spell
death for VLSI?
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per year in a megabit memory with
0.5-micrometer geometries—all
caused by cosmic rays. A comparable LSI system would experience
3,650 soft errors, he says.
Not all in the research community
share Vail's pessimism, however, not
even at IBM Corp.'s Watson Research Center where at least one
researcher has warned of cosmic-ray
damage [Electronics, May 10, p. 34].
"Whether you're talking space or
earth, the [cosmic-radiation] error
rates are going to be very, very small
and are the kinds that can easily be
coped with by using error-correction
techniques," declares John Armstrong, director of physical science at
the Yorkstown Heights, N. Y., center. He adds that the hard errors are
still atheoretical issue.
Fault tolerance. Vail agrees that
his analysis is theoretical and that
fault-tolerant techniques possible
with an abundance of VLSI circuitry
holds the most promise for coping
with cosmic rays. However, he notes,
his analysis is based only on one type
of error caused by heavy cosmic ray
ions like iron. Other yet uncharac-
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Our entry-level Dual-Board Micro.
It goes places one board won't.
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Instead of putting all the capability
we could on one large board, like other
micro companies, we put it on two very
small boards. The result is the best form
factor you can find in 16-bit entry-level
micros.
And for just $826 in 100's.
On one 5.2" x8.9" (13.2 cm x22.8 cm)
board you get the 16-bit LSI-11/2 microcomputer, with the PDP-11 instruction
set and a380ns cycle time. On the
other board you get everything else to
implement your system.:- 8Kb RAM
standard (or 32Kb optional), space for
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up to 8Kb PROM, console
interface port, asynchronous serial I/0, and clock.
You also get the flexibility to configure more
powerful systems simply
by replacing the LSI-11/2
processor board with our
new LSI-11/23.
At Digital, we look at
micros with asystems
understanding. That's why
we offer our 16-bit microcomputer family — in
boards, boxes and systems —
with the most powerful,
advanced, and proven
software on the market.
And why we offer hundreds of hardware tools —
memory and interface
boards, complete development systems, peripherals and terminals.
All backed by over
11,000 support people
worldwide.
It's the total
approach to micros,
only from Digital.
For more information,
contact Digital
•••••
Equipment Corporation,
Ce'
M
-2/M70, One Iron
Way, Marlborough, MA
01752. Or call toll-free 800-225-9220.
(In MA, HA, AL, and Canada, call
617-481-7400, ext. 5144.) Or contact your
local Hamilton/Avnet distributor. In
Europe: 12 ay. des Morgines, 1213 PetitLancy/Geneva. In Canada: Digital
Equipment of Canada, Ltd.

It took the minicomputer company
to make micros this easy.
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terized failure mechanisms could
crop up, he warns.
Although heavy ions make up less
than 1% of cosmic rays, today's
circuit-hardening techniques are
ineffective against their heavy doses,
he says. Shielding might work, but it
also would slow down the light, highly energized protons that otherwise
would zip through a VLSI device
without causing a cell upset that
results in asoft error.
Yet another possible corrective
approach lies in the circuit-design
tricks of the kind that combat alpha
radiation emitted from package materials in LSI devices. Vail, however,
doubts that such techniques alone
will prevent VLSI errors or failures in
space.
-Wesley R. Iversen

Displays

40-character LCD
is made like ICs
Borrowing a leaf from the book of
semiconductor makers, a new firm
specializing in liquid-crystal displays
is about to enter production with a
flat-panel 40-character device. The
LX140 from Kylex Inc. is fabricated
with precision photolithographic
techniques that give a five-by-ninedot matrix, thereby achieving better
visual definition of the characters
than five-by-seven-dot Lcos.
The new display, from the Mountain View, Calif., unit of Exxon
Enterprises Inc., uses complex multiplexing to drive its 40 characters. It
also incorporates a custom complementary-mos driver chip that simplifies interfacing in microprocessorbased applications— its intended
marketing target.
Most Lcos are patterned using
screen printing. By employing photolithography, Kylex achieves clearly
defined dots separated by less than
0.002 inch. The closer the dots, of
course, the more the characters look
as if they were formed from solid
lines. Also, the two extra rows of
dots in the matrix give the full ASCII
character set, including lowercase
descenders. As with five-by-seven-
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Inside. Forty-character LCD unit uses polyimide flexible circuit that connects display and
six custom driver ICs and meets all system-bus requirements.

dot Lcos, there is another line of
dots for underlining (see photo).
As in semiconductor wafer fabrication, "the process is readily adaptable to automation," notes Terry
Leeder, marketing manager. He
anticipates that the LX140 will lend
itself to high-yield production and
will drop considerably in price as the
company moves down the semiconductor learning curve.
Available in evaluation quantities
on asix-week basis, the LX140 costs
$299, or $199 in 100-unit lots. It
operates from a single 5-volt supply
and has a typical power drain under
400 milliwatts. It is aimed at wordprocessing applications where only a
single 40-to-80-character line need
be displayed.
Chip. For direct interconnection
with microprocessors through one of
the popular peripheral interface
chips, the display has a custom
c-moS integrated circuit, called the
LCID for liquid-crystal integrated
driver. Six are in each display.
In its 174-by-204-mil area, the
LCID packs a data input/output
buffer, character- and row-address
decoders, 35 waveform generators
for the necessary 35 column or
address outputs, seven 5-by-10-bit
random-access memories for the
characters, and seven 5-bit data
buffers. On-chip refresh circuitry
provides continuous sequencing of
the row addresses, thereby giving
continuous refresh of the RAM data
to the display.
The boost in character count over
the usual four to six in the typical
LCD application does exact a price.
Kylex president Garrett Stone points

out that the LX140 has had to
forsake direct-drive techniques for
matrix multiplexing.
A square-wave pulse train is time
shared among the display's rows and
columns. Where the scanning voltage equals an element's threshold
voltage, that element switches on.
New materials. Time-sharing a
driving voltage among many characters results in short duty cycles, and
the more characters the shorter the
cycle. The root-mean-square voltage
that activates each element is smaller, so Kylex developed new liquidcrystal materials to respond to these
small rms voltages.
Other companies also are looking
into multiplexing setups for Lcos.
But a major question with such
complex multiplexing schemes is
whether they limit applications to
single and double lines of characters.
Going to more than 40 characters in
a line or adding lines of characters
might require a tough tradeoff:
weighing additional power sources
versus even more fiendishly complicated multiplexing with a single
source.
-Bruce LeBoss

Packaging & production

UV exposure system
goes submicrometer
A line width of 0.425 micrometer in
asurface-acoustic-wave filter's interdigital transducer is achievement
enough in any league. However,
these lines are the product of what
amounts to off-the-shelf photolitho-
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"WHY DOESN'T SOMEONE
BUILD ACMOS 5557'
PIN-FOR-PIN.
The ICM7555/56 single and dual precision timers are
function-for-function, socket-for-socket replacements for
the SE/NE 555/556 timers in 95% of all applications.
And, they require no power supply decoupling or voltage
decoupling capacitors.

MAXCMOS7
Intersirs precision timers in MAXCMOS' are ideal in
applications where low power, wide voltage range, low
noise and higher frequencies are arequirement. Applications include: precision micropower timing; pulse
generation; time delay generation; sequential timing;
and micropower RC oscillators. Utilizing either TTL or
CMOS logic. And at 75 0*each, they're the only game
in town.

MORE?
Call your Intersil Sales Office or Franchised Distributor.
Or, return the coupon below for complete information.
*100 pc price (ICM7555IPA)
INTERSIL SALES OFFICES:

CALIFORNIA: Sunnyvale (408) 744-0618, Long Beach (213)
436-9261 •COLORADO: Aurora (303) 750-7004 •FLORIDA: Fort
Lauderdale (305) 772-4122 •ILLINOIS: Hinsdale (312) 986-5303 •
MASSACHUSETTS: Lexington (617) 861-6220 •MINNESOTA:
Minneapolis (612) 925-1844 •NEW JERSEY: Englewood Cliffs (201)
567-5585 •OHIO: Dayton (513) 866-7328 •TEXAS: Dallas (214)
387-0539 •CANADA: Brampton, Ontario (416) 457-1014

INTERSIL FRANCHISED DISTRIBUTORS:

SOMEONE
DOES. US.
1/20TH THE POWER REQUIREMENT.
Make your own comparison between the ICM7555 timers and the Bipolar 555's you're designing in now:
1CM75551PA

Bipolar 555's

80µA typ.

3000µ,A typ.

Supply voltage range

2to 18V

4.5 to 16V

Guar. Max. Osc. Freq.

500KHz

150KHz

—20° to +70°C

0° to 70°C

4Ons

100ns

Supply current

Operating Temp Range
Output Risetime

Advent/Indiana •Alliance Electronics •Arrow Electronics •Bell
Industries •CESCO •Component Specialties Inc. •Components
Plus •Diplomat Electronics Inc., (FLA) •Diplomat Electronics
Inc., (NJ) •Harvey Electronics •Intermark Electronics •Kierulff
Electronics •LCOMP •Parrott Electronics •R.A.E. Ind. Elect. Ltd.
•RESCO/Raleigh •Schweber Electronics •Summit Distributors Inc.
•Wyle Distribution Group •Zentronics Ltd.

112279
-Thunder le good.
thunder la towreeetve: bat It I.
Itételholey‘ duet does the vent*"

e4e.

Analog Products—Low Power
10710 No. Tantau Ave., Cupertino, CA 94014
Tel: (408) 996-5000 TWX: 910-338-0171
(800) 538-7930 (Outside California)
Gentlemen,
rm interested. Please send me
information on your CMOS ICM7555
(single) and ICM7556 (dual) precision timers.
Include your 18 x24" Mark Twain poster.
Name
Company
Address
City

State

Zip
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graphic equipment using an ultraviolet light source.
To fabricate the SAW filter (below), researchers at the U. S. Air
Force's Rome Air Development
Center fitted a garden-variety stepand-repeat mask-making system
with abroad-band uy light source, a
365-nanometer filter, and a 10 x
reduction lens. Some private companies' laboratories are taking the
same tack as RADC, and are achieving submicrometer lines also.
Pushing the specs. That the combination went so far below the 1-gm
minimum dimension usually attributed to uy equipment suggests that
performance specifications have
been conservative, says Jose M.
Silva, engineer in charge of the
project at Hanscom Air Force Base,
Bedford, Mass. "I don't believe that
0.425-gm lines are the end of the
story. We're going to keep pushing
that limit, so stay tuned."
Of course, aSAW filter presents no
registration problem since its features are defined by a single mask,
and the key to production-line
submicrometer dimensions is alignment of successive layers. Also, Silva
points out that his system requires
wafers with less than 2-gm deviations from aplane because of limitations in its depth of focus. He
suggests that several sophisticated
refocusing devices recently put on

the market may be the means of
sidestepping this limitation.
Arguing that depth of focus will
limit optical lithography's usefulness
in semiconductor production is Phillip D. Blaise, supervisor of semiconductor processing technology at
Westinghouse Electric Corp. in
Pittsburgh. Like RADC, Westinghouse is using an old D. W. Mann
step-and-repeat system. The primary
modification is a company-designed,
highly collimated light source,
whereas RADC uses a Tamarack
Scientific Co. source.
Operated largely as a contact
printer, the Westinghouse setup has
produced 0.7-gm line widths. However, maintaining focus across textured semiconductor substrates "gets
to be pretty tortuous," says Blaise,
who does not think the problem is
going to be resolved.
No choice. Still, with electronbeam and X-ray lithographies still in
their infancy, semiconductor makers
"have no alternative" but to invest in
advanced optical equipment to stay
competitive, he says. Westinghouse
has four such machines on order, he
adds.
Another group using a fine-line
uy optical system is at the United
Technologies Research Center, East
Hartford, Conn. Engineer Robert A.
Wagner says the center designed an
optical system around the same

Going down. A careful combination of available elements gave Air Force researchers a UV
lithography system that produced aSAW filter with aminimum line width of 0.425 erm.
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Tamarack illuminator Air Force
researchers adopted but used a
Nikon lens instead of aTropel lens.
Wagner says his system has
produced good-quality 0.7-gm lines
for SAW filters. Under consideration,
he says, is the addition of a laser
interferometer to aid in positioning
and registration.
-Linda Lowe

Commercial

Accuracy questioned
in stress analyzers
Controversy over accuracy has not
stopped lie-detector manufacturers
from bringing voice-stress analyzers
out of police interrogation rooms and
into personnel offices. Now solidstate technology has brought the
analyzers within reach of the average consumer—some can be mail-ordered for as little as $149 and an
inexpensive wristwatch version is in
the works.
Unlike polygraph machines, voicestress analyzers work without having
to wire up the person being questioned. Operating under the assumption that voice stress indicates
untruth, they look for imperceptible
changes in the frequency modulations or harmonics in the voice that
signify stress.
However, not everyone familiar
with the operation of the machines
agrees that they work [see "Do they
tell the truth?"]. Nor will the
companies marketing them identify
the integrated circuits used.
Ads. For example, advertisements
for a mail-order "truth machine" in
major newspapers and magazines
(including Electronics) say, "When
you ask adirect question you deserve
astraight answer." However, getting
a direct answer out of the company
marketing the device, Telestar Inc.,
also known as Microtronics, is not so
easy.
The Wormleysburg, Pa., company's ads claim that a solid-state
voice-stress analyzer can tell whether what you are hearing is "less than
the truth." The company will not
disclose who is manufacturing the
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NATIONAL ANTHEMG
New MICRO .DAC Series
is the easiest way to get
from D to A.
National's DAC 1000 is the first
of aseries of four quadrant multiplying
D/A converters which easily
interface to aµP.
The DAC1000 is the only microprocessorcompatible 10-bit DAC that is truly 1Pcompatible without the need for any support
chips. In fact, it looks like amemory location
or I/O port with all control functions right on
the chip. So you get easy interface with any
8or 16-bit data bus.
The "Best Straight Line" Myth.The competitions' linearity spec is based upon a"best
straight line,' which doesn't correspond to real
wood applications, and can mean several
adjustments to find the "best straight line"
The competitors benefit by shipping these
lower accuracy devices. You lose.
With National's "end point" linearity
spec only two adjustments are needed —Zero
and Full Scale; set these, and the linearity
specification is met. Thus, National's linearity
specifications ease calibration of the sys-

tem. In addition, where low reference voltage
or reference voltage changes are required,
linearity is maintained even with a10 to
1reduction.
It fits into alot of places and takes up
alot less space.The MICRO-DAC1000 Series
is used primarily for building D/A conversion
systems. But these DPCs can also be used as
building blocks for digitally controlled amplifiers, alternators, active filters, and even oscillators. They're also more flexible than any
DACs around —4quadrant multiplying, dou-

ble buffered, single supply operation from
+5V to +15V, right or left justified data format, micro power operation (2mA max.), and
output current mode setting time of 500ns.
In the 20 pin package they're only .3"
wide compared to .6,' so they're easily inserted
and use alot less space.
If you don't need Pinterfacing,
National's still got you covered.The DAC1020
and DAC1220 are 10 and 12-bit DACs without all the bil) interfacing. And they still offer
application flexibility along with improved
linearity.
If you're already using AD7520, AD7521,
AD7530, AD7531, or AD7533, National's
DACs are direct replacements. They're also
priced at least 30% lower and, in some
cases as much as 300% lower. These inexpensive DACs start at $4.00 at 100 pieces,
and because of National's volume capacity,
no one can sell for less.
The MICRO-DAC Series opens up awhole
new world for design engineers. Because
National's Dto As are better from Ato Z. 0

New Military Temperature Range BIFET Op Amps
inducted into National service.
4

The inventors of BIFET Op Amps
are in the military with the LF151,
LF151A, and LF153.
In 1975, National Semiconductor
invented BIFET technology. Because of their
low bids current and high-speed performance, these op amps quickly became the
new industry standards. But while the competition continues to imitate what National
introduced, National has moved on.
Their latest offering is three new lowcost, high-performance military temperature
range op amps— the LF151, LF151A, and
LF153.
Asingle op amp. Alot of features.The
LF151 and LF151A were designed to fill a
long-vacant price/performance gap between
the LF156H workhorse and the top-of-theline LF156AH. And both models come with a
solid list of guarantees over the —55° to
+125°C temp range.
For example, the LF151A comes with
amaximum input offset voltage of 2mV and
amaximum input offset voltage drift of
less than 20 pV/°C.You also get aminimum

slew rate of 10V/p sec and abandwidth of
3MHz minimum.These parameters are 100%
tested, including temperature driff, and are
guaranteed with no exceptions, qualifications,
asterisks, or footnotes.
1Wo into one equals adual. For those
who need adual op amp, there's the LF153,
simply two LF151's in the same package.
Although National doesn't guarantee amaximum input offset drift spec, they do guarantee that the input offset voltage won't
exceed 7mV over the full military temp range.
Couple that with low bias current and high
speed, and you have avery capable pair of
op amps in asingle 8-pin package.
The bottom line. Perhaps the most
appealing features of these three new op
amps, however, are their price and availability. All three models are available now—for
as low as $3.25 for the single and $6.00 for
the dual (100 unit price). For further information, call your local National distributor or
sales engineer
Theyll show you how the people who
invented BIFETs just made it easier to own
them.

COP402
eliminates
microprocessor
overkill.

National's COP402 microcontroller
handles little control processing jobs better
than complex microprocessors. Granted,
most microprocessors can do alot very well,
but when it comes to doing very little, it's a
different story. In fact, those repetitive job
applications like weatner data transmitters,
levelers for farm harvesters, transponders
for divers, plastic extruders, asphalt mixers,
egg sorters and even chicken pluckers being
handled with microprocessors are really
cases of overkill.
So National introduced two additions
to their COPS family: the COP402 and
COP402M. Each features aRAM right on the
chip, direct I/O instructions, direct LED drive,
easy interface to COPS peripherals (like the
COP470), binary and BCD operations, direct
KBD scan, and built-in address decoder.
In addition, the COP402 can scan
switches, maintain real time, display in LED
or VF, use external data from aread/write
memory and even function as acomputer
peripheral.
Considering all this, it's no wonder some
people are wondering why they used a
complex microprocessor in the first place.

BLC-8737 analogue I/O board
simplifies MULTIBUS designs.
National's new BLC-8737 analog I/O
board lets your MULTIBUS computer live in the
real world of analog. It provides easy interface with that real world, because its built-in
intelligence takes care of the analog functions automatically.
The BLC-8737 eliminates time spent
writing conversion routines and the possibility
of messing them up. Because onboard
intelligence handles the complete analog
conversion and scanning control. So you
save considerable development cost and get
to market quicker

This analog I/O board is National's
newest addition to its already broad line —
over 75 different MULTIBUS compatible products in the family now The line features
CPUs, memories, controllers, analog and
digital I/0s, peripheral controllers, rackmounted systems, card cages, power supplies, cables, and other accessories.
Every BLC product also comes with a
warranty four times longer than the competition's: afull 12 months.
National's MULTIBUS-compatible boards
aren't just simpler. They're simply better

National is
seriously in the ROM business
and is committed to capturing
the major share of the market.
"At National Semiconductor, we're in the
ROM business in abig way. We've made a
major, no-holds-barred commitment to ROM
production, and our fabrication lines are
now ROM exclusive— not shared.
"And we're committed, also, to delivering
every ROM we make on time. Without exception, thanks to our increased capability for
volume deliveries. Which means no missed
deadlines for our customers.
'With the number of products we offer,
were truly afirst source company, and intend
to stay that way. Our line features the
MM52116, MM52132, and MM52164 ROMs,
16K, 32K, and 64K respectively. All are 2716
PROM-compatible, fully static, single ±5V
products.
"Every model in our line has good, stable
circuits which meet and, in many cases,
exceed applicable specifications. Our prices
are truly competitive, too,
'With the addition of ageared-up, production commitment to ROMs, National
becomes asupplier for all your needs. We
have focused our manufacturing capabilities
on ROMs, no ifs, ands, or buts, and fully
intend to dominate the marketplace.
"Call or write us here at National today
and let us show you how committed we are'.'

Wizardry
made
practical.
Just exactly what is apractical wizard?
Apractical wizard helps people. With his
knowledge, his expertise, and his levelheaded, sensible approach to solving problems. He is exceptionally gifted or clever at
aspecified activity, and uses his expertise for
the benefit of others. He is, quite simply, the
embodiment of "wizardry made practice
This is the type of individual who
works for National Semiconductor. And it's
reflected in abroad line of semiconductor
and semiconductor-related products. The
wizards at National make everything from
micros to mainframes, forgetting nothing
in between. Be it digital, discrete, hybrid,
linear, memory components, microprocessors, MOS/LSI, or optoelectronics, National
has it.
National Semiconductor, with their
dedication to quality, innovative solutions
through semiconductor technology, and
amanufacturing rate of nearly five million
parts every day, symbolizes wizardry in its
truest sense.

National
Semiconductor

The Practical Wizards
of Silicon Valley.
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CRYSTAL
CLOCK
OSCILLATORS

Do they tell the truth?

by MOTOROLA ...

"Americans have deep faith in lie detectors, as in Santa Claus," says David
Lykken, professor of psychiatry and psychology at the University of Minnesota's psychiatry research unit in Minneapolis. But using any of the devices is
"equivalent to flipping coins," he adds. "For years, there was no evidence of
accuracy —for or against the machines. Now there is some evidence, and it's
negative."
"The only stress analyzers to have been subjected to impartial testing are
those that measure frequency modulation," says Lykken, "and the
published literature concludes that they cannot discriminate between stress
and nonstress situations. Even if the tests could detect stress, one could not
assume that stress indicates lying. Speaking the truth under stressful circumstances would typically show up as stress in these machines."
Lykken points as an example to rape victims who have to undergo lie
detector tests before a case is allowed in court in some states. "70% of
those rape victims flunk the test, not because they're lying, but because
questions on the rape itself produce anxiety in the victims."
"No physiological response has been found to be unique to lying," says
Frank Horvath, associate professor of criminal justice at Michigan State
University in East Lansing. Horvath, who heads the state's polygraph licensing board, has conducted two studies comparing the accuracy of a popular
stress analyzer with that of a polygraph machine. Under controlled circumstances using volunteers asked to lie about the value of numbered cards
shown to them, the stress analyzer detected lies 38% and 20% of the time,
compared to a polygraph machine's record of 92% and 76%. Horvath notes
that the stress analyzer tested gives a printed readout, but "these new
machines do not even provide a permanent record of the analysis," he says.

units for them or what integrated
circuits are used, saying that patent
rights have to be ironed out.
ccs Communication Control Inc.,
a New York City—based retailer of
security and surveillance equipment,
is almost as secretive about its voice
stress analyzer —the 6-by-3-by-2inch VSA VIII A. The unit filters
and measures harmonic changes in a
selected subject's voice.
Stress, not lies. ccs does not claim
that its device can detect lies. "All
our machine can do is detect stress,"
says Carmine Pellosie, vice president
of the firm. "We encourage customers to take a course in interrogation
techniques included in the $199
price of the machine. With the
course and further experience, you
can have as high as 85% accuracy
detecting stress. Without the course
your chances are 50-50," no better
than guessing.
"The interrogation techniques are
almost more important than the
machine," says ccs chief engineer
Sid Appleman. The operation of the
VSA VIII A is quite simple.
The user must first adjust the

circuitry to recognize the fundamental frequency range of the voice of
the person under test. While talking
to that person under nonstress conditions, the user tunes the analyzer
with a one-knob control, until the
number 20 registers on the lightemitting-diode display.
That number signifies that the
machine is locked into the individual's fundamental voice frequency
range. Appleman says that when a
person experiences stress, normal
harmonics disappear from the
voice—that is, they shift so that they
are no longer integral multiples of
the fundamental.
A sensor/filter, possibly a tuned
circuit programmed to anticipate
those harmonic changes, measures
their duration and intensity. The
LED display indicates stress by a rise
in the numeric value it displays.
The VSA VIII A has a built-in
microphone, or it can be connected
to an external mike or to a telephone. Powered by four AA batteries, it uses five ICs. The company
says it is negotiating with another
firm on an inexpensive watch version
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that would use hybrid circuitry.
However, the new machines may
add fuel to an already raging fire.
Increasingly, personnel departments
of many businesses are using the
earlier suitcase-sized models with
strip-chart readouts to screen applicants. As a result, several bills
banning the machines are before
Congress, and related measures are
pending or already in place in many
states.
-Ana Bishop

Military

Tropospheric radio
uses digital circuitry
Another link in the U. S. armed
services' evolving Tri-Tac tactical
communications network is entering
its developmental test. It's the TRC170 tropospheric scatter communications system, funded by the Air
Force Electronic Systems division.
Three versions of the TRC-170
are being tested at Fort Huachucha,
Ariz. Key features that will be evaluated closely are portability, fast erection, and compatibility with the rest
of the multiservice digital Tri-Tac
system [Electronics, March 15,
p. 90]. The digital system is intended
as a replacement for an analog
design in use since the mid-1950s.
Different ranges. Designated the
VI, V2, and V3, the three systems
have ranges of 200, 150, and 100
miles, respectively. The Air Force
says the digital circuitry employed
gives 30% greater range than comparable analog systems, plus three
times the channel capacity, lower
radio-frequency background noise,
and—partly as aresult—lower error
rates. Electrical power requirements
also are lower. At about 25 kilowatts, they make for asmall generator system. Tripod-mounted dual
antennas not only go up swiftly, but
also appear to be sturdier than
earlier units. The Air Force claims
that they will survive 130-knot winds
and continue to operate in 100-knot
winds.
The largest of the three TRC-170
models, the 10-kw VI, can be trans-
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News briefs
SIA now sees 36% hike for 1979
Based upon third-quarter shipments and early fourth-quarter data, the Semiconductor Industry Association estimates that shipments of U. S. semiconductor manufacturers will reach $6.3 billion in 1979, a record increase of
36% over 1978. Third-quarter shipments of $1.7 billion were 37% higher than
year-earlier levels. Integrated-circuit shipments for the quarter totaled $1.2
billion and are expected to reach $4.5 billion for the full year, topping 1978
shipments by 40%. The Cupertino, Calif.-based association previously forecast a growth of 11% for 1980, based on the impact of a recession late in
1979 and early next year. While it has yet to revise that forecast, SIA
executive director Tom Hinkelman notes that current backlogs and order
rates now point to strong business activity into the first quarter of 1980.
Sales of television and radio sets slide
That bellwether of the home entertainment industry's economic health, color
television, dropped in sales in October for the third straight month. The
Electronic Industries Association says the 882,758 TV receivers sold to
dealers are 3.4% fewer than in October 1978. Monochrome sales registered
their first decline of the year, off 0.2% to 560,373 units. As for radios —a-m,
fm (or combination), and auto—sales dropped 17.8% from October 1978 to
just under 2.8 million. However, sales of video cassette recorders did jump
8.6% to 61,389 units in October, up 19% for the year.
Fairchild, Allen-Bradley report top management changes
Acting with a dispatch that caught industry observers by surprise, Schlumberger Ltd. has catapulted ope of its executives into the presidency of its
recently acquired subsidiary, Fairchild Camera and Instrument Corp. in
Mountain View, Calif. Thomas C. Roberts will also become chief operating
officer, replacing president and chairman Wilfred J. Corrigan, who will continue on as chairman but only until February. Roberts was vice president and
chief financial officer. Departing from the Allen-Bradley Co. is Stanley J.
Kukawka, president and general manager of the electronics division in
Milwaukee. "Personal reasons" is the only explanation given.
Tandy, Datapoint to make peripherals
In a move that will break new ground for both Texas companies, Tandy
Corp., Fort Worth, and Datapoint Corp., San Antonio, plan a joint manufacturing venture for production of computer peripheral equipment: Texas
Peripherals. Neither Tandy, a $1 billion-plus consumer electronics retailer
owning Radio' Shack, nor Datapoint, a $200 million-plus manufacturer of
business computer systems are saying what products will be built. However,
disk drives and printers may be early on the agenda. Initial production could
begin within a year at an unspecified Texas site. Datapoint makes some
peripherals; Tandy has made none.
Paris components show to feature U. S. pavilion
The U. S. Department of Commerce is looking for 40 electronics firms to
exhibit at the pavilion it will sponsor next spring at the Composants Electroniques show in Paris. The department promises "a comprehensive Government promotion program" aimed at European buyers and "Government
market research on the French electronic components industry." To be held
March 27 through April 2, the show is one of the most important annual
exhibitions in Europe.

ported in asingle mobile shelter with
one pallet. Its crew of three can raise
its two 15-foot parabolas and be on
the air within 4 hours. The smaller
V2 and V3 use 9.5-ft dishes and
lighter-weight 2-kw klystron (micro-

wave-tube) transmitters— two in the
V2, one in the V3 —and should get
on the air within an hour.
The TRC-170 features some builtin test capability, including sensors
to help the crew aim the antennas
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and keep them aimed. Pointing error
degrades transmission quality, so
these sensors operate continually as
part of a performance-monitoring
system.
Other than the antenna and transmitter subsystems, the three units
are identical. All use a thermoelectrically cooled gallium arsenide
field-effect-transistor preamplifier to
boost sensitivity and keep the noise
figure to a respectable 2 decibels.
The preamp and receiver subsystems
are broadband, covering the 4.4-to5.0-gigahertz tropospheric band
without tuning.
Common modem. The units also
share a digital adaptive modulatordemodulator built for the high
multipath environment characteristic of tropospheric operations. To
boost transmitting efficiency and
shrink bandwidth, the modem uses a
dual-frequency time-gated waveform, which helps prevent the confusion among pulses usually caused
by parts of asignal arriving at slightly different times. On the receiving
side, an adaptive filter demodulator
also reduces the effect of what is
called pulse smearing.
In the field, the TRC-170 would
usually be connected with other digital units. For communication with
analog units, there is a built-in twoway conversion facility. This subsystem uses the Tri-Tac digital group
multiplexer, a unit capable of serving as many as 30 subscriber loops in
avariety of formats and avariety of
bit rates—from 128 to 2.048 kilobits
per second. The TRC-170's channel
capacity is 60 channels at 32 kb/s or
120 channels at 16 kb/s.
The Fort Huachuca tests by the
division, based at Hancom Air Force
Base, Mass., are aimed at seeing
whether the TRC-170 can perform
as specified in the field, in various
weather and transmitting conditions.
At the conclusion of these tests next
April, the Defense Department will
decide whether to go into production
on the equipment. If the decision is
go, Raytheon Co., Sudbury, Mass.,
would stand agood chance of getting
the production contract, since it won
the $18.2 million development
award.
-James B. Brinton
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OUR BIG IDEA
in IC FILTERS
is Smaller

Totally Integrated
MOS tunable fitters
STOCK
and
CUSTOM

•

NORMALIM

1
,1NOVENCV

ale

4010,0.1. CEO

SREOUENC

Many filters immediately available in stock, custom
designs also available:
• Multiple filters in single package — up to 50 poles
• Classical polynomial & ladder designs
• Linear phase with sharp edge rates
• Programmable Q as well as frequency
For complete details on this broad line of standard filters or on
a custom design and how they can improve your product
and reduce costs, call your nearest RETICON field office now.

eil* EGEG

RETICON

345 POTRERO AVENUE
SUNNYVALE, CA 94086
TWX: 910-339-9343
For assistance call: Boston (617) 745-7400, Chicago (312) 640-7713,
San Francisco (408) 738-4266. Los Angeles (213) 995-4663,
Tokyo, Japan 03-343-4411. Bracknell. England (0344) 53618
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PHILIPS

VECTOR SCAN LITHOGRAPHY SYSTEM
The Best Production EBL
You Can Buy
Choosing an electron beam lithography system is adifficult task.
Your selection will depend upon
your specific requirements; however, throughput, uptime, precision,
flexibility and minimum feature size
are the most relevant factors in the
majority of applications. That's why
Philips designed the Beamwriter
Lithography System to excel in each
of these areas:
Throughput
In aproduction environment, the
number of masks, reticles or chips
produced per hour determines the
cost effectiveness of the equipment. Throughput is critical. Philips'
Beamwriter system gives you highest throughput for most applications
by using vector scan technology
and high dose rates.
Vector Scan

Philips' Beamwriter
system is the only
commercially available production
oriented vector scan
EBL. You achieve
higher throughput
with vector scan
than raster scan
because the beam wastes no time
scanning unnecessary areas. This
makes vector scan especially efficient in the production of reticles.
High Dose Rate

The efficient electron optical design
of Philips' Beamwriter system gives
you an exposure dosage twenty
times greater than other commercially available EBL systems. This
enhanced dosage enables afaster
maximum writing speed and awider
choice of resists.
Uptime
Three main factors affect uptime —
reliability, serviceability, and service
response:

Reliability

Flexibility

The Beamwriter system's
exceptional reliability results from
Philips' 30 years experience in
building dependable electron
microscopes. Offstage drives are
mounted in the main working
chamber. By eliminating the need for
bellows, the Beamwriter eliminates
the possibility of downtime due to
bellows failure. The stage utilizes
ball bearings coated with amolecular layer of lubricant, which eliminates bearing wear. This specially
chosen lubricant does not contribute to any column contamination.

The Beamwriter system is built
for direct writing as well as mask
making. The unique substrate height
sensor, standard in the Beamwriter,
enables block by block refocusing
of the beam to compensate for
wafer distortion. Four backscatter
detectors offer optimum alignment
on topographical markers.

Serviceability
Designed for serviceability, the
Beamwriter incorporates alifting
jack within the column for quick
separation of parts. This gives you
access to the X-Y table in 10
minutes. Recalibration is rapid
because of the unique assembly
configuration of the X-Y table and
the electron optics column.
Service Response
Philips has more than 3000 electron
microscopes installed around the
world with an experienced team
of over 250 service engineers to
maintain them. No other microscope
or EBL manufacturer has aservice
organization that comes close
to this in numbers, experience or
dedication.

Minimum Feature Size
The Beamwriter system has aminimum beam diameter 10 times
smaller than other commercially
available production EBL equipment. Furthermore, vector scanning
provides the potential for proximity correction, necessary to
achieve narrow geometries. The
Beamwriter's variable clock rates
capitalize on this potential.
Philips combines 30 years of
Electron Optics experience with an
intimate knowledge of semiconductor manufacturing to give you the
best production EBL available.
Philips delivers the systems today
that others hope to build tomorrow.
BEAMWRITER is aTrademark of Philips Electronic
Instruments, Inc., in the United States.

Precision
Electron Beam productivity requires
alignment accuracy. The Philips'
Beamwriter system eliminates drift
due to thermal effects. All lenses and
lens reference power supplies are
water cooled. The rigidly-built
working chamber utilizes special
materials which have low coefficients of thermal expansion. The
working chamber is also temperature stabilized. Consequently, the
Beamwriter offers you overlay
accuracy twice as good as other
commercially available systems.

For additional details write
or phone J. Alexander,
Philips Electronic Instruments,
Semiconductor Lithography Group,
85 McKee Drive, Mahwah, NJ 07430
Phone (201) 529-3800.
Outside U.S.A.:
Dr. G. Janssen, NV Philips
Gloeilampenfabrieken, TO III-2,
Eindhoven, The Netherlands,
Phone: 31 040 788 232

'
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your ultra precision resistors
will also be ultra stable if you profit from our
advanced technology
\, /

CE 4®processes*

our unique 11111
give you extra advantages
* Worldwide Patents

CONFORM TO MIL- R-55182/9
RCK 02/RCK 02 A

RCK 04

RCK 05

Dimensions
8x7.5 x2.5 mm
0.33 W at 125°C
2.5e to 150 ke

Dimensions
10.5 x 15 x3.5 mm
0.6 W at 125°C
50 to 300 kf2

Dimensions
10.5 x22.6 x3.5 mm
0.9 W at 125°C
7.50 to 450 kn

MATCHED SETS AND CUSTOM NETWORKS
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lESISTOR
;ESEARC
CORPORATION '

400 N. WASHINGTON STREET
FALLS CHURCH, VIRGINIA 22046
TELEPHONE :(703) 533-7646
TWX: (710) 831.0344

Haechler 155

CHIP TECHNOLOGY. METAL FOIL ON ALUMINA SUBSTRATE
TOLERANCES :up to .11 0.005 %
TYPICAL TEMPERATURE COEFFICIENT It 1ppm/°C between 0°C and + 60°C
T.C. TRACKING AVAILABLE TO :0.5 ppm/°C
STABILITY :25 ppm/year or 50 ppm/3 years
CLIMATIC CATEGORY: — 55°C/+ 175°C/56 days

Washington newsletter
NASA revitalizes
satcom R&D
at Lewis Center

TI, others engage
lawyers to protect
Army IR&D data

Plan to reduce
color TV dumping
assessments hit

NATA forecasts
1980 sales drop
for PBX, key systems
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The National Aeronautics and Space Administration is moving to regain a
leadership role in satellite communications technology with a program at
its Lewis Research Center in Cleveland aimed at launching asophisticated
third-generation system in 1985-86. The new mandate to Lewis, which led
the joint U. S.-Canada project to develop the Communications Technology
Satellite, calls for using high technology for increased and more effective
use of the radio-frequency spectrum in geostationary satellites. The
Cleveland center will work closely with the Pentagon, other NASA centers,
and private industry. The loser in the decision is NASA's Goddard Space
Flight Center at Greenbelt, Md., which sought the assignment after the
National Academy of Engineering recommended two years ago that the
space agency get back into the business. NASA's satellite communications
research and development budget at that time had dropped to $10 million
from a1973 high of $60 million [Electronics, April 14, 1977, p. 57].

Companies like Texas Instruments Inc. are hiring special lawyers in case
they have to fight to keep AT&T from gaining access to data on independent research and development on file with the Army's Materiel Readiness
and Development Command (Darcom). AT&T wants to invoke rights of
discovery to the 1R&D telecommunications files to help prove its antitrust
case argument that it is not atelecommunications monopoly [Electronics,
Oct. 25, p. 58].

The U. S. Customs Service is being accused of rushing to slash color TV
dumping duties against 10 Japanese manufacturers before the stiffer rules
of the 1979 Trade Agreements Act take effect in January. Compact—the
Committee to Preserve American Color Television—denounced the
Customs Service's decision earlier this month to "allow some of the
adjustments claimed" for costs, discounts, rebates, sale, and services by
protesting importers to reduce the amount of dumping duties assessed.
Compact claims this could cut the assessment to as little as 9% of the
backlog of $400 million to $600 million. Customs says it is recomputing
the dumping duty liability on acompany-by-company basis and expects to
have new figures before the end of the year.

After more than four years of rapid growth, dollar volume of independent
telecommunications terminal sales in 1980 will drop about 12% to
$639,800, says the North American Telephone Association. However, the
total 1980 income for the independent interconnection industry is
expected to grow slightly, NATA forecasts, as the decline in key systems,
automatic electronic private branch exchanges (PBxs), and computer
branch exchanges (cBxs) is more than offset by increased income from
maintenance and system add-ons, moves, and changes.
Sales of key systems are forecast to drop 20% from the 1979 high of
15,000 to 12,000 next year before rising again in 1981 to 15,800.
Similarly, sales of PBX and CBX systems will slip 10% from this year's
6,800 systems to 6,100 next year before recovering to 6,600 in 1981.
NATA bases its PBX calculations on an average of 102 instruments per
system priced at $800 each. Key systems are calculated at 13 instruments
per system priced at $900 apiece.
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Washington commentary
Solar power and the voting machine
Last June, after an extensive review of domestic
policy the year before, President Carter got
extensive mileage in the media out of his proposal to support the development of solar energy as
acounterweight to U. S. dependence on foreign
oil. No one cheered louder than the Solar Energy Industries Association when the President
announced "a national goal of meeting one fifth
of our energy needs with solar and renewable
resources by the end of the century." Enthusiasts began comparing the announcement with
John F. Kennedy's challenge to the nation to put
American astronauts on the moon.
Nearly five months later, Carter's legislative
initiatives have failed to match his oratory, and
the SEIA's cheers have turned into jeers. The
Administration is charged with "political exploitation of the solar industry." Providing only "lip
service to one of the major solutions available to
him," according to Sheldon Butt, SEIA president. The association supports its charges with
an analysis of the 11 segments of the Domestic
Policy Review presented to Carter, as well as
the three options within each segment, and finds
that in nearly every case the President has opted
for the least promising program.
The majority leader's message

Allies rolled into Germany on rubber made by
that industry." He is convinced that "the sleeping giant that is the American will, when once
aroused, can triumph just as gloriously over our
present crisis" in energy.
As SEIA's applause for Congressman Wright
subsided, one executive in the photovoltaics
industry observed, "Sounds great, except he
didn't say anything about money. We might be
out of business before we get to share in that
glorious victory."
Similar sour comments about President
Carter's failure to propose and support significant increases in Federal funding of photovoltaic technology and tax credit incentives for its use
are common among most of the small businessmen in the industry—those who have provided
most of the technology breakthroughs in the
past. They are now beginning to feel the credit
crunch as sources of new capital dry up and
interest rates continue to soar.
In the absence of increased Federal support,
more and more photovoltaics manufacturers are
selling shares in their operations to the major oil
companies, who recognize acheap, good investment when they see one—particularly if it
represents apotential threat to their market. In
that context, it is truly puzzling to find the
President pushing hard to curb the growth of oil
company conglomerates on the one hand while
failing on the other to spur the development of
an independent and potentially competitive new
energy source.

Since the SEIA presented this blistering critique of Carter at its annual meeting in the capital at the end of October, the Iranian student
takeover of the U. S. embassy in Tehran, the
President's cutoff of imports of Iranian oil, and
subsequent events seem to have awakened the
The fallout from Iran
American public to the need for the nation to
achieve greater energy independence.
By the Department of Energy's own estimate,
House majority leader Jim Wright has been the photovoltaics market will experience "explotrying to focus national attention on that need sive growth" when array costs per peak watt
for some time. At the SEIA meeting, the Texas come down to $1. The DOE'S goal for its limited
Democrat got the members' attention by quotprogram is $2/w by 1982 and 50 cents/w by
ing one passage from aWhite House report that
1986. However, in the wake of the Iranian oil
goes like this: "We find the existing situation to cutoff and the petroleum price hikes that it is
be so dangerous that unless corrective measures expected to generate elsewhere, some DOE offiare taken immediately this country will face cials believe photovoltaics may become priceboth amilitary and civilian collapse. [The crisis competitive even sooner.
has come as aresult] of procrastinations, indeciAll of ths suggests that conditions are ripe for
sions, conflict of authority, clashes of personali- adifferent kind of "political exploitation of the
ties, lack of understanding, delays ...[and solar industry" by President Carter. Carter's
the] failure to build a greater stockpile of new approach would capitalize on the political
crude. ...The naked facts present awarning
momentum of an aroused nation, as well as
that dare not be ignored."
please the solar energy industry, by putting
The report was delivered 37 years ago to money and legislative programs behind his
Franklin Roosevelt by a task force headed by
promises of last June 20. The price tag need not
Bernard Baruch to assess U. S. efforts to create come close to that of putting Americans on the
asynthetic rubber industry using petroleum as a moon, although the President might find it
base. "Three years after this report," recalled sufficient to help him remain in the White
Wright, "the industry had been built and the
House beyond 1980.
Ray Connolly
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NOW: MORE COMPREHENSIVE
2nd EDITION OF DATA BOOK
ON HIGH-PERFORMANCE Ms
Just published by the leader in high-voltage
interface technology, this 240-page data
book is an especially helpful guide to highperformance integrated circuits.

spprIGUE

With special emphasis placed on interface circuits, the new 2nd edition features
essential technical data on peripheral/
power drivers; high-voltage display drivers;
high-current transistor and Darlington arrays; MOS and BiMOS circuits; and specialty devices such as op amps and quad
current switches.
To provide quick reference to all devices
and application information, the new
Sprague Integrated Circuit Data Book
WR-500A is issued in a handy 7" x9" size
and margin indexed. You can obtain acopy
by calling the nearest Sprague district office, sales representative, or franchised
semiconductor distributor. Or, by mailing
the convenient order form below.

DIGITAL

imnima

• POWER DRIVERS
• DISPLAY DRIVERS
• TRANSISTOR ARRAYS

4SS 913?

CIRCUITS

• DARLINGTON ARRAYS
• TIAIEREEPING CIRCis
•SPECIALTY CIRCUITS

SPRAGUE
THE MARK

a subsidiary

OF RELIABILITY

of GK Technologies

Sprague Electric Co., Technical Literature Service
35 Marshall Street, North Adams, Mass. 01247

DISTRICT OFFICES AND SALES REPRESENTATIVES:
ALABAMA, Sprague Electric Co., 205/883-0520 •ARIZONA, Sprague Electric Co., 602/279-5435 •
CALIFORNIA, Sprague Electric Co., 213/649-2600; Sprague Electric Co., 714/549-9913; Wm. J
Purdy Co., 415/347-7701 • COLORADO, Wm. J. Purdy Co., 303/777-1411 • CONNECTICUT,
Sprague Electric Co., 203,261-2551; Ray Perron & Co., Inc., 203/268-9631 •01ST. OF COLUMBIA,
Sprague Electric Co. (Goal. sales only), 202/337-7820 •FLORIDA, Sprague Electric Co., 305/8313636 •ILLINOIS, Sprague Electric Co., 312/296-6620 •INDIANA, Sprague Electric Co., 317/2534247 •MASSACHUSETTS, Sprague Electric Co., 617/899-9100; Sprague Electric Co.. 413/664-4411
• MICHIGAN, Sprague Electric Co., 517/787-3934 • MINNESOTA, HMR, Inc., 612/831-7400 •
MISSOURI, Sprague Electric Co., 314/781-2420 • NEW HAMPSHIRE, Ray Perron 8. Co.. Inc
603/742-2321 •NEW JERSEY, Sprague Electric Co., 201/696-8200; Sprague Electric Co., 609/7952299; Trinkle Sales Inc., 609/795-4200 •NEW MEXICO, Wm. .1. Purdy Co., 505/266-7959 •NEW
YORK, Sprague Electric Co., 516/549-4141; Wm. Run, Inc.. 914/834-8555; Sprague Electric Co .
315/437-7311; Mar-Corn Associates, 315/437-2843 •NORTH CAROLINA, Electronic Marketing Associates, 919/722-5151 •OHIO, Sprague Electric Co., 513/866-2170; Electronic Salesmasters, Inc ,
800/362-2616 •PENNSYLVANIA, Sprague Electric Co., 215/467-5252; Trinkle Sales Inc., 215/9222080 •TEXAS, Sprague Electric Co., 214/235-1256 •VERMONT, Ray Perron 8. Co.. Inc., 617/7628114 • VIRGINIA, Sprague Electric Co., 703/463-9161 • WASHINGTON, Sprague Electric Co ,
206/632-7761 •CANADA, Sprague Electric of Canada, Ltd., 416/766-6123 or 613/238-2542.
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Enclosed is check (or money order) for $2.00;
please send new IC Data Book to:

(name)

(title)

(company)

(mail section or dept.)

(address)

(city)

(state)

Mass. residents add 5% sales tax. No purchase orders, stamps, or cash, please.
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The most important
data communications
purchase you'll ever make
isn't adevice or component!
It's atimely, easy-to-follow guide that spells out exactly what you need to know to
get the best possible deals on all data communications equipment. To turn data
communications procurement into asmoothly running, cost-effective operation.
And to save you thousands in data communications costs while delivering
top-performance service!
Just published, this immensely important resource comes packed with
the most authoritative and current information you need to make all your data
communications purchasing decisions.
Plus step-by-step guidelines on the procurement process that speeds
communications with vendors and assures that you get exactly the equipment
you're looking for.
A first-of-its-kind working reference
that puts right into your hands...

Data Communications
Procurement Manual

• an alphabetical checklist of procurement document items to help you
determine what's relevant to you and
develop clauses or descriptions for the
solicitation document
• sample solicitation format plus a
compilation of solicitation clauses
and forms most frequently used in
procurement documents
• specifications for 38 devices, with a
complete listing of both general
and specific device specifications
to consider when developing communications component requirements
• tabulation of Bell System data-set
operating characteristics to help
you develop afunctional modem
procurement
• vital facts to determine if special pin
cross-connections are required to
interface components with existing
equipment
• tables of present value interest factors
for yearly and monthly periods varying
from 6to 15%. Vital for evaluating
proposals for future costs
• yearly energy costs of acontinuously
operating device in cents per Kilowatt
hour
• checklist to develop aschedule of
procurement activities
• plus invaluable guidance on the basic
construction of asample solicitation
Before you choose any data communications equipment, choose the DATA
COMMUNICATIONS PROCUREMENT
MANUAL. The before-you-buy buy for every
data communications purchase!
60

by Gilbert Held

150 pages

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

Order today using this coupon!
EL

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

Name
Title
Company
Address
City
State

Zip

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

Bill me

Bill my company

This offer subject to acceptance by McGraw-Hill and good only in U.S.
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Beckman's new digital multimeter
is ready to handle any job you are.
Continuity checks. High current
measurements. In-circuit resistance
measurements and semiconductor
tests. Whatever the job, if amulti meter is called for, call for anew

Beckman digital multimeter.
There are three models to choose
from with aprice tag as low as $140.
All three feature Insta-Ohmi"
quick continuity indicator, (exclusive
to Beckman digital meters), 10amp current ranges, in-circuit
measurement capability in all
six ohm ranges, adedicated
diode test function, and up to
two years normal operation
from acommon 9V battery.
The Model 3020 has seven
functions, 29 ranges, and 0.1%
Vdc accuracy for just $170.
For just $140, there's the
Model 3010 which has all the
features of the 3020, but with
Vdc accuracy of 0.25%.
Or, for measuring noisy,

non-sinusoidal signals, there's
the Model RMS 3030. It features true
RMS (ac and dc) voltage and current
measurement capability with 0.1% Vdc
accuracy for only $200.
And every Beckman meter uses
band-gàp reference elements, thinfilm resistor networks, gold switch
contacts and custom designed CMOS
LSI chips to assure long-term accuracy
and reliability.
So, for ease of operation and
reliability from your digital multimeter,
choose Beckman. For information
on the complete line and accessories,
write or call your local distributor or
the Advanced Electro-Products
Division, Beckman Instruments, Inc.,
2500 Harbor Boulevard,
Fullerton, CA 92634,
(714) 871-4848, ext. 3651.

BECKMAN
Circle 61 or reader service card

YOU KNOW THE LARGEST
ELECTRONIC COMPANIES
IN THE WORLD.
DO YOU KNOW ISKRA?

Iskra group has some 28,000 employees including 1,600 research and development engineers in 75 factories, research, marketing
and other organizations, and the most up-to-date technologies to work with. With atotal turnover of 1.027 billion dollars last year,
it has been classified among 17 largest manufacturers of electronic products in Europe.
In its development, Iskra is oriented towards tomorrow's activities which go far beyond the traditional limits of electromechanics
and extend to the widest application of electronics with priority being given to the promotion of the development of computers,
communications, automation, microelectronics, optoelectronics and engineering activities. All to ensure that every project we handle
comes within schedule and budget requirements and meets performance and client expectations.
At present, lskra is trading with 65 countries through aworldwide network of 16 trading subsidiaries and representatives. In the period
1974-1978, lskra's exports increased by 114% reaching 101 million dollars in 1978. In 1979, the total turnover is expected to be 1.2
billions of dollars and the export figure approximately 120 million dollars.
For more information call or write:
lskra Commerce, Trg revolucije 3, 61001 Ljubljana, Yugoslavia, Telephone-international: + 38 61 324 261; Telex: 31 356 yu iskexp
USA: Iskra Electronics Inc., 8Greenfield Road, Syosset, N.Y. 11791, Tel: (516) 364 2616—Germany: lskra Elektronik, GmbH, Furtbachstrasse 2b,
7000 Stuttgart 1, Tel: (711) 603 061—CEFRA, GmbH, Ungererstrasse 40, 8000 München 40, Tel: 392 061—Italy: Iskra Elettronica Italiana, S.r.I.,
Piazza de Angell 3,20 146 Milano, Tel: 49 80 036—France: Iskra France S.A., 354, Rue Lecourbe, 75015 Paris, Tel: 554 04 27—United Kingdom:
Iskra Limited, Surrey CR 32HT, Redlands, Coulsdon, Tel: 66 87 141—Peak Power Ltd., Randslane, Industrial Estate, Armthorpe, Doncaster,
Yorkshire, Tel: 884 831—Switzerland: Iskra Electronics AG, Am Stalden 11, CH 4500 Solothurn, Tel: 065 22 81 22—Czechoslovakia: Iskra,
Lazarska 5, 15000 Prague, Tel: 520 612—Poland: Iskra, Swietokrzyska 36 m 15, Warsaw, Tel: 20 12 53—Germany DR: lskra, Hermann-Maternstrasse
46, 104 Berlin, Tel: 28 28 322—Rumania: Iskra, Str. Visarion nr. 6, Bucharest, Tel: 50 26 75—U.S.S.R.: Iskra, Mosfilmovskaja 42, Moscow,
Tel: 147 84 03—Egypt: Iskra, 34 Adly Street, Cairo, Tel: 77 695—Iran: 9th street No. 6, Maydan Sanai, Teheran, Tel: 826 765—Venezuela:
Eurocommerce S.A.. Apartado 68 901 Altamira, Off icinas 19 y20, Edificio Beca, Chacaito, Caracas, Tel: 72 06 86
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International newsletter
Toshiba applies
looped video tape
for data-file storage

Compromise likely
at WARC on
high-frequency band

CH-NB plans
bank card that uses
microprocessor

Philips upgrades
minicomputer series
with one-chip CPU
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A continuous-loop video tape from Toshiba Corp. will find its first
commercial application as the storage medium in adata file—the Tosfile
1000. Similar to the consumer prototype the firm showed earlier this year
[Electronics, March 15, p. 72], it is teamed with a laser scanner and a
laser printer having scanning densities of 8.5 lines/mm. Each cassette,
which has had the tape length shortened to 36 meters for faster access and
tape speed reduced to 5 m/s, can store an average of 3,000 metric A-4
page (8.4 by 11.9 in.) facsimile images. Toshiba says it will start sales in
Japan next October at a price of $28,000. It expects to sell 5,000 units
over afive-year period. Modified Huffman coding is used for redundancy
reduction of the signal [Electronics, Nov. 8, p. 85], which is transferred at
arate of 1.5 Mb/s. The system will include a2-Mb buffer memory, but the
average page length is said to be about 0.5 Mb. Input or output requires an
average of about 8seconds.

After nearly two months of work on noncontroversial technical problems,
the delegates from more than 140 countries to the World Administrative
Radio Conference in Geneva are finally getting down to the sensitive
political and economic issues overhanging the 10-week session [Electronics,
Sept. 13, p. 87]. A compromise is being worked out between developing
countries seeking continued use of the high-frequency band for pointto-point fixed communications and developed countries looking for
expanded international shortwave broadcast frequencies. But there is no
movement so far on the developing countries' demands for reserved
positions for geostationary orbital communications satellites. The conference is due to close Nov. 30.

cil -Honeywell Bull will announce early next month its intention to
commercialize a microprocessor-equipped bank card, designed for use in
an off-line electronic funds transfer system. Although the Paris computer
firm already has a prototype of the card, based on a Mostek 3872
microprocessor and a 2716 electrically programmable read-only memory,
it is apparently seeking acustomer to help with the $1.5 million development costs needed to bring the project to fruition. Several other French
companies, including Thomson-csF, Schlumberger, and Transac, asubsidiary of the large Compagnie Générale d'Electricité, are also experimenting
with an "intelligent" credit and bank card, but based upon a PROM
combined with about 100 simple logic gates rather than amicroprocessor.

The Data Systems division of NV Philips Gloeilampenfabrieken is about to
announce an upgraded version of its P800 minicomputer series. One item
making the series more powerful and faster is a 16-bit central-processingunit chip. About 57,600 mil' (36 mm 2) in size, it replaces the 40
integrated circuits on a6.4-by-8-in. (16-by-20-cm) board currently used.
The Dutch company has dubbed its new microprocessor FAST, for "Fontenay Apledoorn Sunnyvale technology," aname indicating that the device
was designed by two Philips data-systems development groups, in Fontenay-aux-roses in France and Apeldoorn in the Netherlands, in collaboration
with the Philips subsidiary Signetics corp. in Sunnyvale, Calif.

63

International newsletter
Hybrid alerts
car drivers
to aquaplaning risk

Japanese moving
monochrome TV
production offshore

Thin-film pulse amps
t
o go aboard
U. S. Jupiter probe

Plato comes to
Great Britain
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Alfred Teves GmbH in Frankfurt, Europe's biggest automobile brake
manufacturer and an ITT subsidiary, has developed asystem that warns a
driver of the risk of aquaplaning, or skidding on awet road. The heart of
the system is a printed-circuit board the size of a cigarette pack fitted
with components from various ITT subsidiaries. Wheel-mounted sensors
register the slower rotation of wheels losing their grip on aslippery surface,
and an acoustical or optical warning alerts the driver. Teves says it is about
to deliver sample systems to interested car makers for testing.

Japan's consumer electronics industry is being forced to drop domestic
production of less sophisticated products in the same manner as was its
U. S. counterpart, albeit with atime lag. Hitachi Ltd. has announced that
it is phasing out the production of black-and-white TV, even those for sale
under its name in Japan. It will shift production to two subsidiaries,
Hitachi Television (Taiwan) Ltd. in Taiwan and Hitachi Consumer Products (S) Ltd., in Singapore. It is also ending the production of blackand-white picture tubes in Japan. Toshiba Corp., for one, already imports
its monochrome sets from asubsidiary in South Korea.
In an unrelated development, the company says that downstream assembly color picture tubes has begun at ajoint venture, Hitachi Electronic
Devices (Singapore) Ltd., in which it has 70% of equity, the Singapore
government 30%. The plant will produce color picture tubes from start to
finish, beginning in April. The tubes will be sold mainly in Southeast Asia.

Rohde & Schwarz GmbH is making what it says is amajor contribution to
the Jupiter space probe that the U. S.'s National Aeronautics and Space
Administration will launch early in 1983. The Munich-based firm will
supply some 30 thin-film pulse amplifiers for identifying and measuring
the distribution and energy of the particles trapped in Jupiter's strong
magnetic field. Designated the PA-200, each pulse amplifier is only 0.5
in. 2 (3.25 cm 2)in size and weighs 1.6 g. To meet NASA's exacting quality
demands, the substrate, made of high-purity aluminum oxide, carries
high-quality nickel-chromium resistors and pure-gold printed conductors.
The amplifiers are connected by aluminum wires 25 gm in diameter.
Fitted in metal flatpacks and hermetically sealed, they are designed for low
power consumption and fast rise times and use ruggedized thin-film
technology developed by R&S.

Computer-assisted learning is becoming big business. Control Data Corp.,
Minneapolis, one of the pioneers in the game, is taking its Plato computerbased educational system abroad, with afirst $10.7 million investment in
the UK to establish learning centers in four cities during 1980. They will
be serviced from adual Cyber 730 in North London. The development of
Plato began at the University of Illinois in 1962, and now 60 U. S. cities
have CDC learning centers. One of the first courses to be offered—at the
instigation of the Department of Industry —is a 60-to-80-hour program
designed to train technicians and engineers in the basics of microprocessor technology. The computer, says the firm, allows astudent to work at
his own pace and check his progress at every stage of the course.
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Lots of scope.
At aprice you'll like.
Telequipment scopes help you stretch your test
equipment dollars. Industry proven performance and reliability — plus solid service and
support — add up to alow cost of ownership.
Telequipment scopes are just the ticket for industrial, commercial or educational applications.

Check the numbers.
Choose scopes from 5to 25 MHz, priced from
$395 to $1495. Telequipment offers 8benchtop
scopes, 3rugged battery powered portables, a
10 MHz storage model, single and dual-trace
models — even asemiconductor curve tracer.

Look to us for support.
Telequipment scopes are marketed in the U.S.
by anationwide network of 9 stocking distributors. They'll give you off-the-shelf delivery.
Their factory trained technicians handle all
warranty, maintenance and service work.

Interested?
Call your Telequipment distributor and arrange to try aTelequipment scope on your application. Tektronix, Inc.. Telequipment U.S.
Sales, P.O. Box 1700, Beaverton, OR 97075.

TELEQUIPIVIENT

Call one of these distributors today
Alabama: (800) 327-6603; Alaska: (206) 455-4922; Arizona: (602) 947-7841; Arkansas: (214) 231-2573; California: Anaheim (714) 635-7600 :San Diego (714) 578-5760, Santa Clara (408) 249-2491; Colorado: (303) 77.
9-3600;
Connecticut: (203) 281-0810; Delaware: (301) 656-4535; Florida: Ft. Lauderdale (800) 432-4480, Orlando (800)
432-4480, St. Petersburg (800) 432-4480; Georgia: (800) 327-6603; Hawaii: (714) 635-7600; Idaho: (509) 9435288; Illinois: (312) 539-4838; Indiana: (317) 253-1681; Iowa: (319) 377-9434; Kansas: (913) 722-1030; Kentucky: 513) 435-4503; Louisiana: (504) 924-6826; Maine:16171246-1590; Maryland: (301) 656-4535; Massachutietts: (617) 246-1590; Michigan: (313) 588-2300: Minnesota: (612) 835-3060; Mississippi: (800) 327-6603;
Missouri: (314) 567-3636; Montana: East (Englewood, CO) (303) 779-3600, West (Richland, WA) (509) 943-5288;
Nebraska: (913) 722-1030; Nevada: (714) 635-7600; New Hampshire: (617) 246-1590; NewJersey: North
(Paramus, NJ) (201) 368-0123, South (Willow Grove, PA) (215) 657-0330; New Mexico: (505) 299-7658; New York:
NYC (201) 368-0/23, Rochester (716) 381-9962; North Carolina: (800) 327-6603; North Dakota: (612) 835-3060;
Ohio: North (Cleveland. OH) (800) 762-4755, South (Dayton, OH) (513) 435-4503; Oklahoma: (214) 231-2573;
Oregon: (503) 644-9164; Pennsylvania: East (Willow Grove, PA) (215) 657-0330, West (Pittsburgh, PA) (412)
892-2953; Rhode Island: (203) 281-0810; South Carolina: (800) 327-6603; South Dakota: (612) 835-3060;
Tennessee: (800) 327-6603; Texas: Austin (512) 451-0217, Houston (713) 688-9971, Richardson (214) 231-2573;
Utah: (801) 484-4496; Vermont: (617) 246-1590; Virginia: (804) 264-2341; Washington: Bellevue (206) 455-4922,

Richland (509) 943-5288; Washington D.C.: (
301) 656-4535; West Virginia: East (Glen Allen, VA) (804) 264-2341,
West (Dayton, OH) (513) 435-4503; Wisconsin: (414) 786-194(4 Wyoming: (303) 779-3600; Puerto Rico: (800)
327-6603
'suggested retail price

"With this catalog, these analog I/O boards, and our guaranteed
five-day delivery, we're something of afreak in this business:'
Fred Molinari, President
In this business, being good means being
unusual.
For instance, we guarantee to deliver
analog I/O for your microcomputer within
five days. That's unusual.
But more to the point, we offer an
unusually broad and technically advanced
selection of high accuracy, high resolution
data acquisition system (DAS) modules
and boards.
Data Translation was the first to put
DMA on aboard, and the first with 16-bit
DAS. We were the first to put isolated DAS
modules on aboard, and the first with aDAS
software library
Whether your application is laboratory
or industrial, you will benefit by our unusually
thorough approach.
Each of our boards and modules comes
with free diagnostics and documentation.
Each module is subjected to rigorous testing,
including athree-day burn-in.
Our
modular
concept allows us to provide the widest range of products. More important,
it offers you the opportunity to upgrade your system quickly and easily.
We can deliver more MultibusTm compatible DAS than Intel or
National, and at lower prices.
We offer dual height systems for [SI-11
111101111 I
II i
and quad-size systems with features no one
else offers. We have hex-height PDP-11
UnibusTM systems as well, and their performance is
unmatched.
In fact, we offer more LSI-11 and PDP-11 DAS
boards than DEC and, yes, at lower prices.
You will find more than 100 analog I/O systems
in our new catalog. Send for yours today. With this useful
publication in hand, you will be able to choose, order, and
receive analog I/O in less than aweek.
We stock the industry's widest selection
And that will make you rather unusual
of microcomputer
in your business.
analog I/O systems for
DEC LSI-11 and PDP-11,
Data Translation, 4Strathmore Road, This catalog enables you to get
the microcomputer analog I/O
Intel Multibus, Mostek/
Natick, Massachusetts 01760,
you need in 5days or less. Send
Prolog STD Bus, Zilog,
for your catalog today.
and Computer Automation. (617) 655-5300, Telex: 948474.

DATA TRANSLATION
SALES OFFICES: AZ 602-994-540G, CA 408-244-5508; 213-681-5631; CO 303-371-2422: FL 305-274-4899; 813-725-2201; GA 404-455-7222; MA 617-655-53CQ MD 301-636-115i; NC 919-723-8102;
NJ 609-428-W60; NM 505-292-1212, 505-523-0E01; NY 516-488-2100, 716-334-2445; 0K405'529-6071; OR 503-297-2591; PA 412-327-8979; SC 903 233-1469 TX 512-451-5174, 214-661-0300, 505-523-060'
713-780-2511, 512-828-2251; LIT 801-466-6522; WA 206-455-5846; CANADA 416-625.1907.
Muttibus is atrademark of Intel Corp. Unitas, PDP-11 and
are trademarks of DigaI Equipment Corp
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Significant developments in technology and Ogyness

Ultrasonic fuel injector
is simple, promises
greatly reduced cost
by Kevin Smith, London bureau manager

Piezoceramic transducer and
ball valve offer reliability,
lessen need for tight
engineering tolerances
Ultrasonic injectors may soon be
squirting precisely metered fuel into
the cylinders of U. S., Japanese, and
European cars if the ambitions of
Barry James Martin, managing director of Plessey Automotive Products Ltd., are realized. Martin heads
a small team of development engineers at the Romford, Essex, firm
who are trying to sell the world on a
new form of low-cost fuel injector
that's been 12 years in development.
Now, in the wake of the energy
crisis and increasingly stringent antipollution legislation, their device
may be about to hit pay dirt. Fuel
injection systems provide a cleaner
burn, better performance, and
greater fuel efficiency than carburetor systems. Their greater complexity and the needed micrometer-level
engineering tolerances, however,
have restricted their use for the most
part to top-of-the-line models.
More for less. One answer to these
drawbacks is asimple ultrasonic fuel
injector that Martin discussed at the
recent Second International Conference on Automotive Electronics in
London [Electronics, Nov. 8, p. 94].
The device, says Martin, "offers
improved performance over electromechanical fuel injectors at under
half the cost—and serious value engineering has not even begun."
Furthermore, he believes, a single
injector could be used to replace the
carburetor in engines with a dis-
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placement of up to 2.5 liters.
Plessey has no plans to manufacture the device. "We are not really in
the automotive business," Martin
says, explaining that his small group
exists only to license the injector to
other firms.
The group got involved in this
area while looking for applications of
piezoceramics, then a new class of
oven-manufactured materials that
are far cheaper than piezoelectric
crystals. The ultrasonic fuel-metering device is the end product of
this program, and now the group is

talking to akey customer in each of
the principal world markets—the
U. S., Japan, and Europe. Next, says
Martin, is volume manufacturing.
Simple shape. The injector is the
essence of simplicity—a tapered
steel body whose length is equal to
one-half wavelength at 60 kilohertz
so that maximum motion occurs at
the tip. A piezoceramic disk is
bonded to the broad, low-amplitude
end, and a metering ball valve is
situated at the narrow, high-amplitude end (see figure).
The valve is usually held against

FUEL
4, SUPPLY
PIEZOELECTRIC
CERAMIC

VIBRATION
NODAL PLANE

8-TO 15W
SIGNAL

BALL VALVE
ASSEMBLY

(a)

FUEL

BALL
HOUSING

(b)

Bouncing ball. Simple ultrasonic fuel injector from Plessey Automotive Products (a) uses
piezoceramic transducer to shake loose ball from valve opening (b).
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its seat, which has an opening 0.4
millimeter in diameter, by the fuel
pressure. But when commanded by
the control unit, the drive oscillator
output excites the injector body into
resonant vibration. The valve seat
vibrates, shaking the ball from its
closed position and thus allowing
fuel to pass through and be atomized. Metering accuracy is not
affected by contamination, as the
value seat is continually cleaned by
ball contact against it.
Reliability is excellent, too. "The
only parts that can wear are the ball
and its seat," explains Martin, "but
as the ball is roughly 100 times lighter than the moving parts of the electromechanical injector, the reasons
for the exceptional lifetime characteristics can easily be seen."
Driving. The injector is driven by
an oscillator operating at 60 kHz, the
resonant frequency of the injector.
Its signal is amplified to an 8- to
15-watt level, depending on the flow
rate, but improvements in drivercircuit efficiency will reduce this
requirement. Since the transducer is
voltage-driven, a transformer is

needed and full integration is not
possible. "This requirement adds a
few cents to the driver circuitry,"
says Martin, "but the overall cost of
the injector is dollars less."
The injector is pulsed at about 100
hertz, and the quantity of injected
fuel is controlled by pulse-width
modulation, with the relationship
between fuel flow and pulse width
linear. The flow is independent of
pipeline pressure.
Learning time. Though the system
is not mechanically complex, it took
12 years to develop. "One reason,"
Martin says, "is that it took that
time to understand the physics of
what was going on. The first injector
we made worked the first time, but
after that we could not get repeatability."
Now the group reckons they know
what the critical parameters are and
can monitor them at an early stage
in production to check that the
finished product will be within
performance tolerance. The final
hurdle is to persuade a customer to
prove their groundwork in volume
production.

West Germany

PCM audio disk proposal offers simple
tracking mechanism, record production
Although audio records and playback systems using pulse-code modulation have already been demonstrated, it won't be until the second
half of the 1980s before such equipment goes to market. The reason, the
experts say, is that the industry
wants to scrutinize the various proposals with aview toward reaching a
worldwide consensus on a standard
to prevent a hodgepodge of incompatible systems from fragmenting a market that could amount to
billions of dollars a year in the
decades ahead.
The latest proposal for a PCM
audio standard comes from AEGTelefunken and the record producer
Teldec GmbH, a joint venture of
Telefunken and Britain's Decca Ltd.
based in Hamburg. Not surprisingly,
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the two West German firms are
convinced they have something special to offer. Their proposal envisions
a system for which records are
simple to produce, whose player
needs no elaborate tracking mechanism, and whose error-correction
scheme can easily be implemented.
AEG-Telefunken recently demonstrated such a system that could
eventually retail for about $550, "a
price roughly the same as that of
average hi-fi equipment and low
enough to spawn a mass market,"
says Klaus Welland, head of research and development at the company's entertainment electronics division in Hanover. The records
would cost no more than conventional ones with the same playing time.
The two firms propose apolyvinyl

For the record. Proposed PCM audio disk
from AEG-Telefunken and Teldec is 13.5
centimeters in diameter and comes housed
in a protective cassette

(not shown).

chloride disk only 13.5 centimeters,
or roughly 5.3 inches, in diameter
and hence called the Mini-Disk.
Recorded on both sides, the disk has
a playing time equivalent to that of
four long-playing records. It spins at
300 revolutions per minute.
Playback. Sound information is
read mechanically by apiezoelectric
pickup device running along the
disk's grooves. There are some 600
grooves per millimeter, a groove
density 50 to 60 times greater than
that of an LP record.
Disk wear is no problem, Welland
says, because the forces bearing on
the disk are negligible. "The disk
will last alot longer than the number
of times that people will want to
listen to it," he claims.
The proposal specifies a value of
better than 85 decibels for the
dynamic range, as well as for the
signal-to-noise ratio and crosstalk
attenuation. The frequency response
is essentially flat over a range of 20
hertz to 20 kilohertz, and the distortion is less than 0.05%.
To record, the system uses 14-bit
linear coding with a sampling frequency of 48 kHz. A 14-bit resolution, Welland explains, is enough to
provide the 85-dB dynamic range,
which is more than adequate for any
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Bubble, bubble, toil and trouble.
Not so with high-resolution
Zeiss pol optics.
With Zeiss microscopes—both
upright and inverted—you get
the high resolution, strain-free
optics you need to get areally
good look at bubble memories.
And the inverted models give
you extra stability and space for
special staging, manipulation,
and heavy magnetic coils. New
special "bubble" objectives with
long working distances are ideal
for inspecting packaged devices

Find defects,
measure thickness.
Many manufacturers are using
Zeiss Axiomats, Universals, and
ICM's to check the surface quality of COG and to reveal minute
scratches, crystal dislocations,
polishing defects, and elevation
differences. The unique Light Section Microscope is used to measure the thickness of the magnetic
transparent layer non-destructively
Send for details today.
Nationwide service

The great name in optics

ZEINN
West Germany
Circle 69 on reader service card

Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los Angeles,
San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6. Or call (416) 449-4660.

&zei

•

Bubble memory. Enlargement
approximately 400X. Taken with th
4x5" camera of aZeiss Axiomat
available in both upright and
inverted models.
•
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PCM vs analog audio recording
Audio recording and playback using pulse-code modulation marks a radical
departure from conventional techniques, techniques based on analog phonographic principles almost a century old. During that time, significant
advances have been made in reproduction fidelity, playing time, equipment
price, and market penetration. More than 200 million record players are
estimated to be currently in use worldwide and about 1.5 billion records to
have been sold in 1977 in industralized countries in the West alone.
For all the advances made, however, the quality of analog systems still
leaves much to be desired. System noise continues to be aproblem, as does
crosstalk between stereo channels. Clicks and crackling sounds on the
record are another shortcoming. But PCM digital techniques promise relief.
They provide a high dynamic range and a better signal-to-noise ratio.
Furthermore, PCM gets rid of crosstalk, reduces distortion to negligible
levels, and eliminates noise spikes through the use of error correction.
Before PCM records and players become acommercial reality, though, the
industry wants to agree on a standard, just as it has on the 45- and
33'/3-rpm long-playing records. The equipment market is simply too big to
let it be broken up by different standards and the resulting incompatibility of
players and records.
The introduction of standard PCM systems will not spell the immediate
demise of analog systems, however. Given the number of record players and
records sold each year and the enormous amounts of money the industry
has tied up in manufacturing equipment and production lines, "analog
systems will exist alongside PCM audio for some 15 to 20 years," says Klaus
Welland, head of research and development at AEG-Telefunken's entertainment electronics division in Hanover, West Germany.
-J. G.

anism in the player reinserts the disk
into the cassette and pushes the
latter through aslot so that the user
can remove it.
-John Gosch
France

Fast signal analyzers
use analog memories

Responsible for designing and building instruments for France's nuclear
defense program, the Special Instrument Applications (Ast) department
of Thomson-CSF has traditionally
limited its activities to classified
government work. But having persuaded French military authorities
several years ago that the instruments themselves need not be top
secret, but only the measurements
they help supply, the department is
expanding into civilian markets.
At Mesurcora, the triennial measurement and automation exhibit to
be held in Paris, Dec. 10-15, it will
be showing off ultrafast, fully proroom in which the equipment would
producing the disk—the same meth- grammable, microprocessor-conbe used. By the time a standard is
od used for producing conventional trolled transient-signal analyzers.
agreed upon, he adds, "the necessary
records. In contrast, optical disks Paired with other new high-precision
I
4-bit digital-to-analog and analog(based on laser scanning) are rela- instruments, including a four-digit
to-digital converters will be available
tively expensive to make, as each voltmeter accurate to within 0.1%
at prices so low as to be attractive
disk must be covered with ametallic from 1 to 15 kilovolts, and a 100layer after pressing and then coated picosecond chronometer, the equipfor consumer equipment."
The proposal meets the basic
with aprotective plastic layer.
ment makes possible a fully digital
requirements that a PCM audio disk
The mechanical pickup also allows test bank for nuclear fusion experisystem should fulfill, Welland says.
the use of asimple tracking mecha- mentation, lightning measurement,
The code chosen satisfies high qualinism. Coarse tracking is provided by and high-voltage installation tests.
Analog store. The signal analyzers
ty and reproduction fidelity stantangential scanning, in which a
dards. What's more, the system's
motor drive system guides the pick- use a series of analog memories to
Mini-Disk meets the need for a up arm. The grooves themselves store samples of the signal to be
analyzed before digitizing it and
recording medium that is compact
effect fine tracking.
and provides along playing time. In
Error correction is also simple to storing the data in a semiconductor
addition, the system can be built achieve. It is done by cyclic redun- memory, explains Etienne d'Hurelatively inexpensively.
dancy checking, a scheme whereby mières, technical director for the
Picking up. Although many of the digital circuitry compares the infor- department, located a mile outside
proposed parameters agree with
mation bits with the CRC bits to the Paris city limits in Malakoff.
those suggested by other firms [Elec- catch errors.
The analog memories are serial
tronics, Nov. 24, 1977, p. 78], the
To prevent dust particles, finger- analog devices, each containing 100
new system differs in one crucial
prints, and scratches from impairing capacitors, supplied by Reticon
aspect: the mechanical information scanning, the disk comes in a nor- Corp. of Sunnyvale, Calif. One of
pickup, which is really the key to a mally nonremovable protective stiffthe analyzers, the TSN 693, contains
10 such memories, for a total of
low system cost and to simple disk paper cassette. When inserted in the
1,000 points. The other, the TSN
production.
player, the disk is partly removed
In disk manufacture, the informa694, contains 50, to handle 5,000
from its cassette and scanned, with
tion is put directly onto a metallic the disk rotating freely in the samples.
The minimum input voltage for
plate that serves as amaster in mass- cassette. After the scanning, amech-
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Power budget tight?
Thermal
management
aproblem?
Powercube's new advance in reliable power conversion may be your answer.
This new power conversion system provides
higher power and sets new standards in efficiency. Energy
formerly dissipated as heat is put to useful work Heat problems are minimized: heat sink requirements are simplified.
For flexibility in meeting power requirements
and customer options, the new high powered AC input set,
Model ASPG, 250-watt AC-AC (high frequency) converter is
packaged into a3- or 4-module unit
and provides the
Powercube universal interface 40V peak square wave required by all Powercubee Cirkitblockï. output modules.
Terminals are available for both 115/220 VAC.
Operation with input frequency range of 47-440 Hz. Input
circuits provide EMI filtering and transient protection as required in most military and aerospace applications (re: MILSTD-461 and MIL-STD-704A).

e

Depending on power requirements, output high
frequency AC, up to 250 watts maximum, is available with
four modules. Output is to the 5TR200, aset of two new
Cirkitblock modules%) incorporating an input transformer
that operates with the 40 Vpeak square wave at anominal
frequency of 25 KHz. The secondary voltage is stepped
down and regulated using magnetic switching techniques.
The modules supply 5VDC at 20 Afor high-efficiency driving of logic elements, IC's, etc.
Available conditioned power not required by the
5TR200 modules can be used to supply power to other
standard Cirkitblock modules for developing auxiliary outputs O.
For detailed information on the new extension of
the Powercube line, write or call Powercube.

OD POWERCUBE
A
SUBSIDIARY OF UNITRODE CORPORATION
Air

POWERCUBE CORPORATION, EIGHT SUBURBAN PARK DRIVE.
BILLERICA. MASSACHUSETTS 01821 • (617) 667-9500
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the 693 is ± 1millivolt. For the twochannel version of the 694, it is
±/ mV, and for the five channel
version, it is ±4 mv. All three can
take a maximum pulse of 500 volts
for 1microsecond. The bandwidth is
50 megahertz for the 693 and 100
mHz for the 694.
The analog memories operate at a
maximum speed of 10 megahertz,
which means 100 nanoseconds between entries. They are strung
together in parallel and fed sequentially to improve overall performance. With 10 memories, the sampling interval of the TSN 693 is 10
ns; for the TSN 694, the 50 memories means the interval is 2 ns.
Signal sampling and storage in
analog memory are synchronized by
a 10-MHz clock. After storage, the
clock is slowed down to 100 kilohertz
to allow the data to be transferred
into a 12-bit, 10-s analog-to-digital
converter. From there, the samples
are stored as 8 bits in standard digital memory.
The instruments each contain two
microprocessors, an Intel 8080 to
supervise the sequencing of operations within the instrument and an
8047 for input/output control. One
of the 8080's jobs is to direct a test
signal to each and every analog
memory cell before a reading is
taken. It then compares the signal as
it is read out of the memory with the
test signal and calculates a correction factor to account for any variations between the two. The correction is applied to the readout from
each cell when the reading is taken.
With 1,000 or 5,000 memory cells to
be tested and then calibrated, the
speed with which the microprocessor
carries out its operation is crucial to
the overall speed of the instrument.
Slow down. "The 8080 is just not
very fast," says d'Humières, "which
means there is a time lapse ranging
from several seconds to several
dozen seconds, depending on the
precision required, before the instrument is again ready to receive data."
That is no problem for one-shot
measurements, but it is for repetitive
high-speed data acquisition. He says
Thomson will use Intel's 8085, a
faster version of the 8080, in future

72

models, but this will not do much to
remedy the problem.
D'Humières says Thomson's approach differs from that of its principal competitor, Gould Inc.'s Biomation division in Cupertino, Calif., in
the use of an input memory. Biomation achieves a 2-ns sample rate
feeding its samples directly into an
a-d converter, but d'Humières points
out that those samples are expressed
in 6rather than 8bits, rendering the
results less precise.
The ASI department has developed
also a transient-signal analyzer for
military applications that operates at

2gigahertz and provides 10-bit data
conversion of a maximum of 20 signal samples. To improve performance and follow up on the civilian
market, researchers are now trying
to develop an analyzer capable of
sampling between 50 and 200 points
at aspeed of 5GHz without decreasing the 10-bit conversion. To reach
those goals, d'Humières says, they
are looking into the feasibility of
using gallium arsenide integrated
circuits in an a-d converter, which
would do away with the need for an
input memory without lowering precision.
-Kenneth Dreyfack

Around the world
Olivetti, Soviet Union make a deal
log. C. Olivetti & Co's chief executive officer, Carlo De Benedetti, and the
Soviet minister for automation and business equipment and production,
Konstantin N. Rudnew, have signed an accord for combined economic,
technical, and scientific cooperation for advanced office-organization and
information-handling systems. Ivrea-based Olivetti estimates that the accord
could give the company a stake as high as $120 million in the Soviet Union's
five-year plan. The umbrella agreement follows negotiations between Olivetti
and the Soviet government for supply of data-processing products and office
machines and a wide-ranging plan for industrial cooperation. The latter
would involve two projects for the production of Olivetti equipment in the
USSR for domestic and Comecon markets.
Western European sensor market to pass $500 million, says Siemens
Western Europe's market for microcomputer support products, like sensors,
actuators, power supplies, and displays, will amount to nearly $1.9 billion in
1985. That is the main conclusion of a market study for such devices
prepared by Munich-based Siemens AG. Significantly, the largest chunk—
more than $0.5 billion—will be for sensors, with automobiles and household
appliances gobbling up about 70% (by value) of such devices sold in 1985.
Measuring and control systems will account for 12% and communications
equipment for about 5% of the sensor market. Pressure sensors will be the
most common type, accounting for roughly 35% of overall sensor sales in
1985, Siemens says.
France's AOIP to vote on sale of telecommunications
The 4,500 worker-stockholders of France's Association des Ouvriers en
Instruments de Précision (A01P), a workers' cooperative formed in 1896, are
to vote in early December on the proposed sale of the company's public
telecommunications activities to CIT-Alcatel and Thomson-CSF, the two
giants in the French telecommunications industry. After months of negotiations, the three parties agreed that Alcatel and Thomson would split the
acquisition 64/36, with each forming a new company out of its share. Telecommunications is the cooperative's largest sector.
Fairchild offers its figures for automotive semiconductors
Fairchild Camera and Instrument (Deutschland) GmbH estimates that in
1980 semiconductor products in automobiles will account for 1% of the
vehicles' total value. The figure for 1985 should be 4%, it says. Fairchild puts
worldwide consumption of semiconductor products by the automobile industry next year at about $259 million and pegs it at roughly $1.2 billion in 1985.
(For related estimates, see Electronics, Nov. 8, p. 94.)
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Now AMP's extensive line of pin and
socket connectors includes everything
you need to interface with modems in
accordance with RS 449. That
means 9- and 37-position sizes
to go with the 25-position, and
squeeze-to-release hardware that also
can be screwed together.

You bel we do. AMPLIMITE Co nectors.
AMP engineers also designed 90°
posted header and interface style
connectors with their exclusive
Quiet-Line absorptive filters. With the
highest insertion loss specifications in
the industry, these filters wipe out
interference by dissipating it as
asmall amount of heat. No more ground
current loops. And the interface connector
lets you filter existing designs without
redesign or rewiring.
For wire-to-board applications,
there is an exclusive all-plastic header
with compliant pins for press fit without
solder. And shielded back shells are
available for cable connectors.
AMPLIMITE Connectors are available,
of course, with awide variety of contacts
and reliable stripper crimper machines.
That's it. Everything you need
to meet RS 449. And more. For the
rest of the story, see the opposite page
and the page overleaf.

Some facts
worth knowing about
AMPLI MITE Connectors

AMP and AMPLIMITE are trademarks of AMP Incorporated

eft,

AMP has a better way.

105

Electrical Characteristics
Contact Current Rating (with No. 20 AWG/0.5-0.6 mm 2/wire): 7.5A
Contact Resistance: 7.3 Mil liohms (max.)
Dielectric Withstanding Voltage: 1000 V (min.)
Insulation Resistance: 5000 Megohms
Mechanical Characteristics
Contact Engagement Force: 12.0 Oz./3.4 N/(max.)
Contact Separation Force: 0.75 Oz./0.2 N/(min.)
Contact Retention: 10 lb./44.4 N/(min.)
Connector Mating Force (per contact): 8Oz./2.224 N/( max.)
Filtered Connector Data (20 Series)
Cutoff Frequency: 5MHz
Insertion Loss: 55 db from 1GHz to 18 GHz (per MIL-STD-220)
Insulation Resistance: 500 Megohms at +25°C (min.)
Dielectric Withstanding Voltage: 250 VDC for 5sec.
Higher performance filters available:
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Where to telephone: Call AMPLI MITE Information Desk
(717) 564-0100, Ext. 8400.
Where to write: AMP Incorporated, Harrisburg, PA 17105.
Product Information: Check Reader 09
Service No. 140

"Today, it's RS 232
on subminiature D-type
connectors, but RS 449
is just around the corner.
Got anything to meet it?"

...in one
cost-effective system.
AMPLI MITE Connectors come in a
complete line to meet virtually any need
for high density pin and socket
connections. Military versions with
screw machine contacts meet MIL
C-24308. Commercial versions include
all-plastic types designed for both board
and jacketed cable applications plus
ribbon cable types for providing
economical and reliable mass
termination capability.
With all of these connections AMP
furnishes awide selection of contacts in
continuous strip for machine termination
or in loose form for hand tool
applications. The AMP Stripper/Crimper
Machine strips the wire and attaches a
contact during each machine cycle. It
crimps at speeds of up to 1500
terminations an hour.
For the complete story on AMPLIMITE
Connectors, Tooling and the AMP
Technical Support that goes with them,
call the AMPLIMITE Information Desk at
(717) 564-0100, Ext. 8400. Or write
AMP Incorporated, Harrisburg, PA 17105.
AMP and AMPLIMITE are trademarks et AMP Incorporated
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Service No. ‘..P
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ADVANCED OPTOELECTRONIC PRODUCTS
I
li

I

How to a
55% more
display to a

oxpackage
Now you can upgrade
to our new 0.4" display
without changing your
0.3" pin configurations.
Larger, brighter
LED digits add
sales appeal to
any device or
instrument using
displays. That's exactlywhat
General Instrument's 0.4" display
can do for your product.

And the highly legible sculptured
font improves aesthetics even
further.
The Big 4comes in 4colors.
These new seven segment
displays are designed for high
brightness, high contrast, and
are available in:
• Green (MAN4500 Series)
• Orange (Hi-efficiency red,
MAN4600 Series)
• Red (MAN4700 Series)
• Yellow (MAN4800 Series)

They're available in common
anode or common cathode and
overflow models.
And like all General Instrument
displays, the new 0.4" digit
offers low power consumption
and solid state reliability for a
longer operational life.
Write or call today.
For more technical data or
pricing information, contact
General Instrument, Optoelectronics Division (formerly
Monsanto Optoelectronics), 3400
Hillview Avenue, Palo Alto,
California 94304. Telephone:
(415) 493-0400.
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This .year's OEM hardwarè shouldis
last year's
„• OEM software.
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Circle 79 on reader service card

Expanding the parameters
Design the backpanel you want
with Elfab modular systems
•

Your design flexibilty is virtually unlimited when you utilize
Elfab's modular, press-fit systems.
And, with press-fit technology, it's
easy to stay within reasonable
production budgets while you get
the superb reliability demanded by
today's applications.
Key to the excellent reliability of
the press-fit
system is the gas
tight joint
formed as the
contact pin,
with arectangular interface
section or
"bullet," is pressed through a
plated-thru hole in the PC Board.
The diagonal of the bullet is
slightly larger than the diameter of
the plated-thru hole, so that the
hard phosphor bronze pin deforms
the softer copper, forcing the
copper plating to conform totally
to the pin. Four complete lines of
contact asperities run the full
depth of the hole. The reliability of
the Elfab press-fit is proven. With
more than 500,000,000 contacts
now in service—and that number
growing at arate of more than
1,500,000 every day—not asingle
interface failure has ever been
reported.

80

Basically, an Elfab modular
system is composed of the PC
board, contact pin, and insulator
connector housing. You have the
flexibility to interconnect to as
many voltage, ground and signal
planes as you need. Standard
options are available in sufficient
numbers to cover almost any
application. But if your design
calls for aspecial configuration,
almost any adaptation can be made
—and with all the reliability and
economy for which Elfab press-fit
systems are noted.

L

et 's start the design of your
system with the printed
circuit board. A basic
system would start with asingleboard, card-edge backpanel. Two
layers of etched circuitry may take
the place of part or all external
wiring. Plated-thru holes accept
the contact pins, making the board
astructural part of the connector.
Since no soldering of contacts is
required, this system can effect
savings of 5-10% over conventional soldering methods.
To achieve maximum circuit
density, just stack additional
boards together; all held fast by the
press-fit contacts. Up to eight

..,1111
•
111111111
. 1111.111:
11.

elk

jots.

'
•

•

planes of
circuitry may be
used without any external wiring.
This method is much more economical and much more flexible
than the traditional laminated
boards or metal plate and discrete
connector assemblies.
Need extra high current capacity
or positive voltage control? Make a
hybrid out of the stack with pure
copper insulated planes. This is
excellent for today's high speed
logic circuits. Select your own
input/output specifications.
If electro-magnetic sensitive
components are utilized, lowcarbon steel sheets may be used
between circuit layers for EMI, RFI
shielding.
In short, whatever your circuitry

Electronics/November 22, 1979

of press-fit technology
requirements, you can get them
in acompact package using
Elfab's press-fit boards.

y

ou can also select the exact
contact pin to meet your
requirements. Basic shapes
for card-edge connectors include
both cantilever and
bellows contacts. The
bellows contact has been
made available in pressfit application by an
innovation in production
technique. The pin is
placed in the plated-thru
hole, then
pulled into
position to complete the gas-tight joint.
For customers with the
volume to justify it,
bellows contacts and
insulator housings can be
supplied, along with
assembly equipment, so
you can make your own backpanels.
Other contact pins
4111
available include: the
straight post for applications which require a
feed-thru I/O or access to
signal or ground planes;
the conventional screw
machine contact for I.C.
sockets; and many other

Electronics/November 22, 1979

contacts for specific
purposes such as those
for DIP sockets, "D"
subminiature, etc.
A unique feature of all
press-fit contacts is that
they are removeable and
replaceable on the board.
And, growing in importance is the selective plating
feature. Gold plating over base
nickel is applied selectively to put
the gold just where it's needed.

I

nsulator connector housings can be of just about any
configuration you need.
Standard edge-board connectors
come in achoice of seven grid
spacings—from .100" x.100" to
.200" x.200". Modular construction makes length completely at
your option with no special
tooling requiréd.Specialty configurations include: Dual In-Line

Nhe

4111010
011111111111111811- - •11.1111.111ffl

packaging, "D" Subminiature,
Ribbon Cable, 25 pair telephone
and communications connectors,
end and center connector card
guides, DL connectors with "zero
insertion force," and others as
required.
Put these elements together, and
you have the most flexible, economical and reliable backpanel
system in the industry. It allows
you the creative freedom to
expand your own design parameters through Elfab's press-fit
technology. It's what we're working for at Elfab. Write or call for
application assistance.

ELFAB

The Leader in Press-fit Technology

P. 0. Box 34555 •Dallas, Texas 75234 •214-233-3033 •TWX 910/860-5460
Plants in Addison, Texas and Westlake Village, California

Circle 81 on reader service card
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When you need
electronic equipment without waiting,
Leasametric can have it
on its way to you in minutes.
Whether your requirement is for aweek, amonth
or ayear, there's one way to get the latest in electronic
test equipment or terminals without waiting. Rent it
from Leasametric.
Instantly, our nationwide on-line computerized
inventory system will check our dozens of regional
inventory centers to pinpoint the unit closest to
you. Within minutes, your order is being
processed and, in most cases, your equipment will be in your hands in less than
24 hours.
And, the Leasametric
name means the equipment you rent is in working
order when we ship it. Our
regional maintenance laboratories are traceable to
the National Bureau of
Standards and every
piece is thoroughly
calibrated before it goes
out the door. When you rent
it from Leasametric, it works!

In the West

But renting from Leasametric means more than
immediate possession. It's the one effective way to get
the new equipment you need without going back to
management for more money. There's no major capital
investment with aLeasametric rental.
Plus, renting gives you achance to
check out the very latest models without
committing to one manufacturer's hardware. Our continuously expanding
inventory includes amulti-million
dollar rental pool of over 33,000
, items from the top 500 electronics manufacturers —
including most items from the
HP and Tektronix catalogs.
When you need it now,
depend on Leasametric.
To order, or for our latest
rental catalog, call one of the
relaxing toll free Leasametric
numbers shown below. We'll
get the equipment you need
on its way to you in minutes!

Rent it and relax.

Call 800-227-0280
In California, call (415) 574-4441

In the Central U. S

In the East

Call 800-323-2513

Call 800-638-4009

In Illinois, call (312) 595-2700

In Maryland, call (301) 948-9700

Leasametric
1164 Triton Drive, Foster City, CA 94404
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A Trans Union Company
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The Clare
cloned DIP relay
eliminates identity crises.
Last =first.

packages in the types you
want PRMAs are available
in 1Form A, 2Form A,
1Form B, 1Form Cand
Alt Form Ctypes with
nominal 5, 12, and 24
DC voltages. The 5V
1Form A is TTL compatible. Every relay is indexed
for automatic insertion
equipment and coil terminations are on each side
of the relay for versatility
of connection.

When you're into highvolume production, installing the same relay in great
numbers, there's one
absolutely essential
relay requirement —
identity. If your relays
aren't spec twins, you've
got to have QC crises. To
prevent such crises, we
cloned our high-volume
PRMA DIP relay.

Consistent Picoreed
First. We put the Picoreed reed
switch capsule in the PRMA. Picoreeds are assembled automatically
in acontamination-free environment Every switch identical to
every other switch. Every switch is
test-operated over 1
/-million times
2
to exclude mortalities and to assure
spec performance.

The price is right.
Picoreeds have rhodium contacts. They operate 100-million
times at low level and signal loads;
5-million times at 10 VA. Consistently. "Their 10-year record attests
to it.

Thermoplastic bobbin.
Second. We use athermoplastic
bobbin — non-corrosive, resilient,
strong — ideal protection for the
reed switch and magnet wire
through encapsulation and for life.

The case for cloning.

Last. High-speed, large-volume
relay production makes the price
right for you. We can help you
compete. Call the Clare rep or
distributor nearest you. Or if you
prefer call us directly.
General Instrument,
Clare Division,
3101 West Pratt Avenue,
Chicago, IL 60645.
Phone: 312-262-7700.
Free PRMA. If you'd like afree
sample, write to Tom Fox, product
manager, on your letterhead.

Third. We mold it using our own
formulated thermoset compound
into acase that resists most solvents, has insulation resistance
greater than 10 10 ohms, and
excellent dielectric properties.
This very special case absorbs and
relieves the strains, stresses and
shocks that often induce relay failure.

Cloning the
you need..
Fourth. We do it all with highspeed, precision machinery that
tums out totally consistent relay

Same size.
7
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This Christmas get the calculator you really want.
Ask for aHewlett-Packard.
Whatever your particular
calculator needs —business or
science —Hewlett-Packard
offers the professional's choice.
There's afull range of
advanced, programmable and
printing calculators to choose
from. Including the affordable
Series E, that combines ease
of use with HP quality. Series E
gives you more power and
features at alower price than
any comparable calculator
HP has ever offered. And
Series E suggested retail
prices now start at just $5W"
HP also offers afull array
of accessories to go with
your new HP calculator or to
Circle 84 on reader service card

619

HEWLETT
PACKARD

augment the one you already
have. From DC Adapter/
Rechargers that work in aboat,
acar or at home, to Reserve
Power Pacs to Application Pacs
and Solutions Books that
give program solutions to
thousands of problems.
So this Christmas ask for the
calculator you really want.
Ask for aHewlett-Packard.
For the address of your
nearest HP dealer, CALL TOLLFREE 800-648-4711 except
from Alaska or Hawaii. In
Ne‘ada, 800-992-5710. Or for
1
, more information write:
Hewlett-Packard, 1000 N.E.
Circle Blvd., Corvallis, OR
97330, Dept. 214 A
*Suggested retail price excluding applicable
state and local taxes—Continental U.S.A.,
Alaska & Hawaii.

Probing the news
Analysis of technology and business developments

V-MOS outstrips bipolar for power
V for V-groove MOS logic may be out of the ballgame,
but V for vertical power MOS FET is headed for victory
by Bruce LeBoss, San Francisco regional bureau manager

The high hopes once held for Vcertain v-MOS power FETs it is now voltage (typically 400 V and above)
groove mos technology as a main- producing in prototype quantities. power FETs. Intersil is calling its
stream logic technology have faded
Intersil Inc. of Cupertino, Calif., process z-mos while TI says it is not
[Electronics, Oct. II, p. 43], but the which entered the v-MOS power FET ready to talk about its particular
V might mean victory elsewhere. For field this summer, employs agroove high-voltage structure, except that it
it now seems that V (as in vertical) with a distinctive flat bottom to has to do with gate-source spacing
mos, amore widely applicable tech- eliminate certain electrical and me- on the surface of the chip. Motorola
nique, is going to be a winner in at chanical stresses associated with Semiconductor Products Group in
least the power field-effect transistor conventional V grooves.
Phoenix is about afull quarter away
market.
Whereas both TI and Intersil are from introducing products that use a
Some suppliers of v-mos power using variations of the V groove for vertical structure it calls T-MOS. And
FETs predict these devices may just
low-voltage power FETs, both are then there is the Hexfet, a planar
eliminate bipolar versions in the next adopting a vertical D-MOS (double technique with vertical current flow
five years. Other semiconductor diffused mos) process for higher- pioneered by International Rectifier
makers, particularly those with a
vested interest in the bipolar market,
are less optimistic. Nonetheless, the
rush to the v-mos power FET field by
250
(a growing number of suppliers,
among them Texas Instruments,
Motorola, RCA, Siliconix, Solitron
Devices, and Intersil, suggests that
DISCRETE
2.00
TRANSISTORS
such parts will replace the bipolar
transistor in many applications. The
lure is improved performance and
many new circuit opportunities nonPOWER
SEMICONDUCTORS
existent with bipolar technologies.
These other manufacturers of
v-mos power FETs are not necessariVW OS
ly using the same process as AMI.
V-MOS is actually the generic name
100
for apower FET structure that allows
the current to flow vertically from
the source on top of the chip to the
drain on its backside, whereas the
"V" in Ames process referred to a
050
device with truly V-shaped grooves,
which decreased active area and
1
boosted packing density. ,
Adding to the confusion is the fact
1
that several suppliers of v-mos
000
1960
1965
1970
1975
1980
1985
power FETs do, indeed, build their
PRICE-LEARNING CURVE
devices with V grooves. For example,
SOURCES FIA AND SEMICONDUCTOR INDUSTRY ASSOCIATION
Siliconix Inc. of Santa Clara, Calif.,
the acknowledged leader in the field, Convergence. As V-MOS power FETs come down the price-learning curve, their price
employs a V groove, as does TI for premium should approach 10% in two to three years and be 10% or less in three to five years.
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Probing the news
Corp. It has hexagonal-shaped p
regions on the surface of the chip to
lower on-resistance.
RCA moves in. RCA Corp.'s Solid
State division in Somerville, N. J.,
has a "very active power MOS FET
program" and has looked at several
competitive structures from which it
will pick one, says Dale Baugher,
manager of power applications. "In
the next six months, we will be in a
position to sample," he adds. RCA
finds that overlay structures like
International Rectifier's to be most
attractive because "you have separate independent devices everywhere
on the pellet." What's more, he
continues, "because the cells are
small, you can achieve a high
current-handling capability and a
low on-resistance."
Though v-mos represents asmall
segment (about $6 million, or less
than 1%) of the $700 million discrete
power market, compared with about
$200 million for bipolar power
devices, expectations that it will
capture virtually all of the discrete
power sockets in less than a decade
are understandable. "We had been
in the bipolar power transistor business for about five years, and had
become well established in it, but we
could see atremendous future potential for v-mos power FETS," states
Brian Pelly, vice president of applications engineering at International
Rectifier Corp.'s Semiconductor division in El Segundo, Calif. "They
are clearly asuperior device to bipolars in anumber of ways," he says.
ALUMINUM
SOURCE

GATE

One inherent advantage of the
v-mos parts, Pelly notes, is that they
have a much higher gain. Theoretically, the MOS FET device has an
infinite gain compared to a relative
finite gain for bipolars. "But typically, a MOS FET has a gain on the
order of 10 9 whereas the equivalent
bipolar part has a gain of 10 2 or
10g," he adds.
Secondly, MOS FETs have very
high switching speeds, "an order of
magnitude faster than bipolar," says
Tom Daly, v-mos product marketing manager at Siliconix. For example, typical v-mos devices switch in
nanoseconds, while bipolars do so in
milliseconds, he says.
Furthermore, v-mos devices do
not suffer secondary breakdown.
"They can operate at full rated
currents and voltages," unlike bipolars which would be destroyed,
points out Daly. What's more,
v-mos devices have a positive temperature coefficient and do not
exhibit thermal runaway. By contrast, he continues, "bipolar transistors draw more current when they
heat up. With v-mos you can parallel parts without having to use
protection devices to prevent them
from hogging, or conducting, more
current."
Not surprisingly then, some suppliers expect v-mos power FETs to
take no less than a20% share of the
marketplace for new designs in two
to three years, and 40%, if not "a
leading share of the market within
five years," in the words of Siliconix'
Daly. "What will tip the lion's share
of the market away from bipolars to
power MOS FETs in the end will be

SOURCE

SOURCE
SILICON
DIOXIDE

ALUMINUM
GATE

SOURCE

n EPITAXIAL

n+ SUBSTRATE

(a)

ri 4 SUBSTRATE

DRAIN

(b)

DRAIN
SOURCE:

I
NTERSI L

Getting the point. At left is the conventional metal-gate V-MOS structure, while the Intersil
version, at right, sports aflat bottom groove and an additional layer of polysilicon.
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pricing," adds International Rectifier's Pelly. He doesn't think v-mos
power FET prices will ever get "quite
close to bipolar levels. Users will
always pay apremium."
However, Daly believes "there's
nothing to prohibit v-mos prices
from getting below bipolar levels."
Pricing will go down, "even if we
have to push it down. It is too big a
market to ignore, and, if we have to,
we will push our pricing down to
meet our growth objectives."
v-mos power FET users are paying
an artifically high premium over
comparable bipolar parts at higher
voltage ratings, "as much as 10
times more," notes International
Rectifier's Pelly. By comparison,
there's "about a25% to 50% premium at the low-voltage range," adds
Ti's Frank Taylor, manager of market planning for power products. As
power FETs go down the learning
curve, the price differential "should
be alot closer, perhaps, approaching
10% within two to three years, and
10% or less in three to five years.
Intrinsically, it doesn't cost that
much more to make power FETs."
Although Taylor forecasts that
V-MOS FETs should average a40% to
50% annual growth rate for the next
five to eight years, he still sees bipolar power devices growing 10% to
15% yearly.
"Don't count bipolars out. We
don't feel the day of the bipolar is
gone. While v-mos has some advantages, it is not a panacea," he adds.
"Power FETs have some catching up
to do with bipolars with respect to
voltage and current." The automotive, consumer, industrial and peripheral equipment markets, Taylor
continues, "will support growth of
bipolars while allowing new technologies, such as v-mos power FETs, to
grow at an even faster rate."
The high-voltage area (250 V and
up) is where Motorola is concentrating its v-mos power FET activity.
"We think their forte will be in
power switching, and that implies
higher voltages," states Tom Ruggles, manager of power products
planning in Phoenix. "Power FETs
will be competitive with bipolars at
the high-voltage end, but in lowvoltage applications they will have a
tough row to hoe economically
against bipolars."
D
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Facts from Fluke on low-cost DMM's

Our new 41
2 -digit bench/portable:
/
You've never seen anything like it.
Take aclose look at the face of this
instrument. Notice anything new? If
you just realized you've never seen
words on alow-cost DMM display
before, you're on the right track.
This is the new 8050A from Fluke,
the lowest priced 41
/-digit multimeter
2
available that uses microprocessor
technology.
The legends on the LCD are
clues to what makes the 8050A
unique.
dB: You're right. The 8050A
delivers direct readouts in dBm,
referenced to any of 16 impedances.
Use the "REF Z" button to scroll
through the memory and locate
the zero dBm reference you need,

then set it and forget it. No more
tedious calculations or conversions.
REL: For relative references in the
dB mode or offset measurements in all
other functions. Lets you store any
input as azero value against which all
others are automatically displayed as
the difference. Another timesaving
convenience.
HV: Just areminder when your input is over 40V, so you won't forget about
safety while in the dB or relative modes.
Of course there's much more to the

8050A. 'hue RMS measurements to
50 kHz. Conductance for measuring
resistance to 100,000 Megohms and
leakage in capacitors, pcb's, cables and
insulators. Diode test, 0.03% basic dc
accuracy and full input protection.
Plus alarge family of accessories. Just
$329 U.S.
For all the facts on the versatility
and value of the new 8050A,call toll free
800-426-0361; use the coupon below;
or contact your Fluke stocking distributor, sales office or representative.

FLUKE

VAC'S

VA

,pn ,Cf

80500 0(51TAL MULTIMETFR

IN THE U.S. AND NONEUROPEAN COUNTRIES:

IN EUROPE:

John Fluke Mfg. Co.. Inc.
P.O. Box 43210 MS #213
Mountlake Terrace. WA 98043
i
206) 774-2481
Telex: 32-0013

Fluke (Holland) B. V.
P.O. Box 5053. 5004 EB
Tilburg, The Netherlands
(013)673 973
Telex: 52237

D Please send 8050A specifications.
D Please send all the facts on Fluke
low-cost DMM's.

D Please have asalesman

call.
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Probing the news

Military electronics

EIA sees good news at Pentagon
Electronics spending seen growing from 21% of budget to 26%
over next decade; microprocessors and computers top the list
by William F Arnold, Electronics

Take away salaries, pensions, and
Basically, the EIA estimates that
military construction and housingthe overall Pentagon budget will rise
the housekeeping portion of the
slowly from $137 billion in fiscal
defense budget-and the percentage
1980 to $151.3 billion in fiscal 1989
of remaining expenditures devoted to
measured as total obligation authorielectronics will rise from 21% in the
ty in constant 1980 dollars. Defense
1980 fiscal year to 26% in fiscal
electronics, spread out among pro1989. That is the conclusion of a grams in research and development,
forecast of the Defense Departprocurement, and operations and
ment's budgets by the Electronic
maintenance, will grow $19.2 billion
Industries Association (EIA). It adds
to $26.6 billion over the same 10
up to some cheering news for elecyears. In percentage terms, the electronics companies, although it could
tronics content of R&D will rise from
bring some gloom to those firms on
about 39% to almost 46%, indicating
the hardware side of the business.
the introduction of all kinds of hot
The message for electronics compatechnological development. The pernies: modify and upgrade.
centage in procurement will rise
Leading the way on the military
from the low to the high 30s during
expenditure list will be data-processthe same period.
ing equipment, as the ER expects
Economy pressure. The Defense
the Defense Department to embrace
Department wants an annual 3%
microprocessors and computers in a increase-in real terms (on top of
big way. "If I were a computer
inflation) -to meet its expanding
house, I'd have every salesman out
hardware needs and fund an arsenal
on the street tomorrow," observes of new programs. That sounds good,
Henry Bourgeois of Singer Co., who
but "I don't see how they will get 3%
was one of the industry officials to
to 4% real growth after inflation
present the EIA forecast at a San
once the election is over and SALT
Francisco meeting last month.
II [Strategic Arms Limitation TreaDEFENSE SPENDING FIGURES

Research, development, test and engineering, total (S)
Electronic content (
S)
Electronic content (%)
Procurement, total 1$ I

ty] is signed," declares Frank Forthoffer, senior business planner in
the new business planning operation
at Lockheed Missiles and Space Co.,
Sunnyvale, Calif., who was the
keynote speaker at the San Francisco meeting. "There will be pressures
to hold down spending," he adds. "It
looks as if none of the services will be
able to buy what they want."
Worse, "the number one problem
in the Defense Department is affordability," declares James L. Lee of
Hughes Aircraft Co., who also
presented parts of the EIA'S forecast.
"In the next decade, cancellations
could well exceed new starts," he
says, pointing out that the number of
R&D programs standing by in the
pipeline exceeds what is available in
the budget to pay for them by a
factor of three or four. And, after
subtracting pay and housing costs
from the forecast, money for R&D,
procurement, and operations and
maintenance rises only from about
$91 billion in 1980 to $101 billionplus 10 years later.
Another dampening factor is that

iii billions of 1980 dollars)

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

13.8

13.6

13.4

13.6

13.8

14.0

14.1

14.3

14.5

14.7

14.9

15.1

4.9

5.1

5.2

5.5

5.7

6.0

6.1

6.3

6.4

6.5

6.8

6.9

35.5

37.0

38.8

40.7

41.3

42.9

43.3

44.1

44.1

44.2

45.6

45.7

36.5

34.8

35.3

35.9

36.0

36.1

36.6

37.1

38.2

39.4

40.6

41.9

Electronic content (S)

11.0

10.6

11.0

11.5

12.0

12.2

12.7

13.1

13.9

14.6

15.5

16.2

Electronic content (%)

30.1

30.5

31.2

32.0

33.3

33.8

34.7

35.3

36.4

37.1

38.2

38.7

Operation and maintenance, total ($)

42.0

41.7

42.6

42.8

42.8

42.9

43.1

43.3

43.6

43.9

44.2

44.5

Electronic content (S)

2.9

2.9

3.0

3.0

3.1

3.1

3.2

3.2

3.3

3.4

3.4

3.5

Electronic content (%)

6.8

6.9

7.0

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

SOURCE
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Facts from Fluke on low-cost DMM's

Investigator for hire:
Powerful. Professional. Portable.
Sometimes it takes both hands,
both feet and your undivided attention
to get ajob done right.
For balancing acts like this you
need the new 8024A Investigator from
Fluke — the first DMM you can both
see and hear. So you can use it with
confidence. Even behind your back.
With nine functions, the 8024A is
the most versatile 31
/-digit multimeter
2
you can buy. Special skills give the
Investigator powers you won't find in
any other handheld DMM.
The Investigator's level detector
provides an instant visual ( )and
audible signal for continuity checking,
logic pulse detection, and timing

measurements. You can make rapid
circuit checks with both eyes on the
test points while the Investigator's
"beep" guides you.
Another exclusive among low-cost
DMM's is the Investigator's ability to
deliver fully compensated direct
temperature readings with any K-type
thermocouple.
The 8024A
also has apeak
hold feature

that locks onto and retains transient
signals, such as motor starting currents.
And with conductance (measures
leakage and high resistance), 0.1% basic
accuracy, custom accessories and all
the excellence you expect from Fluke,
the Investigator lists at only $199 U.S.
For all the facts on the new 8024A
Investigator, call toll free 800-426-0361;
use the coupon below; or contact your
Fluke stocking distributor, sales office
or representative.

FLUKE

IN THE U.S. ANI) NONEUROPEAN COUNTRIES:

IN EUROPE:

John Fluke Mfg. Co.. Inc.
P.O. Box 43210 MS=2B
Mountlake Terrace. WA 98043
1206) 774-2481
Telex: 32-0013

Fluke (Holland) B. V.
RO. Box 5053.5004 EH
Tilburg, The Netherlands
(013) 673 973
Telex: 52237

El Please send 8024A specifications.

D Please send all

the facts on Fluke
low-cost DMM's.

El Please have asalesman call.
Name
Mail Stop

Title
Company

Address
City
Telephone I

State

For technical data circle no.

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

Take
stock
"America.

Probing the news
Defense Department must absorb
some large programs that further
squeeze the budget. Among them are
such major projects as the proposed
mammoth MX missile project, various fighter programs for the Air
Force and Navy, the Army's new
tank, and the Navy's new aircraft
carrier.
On the aircraft side, for example,
the real opportunities are in electronic upgrading to enhance the
capabilities of existing airframes,
according to Nathan L. Higginbotham, manager of government market research at McDonnell Douglas
Corp. in St. Louis, who also is pessimistic about any real hardware
growth.
But the industry researchers for
the EIA, after picking their way
through the more than 1,000 line
items in a typical Pentagon budget
and talking to key executives in
government and industry, pinpoint a
host of promising electronics technology areas besides computers.
These include software, large-scale
integration, night vision, millimeter
waves, noncooperative identification
of friend or foe, signal processing,
and sensors in a variety of forms
such as new-generation infrared and
nonacoustic for undersea, land, and
air use.
In addition, the EIA forecast identifies three areas that are especially
promising for electronics companies:

electronic warfare; tactical command, control, communications, and
intelligence; and combat simulators
and other training aids.
Electronic warfare procurement in
fiscal 1980 already totals more than
$1 billion. Modification of existing
systems is the real growth area, and
R&D spending among the three
services totals $400 million in 45
program elements. Money here goes
for such things as multipurpose
sensors, advanced self-protection
jammers, radar warning receivers,
electro-optic processing equipment,
and software management.
Countermeasures. Also promising
in this area is counter command,
control, and communications-also
called command and control countermeasures-for which the Pentagon has drafted apolicy this year. It
should go from a$4.5 billion market
in this fiscal year to $5.5 billion in
fiscal 1989. R&D, now $1.5 billion,
will show no real growth and may
actually decline to $1.4 billion in
fiscal 1989. All three services have
such countermeasure programs.
The simulator segment should
grow markedly with training programs driven by rising fuel costs and
increasingly affordable computational technology. The EIA forecasts an
$8 billion market over the decade.
That expenditure will not be just for
airframe simulators, but for training
in electronic warfare, alpha radiation detection and the operation of
such items as guns, missiles, and
trucks.
Climb. Increases in

SPENDING BY CATEGORY (in billions of 1980 dollars)
1980 1981 1982 1983 1984 1985 1986 1987
RDT&E
and procurement

electronic content of
weapons programs
are greatest, on a
percentage basis,

Aircraft

4.4

4.4

4.3

4.2

4.2

4.2

4.2

4.2

for

Missiles

2.9

3.2

3.6

3.9

4.3

4.6

4.8

5.0

space.

Space

1.6

1.8

1.9

2.0

2.1

2.2

2.3

2.6

Ships

1.6

1.6

1.6

1.6

1.6

1.5

1.6

1.7

Ordnance/vehicles/
other weapons

0.4

0.5

0.5

0.5

0.5

0.6

0.6

0.6

Electronics and
communications

4.6

4.8

5.1

5.3

5.4

5.6

6.0

6.3

Military science,
other, management
and support

0.7

0.7

0.7

0.7

0.7

0.8

0.8

0.8

3.0

3.0

3.1

3.1

3.2

3.2

3.3

3.4

21.3 22.0

22.7

Operation and
maintenance
TOTAL DEFENSE
ELECTRONICS

19.2

20.0 20.8

missiles

and

23.6 24.6
SOURCE

EIA

A public service of this publication
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Facts from Fluke on low-cost DMM's

Conductance:
What it is, and what it can do for you.
We've often referred to
conductance as the "missing function"
in DMM's — the capability so many of
you have wanted in aDMM but
couldn't find until we introduced the
8020A Analyst.
Since its introduction, the Fluke
8020A has become the world's
best-selling DMM. And four more
low-cost models with conductance
ranges have been added to our line. But
you'll still find this function only on
Fluke DMM's.
Simply stated, conductance lets
you make resistance measurements
far beyond the capacity of ordinary
multimeters. Until the 8020A, there
was no way to make fast, accurate
readings from 20 M2 to 10,000 M12 —
ranges typically plagued by noise

pickup. Yet, measurements at these
levels are vital in verifying resistance
values in high-voltage dividers, cables
and insulators.
With conductance, the inverse of
ohms, which is expressed in Siemens —
Fluke DMM's can measure extreme
resistances. Simple conversion of
direct-reading conductance values,
then, yields resistance measurements
to 10,000 MO (and
100,000 M2 with
the 8050A),
without

special shielding and using standard
test leads.
Here the 8020A is being used to
check leakage in at,eflon pcb. With a
basic dc accuracy of 0.1% and an
exclusive two-year warranty, this
seven-function handheld DMM has
made hundreds of new troubleshooting
techniques such as this possible, and
more are being discovered every day.
For more details, call toll free
800-426-0361; use the coupon below;
or contact your Fluke stocking
distributor, sales office or
representative.

FLUKE

IN THE U.S. AND NONEUROPEAN COUNTRIES:

IN EUROPE:

John Fluke Mfg. Co., Inc.
P.O. Box 43210 MS*213
Mountlake Terrace, WA 98043
(206) 774-2481
Telex: 32-0013

Fluke (Holland) B.V.
P.O. Box 5053,5004 EB
Tilburg, The Netherlands
(013) 673 973
Telex: 52237

Please send 8020A specifications.

D Please send all the facts on Fluke
low-cost DMM's, including the
conductance application note.
D Please have asalesman call.
Name
Mail Stop
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Company
Address
City

Sta te
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Zip
Ext.
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Probing the news

Word processing

IBM widens office beachhead
Introduction of 5520 system fills hole in its text-editing
capabilities and sets up interdivisional competition
by Anthony Dumiak, Computers & Peripherals Editor

International Business Machines
Corp. is preparing an across-theboard attack on the office of the
future. The latest, and perhaps most
competitive, weapon is the model
5520 Administrative System.
A shared-logic word-processing
system that can support up to 18
work stations, the model 5520 was
introduced by the company's Atlanta-based General Systems division
earlier this month [Electronics, Nov.
8, p. 33]. The product, IBM's first
shared-logic system, offers refinements necessary for text editing,
including a larger 1,920-character
display and a more sophisticated
software package, that had been

missing from its earlier machines.
"It's the first decent word-processing system they've put out," notes
William Becklean, an industry analyst with Bache Halsey Stuart
Shields Inc.'s technology group in
Boston.
Available in five models, the 5220
lets its 18 work stations share the
computer necessary to implement
the word-processing functions, as
well as up to 130 megabytes of fixed
disk storage, 23 megabytes of on-line
diskette storage, and 12 printers.
No details. The unit has what
appears to be an interesting hardware configuration that couples between two and five 16-bit processors

to provide the necessary power. But
IBM will not reveal any details about
the processors, how they are interconnected, or the size and type of
main memory they employ. The
company confirms, however, that the
units use its 8-inch Winchester disk
drives for the fixed-disk storage.
The Administrative Processing
Program software necessary on the
new machine provides more sophisticated text-editing features and an
on-line Help facility that assists
operators by guiding them through
menus of available tasks and tutoring them on menu parameters and
keyboard functions.
This software will also support
electronic mail functions, such as
automatic initiation and reception of
calls to or from another 5520 and
unattended storing and forwarding
of documents. These calls can be
programmed to be made at acertain
time of day or when acertain quantity of documents accumulates, and
they can be distributed açcording to
routing lists in the system.
February start. Initial system shipments are scheduled for February
1980, but the full-blown systems will
not be available until next November. Prices range from $64,351 for a
low-end 5-station set up to $175,753
for one with 15 work stations and the
maximum disk configuration. Software monthly license fee is $245.
But competitors, who have been
aggressively eating into IBM's market share by offering many of those
features on technically sophisticated
Versatile. IBM's 5520 Administrative System has up to 18 work stations that share a
computer and perform the word-processing
tasks that are one of its prime functions.
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Facts from Fluke on low-cost DMM's

Is this any way
to treat a$129 multimeter?
In the rough world of industrial
electronics, even aprecision test
instrument can get treated like dirt.
You need all the ruggedness and
dependability you can get in aDMM
for field use.
You'll find these qualities and
more in the Fluke line of low-cost
DMM's. Our DMM's have been
dropped from towers, stepped on, and
run over by construction equipment.
And they've survived because we never
cut corners on quality, even on our
lowest-priced, six-function Model
8022A Troubleshooter at $129 U.S.
Take aclose look at alow-cost
DMM from Fluke and you'll notice
tough, lightweight construction that
stands up to the hard knocks of life.

Sturdy internal design and
high-impact, flame-retardant shells
make these units practically
indestructible. Right off the shelf, they
meet or exceed severe military
shock/vibration tests.
Even our LCD's are protected by
cast-tempered plastic shields. We use
rugged CMOS LSI circuitry for
integrity and
endurance, and
devote alarge
'number of

components to protection against
overloading, accidental inputs and
operator errors.
We go to these lengths with all our
low-cost DMM's to make sure they are
genuine price/performance values. You
can count on that. Because, that's
what leadership is all about.
For more facts on DMM reliability
and where to find it, call toll free
800-426-0361; use the coupon below;
or contact your Fluke stocking
distributor, sales office or
representative.

FLUKE

IN THE U.S. ÂNE) NONEUROPEAN COUNTRIES:

IN EUROPE:

John Fluke Mfg. Co.. Inc.
P.O. Box 43210 MS'Is 2B
Mountlake Terrace, WA 98043
32061 774-2481
Telex: 32-38113

Fluke (Holland) By.
P.O. Box 5053,5004 EH
Tilburg, The Netherlands
(013) 673 973
Telex: 52237
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Technological Leadership.

PROGRAMMABLE
TEST SET

M68MM 12
GPIB Controller

MEXi816
Memory

Create powerful new systems
fast and easily with flexible
Motorola Micromodules.
For your next microcomputer development
project, choose from the broadest, most
versatile selection of powerful, ready-to-run
modules. Choose Motorola Micromodule"
board-level systems.
You can have automatic testing, or control,
processing, diagnostic, analysis, management,
and many other systems easily and fast,
with Micromodules.
All the principal system functions you need
are available now in these 8-bit Micromodules:
CPU, memory (RAM, ROM, EPROM), serial and
parallel I/O (including GPIB). analog I/O
(high-level and low-level), high-speed math
processor and solid-state relay modules.
And you get software/firmware, high-level
language processors, card cages and even power
supplies — everything you need — from just
one broad-line source: Motorola.
Think of the hassles avoided, and the time
and cost savings possible.
Think of getting to market faster, and with a
competitive edge.

The Micromodule family is designed around
Motorola's M6800 microprocessor family,
including the MC6809-based MM19 monoboard
microcomputer, the most powerful 8-bit systemon-a-board. All Micromodules are fully compatible
with Motorola EXORciser€ and EXORtermTM
development systems.
For Micromodule information, send to
Motorola Semiconductor Products Inc.,
RO. Box 20912, Phoenix, AZ 85036 for acopy of
our Micromodule brochure. For more detailed
assistance, contact your Motorola Semiconductor
sales office or authorized distributor.
Whether your needs dictate use of ready-to-run
Micromodule power and performance, or building
the next system from basic components up,
Motorola is committed to supporting your

Innovative systems
through silicon.

MOTOROLA INC.
94

Circle 94 on reader service card
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Motorola's
Micromodule family.
Ready-to-run power
and performance.
Monoboard Microcomputers
Mti8MMOI
Monoboard Microcomputer I (6800)
M68MMO I
A
Monoboard Microcomputer IA 16800)
M68MMOIB
Monoboard Microcomputer I (6802)
M68MM01131A
Monoboard Microcomputer IBIA (6802)
M68MMO ID
Monoboard Microcomputer ID 168001
M68MM19
Monoboard Microcomputer 19 (6809)

Processor Modules
M68MMO2
6800 CPU Module
M68MMI4
Arithmetic Processing Module

Memory Modules
M6FIMMO4
EPROM /ROM Module 116K Max)
M6f4MMO4A
EPROM/ROM/RAM Module (64K Max)
M68MMO6
2K Stat lc RAM Module
M68MMO9
4K Static CMOS RAM Module w/Batteiy Backup
MEX6815-3
8K Dynamic RAM Module
MEX6816-1
I6K Dynamic RAM Module
MEX6816-1HR
I6K Dynamic RAM Module w/Hidden Refresh
MEX68RR
EPROM'RAM Module

Digital I/O Modules — Parallel
M68MMO3
3232 I/O Module
MEX682 I
PIA-Based I/O Module 40 lines)
M68MM I3A
Isolated Relay Output (16 Channel)
M68MM 13B
Isolated Relay Output (32 Channel)
M68MM I3C
Opto Isolated Input. Voltage (24 Channel)
M68MM 130
Opto Isolated Input. Contact Closure (24 Channel)
M68MM23
Opto Isolated PO Module IAC/DC)

Digital I/O Modules — Serial
M68MMO7
Quad Communications Module
MEX6850
AC1A Module
M68MM II
RS-232C to 20 mA Adapter Module
M68MMI2
GPIB Listener/Talker/Controller Module
M68MMI2A
GPM Listener Talker Module

Analog I/O Modules
M68MMO5A
12-Bit AID. High-Level. 8 Channel (DM
M68MMO5B
12-Bit A/D. High-Level. 16 Channel IS/E)
M68MM15A
12-Bit AID. High-Level. 8/16 Channel (Diff-S/E)
M68MM15A1
12-Bit AID. High-Level. 16/32 Channel (Diff-SE)
M68MM1513. BEX
16-Bit. Low-Level. 1-16 Channel
M68MMO5C
Quad 12-Bit DIA Module
M68MM15CV
Voltage D/A Module 11-4 Channel)
M68MM15C1
Current DA Module (I-4 Channel)

Packaging and Support Hardware
M68MMCCO5
5-Slot Card Cage
M68MMCCIO
10-Slot Card Cage
M68MMSC
5-Slot Rack-Mount ChassislTop Load)
M68MMLC
10-Slot Rack-Mount Chassis (Top Load)
M68MMFLC
14-Slot Rack-Mount Chassis (Front Load)
M68MPS1- I
Power Supply 1v5 V.±-12 V)
MEX68WW
WIrewrap Module
MEX68USM
Universal Support Module
MEX6f3XT
Extender Module

Peripheral Devices and Interfaces
M68MDM I
5-Inch CRT Display Module
M68D1M2A
Display Interface Module
M68SFDC2
6800 Floppy Disk Controller Module
M6809FDCONT2
6809 Floppy disk Controller Module
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has the model 3730 Distributed
Office Communications System, introduced ayear ago.
products for the past few years, do
"We're seeing the emergence of a
not appear worried.
new marketing strategy from IBM,"
"The new 5520 is priced at
Becklean notes. "Now there's a lot
between $15,000 and $16,000 per of product overlap and the divisions
will compete."
work station, and that's about a30%
Despite what might be market
premium over us," says John Cunningham, executive vice president
competition, the products can be
very friendly once they are installed,
for Wang Laboratories Inc., Lowell,
Mass. Cunningham points out that
afeature that may give IBM aleg up
when it comes to fully integrating an
Wang's Integrated Information Sysoffice. The model 3730 is designed to
tems, introduced last June [Electronoperate with up to 12 work stations,
ics, May 24, p. 34], offer additional
linked to either a stand-alone concapability, since they merge dataand word-processing functions on a troller or one attached to a System/370 host computer. When atsingle set of machines—something
tached to the host computer, centralIBM is yet to do on the 5520.
Like others, Cunningham is surized electronic document filing, retrieval, and distribution can be
prised by the fact that IBM chose the
performed, the company notes. The
General Systems division, its smallstand-alone Office System/6 from
business computer maker, to sire the
new product. Up to now the Office
OPD can communicate with other
machines in its family and communiProducts division, Franklin Lakes,
N. J., which essentially created the cating magnetic-card typewriters.
Talkative. The new 5520 can talk
word-processing market with its
to all of these at speeds of up to
magnetic-tape typewriters in 1964,
9,600 bits per second as well as IBM's
has been IBM's contender.
innovative model 6640 ink-jet docuNow, though, all three divisions
ment printer and model 6670 inforhave word-processing capability. In
mation distributor —a nonimpact
addition to GSD and its 5520, the
printer based on xerographic copymainframe-marketing Data Processing division, White Plains, N. Y.,
ing techniques.
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IBM unit types and talks
While International Business Machines Corp.'s General Systems division was
entering the office equipment field, one formerly the exclusive preserve of the
Office Products division in Franklin Lakes, N. J., the New Jersey group
bolstered its line with a unique talking typewriter. Called an audio typing unit,
it produces synthetic speech from typed information, thus enabling blind
typists to "proofread" their own copy. The unit attaches to any of four IBM
magnetic-media typewriters. A keypad allows the typist to select a variety of
operating modes—from hearing the audio response for every key stroke to
hearing the text in review.
An audio console contains 44 kilobytes of memory for the unit, of which 24
kilobytes holds language-dependent codes that change the text representation into phonetic representation and send prompts to a voice synthesizer.
The synthesizer is a custom chip developed for IBM by the Votrax division of
Federal Screw Works in Detroit. But IBM declined to elaborate on the chip's
details or on marketing arrangements with Votrax.
The software for the audio typing unit includes preprogrammed pronunciation rules and discrete speech sounds, called phonemes. The voice synthesizer produces and blends the phonemes to form continuous speech. It also
spells, sounds out punctuation and spacing, and indicates the typing position
on the page. In addition, it verifies the mode and type size the typist has
selected.
The unit was developed and is being manufactured at IBM's facility in
Austin, Texas, and will sell for $5,300 or lease for $150 to $170 a month. It
will be available in the U. S. and the United Kingdom for delivery by early
1980.
-Ana Bishop
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Consumer electronics

Santa Claus feels chip pinch
Shortage may cause game deliveries to fall 20% below order level,
as manufacturers generally remain loyal to IC suppliers
by Larry Marion, Chicago bureau

The stratospheric rise of popular
interest in electronic games spells
trouble for retailers and toy assemblers this Christmas, because chip
suppliers will not only fail to meet
demand, but will also renege on their
commitments. Letters from Mattel
Electronics Inc. of Hawthorne,
Calif., and other assemblers are now
going out to retailers with the bad
news that deliveries of finished
games may fall 20% short of the
orders accepted only six months ago
[Electronics, June 21, p. 42].
The shortfall comes at an awkward time for retailers. Sears, Roebuck and Co. of Chicago predicts
that revenues from electronic game
sales this year will represent the bulk
of its 1979 toy dollars, a significant
milestone for aproduct line that did
not exist before 1977 but should
gross $400 million or more this year.

Michael J. Moone, vice president
and manager of Milton Bradley
Co.'s game division, Springfield,
Mass., says a shortage of memory
chips and the Texas Instruments
1000 family microcomputer will
force shipments 15% to 20% below
the size of its order book. "And it
could get worse," he says, depending
on the size and condition of midNovember deliveries: "We have seen
some decline in the quality of chips
delivered." Milton Bradley, like .other toy manufacturers, usually limits
itself to two chip suppliers (Ti and
Intel Corp.), but may add suppliers
next year. "We're pursuing every
avenue at this point," Moone adds.
Hanging in. Over at Mattel, "all
large-scale integrated circuits are
tight," laments Edward M. Krakauer, senior vice president and
general manager. Rather than look

elsewhere, Mattel is maintaining its
"good relationships" with suppliers
Rockwell International Corp. and
National Semiconductor Corp., despite canceled shipments.
Although finding additional
sources is a tempting prospect, toy
makers are reluctant to spread themselves among multiple sources.
Many of their toys require custom
masks for the special features.
For example, Bradley's Big Trak
tank is a programmable robot toy.
Although the company uses comparatively low-level microprocessors
such as the 4004 from Intel, it still
cannot find loose supplies. "We
would buy other chips if they were
available," says Moone.
Krakauer of Mattel says he is
unwilling to turn to other sources
because of the expense and time
necessary when custom products are

The appeal of electronics. Youngsters across America are turning electronic calculator-like games into a craze. Sears Roebuck expects
them to make up the bulk of its 1979 toy sales, and the prediction is that total U. S. retail sales will come to about $400 million.
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Shortfall. Michael J. Moone of Milton Brad-

Fantasy. Electronic toys are gaining corn-

ley Co. says shortage of memory chips and

plexity. This is Mattel's Big Bird, a simulated

microcomputers will cut shipments.

fighter spacecraft with sound.

involved. Also, since the toy companies rely on outside semiconductor
expertise more than a General
Motors or a Ford, assemblers like
Mattel do not want to betray their
friends. "They're doing the best they
can," say asympathetic Krakauer.
Retailers, though, may not remain
as calm when they learn that Mattel
will drop at least one product from
its fall delivery schedule and switch
its supplies to higher-priced toy
lines. "We will try to meet demand
equitably," says Krakauer.
Some satisfied. Meanwhile, Parker Bros. Inc., the Beverly, Mass., toy
subsidiary of General Mills, is in
similar shape. In fact, it will go to
second sources next year for almost
every product, says Ronald Jackson,
marketing vice president. Parker
ranks behind electronic game leaders
Mattel and Bradley.
All sides are reluctant to blame
the others, because major toy assemblers and their suppliers this year
boosted product plans two- or threefold. The heavy demand for semiconductors from the auto industry and
the more traditional buyers is no
help. Moreover, the popularity of
electronic games last year—many
leading products were sold out a
month before Christmas, and ablack
market developed—led several more
assemblers, including importers, to
enter the market recently.
Some retailers are confident that
they will receive, and sell, what they
ordered. Major retail marketer

K-Mart Corp., Troy, Mich., says,
"there's no problem getting what we
need."
Emphasis hit. But one electronic
toy assembler sharply criticizes enthusiastic retailers like Sears.
"They're paying too much attention
to electronics, and not enough to the
basics." Another assembler defends
the principle, though she questions
the timing, too: "We think that,
eventually, electronics will be bigger" than the current champion,
board games. Meanwhile, Sears'
Christmas catalog includes 15 pages
devoted to electronic football, baseball, and educational games, including Speak & Spell from TI.
Assemblers, already worrying
about last-minute deliveries, are
even starting to talk about a
shakeout in the industry. "How
many of seven football games can
sustain themselves in the marketplace?" questions Moone of Milton
Bradley. Adds Krakauer of Mattel,
"I'm amazed at the number of products out there." To prevent its advertising from helping sell the me-too
products of smaller competitors—
customers looking for a sold-out
advertised product will settle for an
electronic product without a brand
name—Bradley and Mattel are already pulling some advertising away
from electronic products and increasing their plugs for traditional
games. "Our greatest concern is if
the consumer does not find our product available," says Moone.
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MONOBLOC TUBULAR
Ceramic Capacitors
ERIE offers a multitude of sizes
and capacitance values in tubular
monolithic ceramic construction. The
tube can be solid dielectric or buried
electrode type in both Pi and feed-thru
"C" configurations. For additional data
write for Bulletin MT-100.

MONOBLOC
DISCOIDAL
Ceramic Capacitors
ERIE offers awide range of discoidal
capacitors ...
many as standard stock
items. These reliable discoidals have
acapacitance range from 10 pF to 5p.F
with atypical voltage range of 28 Vdc
to 250 yac. For additional data write for
Bulletin MD-500.

ERIE TECHNOLOGICAL PRODUCTS, LTD.
Trenton, Ontario, Canada
613-392-2581
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Meetings

Midcon sets attendance mark
17,000 attend Chicago show, 60% more than at first running
two years ago; exhibitors say they're enthusiastic

by Roger Allan, Components Editor

Its sponsors had predicted —and
hoped —that the third annual Midcon would be better than the other
two, and they were right. Some
17,268 individuals passed through
the doors of the O'Hare Exposition
Center last month in Chicago to
indicate that at least one segment of
the economy, the electronics market,
is still growing strong. The attendance was up 60% over the figure for
the 1977 Chicago show, when the
convention made its premier showing. Midcon alternates annually be-

tween Chicago and Dallas.
According to Midcon director
James Ralston of the Allen-Bradley
Co., Milwaukee, "The attendance
was better than anything we expected. So was the professional
program."
In fact, it was the right combination of arecord number of exhibitors
and a strong professional program
that did the trick [Electronics, Oct.
25, p. 90]. Some 350 exhibitors
occupied 535 booths, compared with
260 in 401 booths in 1977.

e•iet.„

Exhibitors interviewed at random
had nothing but praise and good
marks for this year's show; many of
them indicated that they would like
to be back in Chicago in 1981.
Dennis King, regional sales manager
for Data Precision Corp., Danvers,
Mass., said that "it was agood show.
The quality of the leads was equal to
that of Wescon and other major
shows we've been in. We certainly
might be back in two years."
Echoing his remarks was Frank
Goodenough, technical promotion

operate actuation, are available in awide range
of AC and DC voltages. Class A(105° C) insulation
and .187" quick connect terminals are standard.
And when astandard solenoid won't do,
P&B will design one specially
to meet your requirements.
Special terminations,
mountings, plunger end
configurations, duty cycles
and intermediate voltages
are but afew of the options
available. We can also
design special solenoid
assemblies for awide range of
applications.
e
Potter & Brumfield Division,
AMF Incorporated, 200 Richland
Creek Drive, Princeton, Indiana
47671. (812) 386-1000.

PotteregiBrunifield
Circle 132 on reader service card

manager for Analog Devices Inc.,
Norwood, Mass. "An excellent
show. The quality of the people stopping by our booth was as good as
anything I've seen. We will be in
Dallas next year," he said.
Some, such as Ernie Lutfy, sales
manager for Krohn-Hite Corp.,
Cambridge, Mass., were surprised at
the showing. "It's apleasant surprise
to us. The quality of the leads is
high. We might be back in Chicago
in two years," he said.
Two of the nation's largest integrated-circuit manufacturers, Intel
and Texas Instruments, were exhibiting. Both of them plan to be in
Dallas next year. Notably absent
were instrument giants like HewlettPackard, Tektronix, Systron-Donner, and Dana Laboratories, although others like John Fluke and
GenRad were present.
Varied program. Midcon's sponsors this year scrapped the tradition
al distributor-marketing seminar
and keynote speech in favor of a
more solid and varied professional
program. The 29 technical sessions
were sufficiently varied to attract

Getting bigger. Trend lines for E-PROMs and EE-PROMs show rapidly increasing size. A
32-K E-PROM is now available, and it appears that a 16-K EE-PROM will arrive very soon.

virtually every type of engineer. For
example, there were sessions reporting not only on exciting digital and
analog IC developments, but also on
advances in consumer, industrial,

military, medical, manufacturing,
energy, communications, instrumentation, and management areas.
About one third of the professional program dealt with device and

...and other solutions to your
tough design problems are found in
P8.B's growing product line.

NEW Rocker
Actuated MiniMag Circuit
Breaker. Serves
as both panel
switch and circuit protector.
Trip-free operation. Maximum operating voltage
250V AC or 50V DC. Wide
variety of trip curves, ratings
from 0.2 to 30 amperes. UL
Recognized; CSA Certified.

NEW 5-Pole KH Relay.
5form Cversion of
popular KH relay is only
slightly larger than
present 4form C model.
Rated 3amps at 30V DC,
resistive, or 120V AC.
100,000 operations
minimum. Available
with plastic dust cover
or hermetically sealed
in asteel case.

Circle 133

Circle 134

NEW 4-Pole KU Relay.
UL Recognized relay with
switching capacity for an
additional circuit in the
same space as present
3-pole KU. 5and 10 amp
contacts available on both
open and enclosed versions.
Ideal for use where switching for extra circuits is
needed, but additional
space is not available.
Circle 135

Potter & Brumfield

NEW K10 General Purpose
Relay. Space-saving relay
has contacts rated 10 amps
at 28V DC or 120V AC, resistive, 100,000 operations
minimum. Contact arrangements to 2form C Ruggedly
constructed for use in alarm
sïstems, control assemblies
and other applications requiring 10 amp switching
in alimited space.

Circle 99
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device-related subjects that included
analog-to-digital and digital-to-analog converters, microprocessors, control ICs, semiconductor memories of
all types, and their system design
considerations. As for the microprocessor, software is receiving greater
attention than hardware. Anyone
attending the session "Advanced
Software Tools for MicroprocessorBased Systems" could see why as
new-generation software languages
and development systems were discussed. Mark Krieger of Whitesmiths Ltd., New York, explained
what the C language for Z-80- and
8080-based microprocessor systems
was like. He predicted that by next
year C will be available on some
16-bit microcomputers as well as on
the IBM System/mainframes.
Also from Whitesmiths was P. J.
Plauger, who reported on the development of aUNIX-like minicomputer
operating system called Idris. (uNix
was developed at Bell Laboratories
in the early 1970s.) Although it is
similar to UNIX, Idris was designed
from the ground up. According to
Plauger, it is pin-for-pin compatible
with UNIX on some popular minicomputers like the PDP-11 and
microcomputers like the LSI-11.
Skip Stritter and Don Weiss of
Motorola Inc.'s Austin, Texas, facility described how Pascal was used for
the firm's 6809 and 68000 microprocessors. Also discussed was an extension of Pascal to support commercial
and industrial microprocessor uses.
Count. Ever wonder how many
electrically erasable programmable
read-only memories, or EE-PROMS,
there are in use in the field? Over 6
million, according to John Wunner
of General Instrument Inc., Hicksville, N. Y., who gave apaper on the
many applications of these devices in
a session titled "Future Trends in
Nonvolatile Memories."
Yokichi Itoh of Hitachi Ltd.'s
Central Research Laboratory, Tokyo, reported on his firm's efforts to
develop a 16-K EE-PROM with a200nanosecond read-access time. Expected to be ready in sample quantities by the first quarter of next year,
this metal-nitride-oxide-semiconductor device is not word erasable.
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Using Wavetek's Model 175
Arbitrary Waveform Generator is
like drawing on your oscilloscope.
You have a256 x255 point grid to
work with. Time is along one axis,
amplitude is along the other. Simply
program the waveform, point by
point, either from the front panel or
via the GPIB bus. ARB stores the
shape you've programmed and will
duplicate it at any frequency and
amplitude you select. You can also
edit point by point if you decide to

change the wave shape later on.
Operational modes include
continuous, triggered, and even
triggered burst—which will take
care of almost any application.
If you've ever tried to generate
sin x/x or any other non-standard
function on ordinary equipment,

you know what abreakthrough ARB
represents. Now, instead of
choosing just sine, square or
triangle outputs, you can be
completely arbitrary for only $3,995
Provided you've chosen Wavetek's
Model 175 to be arbitrary with!
Wavetek San Diego,
9045 Balboa Ave., PO. Box 651,
San Diego, CA 92112. Tel: (714)
279-220G; TWX 910-335-2007

TE 14
Circle 101 for demonstration
Circle 104 for literature

The ARB generates
any waveform you can draw.
And we have the pictures
to prove it.

Up-fiDnt backup.
Now Bussmann brings products and technical
backup right to your front door.
If you've been going to
an electronics distributor
for Bussmann products,
here's great news.
The Bussmann representative who brings new
product information and application help to your distributor will now do the
same for you.
He is likely to be the
same sales representative
who's kept you stocked with
avariety of other electronics products.
But now that he'll be
bringing you
Bussmann
too, you

stand to gain alot more than
just single-source convenience.
For one thing, you'll get
dependable technical help
whenever you need it. As
an experienced electronics
professional, your Bussmann representative is a
prime source of application
advice. And he has the
full backup of Bussmann inplant application specialists.
Your Bussmann representative will also give you
faster, more direct access
to Bussmann products. Product
literature. Tech-

nical bulletins. And more.
Working with your
distributor, your Bussmann
representative puts our
total capability at your
disposal. This new service
team is just one more way
we've strengthened and
reaffirmed our commitment to you.
After all, when you
specify the best electrical
protection devices money
can buy, you expect
equally good service.
And now Bussmann
gives you both.
Bussmann Manufacturing Division
McGraw-Edison Company
P.O. Box 14460
St. Louis. Missouri 63178

McGRAW-EDISO
Bussmann.
The Protection
Experts.
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Technical articles

Applying the Hamming code
to microprocessor-based systems
Three practical circuits automatically detect
and correct bit errors in 8- and 16-bit machines
by Ernst L. Wall,

International Telephone and Telegraph Corp., Telecommunications Technology Center, Shelton, Conn.

E For years, digital communications systems, unattended data-gathering equipment, and computers have
used special codes to detect and correct errors in data
words. The Hamming code, first proposed back in 1950,
has generally been employed in systems with few errors
and would be ideal for many microprocessor-based applications. But information on the circuits that implement
the code has customarily been regarded as proprietary.
The detail in which the following three circuits are
discussed is therefore particularly valuable. The designs
were developed specifically to assure the accuracy of 8and 16-bit microprocessor applications.

Two of the circuits detect and correct single-bit errors
in 8- and 16-bit words, in real time, for aminimum delay
in program execution. They use hardware only. The
other, which will be described first, is an 8-bit circuit
that does not function in real time. Its data- and
address-capture latches are read by software and this
data is used to correct single-bit errors and also detect
double-bit errors. It is less practical than the real-time
circuits for unattended locations because it does not
correct errors without immediate interrupts during
program execution.
In addition to the required TTL overhead, there is an
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1. Software, too. If there is an error, the timed interrupt circuit interrupts the 8-bit processor and pulls the latch-strobe-out line low (a),
trapping address, data, and parity in latches B-E (b). Chips G-J solve the Hamming equations; K and 0 sum the overall parity.

extra memory overhead: 5extra Hamming code bits are
added to an 8-bit machine and 6bits to a 16-bit machine
when both single-bit correction and double-bit detection
are used.
A choice
All three circuits operate at the same speed but the
circuit of Fig. 1, the 8-bit software and hardware
approach, is slightly faster than the 8-bit real-time
approach (circuit 2) because there are fewer TTL propagation delays. The non-real-time approach also requires
that the correction program be stored in amemory array
that is much more reliable than the memory array that is
being checked. Otherwise, an error in the correction
program could produce incorrect results.
The Hamming parity-checking circuitry of course

increases the propagation time of the signals in all three.
But in the real-time approach, the additional propagation delays inherent in these circuits could necessitate
adding "wait" states to a fast processor, thus slowing it
down. On the other hand, in applications such as telecommunications, disrupting a control processor at
random times to correct errors could cause considerable
difficulties.
What's the code?
How the Hamming code works can be explained in
terms of Table I.
The top row, labeled "bit content," shows the structure of a 16-bit data word in which Hamming bits have
been inserted. The 5 H, bits are parity, or Hamming,
bits, and the 16 Ds are the data bits. Beneath each bit

Hamming is still showing the way
According to the citation in his latest award from the
Institute of Electrical and Electronics Engineers, Richard
W. Hamming, the inventor of the Hamming code, has been
a leader in the "introduction of error-correcting codes and
[hasj done pioneering work in operating systems and
programming languages and the advancement of numerical computation."
This is the wording in the 1979 Emanuel R. Piore Award
given to the 69-year-old Ph.D. mathematician at the
computer conference, Compcon Fall, in September in
Washington, D. C.

104

Hamming has been with the faculty of the Naval Postgraduate School since 1976, following a 30-year career
with Bell Laboratories in Holmdel, N. J. There, he worked
on applying computing theory to military and telephone
research. He published his first Hamming code paper in
the Bell System Technical Journal in 1950. It supplied the
basis for the error-detecting and -correcting codes today
found in almost all data-communications and computer
systems and remains perhaps the most important of his
publications, which include several books and over 100
other technical papers.
-Harvey J. Hindin
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position number, shown in base 10, is acolumn containing a 5-bit binary number, which is equal to the bit
position number and is called a pointer word. (The
uppermost bit is the least significant, the bottom one the
most significant.)
Table 1 and the equations below it are based on
Hamming's work. The latter are exclusive-OR combinations of the data and the Hamming bits. Note that each
Hamming bit occurs in only one of the equations and is
associated with adifferent combination of data bits. It is
generated as the even parity of the data bits in its
equation—that is, it rounds out the sum of the data bits
to an even number by being set at 0or at 1.
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Thus, when summed with their associated data bits
during a read from memory, the Hamming bits yield
either 0(if there is no error), or 1(if adata or Hamming
bit is in error). (See "Computing Hamming bits,"
p. 110). In the latter case, the five P, equations taken
together yield one of the 16 5-bit pointer words in Table
1. In other words, any single-bit error produces a 5-bit
pointer word that indicates its position in the word and
may be used to trigger either hardware or software to
correct the erroneous bit by inverting it.
A standard, fixed order is used to insert the Hamming
bits that is invariant regardless of data-word length.
Thus the 2Hamming bits needed to check a 1-bit binary
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the appropriate output of chip I,

which inverts the data bit that was wrong. One error can be detected and corrected, but two errors cause failure.

data word precede the first data bit; the extra Hamming
bit that would be needed to check a2-, 3-, or 4-bit data
word follows the first data bit and precedes the second;
the fourth Hamming bit needed to check 5-through-8-bit
words follows the fourth data bit and precedes the fifth,
and so on.
This invariance has two important—and elegant —
consequences. First, it makes it possible to arrange the
equations so that, when abit is in error, they yield the
binary equivalent of that bit's ordinal position in the
word. Second, the user's task is simplified: he or she just
chops the sequence of Hamming and data bits (and the

Why all the fuss?
No longer an optional luxury, error-detection and -correction codes are becoming standard on most computer systems as hardware costs come down and system
complexity goes up. Semiconductor memories particulary need the codes, being more prone to errors than
the older magnetic-core designs.
But now increased chip densities makes the use of
these codes even more critical. The denser memories
are especially susceptible to single-bit errors induced
by alpha particles hitting the semiconductor. As the
semiconductor manufacturers discuss chip densities of
64 and 256 K, the computer makers are looking
towards new schemes that go beyond the Hamming
code to detect as many as 3failing bits and correct up
to 2-bit errors.
-Anthony Durniak
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accompanying equations) off at the point that includes
the number of data bits in his or her word, thereby using
the fewest possible number of Hamming bits needed to
detect 1-bit errors.
To detect adouble error, asimple parity check over all
bits—Hamming and data —can be added to the procedure. An odd number of bit errors will generate an odd
parity, a zero or an even number of bit errors will
generate an even parity. A single-bit error in aword can
be detected and corrected; adouble-bit error can only be
detected. The probability of having no more than two
errors may reasonably be assumed for many systems.
However, it is a necessary assumption here, for the
scheme actually breaks down for three errors.
Invoking software
A practical circuit for error detection and correction
for an 8-bit processing system does several things. First,
of course, the special Hamming circuits determine if
there has been an error by generating the four equations.
Latches immediately latch or trap the addresses of an
incorrect word, the word itself, and the Hamming data.
Finally, the processor is interrupted.
The block diagram of Fig. la gives an overall indication of the sequence of events. First, the circuit's address
bus selects an 8-bit location in the central processing unit
data block and a corresponding 5-bit location in the
Hamming block. While 8data bits are being written into
the CPU memory block, the Hamming circuitry generates a4-bit Hamming word and 1overall parity bit and
stores it in the Hamming memory blocks. Subsequently,
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when the data bits are read from CPU memory, the
Hamming circuitry compares them with the Hamming
memory data. If there is an error, one or more of the
output parity lines Po—P 3 go high. This event causes the
interrupt circuitry to store the current word's address,
the CPU data, and the Hamming output data in their
respective latches and to alert the CPU. The CPU then
retrieves the data from the latches, corrects it, and
rewrites it into memory.
Figure 1
bgives the details of the circuit. More specifically, when data is being written into memory, the
Ho—H 3 and H, (overall parity) lines are disabled from
memory by the three-state buffer M and grounded by
the three-state buffer N, whereas the parity lines Po—P 3
and P, are enabled to memory by buffer P. Each of the
parity chips G—J then sums the parity of the pertinent
data with its respective Hamming bit set equal to O.
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Note, however, that while chips K and 0 sum the total
parity of Do—D, and Ho—H 3, chips G—J solve the
Hamming equations 00—P 3.The P, variable is the simple
overall parity that is used to determine if there is asingle
or double error.
While data is being read from memory, the parity
lines Po—P 3 and P, are disabled from memory, whereas
the Hamming lines Ho—H 3 and H, are disabled from
ground and enabled to memory. Now the parity chips
G—J each sum the parity of the appropriate data and
Hamming bits for equations Po—P 3. If there are no
errors, the CPU data bits give an even parity, or 0, for
Po—P 3 when summed with the Hamming parity data.
Chips K and 0 provide the overall simple parity.
But if there is an error, one or more of the parity
outputs will go to 1and there will be an output from gate
Q. A timed interrupt circuit, or strobe, responds to this
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3. Sixteen bite. Operation is similar to the 8-bit real-time circuit but all five complete parity equations must be solved. P. enables the lower
decoder chip Pfor errors in data bits less than D,, and enables the upper decoder chip Q for errors in data bits D,, and above.

output by enabling the four latches B—E, so as to trap the
address, data, and parity bits, and by sending an interrupt to the processor.
The processor thereupon instructs a software routine
to read the data from the latches. These latches are each
output-enabled in turn by the 4-to-16-line decoder chip
A, which is addressed as an uo port. The software then
corrects the data and writes it back into memory (provided of course that there was only one error). Finally,
the latch strobe from the timed interrupt circuit will be
released by a strobe from the decoder chip A, and the
interrupt circuit itself will be reset.
Points to remember
The details of the operation of the timed circuit vary
with the timing signals from the particular processor
being used. They also depend on the access time of the
memory array and the propagation time through the
parity chips. Time must also be allowed for the data to
stabilize before the interrupt is enabled, for otherwise
false interrupts will occur.
This hardware/software circuit has been verified in an
Irr laboratory by a computer simulation but was not
constructed because areal-time circuit was more appropriate for use in unattended systems. Instead, areal-time
8085-based single-board telecommunications control
processor was built and successfully tested.
Real-time error correction for the 8-bit microprocessor is perhaps simpler to implement, since it uses hardware only. In this circuit, the memory array has separate
data-in and data-out lines as in typical 16-K dynamic
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random-access memories. The same Hamming circuitry
is used as in the previous circuit, but there are neither
latches nor an overall parity check for double errors.
Instead, a4-to-16-line decoder and an exclusive-OR gate
array perform the error-correction functions.
The circuit design assumes that each word will be
either accessed at least once or scanned for errors in a
period of time much shorter than the mean time between
failures. This is the usual mode of operation.
If an error is encountered while the memory is being
read, it is corrected before it can reach the processor bus
and trip alatch or counter. This latch or counter can be
periodically checked for errors. If an error has occurred,
it is necessary to read each word in memory (thus
correcting it) and then rewrite it.
Because of this frequent access, it is assumed that the
probability of double errors, though finite, is negligible,
so no overall parity is taken. Again, this is areasonable
assumption for practical systems.
Figure 2a outlines the operation of this circuit. As
before, the address bus selects an 8-bit CPU data location
and a corresponding 4-bit Hamming data location; the
Hamming circuitry generates Hamming code from any
8-bit CPU data being written with memory and stores
Po—P 3in the Hamming memory.
While data is being read from those locations, the
Hamming circuitry compares data from the CPU memory and the Hamming memory. If there is an error, one or
more of the lines Po—P 3 gdo high, causing the latch (or
counter) to trip for later reference, while the 4-to-16-line
decoder's outputs are combined with the CPU memory
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data via exclusive-OR gates to correct the erroneous bit.
If there is no error, the data is unchanged.
The circuit's detailed operation may be understood
from Fig. 2b. During writing, the Hamming lines 1-1 0—H 3
are grounded by buffer chip A, and the data being
written into memory is admitted to the parity chips C—F
by the three-state buffer G. As with the combined hardware and software approach, this permits the parity of
the data alone to be summed and stored in the Hamming
memory via lines 1
30—P 3.During a read operation, Po—P 3
form apointer word that points at aspecific data bit by
means of the 4-to-16-line decoder chip I.
The exclusive-OR array Jcombines each output line of
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the decoder chip with its respective set of data bits in
accordance with the error positions of Table I. Note that
since the output of the decoder is active low, it is
necessary to invert the result by using an inverting
three-state buffer at chip K. Otherwise, a noninverting
buffer would be used.
As in the hardware and software approach, time must
be allowed for the data to be accessed and propagate
through the circuitry. Otherwise, propagation skew
would indicate errors falsely. For this circuit, the propagation time is about 150 nanoseconds.
In the telecommunications control processor in which
this circuit was tested, the Hamming circuitry can be
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Computing Hamming bits
It is simple to correct any error in a stream of binary data:
the value of any bit known to be erroneous is simply
inverted. But there's the rub. How can the transmitting
device tell the receiving device which bits are wrong?
The Hamming code was the first of many techniques for
manipulating data streams so as either to detect or to
detect and correct errors. It depends on a clever interweaving of the data bit stream with another bit stream
composed of Hamming (or check, or parity) bits. The
values of the Hamming bits are determined by the values
of the data bits and their positions are fixed in relation to
the data bit positions according to equations developed
by Richard Hamming. Since the receiver knows how the
transmitter does this, it can infer the existence of a bit
error from any discrepancy between the Hamming the and
the data bits.
For instance, to ensure the detection and correction of
any single-bit errors in a 4-bit data word, a transmitter.,
would interleave the 4 data bits, D1-D4, with 3 Hamming
bits, thus: Ho, HI, Do, H2, DI, D2, D3. It would derive the
value of each Hamming bit from adifferent combination of
3 data bits, thus: Ho from Do,DI, D3, HI from Do, D2, D3,
and H2 from DI,D2, D3. The premise is that the sum of the
3 data bits plus the Hamming bit must always come out
even; in other words, each Hamming bit provides even
parity for its associated data group by being set at 1when

the sum of those 3 bits in base 2 arithmetic ends in 1and
at 0when the sum ends in 0.
In this example, if the data bits are 0101, logic circuitry
in the transmitter calculates the Hamming bit as 010, and
the word 0100101 is transmitted. Then if some noise on
the line changes the second data bit (D 1)from 1to 0, the
logic circuitry in the receiver gets 0100001, computes the
pointer bits as 101, deduces DI is in error, and corrects it.
Then it strips out the Hamming bits and passes the
corrected 4-bit word, 0101, to the next part of the system
for further processing.
Hamming set up similar structures for data streams of
various lengths. Roughly speaking, the longer the data
word, the lower the ratio of the Hamming to data bits, and
the less the data-transmission efficiency is affected.
Moreover, his work pointed the way to even more
powerful codes that could detect and correct multiple
errors. However, many of those codes are not only
complex to analyze, but require so many parity bits to be
added to a data word that they drastically lower the
effective data transmission rates. They are therefore used
for special-purpose applications requiring a few or zero
errors. For example, the Hagelbarger code will correct up
to six consecutive errors, at the price of using as many
check bits as data bits and thus creating 100% redundancy on the transmission line.

locked in or out of operation. This was done, by means of
software-controlled latches, for maintenance and evaluation purposes.
In typical tests, data was written into memory with the
Hamming circuitry active. Following this, the Hamming
circuitry was locked out, single-bit errors were written
in, and the Hamming circuitry reactivated. A check on
the memory locations with the errors showed them to
have been corrected.

data, and all three data groups are written into their
respective locations.
When data is being read from memory, the Hamming
data goes to the Hamming circuitry where any errors
cause one or more of the lines Po-P4 to go high. The
output from one of the 4-to-16-line decoders then
combines with the data in the exclusive-OR gate to
correct any single incorrect bit.
This arrangement permits writing to each bank separately. For example, suppose it is desired to write data
Sixteen bits
into the high bank but not the low one. First, the
The 16-bit real-time processor was designed for an
memory is accessed, but an arbitrator circuit disables the
8086-based system but has not yet been fabricated. It is write-enable signal, causing the data to be read into the
a more complicated version of the 8-bit real-time latches U and V (Fig. 3b). The output of latch U is then
machine. To begin with, it has five Hamming equations enabled causing the low byte to be read from memory
to be solved instead of four. In addition, the processor's onto data lines Do-D7.However, the output of latch V is
operation is more complex, since it can either access the not enabled.
word's upper and lower 8 bits (high and low bytes)
The write signal is then enabled so that the high byte
separately or access the entire 16-bit word. In the case of from the processor is written to the high memory bank
a write operation to a single byte, the data in the other while the low byte from the latch is written to the low
byte must be corrected, combined with the new CPU
bank. At the same time, the lines 11 0-H 4 are grounded
data, and new Hamming data generated.
by three-state buffer A, and both the high- and low-byte
Figure 3a is clearly an expansion of Fig. 2a. For a data are admitted to the parity chips C-G via buffers H
given memory location in this circuit, there is alow byte and N. The parity outputs Po-P4 are then written into
(D o-D7), a high byte (D 8-D 15 ), and a 5-bit Hamming
the Hamming bank.
word. The CPU may write data into both memory banks
One further detail must be remembered. Since the
simultaneously with the Hamming circuitry functioning 74LS154 will point at only 16 bits, two of them are
as in the 8-bit real-time machine. Alternatively, it may required for this circuit. P4, when 0, selects the highwrite to the high byte or low byte individually with the bank point chip P. Po-P3 then select the appropriate
other corrected byte being first generated by the output line on the enabled chip.
Hamming circuitry from all of the old data stored at
As with the previously mentioned time-interrupt
that memory location. This corrected byte is stored in a circuits, the specifics of the circuit used to arbitrate this
latch and combined with the other byte from the CPU.
sequence depend on the timing the user requires for a
The new Hamming data is derived from those combined specific processor and memory.
El
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P2C-MOS microcomputer family
attains n-MOS performance
Double-polysilicon C-MOS process drops power consumption;
CPU combines best attributes of 8085 and Z80
by George Simmons, Rich Burnley, Chuck Seaborg, and Keith Winter,
D If there were an ideal mid-range microcomputer, it
would probably take the best features of current 8-bit
n-channel mOs devices—high speed and density, amultiplexed address- and data-bus scheme, a sophisticated
register structure, and an instruction set that is compatible with today's popular software—and implement them
with a complementary-mos process for the low power
and high noise immunity that only c-mos can offer.
The NSC800 microcomputer family comes the closest
yet to that ideal. It provides designers of microprocessor
systems with the advantages of low c-mos power levels
and the speed of existing n-mos processors. It also
combines the best features of Intel Corp.'s 8085—its
multiplexed data and address bus—with those of Zilog
Inc.'s Z80 —its register structure and instruction set.
The family
The NSC800 family currently contains three members and ahost of support circuits:
• The NSC800 central processing unit, which is capable
of 1-microsecond instruction cycles yet dissipates only
5% of the power of comparable n-mos cPus.
• The NSC810 RAM-I/O-timer, which combines 128
This article is the fifth in a series on the new large-scale
integration processes. The previous articles appeared in the
Sept. 13 issue, pp. 109, 116, and 124, and in the Sept. 27
issue, p. 141.

National Semiconductor Corp., Santa Clara, Calif.

bytes of random-access memory with 22 input/output
lines and two counter-timers.
• The NSC830 ROM-I/O, a dedicated peripheral chip
comprising 2-K bytes of mask-programmable read-only
memory and 20 1/0 lines.
• In addition to these components, National offers afull
family of P2C-MOS and standard c-mos peripherals,
including memories, auxiliary components, general and
dedicated peripherals, and analog-interface devices.
The 40-pin CPU's multiplexed address/data bus structure is shared in the 810 and 830 dedicated memories,
both of which incorporate on-chip logic to demultiplex
the bus. The three devices make possible an efficient,
highly integrated design system for low-end and midrange applications that significantly reduces chip count,
as well as power; and they do so without compromising
performance, which remains equivalent to that of n-mOS
systems.
Battery backup
Systems that must be powered by batteries or that
require battery backup are natural candidates for the
NSC800 family. Also, the family excels in noisy electrical environments, since it offers broader operatingvoltage range and signal-level tolerances than n-mos devices. Finally, the NSC800 family can operate over an
extended temperature range.
Because all devices in the family operate with asingle

TABLE 1 GENERAL FEATURES OF THE NSC800 AND COMPETITORS
8085

8080

Z80

6800

NSC800

1800

Technology

n-MOS

n-MOS

n-MOS

n-MOS

C-MOS

P2CMOS

Power supply (V)

+12,+5,-5

+5

+5

+5

+3 to +12

+3 to +12

Cycle time (µs)

0.48/0.32

0.32/0.20

0.40/0.25

1.0/0.5

0.31/0.16

0.40/0.25

Instruction execution time (ps)

1.92/1.28

1.28/0.8

1.6/1.0

2.0/1.0

5/2.5

Bus structure (lines)

16 address,
8data

8address,
8address or data

16 address,
8data

16 address,
8data

8multiplexed
address, 8data

8address,
8address or data

Mil-spec components

yes

no

no

no

yes

yes

Memory refreshing

no

no

yes

no

no

yes
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The NSC800 central processing unit combines the best features of the Intel 8085 and the Zilog Z80 CPUs. It borrows the

multiplexed address/data bus scheme of the 8085, yet has the register structure and instruction set of the 780.

package size. Further, lower heat dissipation and fewer
parts lead to increased system reliability.
Access time (ns)
The NSC800 family members are fabricated with a
Operation
new C-MUS process called P2C-MOS (see "Inside the
At 2.5-MHz clock
At 4-MHz clock
NSC800," p. 113). The key feature of this process is that
it allowed a C-MUS microprocessor family to match for
Op code fetch
475
250
the first time the density and speed of a state-of-the-art
Op code fetch with wait state
875
500
n-MUS one, while preserving the power and noiseMemoiy read
675
375
immunity advantages of standard C-MUS. Although the
Input/output read or memory
process is new, the individual steps have been done
read with wait state
1,075
625
before in one form or another. In fact, everything that
has been learned about increasing density and improving
performance with present n-mos technology has been
supply ranging from 3 to 12 volts, only an inexpensive, applied to P2C-MOS to enhance performance.
loosely regulated power source is needed. That means a
In the NSC800, P2c-mos makes possible a standard
lower cost per watt of supply. More noteworthy is the execution time of 1.6 microseconds. A faster version of
fact that compared with the power consumption of an
the CPU, the NSC800A, offers 1-;.is execution as the
n-mos microprocessor system, the total power-supply
norm. In a comparison of the general features 800 with
costs for the NCS800 are dramatically reduced. Morethose the n-mos 8080, 8085, and 6800 microprocesover, additional savings can be realized because the sors—as well as with the c-mos 1800 microprocessor—
lower power consumption means less heat generated, and
the P2C-MOS CPU comes out on top (see Table 1).
the greater component density thus possible reduces the
Architecturally, the 800 CPU represents an excellent
MEMORY ACCESS TIME FOR THE NSC800
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Inside the NSC800
P2C-MOS is a silicon-gate complementary-MOS process
with two levels of polysilicon interconnection to give the
NSC800 maximum density. The double polysilicon, in fact,
enables P2C-MOS to compare well in density with current
standard (nonscaled) n-channel MOS processes. Moreover, P2C-MOS uses fairly conservative geometries-5micrometer lines and spaces—though the process is well
suited to finer lithography. The 5-µm geometry was chosen to ensure that P2C-MOS in its first iteration would be a
producible process.
When applied to microprocessor architectures, P2CMOS results in significant performance improvements over
standard C-MOS processes. As the chart below shows, a
register-to register instruction for a C-MOS processor
using 1977 techniques required 3 to 5 microseconds. With
the development of new processes like C-MOS on
sapphire and P2C-MOS, greatly improved speeds in lowpower microprocessors are possible. But there is an
important distinction between the two: whereas the former
is an expensive, revolutionary process development, the
latter is an evolutionary extension of process techniques
already tested and used in high-density n-MOS products.
The cross section of a typical P2C-MOS structure is
shown at the right. A ubiquitous-well (oxide-isolated)
process with selective field oxidation is used. Field-surface
doping extends the operating-voltage range without the
need for the usual C-MOS guard rings; as a result, it
affords improved layout density. A doped layer of polysilicon forms the self-aligned gates over a gate oxide less
than 1,000 angstroms thick. A second layer of polysilicon
interconnection improves design flexibility and layout

compromise between the multiplexed bus approach of
the 8085 and the nonmultiplexed, register-oriented
structure of processors like the Z80. As shown in Fig. 1,
it incorporates an 8-bit data and 16-bit address bus that
can directly address 65,536 bytes of memory plus 256
locations in aseparate memory space for uo.
Architectural compromise
Within the CPU, an 8-bit bus provides communication
among the register array, the arithmetic and logic unit,
and the status registers, as well as between the data and
address buffers and the instruction register. The processor's 22 registers, all of which can be used by the system
designer, are divided into three main groups: the first
and second groups each comprise eight 8-bit registers
(A, B, C, D, E, H, L, and F, and their primes); the third
group has two 16-bit index registers, one 16-bit stackpointer register, and one 16-bit program-counter register. In addition, two 8-bit registers store an interrupt
vector and the next refresh address for dynamic RAms.
The processor's internal clock rate-2.5 megahertz for
the 800 and 4 mHz for the 800A—is half the basic
oscillator frequency. This buffered signal is available on
a pin (cLK) for use as aclock for peripheral circuits; as
such, it cannot be interrupted by the CPU.
The NSC800 instruction set is completely compatible
with that of the Z80 down to such details as the blocky() and memory transfers; bit sets, resets, and tests; and
indexed addressing. The 800, however, breaks down
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density. Combining those features with carefully controlled
source-drain diffusions and special metalization yields a
C-MOS process comparable in density and performance
with n-MOS.
The P2C-MOS process employs state-of-the-art fabrication techniques, including ion implantation, dry plasma
processing, and noncontact printing on 4-inch wafers
using electron-beam-generated masks.
During the development of P2C-MOS, considerable forethought was given to evolving a basic C-MOS process that
can be readily scaled down in the future to provide
improved device performance and circuit density. Of
course, the process is reliable, since it evolved as an
extension of widely used techniques.

COMPLEMENTARYMOS

P2CM OS
ANO
C-MOS ON
SAPPHI RE

< 600 ns

fee

instruction cycles into several basic subcycles.
One basic subcycle is an operation-code fetch, which
defines an M 1 machine cycle comprising four cycles of
the clock output, or T states. Throughout an M I cycle,
cycle-status outputs So and SI indicate the fetch cycle. A
memory-read mehine cycle is a basic subcycle that
comprises three T states. Here, the So and SI outputs
indicate a read status during the entire read cycle. The
i/o-read and -write cycles are similar to the memoryread and -write cycles except that they extend an additional T state.
Easy operation
The NSC800 design eases interfacing with peripherals. For example, although it places certain timing
requirements on ROMs, RAMs, and peripheral devices
(see Table 2), a wait input supplied on chip can relax
access-time specifications. Moreover, the user can add
extra wait states. The wait input is sampled on the
falling edge of the clock during the second T state of an
M I cycle (the M IT2 state); if it is active low when
sampled, an extra T state (T w )is inserted to stretch all
strobe signals. Thus, awidely varied mixture of fast and
slow memories and peripherals can function within any
NSC800-based system.
The NSC800 provides a unique low-power mode
through its power-save (FS) pin. The SF input is sampled
at the last T state of the last M cycle of an instruction.
If alow level is detected on SF, the CPU stops its internal
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2. Power miser. The NSC800 has a power-save (PS) pin that can
shut off all circuits but the oscillator and system clock to allow timing
functions to continue. Here, PS allows single-stepping of the CPU
through instructions with a minimum of external hardware.

TABLE 3: COMPARING THE NSC800, 8085, AND Z80 PROCESSORS
NSC800

8085

Z80

Power-supply requirements
Voltage range (V)
Power consumption at 5V (mW)

3 to 12
50

5
850

5
750

Bus-drive capacity (100-pF TTL load)

1

1

1

Dynamic random-access memory
refresh counter

8-bit

no

7-bit

Automatic wait state on I/O

yes

no

yes

Number of instruction types

158

80

158

Number of registers accessible
to programmer

22

10

22

Block I/O and search

yes

no

yes

On-chip clock generator

yes

yes

no

Minimum instructionexecution time (ps)

1

0.8

1

Number of on-chip vectored
interrupts

5"

5

2*

Early read/write status

yes

yes

no

INT in errupt has 3modes

clocks, thereby reducing power dissipation, yet maintaining all register data and the internal control status. The
only pówer consumed in the power-save mode is that
required by the oscillator and the system clock.
The power-save input can also provide a singleinstruction-cycle feature, useful in debugging programs,
that requires aminimum of additional hardware. In the
setup shown in Fig. 2, the CPU executes one entire
instruction for each push of the button. When stopped,
the CPU sends out the next instruction address.
Multiplexed bus
The NSC800's 16-bit address bus shares its lower 8
bits with the 8-bit data bus on lines AD o—AD7. The
multiplexed bus holds several advantages over anonmultiplexed one. For one, it frees pins on the CPU and
peripheral packages for other purposes, like status
outputs, direct-memory-access (DMA) control lines, and
multiple interrupts, reducing system component count
considerably. For another, since in most applications
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fewer bus lines are required to interconnect devices-16
lines, as against 24 for anonmultiplexed configuration—
it reduces circuit-board complexity.
The address-latch-enable (ALE) output strobe demultiplexes the bus information. The higher 8bits (A 8—A 15 )
of the bus are not multiplexed and remain valid through
the end of a read or write strobe. During an input or
output cycle, address lines AB—A 15 duplicate the address
appearing on lines AD o—AD, and therefore can simplify
chip-select logic.
Read (TF5) and write (W‘t) control signals are generalized active-low strobes used in both the memory-address
space and the 1/0-address space. The rib- strobe is used
during op-code-fetch cycles, as well as during memoryor 1/0-read cycles; it is suppressed during interruptacknowledge cycles. The rib strobe, which must not
overlap onto the refresh time, is the narrowest during an
op-code-fetch cycle, since dynamic RAM refreshing takes
place during the second half of that cycle. During memory- or 1/0-read cycles, there is no refreshing and the 1131
strobe is lengthened accordingly.
The W
‘ Istrobe has a different width for memory-for
tiO-address spaces, since the cu automatically adds a
wait state when accessing 1/0-address space to accommodate slower peripheral devices. The tio- or memoryselect output (b0/M), in conjuction with Tiff• and Vft,
fully decodes the selected operation and wait state.
Built-in refreshing
The CPU refreshes memory during the third and
fourth T states (T 3 and T4)of every M Iop-code-fetch
cycle. During that time, the CPU is busy decoding the
last op code fetched and cannot access the bus. The
refresh output goes low to indicate a refresh operation.
Table 3 indicates the major advantages of the 800 CPU
over the 8085. In its bus structure, the 800 is similar to
the 8085: both use amultiplexed data/address bus with
nearly the same timing relationships. Unlike the 8085,
however, the 800 guarantees that output data on
AD 0—AD, is valid during both the leading and trailing
edges of the W‘t strobe signal.
Status signals produced by the 800 are the same as
those of the 8085: ALE, So,Si,and 10/M. In the 800, as
in the 8085, the lower 8address bits are guaranteed valid
on the data bus at the trailing edge of the ALE signal.
When all the components in asystem are members of the
NSC800 family, all of which contain on-chip demultiplexers, ALE simply connects to all the enable inputs. If
other components are used, ALE should connect to the
enable input of an internal 8-bit latch to demultiplex the
bus information.
The machine-status lines of the NSC800 and the 8085
are similarly identical. Decoding status bits So and SI in
conjunction with the 10/M line will indicate the ensuing
machine cycle.
Direct-memory-access bus-request (BREQ) and busacknowledge (BACK) control signals on the 800 perform
the same functions as HOLDand —
HLDA on the 8085. The
800 allows simple oRing of bus signals by these activelow DMA control lines. A low signal on the ---BREQ line,
tested during the last T state of the current M cycle,
initiates a DMA condition. The 800 then responds to a
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3. RAM and more. The NSC810 supports the NSC800 with 128 bytes of random-access memory, two 16-bit counter-timers, and 22
input/output lines. Also built with P2C-MOS, the 810 has the same wide power-supply and operating-temperature ranges as the CPU.

GN0 vcc

11

A0 0-A0 7

RESET ALE 10/N1

A8 - A10

I

WR

CE

CE

111 11H

READ-ONLY MEMORY
12,048 BY 8BITS)

I

ADDRESS/DATA
BUFFERS AND
LATCHES

RD

ADDRESS
BUFFERS

CONTROL LOGIC

INTERNAL DATA BUS

PORT C

(4)
PC 0-PC 4 HANDSHAKE

HANDSHAKE
LOGIC

DON
A

DDR
B

DDR
C

PORT B

PORTA

ir-

I
Pk -PA 7

Pli o-PB 7

MOR

4. Additional support. Providing 2,048 bytes of mask-programmable read-only memory, as well as 20 input/output lines, the NSC830
ROM-I/0 peripheral chip supports the NSC800. The 830, like the 810 RAM-I/O-timer chip, has on-chip latches to demultiplex the bus.
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5. Minimum system. Tying the NSC800 to the NSC810 and to the NSC830 builds a minimum microprocessor system that can serve low-end
to mid-range applications. It offers the performance of an 8085- or Z80-based system while dissipating far less power.

low-going BACK signal by driving address, data, and
control buses to the high-impedance state and by notifying the interrupting device that the system bus is available for use.
Differences
There is, however, adifference in the timing relations
of the DMA bus-request and -acknowledge signals
between the two processors. The 8085 responds with an
HLDA signal half a T state after it recognizes HOLD,
whereas the 800 responds with RACK afull T state after
it recognizes BREQ.
Another difference exists in the lio cycles for peripherals: the 800 automatically inserts a wait state, which
reduces the external hardware required for slow peripherals; the 8085 does not. When wait states are needed,
the 8085 user must add hardware to do the job. When
more than one wait state is required, they can be added
to the ho cycles in similar manners for both the 800 and
the 8085: on the 800, that is accomplished by bringing
the wait control signal low during T2 of an I/O or
memory cycle; on the 8085, it is controlled in the same
way but using the ready line.
The NSC800 does not support the read-interruptmask (RIM) and set-interrupt-mask (Sim) instructions of
the 8085, but it can emulate them with I/O instructions.
The 800 substitutes two pins, a refresh (RFsH) output
and a power-save (Ps) input, for the serial-output-data
(soD) and serial-input-data (Sm) lines on the 8085.
RFSH is astatus signal that indicates the presence of an
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8-bit refresh address on the address/data bus. The 800's
internal refresh counter, which is incremented after each
instruction cycle, is useful for dynamic RAM refreshing.
The Si input, when activated, not only stops all internal
clocks at the end of the current instruction, but also
leaves all buses unchanged. Power consumption of other
c-mOs parts in the system is thereby reduced, since
c-mos dissipates minimum power when the state remains unchanged. All internal registers and status conditions are maintained, and when M subsequently goes
high, the op-code-fetch cycle begins in normal fashion.
NSC800 vs Z80
Table 3 shows the major advantages of the 800 over
the Z80. The 800 contains the same complement of
internal registers as the Z80 and maintains instruction
set and op-code compatibility. Machine-cycle timing for
the standard-speed version of the 800 is comparable to
that of the Z80; for the high-speed version, the 800A, it
is comparable to that of the Z80A.
Although the software execution speeds of the 800 and
Z80 are about equal, the 800 offers a number of architectural advantages over the Z80. In addition to the
multiplexed data/address bus structure, these include:
• An 8-bit refresh counter on the 800, which allows
refreshing of all 64-K dynamic RAMs and future devices
using 256-cycle refreshing schemes; the Z80 has only a
7-bit counter. Except for that, the refresh timing of the
800 is functionally identical to that of the Z80.
• On-chip clock generation, which reduces system
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TABLE 4: COMPARING MINIMUM SYSTEMS
Features

8080

8085

Z80

6800

NSC800

1800

Chip count

6

3

6

6

Power dissipation (W)

4

2.8

2.5

2.7

Memory address (bytes)

64 K

64 K

64 K

64 K

64 K

64 K

I/O address

256

256

256

0

7

256

Interrupt/restart inputs

1

5

2 (3 modes)

2

1

5 (3 modes)

8

4

0.1 (at 5 V)

0.1 (at 5 V)

NOTE: Minimum system defined as acentral processing unit, 256 bytes of random-access memory, 2-K bytes of read-only memory, and 32 I/O lines

8080A
22
20

Z80A

18
8085A
16
14
— 12

8
6

4
2

100 mW

125 mW

400 mW

225 mW

650 mW

11W
NSC8 00

O

•
SYSTEM SIZE
1-K -BYTE READ-ONLY
MEMORY
128 -BYTE RANDOM-ACCESS
MEMORY
32 INPUT OUTPUT LINES

2-K :BYTE ROM
256 -BYTE RAM
64 I/0 LINES

4-K -BYTE ROM
512 -BYTE RAM
64 I0 LINES
1PERIPHERAL

8-K -BYTE ROM
1-K -BYTE RAM
64 I/0 LINES
2PERIPHERALS

10-K -BYTE ROM
2-K -BYTE RAM
64 I/0 LINES
3PERIPHERALS

12-K -BYTE ROM
4-K -BYTE RAM
64 l'O LINES
4PERIPHERALS

6. Compere power. The advantage in power dissipation of the NSC800 family over an n-MOS family increases with system size. For atypical
medium-sized system an NSC800-based version dissipates almost one twentieth the power of an n-MOS one.

component count. In place of an external clock-generator
chip, the 800 requires only acrystal or an RC circuit to
produce the system clock.
• The availability on the 800 of three hardware interrupts not found on the Z80: restart A (RsTA), restart B
(RsTB), and restart C (RsTc). These give the 800 five
levels of vectored, prioritized interrupts without external
logic. The general-purpose interrupt (INTR) and the
nonmaskable interrupt (NMI) are identical to those in
the Z80. INTR also has the same three modes of operation as it does in the Z80 — modes 0, 1, and 2. Upon
initialization, the 800 is in mode 0to maintain compatibility with the 8080 code. Unlike the Z80, interrupt
acknowledge (1STrW) on the 800 is provided on a dedicated output pin and need not be decoded externally.
• With the status outputs So, SI, and 10/m, early
read/write information is available on the 800 that
cannot be derived on the Z80.
Building asystem
The NSC810 (Fig. 3) supports the 800 CPU. It
includes 128 bytes of fully static RAM, two 16-bit binary
counters or timers with prescaling, three programmable
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1/0 ports (two 8-bit and one 6-bit), address and data
buffers, and latches for interfacing with the multiplexed
system bus. The NSC830 (Fig. 4) includes 2-K bytes of
ROM and three programmable 0/0 ports.
A minimum three-chip system (Fig. 5) uses the 800,
810, and 830 and requires no external components. The
system incorporates 2-K bytes of ROM, 128 bytes of
RAM, two counter-timers, five interrupts, and 42 1/0
lines, yet dissipates amaximum of only 100 milliwatts. A
comparison for a more typical configuration—CPU, 256
bytes of RAM, 2-x bytes of ROM, and 32 1/0 lines—is
shown in Table 4 for the 8080, 8085, Z80, 6800, and
NSC800 systems.
As illustrated in Fig. 6, low-end systems configured
with NSC800 family components typically dissipate only
5% the power of n-mos processors, with roughly comparable speed. At the high end—closely equivalent to an
Intel type iSBC 80/20 microcomputer board, which has
12-K bytes of ROM, 4-K bytes of RAM, 64 i/0 lines, and
four peripherals—the difference is even more startling.
Whereas the n-m0S devices dissipate anywhere from 15
to 20 watts, an NSC800-based system consumes amere
1.1 W —again, with no sacrifice in performance.
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Designer's casebook
Although the range over which the PLL responds will
be limited to about 1 kilohertz for a 0-to-5-v input
signal, the method affords repeatable results and will
enable use of the 74S124 beyond the normal limits
imposed by fundamental-mode crystals. As shown in the
figure, LIand CIare selected to be series-resonant at the
desired overtone frequency. Assuming LI is 1.5 microhenries, aCIvalue of 2to 20 picofarads will be adequate
for tuning over the range of 38 to 45 mHz required in
this particular application. The Q of both LI and CI
should be reasonably high.
CI,along with RI,serves as agross frequency control.
Unfortunately, the setting of RIC, will be rather critical.
Although the range over which RIis effective as atuning
element for a given CI is narrow, a miniature carbon
potentiometer will have sufficient resolution for making
adjustments. C2 provides an offset for the desired thirdovertone frequency. In general, the circuit will work
satisfactorily for crystals working to 60 MHz.

LC network adapts PLL for
crystal-overtone operation
by R. J. Athey
National Research Council, Ottawa, Canada

Although Texas Instruments' popular 74S124 oscillator
serves reliably in most instances as a crystal-controlled
phase-locked loop, problems arise when overtone crystals
are utilized for high-frequency (20 megahertz and
above) operation. The difficulties may be overcome by
adding an LC network in order to retain adequate
system gain for oscillation at the required overtone and
dampen oscillations at the fundamental frequency. This
technique thereby forces the loop to lock onto the crystal's third-order output.

5V
R
10 Id2

•
0.05µF

16
VCC

VCO
INPUT
0TO 5V

3
2G
ENABLE

1
FREQUENCY
CONTROL

6

1RANGE

1G
ENABLE

8

9

OGNO

Vcc

'A 74S124
VOLTAGE-CONTROLLED OSCILLATOR

1Cex ,

0.05 uF

ONO

1Y OUT

7

OUTPUT
b.- -fill—

e

1

i

X1 1=

38-70-45-MHz
THIRD-OVERTONE
CRYSTAL

C2

2-20 pF

2-20 pF

Order of oscillation. Addition of L,C, adapts TI's voltage-controlled oscillator for use as a high-frequency phase-locked loop utilizing an
overtone crystal. LC network eliminates crystal's strong fundamental response, forces loop to lock onto slab's third-order output.

Tone detector sharpens
digital filter's response
by Steve Newman
Los Angeles, Calif.
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Using digital techniques to set the center frequency and
the passband, this circuit will serve as a precision tone
detector or as a control (transmission) gate for digital
bandpass or band-blocking filters. The circuit elements
can be easily cascaded to provide as great a degree of
selectivity as required.
The general scheme is outlined in (a). Up counters A I
and A2 are preprogrammed to generate a carry signal
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after N or M input pulses of f
m,
respectively, where N is
equal to or less than 16 and N is greater than M. The
period of the reference signal fruí, which is t„,-, determines
the time each counter is enabled.
The output of the M counter clocks the presettable
counter A3, while the output of the N counter is connected to its clear input. Thus if M or more pulses occur
during the time 1
/
2t„,-, hereafter called t' ref ,the final
counter generates carry pulses periodically (this circuit is
intended to detect tones of fairly extended duration
only). As aresult, the output of the missing-pulse detector, A4, can be forced high.
If, on the other hand, the incoming frequency is
greater than N/t'w ,presettable counter A3 is always
reset before it can produce acarry pulse. Thus A4, which
requires a steady stream of pulses to keep it active, is
forced low. If f,„ is less than M/Cref ,A3 again cannot
produce acarry pulse because there are no clock pulses
from the M counter. Thus, V.., will be high only for the

case where M/t < fin
N/t '
ref .
The actual circuit is shown in (b). Al and A2 are
enabled at the instant fref moves low. A3 and A4 assume
the same functions described in (a). If the detection
process must be sped up, A3 can be preset so that it
generates a carry for every Pth pulse from A2,in the
range 1to 15. In general operation, however, A3 is not
preset.
At the start of the measurement cycle, f
ref initiates the
process whereby one shot A5 presets Al and A2 to their
switch-programmed values (switches Sry and Sm are
active low). The reference frequency is selected in
conjunction with Sm and Sry to provide almost any
desired passband.
For example, if a frequency between 9.5 and 10.5
kilohertz (f,„) must be detected, M can be arbitrarily
selected to be 9and N = 10. A t'ref = 0.95 millisecond
is then required (free = 526 hertz at 50% duty cycle).
Note the time constant RIC, must be much less than trer.

A4

A3
CLK
CLR

fret -

4
1
,

CARRY N

N
COUNTER

CAR RY F
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CLR COUNTER

MISSING PULSE
DETECTOR

VouT
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167,, N> M
2
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CARRY m

COUNTER
ELK

(a)

5V
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cu A
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B

I\
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C

74193
UP COUNTER
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1

2
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A3
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74193
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R1
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4
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7
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2
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0, OTHERWISE
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Logical boundaries. Tone detector sets limits of desired frequency range digitally. Using counting technique, circuit rejects tones whose
frequencies are too high or low. Detector generates output only for 2M/t re ,-cf,„<2N/t tet ,where ft„ is input frequency, M and N are the Mth and
Nth pulses that generate acarry from the M or N counters, respectively, and tr e,= 1/fr et, where fret is the reference frequency.
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Introducing the DE-26 Quartz
from Switzerland. It's as conveniently miniaturized as any on the
market. So is its price.
It's made the way the Swiss make
everything: reliable. Using stateof-the-art processes backed by
repeated, methodical inspections.
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In technology and in price, the
Quartz DE-26 is designed for a
broad and growing range of applications where reliability is as
important as tight costing.
DE-26: the rational solution
from Switzerland. Write for specs
today.
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Fabriques d'ébauches /Division diversification
2540 Grenchen, Switzerland

telephone 065/511121, telex 34284 assa ch
A membre of the Ebauches Group.
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Circle 121 on reader service card
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R2C2 must just exceed 240/fin to cover the case where M
= 15 and N = 16, whereupon as many as 240 input
pulses are required to detect the tone. Under these
conditions, however, the bandpass will be only 3% of the
center frequency,
If greater selectivity is desired, a pair (or more) of
74193 up counters can be simply cascaded without

upsetting the basic operation of the M and N counter
chains. With two counters in each chain, the range of M
and N can be expanded to 256, whereupon abandpass of
only 0.2% of f,, can be selected.
0
Designer's casebook is a regular feature in Electronics. We Invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly
the circuit's operating principle and purpose. We'll pay $50 for each item published.

converter is connected in the reverse of the normal
configuration, so that V2/V 3 = — R,R f =
—V 3(256/N). But V3 =
Vref/256, so V2 = Vref/N.
At first, VI = 0 and V2 = Vref/255. At t = 0+,
current generator 1 starts to charge capacitor CI,and
VIbegins to rise linearly with time. Whenever VIclimbs
by R. H. Riordan
above V2,comparator AIgenerates aclock pulse, decreCybec Electronics, Bentleigh, Australia
menting the counter and causing V2 to rise above VI
again. For any given count N, a clock pulse will be
The hyperbolic clock circuit proposed by Baxter [Elec- generated at atime twhen VI = Ilt/C = V51/N. Thus,
tronics, July 5, p. 132], which transforms atime function, until the counter reaches zero, the count at any instant
t, into units of l/t in order to measure rate, can be made will be proportional to the reciprocal of the elapsed time.
more compact by employing aone-chip digital-to-analog
This circuit, as well as Baxter's, has apotential weakconverter. Using the converter's monolithic ladder of 255 ness in that if a single-step cycle does not result in V2
equivalent resistors in place of Baxter's discrete network rising above VI,a lock-up condition will occur. This
for scaling provides greater resolution for acircuit of a danger is eliminated if aseparate clock signal is provided
given size and is easily modified for applications requir- for the counter, with Aiused only to enable the 4516s.
ing adecimal output.
If decimal timing signals are required, it is arelatively
Initially, voltage VI is set to zero and the 8-bit binary simple matter to replace the d-a unit and the counter
counter formed by cascading two c-mos 4516 chips is with their decimal-output equivalents. If adifferent step
preset to acount of 255. The converter is equivalent to a range is required, it can be selected accordingly by
fixed resistor R1and avariable resistor R,„ where R,/R 1 changing only RIand R2.RIand R2 are also used to set
= 256/N and N is the output count of the 4516. The the desired count range.

D-a converter simplifies
hyperbolic clock

V5

255 S2
DIGITAL OUTPUT
A,
A,
2

1S2

_J

11111 1 1

+256

PULSE OUTPUT

2xCD4516

AD 7523

tttpit Ep1

DIGITAL TO
ANALOG
CONVERTER

BINARY
DOWN
COUNTER

2

PRESET
PULSE

Turnabout. Clock inverts time function, t, in order to measure rate. D-a converter's ladder network, driven by counter, generates stepping
function that is compared to ramp voltage V, at A,. V,'s linear increase and V2's monotonic rise are almost equal initially, but rates of rise
diverge hyperbolically, so that counter is stepped at 1/t intervals. R, and
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R2

set step size; I, sets scaling factor.
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System 5500
conveits any fiber
optic link into a
high preci'sion analog
data link.
Many measurement
and control systems deal
with slowly changing parameters...a difficult function
for conventional fiber optic
systems, since their accuracy...while adequate at
higher frequencies...usually
falls way off at about 30Hz.
System 5500 is asim
pie two-module set which
utilizes proprietary voltagefrequency-voltage
conversion tech-

niques to provide 0.1% accuracy...even at pure DC...
and 500KHz bandwidth.
Send for APPLICATION
TECHNIQUES bulletin AT-802.
It provides information and
guidance on utilizing fiber
optic links in analog systems,
and contains complete
System 5500
design specifications.

Dynamic PIllecasurements Corp.
6Lowell Ave., Winchester, MA 01890. (617) 729-7870. TV« (710) 348-6596
Call our toll free number 800-225-1151.
Circle 122 on reader service card

Correcting errors digitally
in data acquisition and control
Using amicroprocessor in addition to analog techniques
optimizes the compensation of gain and offset errors
by Paul Prazak and Andrij Mrozowski,
E The accuracy of adata-acquisition or -control system
can fall off rapidly as the ambient temperature varies
and the circuit components age. An analog-to-digital
converter, the heart of a data-acquisition system, may
have 12-bit accuracy at room temperature yet be accurate only to 9 or even 8 bits over its entire operating
temperature range.
The analog-drift compensation techniques typically
employed to counteract such errors at the 12-bit level
and above have limitations, are costly, and require periodic recalibration. A more effective and less expensive
drift-compensation method for data-acquisition systems
is possible by combining a digital technique with an
analog approach. All that is needed is amicrocomputer

INPUT =FULL SCALE
VOLTAGE

START
CONVERSION

READ OUTPUT

YES

Burr-Brown Research Corp., Tucson, Ani.

or controller, a stable reference voltage, and two spare
analog input channels. Furthermore, since all these
elements can be found in many data-acquisition applications, the cost of implementing this digital and analog
approach is quite low.
Breaking down the errors
A better understanding of how digital drift compensation is accomplished is afforded by acloser examination
of system errors, most of which result from the dataacquisition system's a-d converter.
A data-acquisition or -control system's total error
derives primarily from errors in linearity, gain, and
offset. Linearity error is the maximum deviation at zero
gain and offset errors of a converter's actual transfer
function (the input-to-output characteristic) from an
ideal straight-line transfer function; it is expressed in
least significant bits or as apercentage of the converter's
full-scale range. Gain error is the difference in slope
between actual and ideal transfer functions, expressed as
apercentage of output signal magnitude. Offset error is
the output signal that exists for aminus full-scale input
to aconverter.
Although linearity error is the most difficult to elimi-

OFFSET
CONSTANT =

READ
a-d CONVERTER

READING +
OFFSET CONSTANT
=OFFSET
CORRECTED
RESULT

CONVERTER OUTPUT =READING +OFFSET
CONSTANT +Y2" [(READING +OFFSET
CONSTANT) x GAIN CONSTANT]
n= RESOLUTION OF THE
a-d CONVERTER

OFFSET CONSTANT
=RESULT

INPUT + FULL SCALE
VOLTAGE

START
CONVERSION

READ OUTPUT

(OFFSET CORRECTED RESULT X GAIN CONSTANT)/2"
=GAIN CORRECTION FACTOR

RESULT =OUTPUT
+OFFSET CONSTANT

GAIN CONSTANT
=(2"-1)-RESULT

CORRECTED CONVERTER OUTPUT= OFFSET CORRECTED
RESULT +GAIN CORRECTION FACTOR

1.
(a)

(b)

. Error algorithms. Gain and offset errors in a data-acquisition or -control system can be computed by the use of one algorithm (a) and
removed by means of another (b). Error removal is accomplished in (b) by the use of the offset and gain constants computed in (a).
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DIGITAL CODE *

—

FULL
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—

— 11

11

— 11

10

I
I
I
I

FS + 1/2 LSB

VIN.

+FS— 3/2 LSB

i00

01

00

00

(a)
i

IDEAL —0.-

---

r
— FS

JflL

I
I
I
+FS

I
I
I
I
1

/
NE GATIVE
OFFSET DRIFT
AND POSITIVE
GAIN DRIFT

_1 n
(b)

nate by external adjustment, it is the easiest to control
during aconverter's manufacture. It is afunction of how
closely the base-emitter voltages (
VBE )and current gains
(betas) of aconverter's transistors as well as its ladder
resistors are matched to track each other. Linearity
errors of under ±0.01% (±1
/ LSB for a 12-bit a-d
2
converter) are possible over awide temperature range.
Gain and offset errors, on the other hand, not only
depend on the closeness of converter transistor and resistor ladder matching and tracking, but also on the absolute accuracy of the reference voltage, the comparator's
offset voltage, and the offset voltages of the operational
amplifiers used. It is simple enough to null out such
errors initially by external potentiometers. It is quite
another matter to prevent such errors from occurring as
the temperature changes.
To illustrate, most commercially available 12-bit dataacquisition systems have specified gain and offset
temperature coefficients ranging from 20 to 50 parts per
million per °C (gain and offset tempcos are the changes
in gain and offset with temperature changes). This
means that a 12-bit system can exhibit an error of as
much as ±0.1% over only a20°C range and thus be only
9bits accurate. When atypical operating range of 0° to
70°C is considered, even worse errors are possible.
In the commonest method of compensating for such
errors, the converter is subjected to aknown temperature
change, its gain and offset drift calculated, and this drift
canceled by adding acomponent to the converter with an
equal but opposite temperature coefficient— for example, asilicon diode, which has well-defined drift characteristics. This technique, for all its usefulness, has several
drawbacks. For each data-acquisition system to be
compensated, the temperature coefficient must be determined individually. The temperature coefficient is also
assumed to be linear over the full temperature range,
whereas in fact it is generally linear only to within afew
ppm/ °C over a0° to +70°C range and is almost never
totally specified by a converter manufacturer. Finally,
the effect of component aging on gain and offset errors is
ignored.
Automatic compensation with amicrocomputer

.
4—

I
-IDEAL

_
1
—

FS

t
I
I

+FS

lc)

2. Transfer function. An ideal a-d converter transfer function (a)
can be compromised by negative offset and positive gain drifts (b).
Alternatively, the converter's ideal response can be compromised by
positive offset and negative gain drifts (c).
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A purely digital compensation technique is not
perfect, either. Admittedly, it is simple. The ideal output
is known in digital terms and from it data-acquisition
system gain and offset errors can be computed. These
errors can be stored in memory according to the algorithm of Fig. la. They are derived by taking two spare
analog-input channels of the data-acquisition system and
connecting one to the system reference voltage and the
other either to analog common (for aunipolar system) or
to a minus full-scale voltage derived from the system
reference voltage (for abipolar system). With the use of
a microprocessor, and with the relatively simple algorithm of Fig. lb, gain and offset errors can then be
removed from each of the system's digital output codes.
The gain and offset factors can be updated as often as
necessary to account for parameter variations due to
time and temperature. Although this approach is
straightforward, its exclusive use has some limitations.
Consider the ideal a-d converter transfer function
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3. Adjustments. Gain and offset errors can be adjusted out of a data-acquisition system (such as the Burr-Brown model SDM857) with the
external circuitry shown. Similar external-adjustment circuitry can be used for other data-acquisition systems.
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ADJUST

SELECT FULL-SCALE INPUT
SET GAIN d-a CONVERTER
TO HEXADECIMAL ADDRESS
80H; CLEAR ACCUMULATOR
ANO MEMORY; SET CARRY BIT

BIPOLAR d-a
CONVERTER
80H ADDRESS =
0V OUT

SELECT SYSTEM REFERENCE
INPUT; CLEAR ACCUMULATOR
AND MEMORY; SET CARRY BIT

ROTATE MEMORY BIT
POINTER TO THE RIGHT

ROTATE MEMORY BIT
POINTER TO THE RIGHT

YES

YES

NO

(END OF ADJUST
ADD ACCUMULATOR TO BIT
POINTER AND OUTPUT
TO GAIN d-a UNIT;
START CONVERSION

ADD ACCUMULATOR TO BIT
POINTER AND OUTPUT
TO OFFSET d-a CONVERTER;
START CONVERSION

NO

SUBTRACT
POINTER FROM
ACCUMULATOR

READ THE RESULT

SUBTRACT
POINTER FROM
ACCUMULATOR

READ THE RESULT
FROM a-d UNIT

YES

YES

NO

NO

(a)

4. Digital potentiometers. Low-cost 8-bit d-a converters can be
used to remove gain and offset errors in a data-acquisition system
(b) with the use of the algorithm in (a). Converter resolution and
reference stability are the limiting factors in this situation.

SYSTEM
REFERENCE

MICRO PROCESSOR

IN4
IN 6
IN 6
IN 7

GAIN-ADJUST
d-a CONVERTER

ib)

126

OFFSET-ADJUST
d-a CONVERTER

shown in Fig. 2a. Note that for each digital output code
there is a 1-LSB uncertainty as to the actual value of the
analog input voltage. This is the inherent quantization
error of an a-d converter. Only the analog input voltages
that cause a transition from one digital output code to
the next are unique. In an ideal a-d converter, the
transition from acondition where all output bits are in
an off state to one in which only the LSB is on should
occur with an analog input voltage of minus full-scale
value plus 1/2 LSB. Any deviation in this transition voltage
is an offset error. A minus full-scale analog input voltage
(or avoltage near the minus full-scale value) produces
an output digital code with at most a 1
/-LsB uncertain2
ty. The same analysis can be applied to the plus fullscale transition voltage. Since these quantization errors
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are not additive, the worst-case uncertainty in gain and
offset errors at any input voltage is a matter of only
±1
/ LSB. However, the aforementioned digital compen2
sation technique cannot correct this error, which is
equivalent to the error caused by a 12-bit data-acquisition system that drifts ±2.7 ppm/°C over a0° to +70°C
temperature range.
Another limitation occurs when the input reference
voltages are too close to the minus or plus full-scale
voltage values. Figure 2b shows the effect of a negative
offset drift and apostitive gain drift on the a-d transfer
function. This type of error can be corrected if minus
and plus full-scale values are used as reference voltages.
If, however, the offset drift is positive and the gain drift
is negative, as shown in Fig. 2c, the algorithm of Fig. 1
a
will not detect an error. This is because the digital
output codes obtained for aminus or plus full-scale input
voltage will always be correct. This limitation can be
avoided, however, by the selection of reference voltages
that are several LsBs greater than the minus full-scale
voltage (and also, of course, several Lsss less than the
plus full-scale voltage).
Still another limitation of the digital technique is that
it cannot be used to remove the gain and offset errors
from d-a converters or complete analog-output systems.
Combining digital and analog methods.
A combination of analog and digital techniques
provides the optimum method of removing gain and
offset errors in data-acquisition systems. Figure 3shows
the gain and offset adjustment circuitry recommended
for aBurr-Brown SDM856/857 hybrid data-acquisition

8-BIT
LATCH

MICROPROCESSOR

•

8-BIT
OR
4-BIT
LATCH

system. Similar external-adjustment circuitry is recommended for most commercially available data converters. The standard adjustment procedure for an a-d
converter or any analog-input system is as follows:
• Apply an input voltage whose magnitude is minus full
scale plus /
2 LSB.
1
• Adjust the offset potentiometer until the digital output
varies between the condition where all output bits are off
and only the LSB is on while continuously converting.
• Apply an input voltage of plus full scale minus /
2 LSB.
1
• Adjust the gain potentiometer until the digital output
varies between the condition when all bits are on and
only the LSB is off. Voltages above or below plus or
minus full scale can be employed with only a small
degree of interaction between the gain adjustment and
the offset adjustment.
The replacement of the analog potentiometers with
digital ones (also known as d-a converters), as shown in
Fig. 4b, and the connection of two of the analog input
channels to minus the full-scale voltage plus 1
/ LSB and
2
plus the full-scale value minus 1
/ LSB, respectively,
2
produces very precise gain and offset correction when
the algorithm shown in Fig. 4a is used.
The accuracy of this technique is limited only by the
resolution of the adjustment d-a converters and the
stability of the reference voltages. If the data-acquisition
system has amaximum gain and offset error of ±0.4%
(including the effects of initial error, temperature, and
time), then the adjustment resolution obtained with an
8-bit d-a converter will be ±0.4%/128 = ±0.003%,
which is about ± 1Ao LSB for a 12-bit system. This
technique can be easily expanded to equipment that

12-1-0-16-BIT
d-a CONVERTER
DAC80
DAC71

VoUT

+FULL-SCALE
REFERENCE
INSTRUMENTATION
AMPLIFIER

OFFSET
ADJUST

8-BIT d-a
CONVERTER

I"

GAIN
ADJUST

0--

—

3629

- FULL-SCALE
REFERENCE

+

8-BIT d-a
CONVERTER

TO
MICROPROCESSOR

8-BIT a-d
CONVERTER

Eoc START

5. Multiple DASs. Gain and offset errors in a d-a converter or an analog-output system can be adjusted digitally. The analog output is
amplified, then converted into a digital signal for proper error determination. A microprocessor can be used for multiple systems.
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SET SWITCH S1 TO
+FULL-SCALE REFERENCE;
OUTPUT CODE FOR
+FULL SCALE

CLEAR ACCUMULATOR
AND BIT POINTER;
SET CARRY BIT

ROTATE M MORY BIT
POINTER TO THE RIGHT

YES

(

END OF
AIN ADJUST

ADD ACCUMULATOR TO
BIT POINTER AND OUTPUT
TO GAIN d-a UNIT;
START a
-d CONVERSION

NO

READ DIGITAL
OUTPUT

SUBTRACT
POINTER FROM
ACCUMULATOR

YES

NO

6. Error algorithms. Analog-output system gain and offset error removal can be accomplished by algorithms (a) for a single output system
and (b) for multiple systems. Inexpensive microperipherals are available to implement this algorithm.

happens to contain more than one analog-input system.
Adjusting gain and offset errors for ad-a converter or
an analog-output system requires more hardware when
done digitally than when done by analog means. This is
because the analog output signal must be converted into
digital form to determine if any error is present. A
circuit for accomplishing this task is shown in Fig. 5. A
low-cost instrumentation amplifier is used to amplify the
difference between the actual analog output signal and
the plus or minus full-scale reference signals, respectively. This error signal is then converted into digital form
with a low-cost 8-bit a-d converter. If the d-a converter
has amaximum gain and offset error of ±0.4% (including the effects of initial error, temperature, and time),
then the instrumentation amplifier gain should be equal

128

to 128 to give a maximum output signal of ± 10 volts.
The 8-bit a-d converter then provides a resolution of
about ±0.0003%, or about ± Vio LSB, for a 12-bit
d-a converter. The algorithms for performing offset and
gain corrections for an analog output system are shown
in Fig. 6a.
This technique can also be easily expanded to systems
with multiple analog outputs, as shown in Fig. 6b. In this
case, it is very economical to use the Burr-Brown MP20
or MP21 analog-input microperipherals to perform the
a-d conversion. Each of these systems contains an
8-channel differential (or 16-channel single-ended)
multiplexer, an instrumentation amplifier, an 8-bit a-d
converter, an address decoder, and all the necessary logic
to interface to most microprocessors.
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Weather forecast
outlook for your investments in

Bavaria*•
_
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General climatic conditions
In every respect Bavaria offers an idear
climate for business initiatives.The political and economic stability which this
West German state has enjoyed for
many decades helps to safeguard
your capital investments. The profound confidence placed in Bavaria's
economic and political development
is reflected in the high level of foreign
investments: DM 3.7 billion since 1962.
No dark clouds over the
labor market
Bavaria's well-trained workers are good
partners who will give you asquare deal.
They are known for their reliability and
loyalty to the firms in which they work.
Statistics show that strikes are few and far
between. The large number of qualified
young people coming to work in Bavaria
shows that the state is amagnet for highly
skilled personnel.
Infrastructure helps to generate a
favorable investment climate
Bavaria's infrastructure meets the exacting
requirements of a modern industrial state.

(Note that the Federal Republic of Germany
has the most extensive network of autobahns
or superhighways in Europe.) The international airports in Munich and Nuremberg and
many strategically located airfields throughout the state link Bavaria to Europe and the
world. The sources of available energy
range from natural gas to nuclear power.
Industrial sites with utility connections are laid
out in all parts of the state.

Bavaria's economy
basking in
bright sunshine
Take advantage of Bavaria's
dynamic economic growth.
For example,
1. Since 1962 Bavaria's GNP
growth rate has been above
the federal average.
2. Productivity in industry increased by approx. 50 per cent
between 1970 and 1978.
Bavaria is aleading location for West
Germany's electronics and electrical
engineering industry and the principal center
of the country's aerospace industry. Science
and research centers offer valuable locational advantages, especially to companies
using advanced technologies.

Fruitful showers - of public funds to
promote sound investment projects
The Bavarian government encourages the
establishment of production facilities in
Bavaria's assistance areas by granting generous tailor-made financial aid (for example,
subsidies of up to 25 per cent of the cost of an
investment or low-interest long-term loans).

Welcome to Bavaria!
...West Germany's most attractive vacation area with
national parks and nature areas of unexcelled beauty.

Mal 1•11>

Coupon
Industry Location Advisory Service
Bavarian State Ministry of Economics
Prinzregentenstrasse 28
D-8000 Munich 22
West Germany
Telephone: (0 89) 2162 -6 42
Telex: 05-23 759 bywvm d
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Please send me acopy of
D the Industrial Location Atlas"Bavaria A Land with aFuture"
In US: Information from
Kallman Associates
30 Journal Square
Jersey City, New Jersey 07306
Phone 201-653-3304
EL 79/è
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Perkin-Elmer introduces
the supermini solution to
your application
megaproblems.
The new 3240 ultra-high
performance supermini:

Ihave massive
input/output
requirements.
For tough jobs like simulation, the new 3240 delivers 40MB/second I/O bandwidth, four separate
and independent DMA busses, 64MB/second peak
system throughput rate, and multi-level interrupts.
From 8to 32 DMA ports can be configured on a
3240 system, each port capable of controlling up to
16 devices. This yields extensive on-line storage
capability (up to 115 gigabytes worth) and throughput. Ask for details. Perkin-Elmer, 2Crescent Place,
Oceanport, NJ 07757

Name

Tel

Title
Company
Street
City

State

Zip

O Please have asalesman call.

E•122

Imust have instantaneous
response.
For high-performance transaction processing,
such as an on-line reservation system, the power of
the 3240 can be combined with RELIANCE, asoftware
system that integrates COBOL data management,
and transaction processing software. Even with a
128-terminal system, you get instantaneous terminal
response. And your data base is protected from
media faults and system failures. Add to this PerkinElmer's industry-compatible RPG II. Ask for details.
Perkin-Elmer, 2Crescent Place, Oceanport, NJ 07757.

Name_

_ Tel

Title
Company
Street
City
*System prices start at $125.500 (OEM quantity 1) which include,
KB
of memory writable control store, floating point processor, battery back-up,
Model 550 console terminal, 80 MB disc, and 75 ips/800 cpi tape.
Prices are U.S. only.

PERKIN-ELMER
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Please have asalesman call

Zip
E1122
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BM Mal IBM UM Ina Mal ME Mal Ella

IIdon't want to spend

I My applications need
I big memory space.

I afortune on software.

For scientific research, such as seismic exploration, the 3240 offers 16MB of directly addressable
MOS memory with our unique hierarchical storage
scheme for fast access. By linking as many as eight
Model 3240s to Perkin-Elmer's industry-pioneering
shared memory system, total memory space can be
increased dramatically. Afully expanded shared
memory system accommodates both processors
and peripherals. Ask for details. Perkin-Elmer,
2Crescent Place, Oceanport, NJ 07757

Name

No one does in any application. You start with
Perkin-Elmer's highly efficient operating system that's
evolved from use in more than 2500 of our 32-bit
computer installations worldwide. Add our MultiTerminal Monitor and you can have 32 programmers
doing concurrent development work in any mix of
our high- level languages—ANSI-standard COBOL,
FORTRAN VII (with its separate development and
globally optimizing compilers), and RPG II. Combine
this with our comprehensive telecommunications
software that supports awide variety of data communications protocols and work-station emulators.
Perkin-Elmer, 2Crescent Place, Oceanport, NJ 07757
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Company_

Company
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Zip
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State
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MIM

IBM

I'm trying to solve complex
problems no one has
attempted before.
When applied to problems such as command and
control or computer-aided design applications,
the 3240 system really pays off. You benefit from
our user-alterable writable control store (another
pioneering effort from us), which enables you to
tailor your programs with microcode to suit your
application needs. And there's more. You benefit
from our separate FORTRAN VII globally optimizing
compiler by getting assembly language execution
speeds with the efficiency of high-level programming.
Perkin-Elmer, 2Crescent Place, Oceanport, NJ 07757
Name

1

Ineed exceptional
Iaccuracy.
In such accuracy-critical applications as satellite
or missile tracking, the 3240, with full 32-bit architecture, features asingle- and double-precision
Floating Point Processor with accuracy unsurpassed
in the minicomputer industry. The accuracy of the
3240 hardware is also complemented by astateof-the-art Math Function Library that is part of our
industry-leading FORTRAN VII. Ask for details.
Perkin-Elmer, 2Crescent Place, Oceanport, NJ 07757
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Microprocessor
adds flexibility
to television
control system
Programmable TV prototype
synthesizes channel frequencies;
features can be added easily
through software modifications
by Kaare Karstad,

RCA Corp., Solid State Division, Somerville, N. J.

E The television receiver is poised to enter an era of
microprocessor control. Useful and sophisticated features will appear that could not be implemented in sets
controlled by standard medium-scale integrated circuits
or even custom large-scale ICs: the microprocessor's
stored program opens up possibilities limited only by the
designer's imagination and his budget.
Microprocessor control lends itself to modular design.
Essential functions such as tuning and channel selection
can be implemented first and other features can be
added or existing ones modified. Features can be added
for different markets simply by software changes; the
expense of custom LSI development is avoided.
The prototype microprocessor-controlled color TV set
described in this article has been designed, built, and
successfully tested for a European customer. Constructed around one of RCA's 8-bit microptiocessors (the
CDP 1802), the prototype features control and channel
selection from one of two keyboards, one on the set
proper and another on acordless hand-held remote unit
(Fig. 1). Tuning is done using a custom LSI phaseMEMORY-ADDRESS BUS (8)

1. Computerized TV. Commands from two keyboards, one remote

(8)

(8)

PHASELOCKED
LOOP
(TA 10622)

RANDOMACCESS
MEMORY

TUNER
LOCAL
OSCILLATOR

READ
ONLY
MEMORY

.01-•-••

and cordless and another on the set, are executed by an 8-bit CDP
1802 complementary-MOS microprocessor supported by external

TUNING/SCANNING

read-only and random-access memory. The controller communicates
with the viewer via asix-digit light-emitting-diode display.
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locked-loop (PLL) chip with controlled scanning and
channel preprogramming. A real-time clock implemented in the complementary-mos 1802-based microcomputer design allows the set to turn itself on or off or
to switch channels in asequence and at times chosen by
the user. A six-digit light-emitting-diode display reads
out time, channel, and other information. A two-level
battery backup scheme using nickel cadmium cells maintains proper time for a week and keeps stored information intact for months if the power is cut off.

counter is the ECL prescaler, which divides the frequency
of the local oscillator by either 64 (for very highfrequency channels) or 256 (for ultrahigh-frequency
channels). This counter, whose dividing ratio is defined
as K, brings the signal into a frequency range suitable
for the low-frequency c-mos circuits of the PLL chip.
The second counter is a user-programmable divideby-N counter on the PLL chip. Any channel number from
1to 99 punched in on the remote keyboard is translated
into a 14-bit code for N according to international
channel allocations by a ROM look-up table. At phase
lock the tuner's local-oscillator frequency is N X K times
the reference frequency.
This section uses a 16-bit—word data format. The 16
bits are sent out over the 8-bit memory-address bus with
only one instruction, using register-based output. The 2
most significant bits are decoded to select one of four
bands (designated vhf I, vhf III, uhf, and extra). The
remaining 14 bits are the binary representation of the
number (N) for a specific channel. These 14 bits give
sufficient resolution to place the local-oscillator frequen-

Locked in
This set's electronic tuning is done by frequency
synthesis. The PLL chip and microprocessor compose a
closed-loop frequency synthesizer. The entire PLL
(Fig. 2), except for a prescaler made with emittercoupled logic, a low-pass filter, and an operational
amplifier, is integrated on a single custom c-mos chip
(TA 10622). The signal from a reference oscillator is
compared with asignal from the local oscillator that has
had its frequency divided by two counters. The first
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/ Frequency synthesis. A custom large-scale phase-locked-loop integrated circuit fabricated in C-MOS handles tuning chores in
conjunction with the local oscillator. The PLL chip contains adivide-by-N counter, phase comparator, and areference-frequency divider.
CieS as little as 25 kilohertz apart for vhf. This makes it
possible to select any channel in the world, as well as
unassigned channels used in cable-Tv installations.
Because the prototype television was designed for a
European customer, it was provided with the ability to
preprogram or scan for network transmissions. A given
country may have more than one network; these are
designated in a European country by "program
numbers." A given network (or program) is broadcast on
different channels in different locations, just as the U. S.
networks (ABC, CBS, and NBC) are.

A viewer interacts with this TV through the on-set and
remote keyboards. The LED display allows the user to
monitor time, channel and network numbers, and memory storage locations. The normal display mode displays
time (four digits) and network number (two digits)
continuously. Upon request from akeyboard, both channel and network numbers are shown, the channel
displacing the time display. In the network scanning
mode, the channel numbers assigned to network numbers
are also shown.
The on-set keyboard has 12 keys plus ashift key that
allows
it to handle 24 tasks, including network selection,
Channel Scanning
scanning, muting, clock setting, turning the set on or off,
The prototype television can be programmed with a and changing the values of the analog functions.
network number: 16 memory locations set aside for
The 35-key master keyboard is a remote unit that
networks can each be assigned a channel. Tuning can
communicates with the control system over a cordless
then be done by keying in the desired network number infrared link. The 35 keys are necessary to handle the
from 1to 16. This preprogramming technique requires same functions as the on-set Iceyboard plus such extra
that the channel frequency be known. If it is not, the functions as list, clear, channel scan, program event,
receiver may be programmed by scanning the TV bands.
cancel, viewdata, teletext, fine tuning, and others.
Starting at an available channel, ascan key is pressed
Command entry
to look for the next available actively broadcasting
station up the band. If the scan button is released at this
Each depressed key on the remote unit generates a
point, the channel is automatically assigned to the unique 7-bit code in a pulse-position-modulated (PPM)
current network number. Each push of the scan button
pulse train. A specific distance between pulses is defined
makes the tuning system search for the next available as a logic 0, and a 1is another defined distance. This
carrier. If no station is found, the scan wraps around and pulse train, an asynchronous event with respect to any
stops on the frequency where the search started.
other processor task, is processed by the direct-memoryIn addition to the channel scan, asimilar network scan access (DMA) channel of the CPU chip. This allows the
is also part of the automatic tuning. Th¡s scan searches processor to give the random real-time event (the user
the 16 network storage locations for active stations.
pushing a button) its required priority over other tasks
134
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3. Interrupt timing. Three interrupt cycles (2, 1, and 0) are derived from the system clock, and each is assigned certain service-routine tasks,
such as refreshing display digits and analog-function channels, monitoring the keyboards, and updating the real-time clock.

initiated internally by the system software.
The analog functions—volume, brightness, contrast,
and saturation—are changed continuously up or down
while the appropriate key of either keyboard is held
down. The current value of each of these functions is
represented by a 6-bit word in RAM, which provides
64-step resolution. When the appropriate key is held
down, this value is read out at apredetermined rate and
incremented or decremented by one step each time. A
sample-and-hold multiplexing technique makes it possible to use one digital-to-analog converter to serve the
four different functions.
Sorted event list
The six-digit display and the 24-hour clock make it
possible to preprogram and monitor events. An event can
be defined as specific television material broadcast
during aspecified time period. This applies for aperiod
as long as 24 hours. An arbitrary number of memory
locations —eight in this design—are reserved for event
programs. The user, while watching the display, simply
punches-in the desired time for the set to turn itself on
(or switch channels if already on) and the network
number to which it should tune.
The software sorts the list of user-programmed events
into a time sequence so that the event nearest in time
always is on top of the list. The software then checks
every minute to see if an event is to be executed; if so, the
command is carried out, the executed event is erased
from the list, and the next in time is moved up. One of
the decimal points on the LED display, if lit, indicates
that an event is pending. After the event is executed, the
decimal point blinks until the viewer acknowledges the
event by pushing any key. If no acknowledgement is
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received within five minutes, the set turns itself off.
The modular structure of the software makes it possible to add options by adding ports connected to the data
bus and segments of code to the software. Teletext,
viewdata, and video games are future options.
The microprocessor, through its software, must
control the timing and data routing of the entire system.
This includes multiplexing the six display digits, multiplexing the four analog channels, updating the clock,
monitoring the two keyboards, and executing the tasks
called for. The display must be refreshed at a rate high
enough to avoid flicker —at least 50 to 60 hertz. The
analog functions must also be refreshed steadily at arate
high enough to maintain adirect-current signal without
excessively large filter constants. Keyboards must be
checked frequently enough to catch any key depressions.
These overlapping and partially conflicting requirements are met by an interrupt-driven system together
with the DMA channel used for the remote keyboard.
Figure 3shows the timing of the software interrupts. The
interrupt pulse, derived from the CPU clock, interrupts
main-program execution every 4milliseconds.
To divide the processing load on the CPU, an interrupt
frame of 12 ms is created and divided into three separate
cycles (2, 1, and 0). A different set of tasks is performed
by the interrupt service routine during each cycle. Cycle
2 refreshes LED digits DI and D2, multiplexes the
analog-function data, and updates the clock. Cycle 1
updates D3 and Da,scans the on-set keyboard, and
updates the clock. Cycle 0refreshes D5 and D6, monitors
the remote keyboard, and also updates the clock. Note
that serial data from the remote keyboard is asynchronous to the interrupt timing. The three cycles comprise a
complete frame and are sequentially serviced. After 12
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ms, afull interrupt service frame repeats.
When an interrupt occurs, the sequence of events is as
follows. The last digit pair on the display is turned off
and the next pair is turned on. Then the four analog
channels are multiplexed and refreshed and the clock is
updated. Control now returns to the main program. At
the second interrupt, the last digit pair is turned off and
the next one on. The clock is updated again but in this
cycle the local keyboard is also scanned for key closure.
At the third interrupt, the last digit pair is handled and
the service routine checks to see whether acharacter is
being received from the remote keyboard and processes
the command. Once more the clock is updated and the
main program resumes execution.
A key closure on the remote keyboard generates abit
string of pulses and for some commands along character
string. These pulse trains, which occur randomly and
sometimes last for long periods, are received without
tying up the processor and neglecting other real-time
events since the pulses are fed into the DMA input. The
data is conveyed to the CPU through a cycle-stealing
process and for all practical purposes without slowing or
interfering with the CPU'S current operation.
The interrupt service routine in each 4-ms time slot
may vary in length according to which cycle it is and
how much of the clock-updating routine is required at a
specific moment. Nevertheless, the processor is idle for
the major part of the time slot, giving it time for
background processing in the main program.
When control returns to the main program in each
time slot, the program simply checks to see if a
command was received from one of the keyboards. If so,
that task (say, increase brightness) is executed. If no
command has been received, the CPU is essentially idle
until the next interrupt. In most cases the free time in
one of the three cycles is ample for processing any task in
the main program; if it is not, the next interrupt simply
postpones the background processing into one or a few
more time slots. This is not apparent to the user.
An interrupt can occur at any point in the main
program (Fig. 4). Most of the time the main program
goes through the loop at the top of the flowchart if no
keyboard command has been received. A few other tests
are also regularly made. Every minute, it searches for
pending event commands. The program also checks to
see if an event was executed but not acknowledged, if
power has failed, or if the tuned station is on the air.
Time, display, and analog-function data is stored in
RAM; this data is routed over the memory bus under
control of the interrupt software to the correct circuit in
the proper sequence.
For instance, four locations in RAM are allocated to
the four clock digits. As shown in the flowchart of Fig. 5,
a seconds counter is incremented at every interrupt.
Later, in the update routine, this counter is tested for 1
second and an update buffer is loaded.
Another buffer in RAM, the display buffer, contains
4. The main event. The main program follows a loop at the top of
the flow chart unless akeyboard command is received, in which case
the corresponding task routine is called and executed. The TV set's
audio output is automatically muted if it is not receiving avalid signal.
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binary-coded-decimal data for the six display digits. The
update routine transfers data for the four clock digits
from the update buffer. The display buffer also contains
addresses for the digit pairs, the seven scanning lines for
the local keyboard, and the four multiplexed d-a lines.
The configuration of the data in the display buffer is
closely related to the hardware scheme shown in Fig. 6.
LED segment data for a digit pair is fed from two
separate latch/decoder circuits (CD 4511s). An 8-bit
addressable latch (CD 4099) selects the digit pair or the
d-a channel to be sampled. Another addressable latch
(also aCD 4099) provides scan addresses for testing key
closures on the on-set keyboard. The required 16 bits of
data are assembled in one 16-bit CPU register and read
out over the memory-address bus with one instruction.
Four RANI locations store the 6-bit data for the analog
functions. It is read out before the d-a channels are
sampled. The latched data is smoothed by the R/2R
network shown in Fig. 6. No great precision is required.
The software section of the interrupt routine that
interacts with this hardware turns off the last select line
for a'die pair and tests to see if the program is in cycle
0. If the answer is yes, anew frame of interrupt events is
about to begin and the display pointer is reset to the top
of the display buffer. Segment data for the next digit
pair is read out and the pair is selected.
For example, if the answer to testing cycle 2is yes, the
four d-a chaniiels are sampled in a burst mode, after
which the program branches to the update routine. At
the next interrupt, since it was not cycle 0, the program
turns on the next digit pair. The program finds itself in
cycle 1 and the on-set keyboard routine is activated.
Finally, at the third interrupt (cycle 0), the remote
keyboard routine is executed.
A key depression on the local keyboard is translated
into acommand code and stored in memory for the main
program to process. The sequence of events is as follows:
one of the output lines from the addressable latch is
activated and the CPU tests the first flag line (EF1) for
key closure (Fig. 6). If the output line is number 4 and
flag-line 1is tested (defined as row 0) then apossible key
closure is identified and marked as key number
4+0 = 4. Next the CPU tests line 4 and flag-line 2
(EF2, defined as row 7). A key closure is here identified
as key number 4+7 = 11.
The received and detected infrared PPM pulse stream
from the remote unit is composed of 6bits plus 1parity
bit for each character. The software checks for the
presence of a bit stream, measures the time between
pulses (thereby discriminating between Is and Os) and
assembles the information into a character that represents the actual command code. Finally, the program
tags the received command code with its type—a single
command (on/off) or a repeat command (increase
volume) for the duration of the key depression.
A 4-bit counter is clocked by a 10-kHz signal. The
contents of the counter are read at the beginning of each
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5. Interrupt tasks. The interrupt service routine increments a seconds counter and updates the real-time clock. It also initiates refresh-

EXIT

ing of the display and analog-function channels and switches to a
slower system clock and backup battery power if power fails.
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6. Multiplexing. A compact 16-bit-word data format ties the LED
display, the four analog-function channels, and the on-set keyboard
together. An 8-bit addressable latch (the left-hand CD 4099) selects
the proper display-digit pair or analog channel to be refreshed.
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infrared pulse, whereupon it is restarted. Hence the
number of clock pulses counted represents the time
interval between the last two infrared pulses. As the
infrared pulse itself activates the DMA input line, the
time count is automatically read into amemory location.
The DMA pointer of the CPU advances in readiness for
another input byte, which occurs at the next infrared
pulse. Hence the 7 bits in a command, represented by
seven counts, are automatically stored in memory.
A battery backup system is implemented to avoid
losing track of the time or losing stored data during
power failure. The outage may last from seconds to
hours or indefinitely. Due to an all-c-mos circuit design,
continuous operation is possible with four small
rechargeable nickel cadmium cells.
A two-stage battery mode is used in this prototype.
The CPU senses a power failure; the batteries automatically take over and run the whole processing system for a
predetermined period of one week (Fig. 5).
Upon detecting apower failure, the CPU automatically
switches from its 2-megahertz crystal to alow-frequency
32-kHz crystal in order to conserve power. The switching
takes place during a wait state a few milliseconds long,
which the cu also enters upon detecting power failure.
If power is not restored within a week, the CPU turns
itself off after shutting down the whole system with the
exception of the RAM programmed by the user.
Battery power is sufficient for approximately three
months of storage. If power returns before three months
have passed, operation resumes as normal with stored
information intact.
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HIGH VOLTAGE
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10-ns monolithic due converter
keeps bipolar drive circuits hustling
Teamed with fast ECL microprocessor, 8-bit converter
produces wide variety of high-resolution output waveforms
by Bill Blood and Loren Kinsey,

Motorola Inc., Integrated Circuits Division, Mesa, Ani.

CI Monolithic digital-to-analog converters have been
able to match the relatively low speeds of mos logic and
microprocessors for some time. But high-speed bipolar
logic, such as a TTL or emitter-coupled-logic bit-slice
microprocessor with a 100-nanosecond cycle time, is
vastly underutilized when used to drive a 300-ns d-a
converter.
The MC10318 monolithic 8-bit d-a converter, however, gives ECL drive circuitry a chance to work to capacity. It has a combined conversion and settling time of
10 ns. Test and communications equipment involved in
digital filtering or signal processing could benefit from
the 10318's speed, as could other high-speed digital
systems that must produce an analog output.
Compatible with Motorola's MECL 10,000 family,

this converter does away with the complex interface
normally required between high-speed processors and
slower d-a converters. The 10318 accepts an ECL 8-bit
binary input and generates analog current outputs that
are accurate to within ± V2 least significant bit. Driving
this converter with a microprogrammed M10800-family
ECL bit-slice processor to produce high-resolution waveforms of nearly any shape demonstrates what it is capable of doing.A circuit diagram of such an arrangement is
shown in Fig. I.
How it's done
The microprogrammed processor used to drive the d-a
converter is shown in Fig. 2. Microprogram memory
addressing is performed by the MC10801 micropro+5 V
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1. Microprocessor -driven. The MC10318 10-ns monolithic digital-to-analog converter can easily be driven by a bit-slice microprocessor to
produce high-resolution waveforms. Minimal interfacing is required, since the converter is fast enough to keep up with the microprocessor.
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gram-control integrated circuit, in a word/page format.
Feedback signals from the microprogram memory
instruct the 10801 on how to sequence through the
program. Sequencing occurs in response to common
instructions like increment, direct jump, conditional
jump, jump to subroutine, and so on.
Next-address inputs are normally used to supply
program-jump destinations from the microprogram
memory. In this application, the 10801 microprogram
controller allows next-address information to be transferred from look-up tables placed in the microprogram
memory to the arithmetic and logic unit (ALU) and data
outputs. This permits random waveforms to be generated
extremely rapidly.
ALU and input/output operations are handled by an
MC10803 memory-interface circuit. The 10803 is
primarily an 1/0 device, but part of it is used as an ALU.
It offers excellent interfacing at the expense of some
arithmetic power, compared to the MC10800's ALU
capability. Four internal 10803 accumulators and a 16word register file store ALU operands, addresses, and
data constants. A pipeline register (built using the
MC10176 hexadecimal flip-flop) holds microprogram
information, allowing the 10801 to generate a new
microprogram address in parallel with the 10803 while
the latter is executing amicroinstruction. The overlap of
addressing and execution permits a 100-ns worst-case
microinstruction cycle time. This ability to update the
10318 in 100 ns, either from a lookup table or with
simple ALU calculations, is 30 to 60 times faster than is
possible with amos microprocessor doing the same job.

Address, data, and control lines from the processor
interface easily with the d-a converter. An addressdecode signal selects the converter as an output peripheral. A proper-address signal then enables the system clock
to initiate the transfer of data-bus information to an
8-bit holding register. Binary outputs from this holding
register are then fed to the d-a converter for conversion
to an analog output current. The holding register's
outputs remain constant as long as no address signal is
received.
The d-a converter can produce awide range of output
voltage levels (between — 1.3 and + 2.5 volts) and
output currents of up to 51 milliamperes. The use of
200-ohm resistors between the converter's output pins
and the + 5-volt line, as well as 50-Q resistors from the
outputs to ground, provides an analog output voltage
range of + Ito — 1 y at a full-scale output current of
50 mA. Output accuracy is maintained by the
MC1503U, a temperature-compensated, well-regulated
2.5-v source connected to the d-a converter's reference
input. The 500-Q potentiometer is set for a calibrated
full-scale output of 50 mA.
The use of 50-9 resistors from output to ground allows
the substitution of properly terminated 50-12 coaxial
cables. This permits the analog output to be transmitted
areasonable distance without special buffers or drivers.
The use of alook-up table in microprogram memory is
the most direct way to use the bit-slice microprocessor.
Any waveform mapped on the grid of Fig. 3 can be
duplicated at the d-a converter's analog output. The
converter's resolution of 8 bits provides it with 256

2. Bit-slice microprocessor. The MC10803 emitter-coupled-logic microprocessor specializes in input/output; it features microprogramming
capability for a 100-nanosecond cycle time. This allows ahigh-speed digital-to-analog converter to be driven efficiently.
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Building a high-speed d-a converter
Full-scale current is approximately 15.9 times the reference input current (3.1 mA for afull-scale 50-mA output).
The presence of logic 1levels on all data inputs causes
transistor Q, to conduct, thereby cutting off transistor 02.
This in turn causes transistor 04 to conduct and cut off
transistor 03. Maximum output current is then pulled from
the current output, l
out ,while its complement, l
out, is kept
essentially floating.
The presence of logic 0 on all data inputs reverses the
process, pulling maximum output current from L1.A
combination of input logic levels 1and 0 splits the current
between both outputs in proportion to bit weight. The total
of both outputs is always equal to the maximum output
current. Constant-current sources in the input differential
and current-summing amplifiers keep the converter's
power level constant, independent of input and output
signals, for minimum noise and maximum speed.

The MC10318's high speed results from the use of emittercoupled-logic differential amplifiers, a high-speed currentsumming conversion technique, and ECL integrated-circuit
processing technology. The converter's current summing
is shown below. Signals on the eight inputs, compatible
with the MECL 10,000 family, have a logic 1level of —0.9
volt referenced to ground, and a logic 0 level of — 1.7 V.
The input signals are measured against an internally
generated bias-voltage source of about — 1.3 V.
Collector outputs of the input differential amplifiers are
buffered and translated downward to current-summing
differential amplifiers. Precision constant-current sources
in the respective current-summing amplifiers are weighted
according to bit value with the most significant bit have
128 times more current than the least significant bit.
Reference inputs to the constant-current sources are used
for calibration and to establish full-scale current levels.
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distinct voltage levels (hexadecimal address codes 00 to
FF) over arange of — 1.0 to + 1.0 V. The horizontal axis
in the grid of Fig. 3 is divided into 100-ns increments,
the top cycle time for the microprocessor. Since the
microprocessor is made up of static bipolar circuits, the
system clock can be varied from 0 to 10 megahertz for
additional output frequency control.
An example of the possible waveforms is shown in
Fig. 4 (top), which has true (upper trace) and complementary (lower trace) analog outputs formed by a fivelevel stairstep program. It only takes six microprogram
words to generate this waveform, each equal to a 100-ns
microcommand. The program is as follows:
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1.
2.

3.
4.
5.
6.

Increment and set the d-a converter's address.
Increment and set the data bus to hexadecimal
address code 00 (in this case corresponding to an
output of — 1.000 y).
Increment and set the data bus to hexadecimal
address code 40 (output of —0.498 v).
Increment and set the data bus to hexadecimal
address code 80 (output of + 0.004 v).
Increment and set the data bus to hexadecimal
address code BF (output of + 0.498 v).
Jump to instruction 2and set the data bus to hexadecimal address FF (output of + 1.000 v).
Figure 4 also illustrates the model 10318 d-a convert-
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4. Microprogrammed waveforms. Various processor-generated
waveforms illustrate the flexibility of driving a d-a converter with a
bit-slice processor. Depending on program size, different patterns are
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converter can follow every waveshape drawn on this 256-line-by11-interval (100 nanoseconds each) grid.

er's short conversion time and high edge speeds. As can
be seen, changes in the analog output are only a small
percentage of the 100-ns-per-division oscilloscope trace.
The microprocessor's ALU can calculate simple
patterns to reduce program space that would otherwise
be required for alook-up table. Figure 4(middle) shows
two ramp patterns based on incrementing or decrementing the data bus every microinstruction. The upper trace,
a 256-step ramp requiring 25.6 microseconds per cycle,
needs only atwo-word microprogram:
1. Increment and set the d-a converter's address.
2. Jump to instruction 2and increment the data bus.
The lower trace of Fig. 4(middle) makes use of more
microprocessor features to control waveform end limits
and the number of repetitive steps in acycle. Its six-word
program is as follows:
1. Increment and set the d-a converter's address.
2. Increment and set the data bus to hexadecimal
address 40 (—0.498 v).
3. Increment and set the program cycle counter (in the
10801 microprogram controller) for 126 iterations.
4. Repeat and increment the data bus 126 times and
move on to instruction 5.
5. Decrement and set the program cycle counter for
125 iterations.
6. Repeat and decrement the data bus 125 times and
jump to instruction 2.
Note that words 5and 6are similar to words 3and 4
in the program, except that the former are decrementing
instructions. The repeat count in instructions 5and 6 is
one less than that in instructions 3and 4to compensate
for the extra microinstruction at word 2.
The performance advantage of a microprogrammed
bipolar LSI microprocessor over mos microprocessors
becomes more obvious when the program must keep
track of program cycle counts as in the preceding example. The bipolar bit-slice microprocessor executes the
10801's repeat instructions in parallel with the 10803
ALU increment or decrement commands, maintaining a
100-ns converter update interval. An mos microprocessor, on the other hand, handles cycle count in series with
output results and would therefore be 60 to 120 times
slower than the ECL microprocessor used here.
With a few more instructions and some subroutines,
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5. Unique patterns. When different programs are combined, the MC10318 d-a converter can be driven by the MC10803 microprocessor to
produce unique pulse patterns. The programming flexibility afforded allows the generation of an unlimited number of signal patterns.

Increment and set the d-a converter's address.
Jump to subroutine Sinpos and set the data bus to
hexadecimal address 80.
7. Increment, set the program cycle counter for 58
iterations, and set the data bus to hexadecimal
address 80.
8. Repeat, jump to instruction 6, and set the data bus
to hexadecimal address 80.
Table of subroutines
9. Increment and set the d-a converter's address.
10. Jump to subroutine Sinpos plus one step and set the
An 11-word program using the two subroutines just
data bus to hexadecimal address 86.
mentioned generates the respective sine-wave, rectified
11. Jump to instruction 10 and set the data bus to
half-wave, and rectified full-wave output waveforms of
Fig. 4 (bottom). With a little care, the program can be
hexadecimal address 80.
Figure 5further demonstrates programming flexibility
written to supply proper output data every microinstruction, even while jumping to and from subroutines. Such a by combining some of the programs of Fig. 4 into a
unique output pulse pattern. More important, the examprogram can look like this:
ples given in Figs. 4 and 5 illustrate the capability of
E Increment and set the d-a converter's address.
2. Jump to subroutine Sinpos and set the data bus to generating unlimited signal patterns. Although slower
microprocessors and d-a converters perform similar
hexadecimal address 80.
3. Jump to subroutine Sinneg and set the data bus to functions, the quantum performance jump offered by the
10318 d-a converter and the M10800 ECL LSI processor
hexadecimal address 80.
4. Jump to instruction 2and set the data bus to hexa- family opens up new application areas for digitally
generated analog signals.
D
decimal address 79.

sophisticated waveforms can be generated. The three
waveforms in Fig. 4 (bottom) were generated with
subroutines in the look-up table. One subroutine named
Sinpos starts at the waveform's midpoint (0 y) and
generates the first 180° of asine wave in 3° increments.
Another subroutine, Sinneg, provides the next sine wave
half in asimilar manner.
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DEAR
DEVELOPMENT
SYSTEM:
DMA 1,0
Progra inns, rty Pck

Ell u

CI

MI Ell IEI II
LI GI ICI 1111

You'll love letting Data I/O's System 19 do your
programming while you do the important things.
Once you've developed aPROM
program on your development system,
simply download it into aData I/O
System 19. This frees your development
system for the next person who needs it.
Later, if you discover that astatement
has been left out, or you need to edit the
program, you can use the System 19 to
make all the necessary changes without
once interrupting work being done with
the development system. And your
System 19 can program every kind of
bipolar and MOS PROM —not just the
few MOS PROMs that most development
systems program.
The System 19 saves you time by eliminating the need for you to build software

packages so your development system can
transmit data to the programmer.
System 19 offers all these development
system object code formats in asingle
package:
RCA Cosmac, Motorola Exorcisor,
Intel Intellec 8/MDS, Signetics Twin, MOS
Technology, Fairchild F8 Formulator,
Tektronix 8001, and Zilog MCZ-1.
Best of all, Data I/O System 19 is
priced within just about everyone's budget.
You haven't shopped around until
you've looked at Data I/O. Let us show you
the difference. Circle the reader service
number or contact Data I/O, PO. Box 308,
Issaquah, WA 98027 For answers
fast, call toll free: 800-426-9016.

Good idea! DATA I/O
Programming systems for tomorrow...today.

Electronics/November 22, 1979

Circle 145 on reader service card

145

Engineer's notebook

Three-chip digital scale
zeroes tare weight
by David Watson
Intersil Inc., Reading, Berks., England

A 12-bit analog-to-digital converter forms the nucleus of
this digital scale, which compensates for the tare (the
weight of the container holding the material to be measured) so that the net poundage can be determined.

Combined with a decade counter that drives commonanode light-emitting-diode displays and a flip-flop for
coordinating circuit activities, the unit makes for an
accurate, compact, and direct-reading instrument that
costs under $40.
An analog voltage corresponding to the object under
measurement (obtained here from a2-kilogram load cell
transducer) is applied to the ICL7109 a-d converter,
which uses the highly accurate dual-slope method of
transforming analog potentials into their digital equivalent. In this technique, a two-step auto-zero and inputvoltage integration phase is carried out in 4,096 clock
periods, serving to eliminate offset voltages and deter-

Weight reduction. Digital scale in effect subtracts weight of container holding object to be measured so that true (net) poundage can be
determined and displayed. Compact and accurate three-chip circuit can be built for less than $40, including display.
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What's different about
this low priced pressure
transducer is that we make
thousands just like it.

125PC solid state pressure transducer.

The 125PC is the first low priced pressure transducer with tolerances so close, you don't have to readjust each one before you install it.
At room temperature, the 125PC has anull tolerance of -± 1mV and
150 -± 2mV at full scale. It's available right off the shelf, and you can get
1-tOPC solid state pressure transducer,
five thousand of them for less than $20 apiece.
Those of you who need atemperature compensated version can get the amplified 140PC. With afull
scale output of 6volts, it has acombined null/sensitivity shift of less than 1% over atemperature range
of 80°C. Transducers are available with pressure
ranges of 0-1, 0-5, 0-15 or 0-30 psi.
For details and the location of our sales offices around the world,
write MICRO SWITCH, The Sensor Consultants, MICRO SWITCH
Freeport, Illinois 61032. Or call 815-235-6600.
aHoneywell Division
Ci rcle 147 for Data

mine the magnitude and polarity of the sampled voltage.
During this time period, the converter's oscillator
delivers clock pulses to the ICM7217 counter/display.
The deintegrating phase that follows steps the voltage to
0 in inverse fashion. When the voltage reaches 0, the
HBEN signal is generated to freeze the counter/display,
with the number of oscillator output pulses generated
during this phase being proportional to the magnitude of
the input voltage.
The counter's up and down line is controlled by the
74LS74 flip-flop, which is alternately set and reset by
the zero (counter at zero) and equal (input equal to
4,096) lines of the ICM7217. Because the counter is
preloaded to 4,096 on power up, it is thus free to cycle
between 0 and 4,096 during each conversion. Therefore,
a number between 0 and 4,096 will be displayed that is
equal to the number of output pulses emanating from the
converter during the deintegrating phase. With suitable
scaling (selected with potentiometer RI)and the appropriate choice of apresettable number in the counter, the
displayed value can be made to correspond directly to
the magnitude of the input voltage. As shown in the
figure for the general case, the analog input that is
required to generate a full-scale output of 4,096 counts
occurs when V. = 2V rer .
When the tare weight is being measured, the HBEN
pulse activates the store input of the counter every 8,192
clock periods, and a constant but initially random
number is observed. When the tare button is momentari-

RAM diagnostic performs
nondestructive check
by John Beaston and Mike Scott
Intel Corp., Brussels, Belgium

Although most routines for checking electrical faults in
random-access memories are very effective, they usually
destroy any data that may be stored in the RAM at the
time the test is performed, thus precluding its testing
during actual system operation. But a RAM may be
examined without disturbing its contents if use is made
of the technique illustrated in this program, which is
written for the Intel MCS-48 microcomputer.
The routine uses a method long utilized in the testing
of read-only memories—the checksum, wherein the
actual contents of the device are compared to the known
data that should be contained within it. The checksum
technique is applicable here because the contents of RAM
are fixed during the diagnostic test.
Initially, the program accumulates the checksum of
the current contents of the RAM. The program then
inverts the state of the first bit in the RAM and accumulates anew checksum. Because the state of the first bit is
known, the expected value of the new checksum may be
computed. If the computed checksum is equal to the
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ly engaged, the counter is reset by HBEN and the display
will be zeroed. The display will remain cleared thereafter, because with an unchanged weight, HBEN enables
the display at the same time in each measurement cycle.
In this instance, the display is enabled when the counter
reaches 0.
When a variable weight (the object weight) is added,
corresponding to N counts of the a-d converter's internal
clock, HBEN latches up N counts later than previously;
therefore, a number greater than 0 is displayed.
Conversely, if N bit values of weight are removed, — N
will be displayed. Note that the minus-sign LED will be
activated in this case, because F1will be low.
Because of input noise, the resolution of the a-d
converter will be nominally limited to about 40 microvolts per count, and it will be much worse in industrial
environments. Typically, the output of aload cell having
1-millivolt/volt sensitivity will be 2.5 microvolts/gram
when operated at 5 volts. Under these circumstances, a
stable preamplifier such as the ICL7601 commutating
auto-zero (cAz) device may be required. The input of
the ICL7109 accommodates differential inputs, and thus
the amplifier need not provide differential single-ended
output ports.
If aresolution of greater than 4,096 counts is required,
an a-d converter of greater accuracy can be readily
substituted for the ICL7109. The ICM7217 can be
cascaded with similar units to handle the increased
number of bits.

actual accumulated checksum, the program returns the
first bit to its original state.
This process is repeated for every bit in the RAM. By
testing the RAM in this manner, any addresses or bits
inadvertently linked will generate an incorrect checksum — that is, the accumulator will display a non-zero
value. It should be noted, however, that due to the
limitations imposed by the fact that the test is nondestructive, various bit errors can go undetected under
certain conditions.
The software requires only 54 bytes, as shown. To
conserve coding, the portion of the program commencing
at the label CKSUM is used not only as a subroutine for
the initial checksum but also for computing the checksum as the test proceeds. Because flag 0is cleared before
the initial call, the RETR (return with restore) instruction
at location 0120 is executed. Upon return, flag 0 is set.
When the program encounters CKSUM again, the JFO
(jump if flag 0 set) instruction branches around the
return. Also note that RAM registers R0—R 3 are used by
the routine, and therefore are tested indirectly.
At the conclusion of the test, the routine returns to the
calling program with the status of the check on the
accumulator. The accumulator will contain the hexadecimal value OFF if there is a fault in the RAM; 00
indicates the RAM is good.
Engineers 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.
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MCS-48, NONDESTRUCTIVE TEST FOR RANDOM-ACCESS MEMORIES
Loc

Obj

Source Statement

0100

Comment

ORG

100H

;CAN START ANYWHERE

MOV

R2 #01H

;INITIALIZE LOOP COUNTER/BIT MASK

85

CLR

FO

;CLEAR SUBROUTINE FLAG

0103

3412

CALL

CKSUM

;COMPUTE CHECKSUM OF RAM AS IS

0105

AB

MOV

R3, A

;STORE CHECKSUM

0106

95

CPL

FO

;DISABLE CHECKSUM ROUTINE AS SUBROUTINE

0107

B83D

MOV

RO, #3DH

;SET CHECK POINTER

0109

18

INC

RO

;BUMP CHECK POINTER'OVER RO -R3

010A

18

INC

RO

0100

BA01

0102

010B

18

010C

FA

010D

RAMTST

BB

INC

RO

MOV

A, R2

;GET BIT MASK

DO

XRL

A, @RO

,XOR BIT MASK WITH RAM DATA AT RAM POINTER

AA

010E

AO

MOV

@RO, A

;PUT RESULT IN RAM AT RAM POINTER

010F

FA

MOV

A, R2

;GET BIT MASK AGAIN

0110

DB

XRL

A, R3

;XOR BIT MASK WITH CHECKSUM

0111

AB

MOV

R3, A

;PUT NEW CHECKSUM IN STORAGE

0112

893D

0114

27

0115

19

0116

19

CKSUM

LOOP

MOV

R1, #301-I

;CHECKSUM ROUTINE -INITIALIZE RAM POINTER

CLR

A

;CLEAR ACC

INC

RI

;BUMP RAM POINTER TO NOT DO RO R3

INC

RI

0117

19

INC

R1

0118

D1

XRL

A, @RI

0119

C9

DEC

R1

011A

C9

DEC

RI

011B

C9

DEC

R1

;XOR RAM DATA FOR CHECKSUM

011C

E915

DJNZ

R1, LOOP

;LOOP FOR ALL RAM EXCEPT RO -R3

011E

8621

JFO

S+3

;FLAG TEST -SUBROUTINE ONLY FIRST TIME

0120

93

RETR

0121

DB

XRL

A, R3

;COMPARE OLD/NEW CHECKSUMS

0122

C628

JZ

S+6

,IF GOOD, JUMP AROUND ERROR EXIT

0124

23FF

MOV

A, #OFFH

;COMPARE BAD

0126

2437

JMP

FINISH

,EXIT WITH BAD ERROR CODE

0128

B5

CPL

Fl

;TOGGLE FLAG TO DO EACH BIT TWICE

0129

760C

JF1

AA

;DO EACH BIT IN BOTH STATES

012B

FA

MOV

A, R2

;GET LOOP COUNT/BIT MASK

012C

A

;ROTATE FOR NEXT BIT POSITION

;RETURN IF SUBROUTINE

ERROR CODE TO ACC

E7

RL

0120

AA

MOV

R2, A

;RESTORE BIT MASK

012E

07

DEC

A

;CHECK FOR CYCLE END

012F

960C

JNZ

AA

;LOOP WITH NEXT BIT MASK

0131

C8

DEC

RO

;DEC CHECK POINTER TO GET OVER RO -R3

0132

C8

DEC

RO

0133

C8

DEC

RO

0134

E809

DJNZ

RO, BB

;LOOP WITH NEXT DATA ADDRESS

0136

27

CLR

A

;CLEAR ACC FOR GOOD TEST

0137

83

FINISH

RET

;RETURN TO CALLING PROGRAM
;USER PROGRAM STARTS HERE — ACC--00 GOOD TEST,
;ACC=FF BAD TEST
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Engineer's newsletter
Printed circuits
enter the Iron Age

The op amp
stars in its
own video serles

Keeping solder
fro
m spoiling
pluggable parts

Consult
aconsultant
on consulting

150

Looking for areally low-cost, low-current foil for printed-circuit boards to
be used in consumer applications? A new electrodeposition process developed by Gould Laboratories has made it practical to form iron foil in
thicknesses of only 'A to 3mils. Iron foil is highly uniform and pore-free,
glossy on one side and with agray, textured matte finish on the other. The
material bonds well, conducts electricity well, and has good magnetic
shielding properties. Most important of all, it is stronger and less expensive than most nonferrous foils used in pc fabrication. A film pack with
foil battery electrodes is another area where the low cost of iron foil could
pay off. For further information, contact Timothy Wilson at Gould
Laboratories—Materials Research, 540 East 105th St., Cleveland, Ohio
44108, or phone (216) 851-5500.

Despite great progress in digital circuitry, electronics is still an analog
world and one of its most important elements is the operational amplifier.
As the op amp is amore complex and touchy circuit to work with than
the relatively simple digital gates and latches, Colorado State University's
Engineering Renewal and Growth program is offering athree-part videotape course for engineers who want to acquire proficiency in using it.
Part 1consists of eight 40-minute color videotapes on the frequency
domain; its emphasis is on acquiring necessary tools and skills for circuit
analysis. Part 2discusses RC operational amplifiers and consists of adozen
40-minute color tapes. Part 3also consists of 12 40-minute color tapes and
is intended to provide useful and practical knowledge of analog filter
design using op amps. Each course is supplemented by astudy guide and
textbook. For more information, get in touch with W. L. Somervell, ERG
director, Christman Field, Building 1000, Colorado State University, Fort
Collins, Colo. 80523, or call (303) 491-8417.

If you want the option of unplugging dual in-line packages and certain
other components from a printed-circuit board, you can press-fit hollow
pins, called Holtite contacts, into the board's plated through-holes and
plug the parts into the pins. But if components that cannot be inserted into
these pins have then to be wave-soldered to the same board, you may find
stray solder flowing into the backs of the pins, making it impossible to
remove the DIPs or whatever is plugged into them.
The maker of the Holtite contacts, Augat Inc., has therefore come up
with two types of soluble liquid masks that protect the pins from the
solder: 322-HSM-WS is for use with rosin and organic acid fluxes; while
322-HSM-CS is for use with inorganic fluxes only. For further information, write Terry Hannan at Augat Inc., 33 Perry Ave., P. O. Box 779,
Attleboro, Mass. 02703, or call him at (617) 222-2202.

Steve Tomczak is president of his own consulting firm and for $99.95 he
will send you six manuals, four cassette tapes, and a set of Consultant
Update reports to show you how to start or expand your own consulting
practice. The "How To Become A Successful Consultant" kit emphasizes
methods of getting new prospects and clients. For example, the tapes
contain typical conversations between aconsultant and potential clients.
For information, write Box 480530, Los Angeles, Calif. 90048, or call
(213) 651-1239.
-Jerry Lyman
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Intel Marches On
How we put military equipment manufacturers in
command of the latest advances in microelectronics.

D

esigners of military
and high reliability
systems can depend
on Intel for the latest in LSI
technology. We deliver more
advanced mil-spec microcomputers and semiconductor
memory than anyone.
Here's our strategy.
The fiercely competitive pressures
of the industrial
marketplace
have driven us
to push for higher and higher
performance with
greater and greater
reliability. Last year
alone Intel spent
$41 million on research
and development. That
investment strengthened our
decade of leadership in microelectronics. And it enables
us to keep our commitment of
bringing the world's most
advanced LSI microcircuits
to the military.

also take advantage of Intel's
M8085A, military version
of the most powerful 8-bit
microprocessor ever. Or design
with our recently militarized

RAMs, EPROMs, bipolar
PROMs, microcomputers and
peripherals. All processed to
full Level Brequirements of
MIL-STD-883B, Method 5004
and quality conformance
procedures of Method 5005.
And they're all backed by the
support and development
systems you'd expect from the
largest supplier of LSI devices.

Building up for the future
To expand your design
capability even further, -Intel
is currently working with
government agencies and
military equipment manufacturers to upgrade more devices
to military specifications.
We stand ready to support
your programs with additional
JAN -approved components
as slash sheets are issued.
single-chip microcomputer,
For more information on
the M8048.
Intel's complete family of
Intel also delivers the high military devices contact your
performance memory you need local Intel distributor or write
for advanced military systems. Intel Corporation, 3065
A good example is our M2147, Bowers Avenue, Santa Clara,
military equivalent of Inters
CA 95051. Or call (408)
JAN-approved 8080A:
HMOS*industry standard
987-8080.
leading edge of military LSI
4K static RAM. Another is
Intel invented the microour 16K M2716, the highest
computer, and it's no surprise
density military EPROM
our 8080A was the first microon the market.
processor to qualify for JAN approval and first for QPL Part I Enlist our entire family
Europe: Intel International, Brussels, Belgium. United States
and Canadian distributors: Arrow Electronics, Alliance,
Intel's
military
family
Almac/Stroum, Component Specialties, Cramer, Hamilton/
listing (M38510/42001 BQB).
Avnet, Harvey, Industrial Components, Pioneer, Sheridan,
VVyle/Elmar, YVyle/Liberty, L.A.Varah and Zentronics.
gives designers afull range of
Now military designers can
state-of-the-art LSI solutions: •HMOS oapatented Intel process
Circle No. 151 for Information

EW DIGITS
FOR TIGHT PLACES.
ACTUAL SIZE

Big digits, small package.

Low power monolithics, too.

Here's bright news.
Litronix has come up with LED
displays that give you the biggest digits
ever for the package size.
Drawing only 12 milliwatts per segment, they're 0.27" LEDs, in apackage
of four...only 0.4" high x 1.26" long and 0.24" thick.
Use them wherever you want brightness and LED
readability in cramped or inaccessible locations.
They're ideal in panel meters, medical instrumentation,
computers, automobiles and appliances, or wherever
space is aconsideration.
There are two displays, standard red and high bright
orange. Both displays are end-stackable in multiples
of four. There's a colon available for clocks. They are
totally encapsulated and moisture resistant.

New magnified monolithics drawing
less than 1.0 milliwatt per segment
are now offered in 2, 3, and 4-digit
packages, 2-digit heights. They are
end-stackable, rugged, fully encapsulated sealed digits with high impact
durable plastic lenses. And they offer high brightness
over the useful life of the battery.
It's another bright, low-power story from Litronix.

Encapsulated digits

Part No.

Size

Package

Color

Price
per Digit
per 1000

DL-4770

.27"

4 digits

standard red

1.20

DLO-4770

.27"

4 digits

high-bright orange

1.80

Circle
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litronix
AN AFFILIATE OF SIEMENS

Magnified monolithic digits

Package

Color

Price
per Digit
per 1000

DL-330M

.11"

3 digits

red

1.35

DL-340M

.11"

4 digits

red

1.35

DL-440M

.15"

2digits

red

1.90

DL-430M

.15"

3 digits

red

1.90

Part No.

Size

For samples call or write us. Address Litronix,
19000 Homestead Road, Cupertino, CA 95014. (408)
257-791'0.
European Headquarters: Litronix, Inc., 23 Church
Gate, Hitchin Herts SG5 1DN, England, Phone:
0462-56-322, Telex: 851-825497. Sales Office: Litronix
GMBH, Schoenglick 25, 8068 Pfaffenhofen, West
Germany, Phone: 08441-4021, Telex: 841-55532.

THE LIGHTS FANTASTIC

Single-board computer is fast, powerful
Z80A-based microcomputer with 16-kilobytes of RAM and ahigh speed
math chip has 16 interrupt levels, uses CP/M2.0, and sells for $1,600
by Pamela Hamilton, Assistant New Products Editor

Video display systems are particularly demanding of their internal
computers. Usually single-board
units, these processors must have a
lot of memory and high speed and
yet add little to the cost of pricesensitive video systems. But designers at Matrox Electronic Systems
Ltd., acompany long in the business
of making video boards, felt no
single-board 8-bit computer on the
market satisfied these requirements.
So they set about developing the
ZBC-80, a Z80A-based microcomputer board that operates at aclock

rate of 4 MHZ, is Multibus-comThe ZBC-80 provides 16 kilobytes
patible, has 16 levels of interrupt
of on-board random-access memory,
and lots of memory, and supports a with accommodation for up to 64
wide variety of software packages.
kilobytes when 64-kilobit chips beAlthough the CPU board is amove
come available. It also has sockets
away from video boards, marketing
for up to 80 kilobytes of either readmanager Barry Millet notes that the
only memory, or programmable
Montreal-headquartered company
ROM. "The on-board RAM runs with"needs vertical integration, and an
out wait states," says Edward
8-bit board is a logical extension of Dwyer, applications engineer. "That
the video business." He adds that
represents at least a 20% improvethis introduction will place Matrox
ment in speed [over existing
in a good position when the 16boards]," he adds.
kilobyte boards of the next generaThe board uses the CP/M2.0 disk
tion become available.
operating system from Digital Re-

SYSTEM ADDRESS,
DATA, AND
CONTROL BUSES

STARTING
ADDRESS

PROGRAMMABLE
READ-ONLY
MEMORY
(UP TO
40 KILOBYTES)

INTERRUPT
(16)

•
ADDRESS
DECODING
LOGIC

RANDOMACCESS
MEMORY
(16 KILOBYTES)

MULTI BUS
INTERFACE

MULTI-MASTER
ARBITRATION
LOGIC

INTERRUPT
CONTROLLER
(2 9519s)

Z80A
CENTRAL
PROCESSING
UNIT

COUNTER/
TIMER
(8253)

COUNTER/
TIMER
(8253)

ARITHMETIC
PROCESSOR
(9511 OR 9512)

PARALLEL
PERIPHERAL
INTERFACE
(8255)

PARALLEL
PERIPHERAL
INTERFACE
(8255)

SYSTEM
CLOCK

COUNTER OUTPUTS
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PARALLEL PORTS

UNIVERSAL
SYNCHRONOUS/
ASYNCHRONOUS
RECEIVER
TRANSMITTER
(8251)

1

RS-232-C
SERIAL OUTPUT

153

Boost efficiency,
cut costs...

New products

with top-quality Sturdilite lab & work stations
Modular Sturdilite "building-block design simplifies planning, saves you
money by providing you with components that go together to make up
precisely and efficiently the joboriented lab or work station you need.
The broad variety and versatility of
Sturdilite pedestal bases, work surfaces and other components let you
—with the help of Sturdilite engineers
—custom plan work areas to meet

ANGLE
rEeiE STEEL.

your most exacting requirements,
large or small.
Sturdilite proves that tough can be
beautiful, too...with awide variety of
attractive decorator color choices.
That means improved worker morale
and another cost-saving advantage
to you.
For further information or free consultation—at no obligation—just pick
up the phone. Sturdilite sales engineers are located nation-wide to
assist in planning alab or work area
that's most economical and efficient
for you. Call (616)685-6400. Or fill
out and mail the coupon below.

A DIVISION OF KEWAUNEE SCIENTIFIC EQUIPMENT CORP
PLAINWELL, MICHIGAN 49080

(6 6) 685-6400

STURDI

L_

FL-119

LAB &WORK STATIONS

Angle Steel Division. 323 Acorn St
Dept
. Plainwell. Michigan 49080
D Please rush FREE information on Sturdilite lab and work stations.
D Please have aSturdilite sales engineer call on me. Iunderstand
there is no obligation.
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search Inc. Assemblers, text editors,
and debuggers as well as a number
of high-level language utilities in
such languages as Fortran, Cobol,
Basic, and Pascal are supported by
this operating system.
The ZBC-80 also offers bus arbitration logic to allow up to three
masters to share the system bus in a
serial priority fashion. Enhancing
the Z80A's arithmetic capabilities is
an optional high speed math chip,
either the Am9511 or Am9512. The
9511 performs 16- or 32-bit fixed
point and 32-bit floating point arithmetic. The 9512 performs 32-bit
fixed point and 32- or 64-bit floating
point arithmetic.
Other features of this board
include: bootstrap-on-reset circuitry;
six 8-bit programmable parallel 1/0
ports using two 8255 peripheral
interface chips; six programmable
timer/counters consisting of two
8253 chips; and aserial communications controller provided through an
RS-232 interface and an 8251
universal synchronous/asynchronous
receiver/transmitter (usART) chip.
The board has an Am9519 eightlevel universal interrupt controller
chip as standard equipment. A
second 9519 may be cascaded from
the first to produce a 16-level interrupt controller that operates with
fixed or rotating priorities.
Dwyer expects the company to
begin shipping the CPU card in January. A fully equipped board—
including an arithmetic chip, 16
levels of interrupt, two timer/counter chips, and 16 kilobytes of RAM—
will sell for about $1,600 in single
quantities, with the price dropping to
around $1,200 in larger quantities.
A stripped down version will sell for
about $1,000, with larger quantities
selling for $700 or less. Matrox will
license the CP/M2.0 operating system for about $500.
The company also plans to offer
the Mega-1, an add-on RAM card for
the ZBC-80 in the first quarter of
next year. The 128-kilobyte version
will sell for about $2,000 and the
64-kilobyte version for about $1,000.
Matrox Electronic Systems Ltd., 5800 Andover Ave., Montreal, Quebec, H4T

1H4,

Canada. Phone (514) 735-1182 [339]
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YOU DON'T
HAVE TO SEE THE LIGHT
TO KNOW THE We
Maybe you can't see the light
from our infra-red LED components,
but we'll show the way to successful
opto design.
To start with, our SEP and SDP
8000 series comes in alow cost plastic
package and offers areliable replacement for the TIL 31, TIL 81, LED 55
series and L14G series.
And our photodiodes,
phototransistors, photodarlingtons
and GaAs diodes make up the
broadest line of opto components in
the industry.
Already, they've been highly successful in applications like automobile
cruise controls, business machine
paper detectors, vending machine
and telephone coin detectors, smoke
detectors, industrial controls, even
fiber optics.
Or if you'd rather buy preassembled products, we offer industry
standards in slotted interrupter

©1979 Spectronics
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modules, optically coupled isolators
and fiber optic modules. You can even
get assemblies custom designed for
your application.
So if you've got an idea for an
optoelectronic design, let us know
We'll show you how to make it shine.
Give us acall at 214/234-4271.
Or write us at 830 East Arapaho
Road, Richardson, Texas 75081.

SPOOMOS
Adivision of Honeywell
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New products

Scientific computer costs $16,500
16-bit unit replaces cache memory with prefetch register, storing
instructions from the four-way interleaved memory to speed cycle times
by James B. Brinton, Boston bureau manager
Price/performance ratios of scientific computers seem to improve with
the introduction of every new computer. The Eclipse S/140 from Data
General Corp. is the latest of such
announcements [Electronics, Nov. 8,
p. 33] with what the firm describes
as an entry-level price. The S/140 is
a 16-bit processor whose power falls
between the company's S/130 and
S/250 scientific Eclipses. But this
computer's price is slightly lower
than that of the 21
/
2-year-old S/130
in similar configurations.
According to Richard A. Schreiber, product line manager for computational/scientific systems, "the
S/140 is the nucleus of a fast,
sophisticated Eclipse system that can
expand economically with various
system options to satisfy most highperformance 16-bit applications."
The S/140 has characteristics in

common with earlier Eclipse computers, but offers higher throughput
than the more costly S/I 30, largely
as a result of a combination of a
microprogrammed, single-board central processing unit (cPu) with a
moderately fast interleaved semiconductor main memory, in addition to
what the company calls a prefetch
processor (PFP) (instead of the usual
Eclipse cache memory) to speed the
flow of information between the CPU
and memory.
Each of the S/140's memory
boards uses four-way interleaving to
yield an effective memory cycle time
of 400 ns. The prefetch processor
boosts apparent memory speed by a
factor of 4 to 100 ns. The $16,500
computer comes with 128 kilobytes
of mos main memory, standard
error checking and correction, realtime clock, and virtual console inter-

face. A slower but otherwise equivalent S/130 sells for $20,500.
Data General sources are happy
enough with the S/140's performance to go public with its Whetstone
numbers—a standard set of Fortran
tasks used as benchmarks of a
computer's performance. For example, the S/140 is said to complete
450,000 Whetstone single-precision
instructions per second and about
380,000 double-precision instructions per second. By contrast, the
S/130 completes only about 240,000
single-precision and less than
125,000 double-precision instructions in the same time. The S/140's
performance is therefore closer to
the S/250's Whetstone benchmarks:
more than 600,000 single-precision
and more than 525,000 double-precision instructions per second.
One of the reasons for this speed is
the S/140's prefetch processor. Earlier Eclipses had cache memories
made of bipolar random-access
memory, but according to Schreiber,
the PFP offers a higher price/performance ratio than these earlier
designs. The PFP is a first-in, firstout register capable of storing up to
13 instructions from the system's
four-way interleaved memory and
then cycling them out at a 100-ns
clip, yielding an apparent fourfold
memory speed increase. This is aless
flexible way of "speed-buffering"
memory than possible with RAM, he
says, but it offers good performance
and lower-cost implementation than
would a RAM-based cache memory.
As with other cache-like systems,
one of the performance-optimizing
tricks of the trade is writing the software to minimize the subroutine
branching, which forces the cache
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Fastest EPROM ever.
Plus alow-power 32K...a faster 16K.
All new from Texas Instruments.
At 250 ns max access, TI's new TMS2508
is the fastest EPROM on the market.
It's made to order for state-of-the-art
microprocessor systems. Reduces wait
states, virtually eliminates the need for
additional circuitry.
The TMS2508 is atrue single 5-V supply, 8K device. Designed for speed, it
provides all the outstanding characteristics of TI's 5-V EPROMs: 8-bit word

configuration. Automatic chip select
power down. Fully static operation.
Simplified programming — singly or in
blocks, sequentially or at random.
A very low power 32K also joins TI's
growing EPROM family. The new 5-V
TMS25L32 requires 40% less power
than its standard counterpart. Active
power dissipation is only 500 mW max—
the lowest power per bit yet for

TI's Growing EPROM Family
Device

Description

TMS25L32
TMS2532
TMS2516-35
TMS2516
TMS2508-25
TMS2508-30
TMS2716
TMS27L08
TMS2708
TMS2708-35

32K
32K
16K
16K
8K
8K
16K
8K
8K
8K

Power
Supply

+12,
+12,
+12,
+12,

5V
5V
5V
5V
5V
5V
±5V
±5V
±5V
±5V

Max Power (0°C)
Operating
Standby
500
840
525
525
446
446
720
580
800
800

mW
mW
mW
mW
mW
mW
mW
mW
mW*
me

131 mW
131 mW
131 mW
131 mW
131 mW
131 mW
—
—
—

Access
lime

100-piece
Price

450 ns
450 ns
350 ns
450 ns
250 ns
300 ns
450 ns
450 ns
450 ns
350 ns

$102.00
53.80
55.40
36.92
36.90
30.80
24.60
16.90
12.30
15.40

'7A — 70°C

TEXAS I
NSTRUMENTS
C 1979 Texas Instruments Incorporated

IN COR POR A I I LT

EPROMs. Input noise immunity: 400
mV, high and low ends.
A high-performance 16K EPROM is
now available from TI. The new 5-V
TMS2516-35 features 350 ns max access
time versus 450 ns for the standard 16K
with no increase in power.
Compatible, available family: All TI
EPROMs are pin compatible in rugged
24-pin dual-in-line ceramic packages.
Upgrading is simple, since the family
concept is designed into every new
EPROM.
All offer state-of-the-art performance
and all are in production.
To get the new, super fast 8K, or
any other member of TI's EPROM
family, call your nearest TI distributor.
Or for more information, write
lbxas Instruments Incor
fi o
porated, P. 0. Box 1443,
M/S 6955, Houston, Texas
77001.
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New products

•
Prescolite and Plenco
help you see the light.
Prescolite Division of U.S
Industries, San Leandro.
California, a leader in lighting
design, manufactures commercial lighting products for
incandescent and high-intensity
discharge light sources.
Among their products are
recessed down light fixtures with
matte-finish, milli-grooved light
baffles. Molded of our Plenco
349 Black AF (Asbestos Free)
Heat Resistant phenolic compound, the light baffles absorb
spill or stray light, stop glare and
reflections, and give low aperture brightness.
"The reason for our choice of
your Plenco 349 Asbestos Free
compound is two-fold:' reports
the manufacturer. "First, it withstands acontinuous operating
temperature of approximately
200 C without evidence of
physical breakdown or deterioration. Second, after the molding
158

process, it holds up to afine
sandblasting we put the baffles
through to create a uniform 'soft'
appearance when illuminated:'
To help shed light on your own
particular molding application,
put in acall to Plenco at
(414) 458-2121.

FeL.E N CC,
THERMOSET PLASTICS

PLASTICS ENGINEERING COMPANY
Sheboygan, WI 53081
Through Plenco research ...a wide range of readymade or custom-formulated phenolic, melaminephenolic, alkyd and polyester thermoset molding
compounds, and industrial resins.

Circle 158 on reader service card

memory, or PFP, to flush its contents,
thus incurring a time penalty. This
problem has been minimized since
the S/140 is compatible with all
existing Eclipse software, except for
some commercial packages.
The S/140's memory expands in
128- and 256-kilobyte increments up
to a total of a megabyte; Data
General supports this with amemory
allocation and protection (MAP)
package as standard equipment.
This MAP package supports privileged instructions, input/output device protection, and main memory
write and validity protection in
multiuser environments, which is
important since the S/140 can
handle up to 128 Dasher display
consoles.
To speed throughput, there are
two floating-point options, one designed for speed and implemented in
hardware and the other for less
demanding applications using a
firmware implementation. The hardware unit performs a double-precision multiplication in 9.2 its. For
increased reliability, the S/140 includes automatic diagnostics to test
CPU, memory, and I/0 bus operation.
There also is a standard automatic
battery backup to provide power to a
single 256-kilobyte memory module
for up to 90 minutes.
Introduced at almost the same
time as Data General's Xodiac, an
X.25-compatible communications
protocol, the S/140 is expected to
play a large role in the firm's
networking thrusts for the 1980s.
The system's character instruction
set option allows the S/140 to set
itself up in business as acommunications processor with bit, byte, and
string instructions, including character compare, translate, move, and
scan. There is an optional datacontrol unit that increases throughput in communications applications
by acting as a front-end processor so
as to offload interrupt processing,
line protocols, and error control
functions from the S/I 40's central
processor.
Delivery of the S/140 takes 90
days.
Data General Corp.,

Route 9,

Westboro,

Mass. 01581. Phone (517) 366-8911 [338]
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Silent Partners.
Signetics' new dual op amps.
Team them with your design for
the industry's lowest noise.

Now the instrument OEM can specify op
amps that deliver precision performance and
low noise operation.
Our new duals combine the industry's lowest
spectral voltage with a 600Q output drive
capability. The Signetics 5532 really shines at
6nV/V Hz. And our 5533 brings it
all home at 4.5nVW Hz.
Compare our monolithic pair
to other "low-noise" op amps,
and see what you've been
missing. Like wide
power bandwidths
at exceptional slew
rates.
Use them in your
new design.
Or specify
them as
superior
replacements for
not-so-low-noise op
amps you may be
using now.

Both devices give you a small-signal
bandwidth of 10MHz, and high output drive
capability. By "high," we mean 10V rms into
600Q at Vs=±18V. Great for active filters or
low-signal transducers.
If you don't need two op amps on a single
chip, check out our 5534. Same super features
as our 5533. And this one's already become an
industry standard. Whichever you choose,
you're going to be dollars ahead and decibels lower. Join the silent revolution
today with the op amps that let
every OEM get the low noise
performance that quality systems
call for.
Send us
the coupon
for full details. Or phone
your nearest
Signetics sales
office or authorized distributor.

SgintiCS
asubsidiary of U.S. Philips Corporation
Signetics Corporation
811 East Argues Avenue
P.O. Box 409
Sunnyvale, California 94086
Telephone 408/739-7700

Signetics Low-Noise Op Amps

To: Signetics Publication Services, 811 East Argues Avenue
P.O. Box 409, MS27, Sunnyvale, CA 94086
D Rush details on Signetics' low-noise op amps.
0 Iwant to get the noise out right now.
Please have an applications specialist phone me at:
(

Part Number

Key Specifications

NE5532*
(dual)

Low Noise: 6nV/N/Flz (max.); internally compensated;
140kHz power BW @9V/bsec slew.

NE5533
(dual)

Low Noise: 4.5nV/NAT(max.); 200kHz power BW
@l3V/psec slew.

NE/S E5534* Low Noise: 4.5nV/NK (max.); 200kHz power BW
(single)
@f3V/bsec slew.
*industry-standard pinouts

ext
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New products
Instruments

Analyzer covers
21 GHz, and more
Portable instrument
offers digital storage,
100-Hz resolution
High-quality portable spectrum analyzers can range in price anywhere
from $13,500 to $47,500, with the
median around $20,000. Faced with
that kind of expenditure, a prospetive purchaser wants to make certain
that the instrument he buys is going
to see a lot of service—that it earns
its keep, so to speak. Tektronix'
model 492 is therefore designed to
spend more time on the job than
resting on the shelf.
With just aset of coaxial cables, it
can analyze waveforms with frequency components of 50 kHz to
21 GHz —an impressively wide bandwidth in itself. But because the range
of frequencies of general interest is
expanding, this instrument can work
with a wide range of super and
extremely high-frequency mixers,
available from Hughes Aircraft Co.
and TRG, among others. Using such
external mixers, the 492 can display
frequency components to 220 GHz.
Along with frequency components, the display contains areadout
of seven key parameters—reference
level, frequency, vertical display,
frequency span, frequency range,
resolution bandwidth, and rf attenuation —generated by the microprocessor from the control settings. The
processor's presence makes it possible to add digital storage to the

instrument, so it can compare apresent spectrum with one previously
stored, and to control operation via
the general-purpose interface bus
(GP1B). Both these capabilities are
obtainable at the purchaser's option.
Complementing the overall bandwidth are selectable 6-dB resolution
bandwidths ranging from 1kHz to 1
MHz. But since the spectrum is
getting more crowded, phase-locked
stabilization and an even finer resolution of 100 Hz can be added
optionally, to catch signals in densely packed bands.
Lest small signals be missed, the
492 has a dynamic range of 80 dB.
Its sensitivity may be inferred from
its average noise at 1-kHz resolution— — 115 dBm from 50 kHz to 7.1
GHz, — 100 dBm from 5.4 GHz to 18
GHz, and —95 dBm from 15 GHz to
21 GHz without optional preselection. That option increases average
noise by about 5dem in each range,
but at the same time it increases the
dynamic range for harmonic measurements to 100 dB.
The model 492 weighs 44 lb—
which is light for aspectrum analyzer. The single lifting handle makes it
simple to carry in small spaces—it
can even be passed through a
submarine hatch. Further, the instrument meets the requirements of
MIL-T-28800B, so it can take the
rough handling instruments sometimes meet in the field.
But what are most likely to
encourage field-service use are the
unit's automatic features. At turnon, it performs a self-test under
microprocessor control and sets controls to a fixed set of positions each
time. Autoresolution adjusts resolution to track span so that the best
display is assured. An internal calibration generator eliminates the
need for any additional equipment to
perform acomplete calibration.
In basic form, the 492 is priced at
$17,850; adding the GPIB interface
raises the price to $20,850. Digital
storage adds $1,500 to both prices.
Mixers covering the range from 18
to 60 GHz are available, and delivery
time for the basic unit is 14 weeks.
Tektronix Inc., P. O. Box 500, Beaverton,
Ore. 97077 [351]

$1,195 exerciser puts
disk drives through paces
For use in both quality-assurance
inspection and field-service repair,
the Model FX-500 floppy disk exerciser tests floppy-disk drives by
putting them through their paces
and evaluating the typical problems
they encounter. Drive characteristics
are switch-controlled and include
hard sectoring, separated or composite data and clock, single or dual
heads or both, and 250-, 125-, or
500-kilobyte-per-second transfer
rates for standard density.
It has avariety of modes, such as
enable restore, incremental step, step
to aselected track, and inhibit step.
A variable step delay helps set up
alignment adjustments. The FX-500
weighs 15 lb and has its own power
supply. It is priced at $1,195 and
delivery is 30 days.
Wilson Laboratories Inc., 2237 North Batavia
St., Orange, Calif. 92665. Phone Dan Krongaard at (714) 998-1980 [357]

Simulation system generates
test programs automatically
The Capable 4814 logic-simulation
system is aminicomputer-based unit
that analyzes software models of
complex logic-circuit boards, determines a set of conditions under
which the design is most likely to
malfunction, and then generates programs to test for these specific faults
or invalid machine states. The
programs produced by the 4814 are
designed to run on Computer Automation's Capable line of functional
automatic test systems.
Unlike most previous systems,
which used a single algorithm to
select fault patterns from a table of
undetected faults and then generated
a stimulus sequence to drive the
fault to a pin where it could be
detected, the 4814 has a repertoire
of four algorithms among which it
switches for optimum fault detection. The system minimizes computer time by doing the easy faults first
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4P+2S+Strobe+Attention+ RAM EPROM 4100
Introducing The SwitchBoardTM I/O Interface.
the most complete interface available for S-100
systems. .
designed by George Morrow exclusively
for Thinker Toys TM

And yet. The SwitchBoardw Interface won't
hang you up on price or delivery. In kit form, its just
$199. $259 assembled. 2114 4K static RAM option
(4 MHz Z-80 compatible), $70.

The SwitchBoard w interface provides 4parallel
ports and 2 RS232/TTY serial ports. Plus. strobe

Ask your local computer shop to place your
order immediately for priority shipping. Or, if un-

and attention ports. Plus, on-board facilities for 4K of
optional static RAM and 4K of user-supplied EPROM.

available locally, order direct from Thinker Toysw,
5221 Central Ave., Richmond, CA 94804.

And every port is switch-programmable for total

Or call for The SwitchBoardw' at (415) 524-2101
weekdays. 10-5 Pacific Time.

flexibility in interfacing complex peripherals ...
such
as 12-bit daisywheel printers.
Each parallel port can be switched for input or
latched output. Both serial ports can be switched to
any of 16 baud rates from 110 to 19,200. Each strobe
and attention port flip-flop can be switched for pos
or neg pulsing.

*Sockets provided, chip set optional.
A product of Morrow's Microstuff for

Thinker
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New products

87% efficiency in a
compact 200 watt 400Hz
to DC power supply
High wattage power supplies needn't be
hot, heavy or bulky. Tecnetics' new 4200
Series packs 200 watts of power in 60
cubic inches of space, and delivers it
with up to 87% efficiency. It's accomplished through pulse width modulation techniques, a technology
pioneered by Tecnetics.
What did we give up to achieve these
impressive specs? Nothing. Just look at

the state of the art features: remote error
sensing, full encapsulation, MTBF up to
30,000 hrs. on single output units, EMI
filter, overload and short circuit protection, excellent regulation, and environmental specs that meet the requirements
of MIL-E-5400.
This impressive power supply series is
now available with single and triple outputs to meet a wide variety of military
and aerospace power conversion needs.
Get full specs on this and over 1000
other AC-DC and DC-DC power supplies
by sending for our catalog.

4200 SERIES 200 WATT AC -DC POWER SUPPLIES — 3 PHASE
Output voltage:
Output power:
Frequency:
Dimensions:
Terminals:
Weight:
Prices: (1 to 9)

5-48 VDC
200 -250 Watts
360 to 440 Hz, 3 phase Y
6 X 4 X 2.6 inches
Barrier strip, screw type
70 ounces, (4.4 lbs.)
Single output — $750
Triple output —$900 to $925

tecnetes

The Power Conversion Specialists
P.O. Box 910, 1625 Range Street, Boulder, Colorado 80302- (303) 442-3837

TWX 910-940-3246
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1979 Electronics
BuyereGuide
The only book of its kind in the
field. If you haven't got it,
you're not in the market.
To insure prompt delivery
enclose your check with
this coupon.

Electronic Buyers Guide
1221 Ave. of the Americas
Nevi York, N.Y. 10020
Yes, please send me
copy(les) of 1979 EBG.
D I've enclosed $30 per copy delivered in the USA or
Canada.
D I've enclosed $52 per copy for delivery elsewhere
Name

162

Computer Automation Inc.,

2181

Dupont

Dr., Irvine, Calif. 92713. Phone (714) 8338830 [353]

31/2-digit multimeter
provides audible output
When an ohmmeter is used to test
continuity, it should not be necessary
to look at the instrument to get a
reading. In the words of Harold
Goldberg, president of Data Precision, "it is an indication and not a
measurement" and can therefore be
better accomplished with an audible
alarm. Hence, his company's latest
digital multimeter, the model 936,
contains an audible alarm that goes
off when the meter measures a low
resistance. The alarm also sounds
when the meter is subjected to an
overvoltage.
Basically, the 936 is an upgraded
935. It has 29 ranges of ac and dc
voltage, current, and resistance
measurement; it operates from a9-v
transistor-radio battery. The 9.5-oz
hand-held meter sells for $159; it is
available from stock.
Data Precision Corp., Electronics Avenue,
Danvers, Mass. 01923. Phone George Scott

Company

at (617) 246-1600 [358]

Street
City

and then proceeding to the faults
that are more difficult to detect.
Another factor distinguishing the
new machine from most previous
ones is its use of both forward and
reverse propagation paths. In its
optional library of data on standard
circuits, the 4814 has entries that
describe both types of paths; the
system may thus always select the
most efficient path—forward or
backward—for any given fault.
A 4814 with aNaked Mini central
processing unit using 320 kilobytes
of memory, an alphanumeric cathode-ray-tube terminal, a 256-kilobyte floppy-disk drive, a 10-megabyte dual moving-head disk drive,
the Montos operating system, the
ATG-II software package, an emulation software package, and logicsimulation software and associated
libraries sells for $110,000, including
operator training and system installation. Delivery time is 90 days.

State

Zip
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Intel PROMs to the Front
Intel marches on with the fastest 16K military
bipolar PROM ever, our 8Ons M3636. It's here today.
Now military and high reliability equipment manufacturers
can build with bipolar technology's leading edge component:
our 16K M3636. It's another
step forward in Intel's plan to
continue bringing the most
advanced LSI microcircuits to
military systems designers.
Our new 2Kx 8-bit PROM
delivers access times of 8Ons max.,
with twice the density and
only about half the power per bit
of 8K designs. All this in
the compact, industry standard
24-pin hermetic DIP.

Reinforcements are here
M3636 is in good supply.
It joins ranks with Intel's
other high performance,
field programmable
bipolar PROMs for military
applications. All of Intel's
mil-spec PROMs are available
in production quantities.
Use M3636 to upgrade 8K
designs or as adirect replacement for other 16K PROMs. In
both cases you'll improve system
performance. M3636 is also
fully compatible with 16-bit
CPUs. You can program these
memories in seconds with Intel's
UPP103 or any standard PROM
programmer.

Our push for higher
performance
M3636's performance advantages stem directly from aunique
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new bipolar process—the same
we used to advance 4K designs
with our M3625A bipolar
PROMs. Today Intel's proven
polysilicon technology combined
with dual layer metalization gives
you dramatically improved
performance, higher density and
increased programming yields.
Even more important,
Intel's bipolar process means
unparalleled reliability. We've
already delivered thousands of
memories made with this
advanced bipolar technology.

Intel's Mil-Spec Bipolar PROMs
M3636

M3624A M3625A

Organization

2Kx8

512x8

1Kx4

Maximum
Access

8Ons

9Ons

6Ons

Package

24-p
n
2à.i i

24-pin
jn
D

18-pin
DIP

All Intel mil-spec PROMs have three-state outputs and are
specified within the full military temperature range: -55°C to
+125°C.

Millions of device hours of tests
confirm its reliability for military
applications.
And of course, we process all
our bipolar PROMs to full level B
requirements of MIL-STD-883 B,
Method 5004 and quality conformance procedures of Method 5005.

Advance today
You can start building in high
performance with the M3636
today. For more information
contact your local Intel sales
office or distributor. Or
write Intel Corporation,
Literature Department,
3065 Bowers Avenue,
Santa Clara, CA 95051.
Or call (408) 987-8080.

inter
delivers.
Europe: Intel International, Brussels, Belgium. Japan:
Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.
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Can you
supply
ten components?
athousand?
ten thousand?

When it's TRW,
the answer is
yes.

Because...
TRW Electronic Components are
available in small quantities (and
large quantities, too) from aworldwide distributor network—in addition to their OEM availability. Most
standard products are heavily
stocked for immediate delivery,
with factory back-up inventories.
With over 300 product lines, not
every item can be stocked, but
TRW markets more component
types through distributors than
any other electronic component
manufacturer.
Whether you need TRW com-

TRW CAPACITORS
TRW CINCH CONNECTORS
TRW CINCH-GRAPHIK
TRW CINCH-MONADNOCK

TRW ELECTRONIC FUNCTIONS
TRW GLOBE MOTORS
TRW HOLYOKE WIRE & CABLE

ponents for fast delivery, from
your distributor, or for future use
in OEM quantities, it's the same
quality product, made to the same
specifications and under the
same production procedures.
The next time you want "yes for
an answer, call your TRW
distributor, TRW/ECD sales office
or Renfrew Electronics in Canada.
You'll find them listed in EEM,
Gold Book, Electronics Buyers'
Guide, Who's Who in Electronics,
the Electronic Industry Telephone
Directory and the Electronic
Buyers' Handbook.

TRW INDUCTIVE PRODUCTS
TRW IRC NETWORKS
TRW /AC RESISTORS
TRW LS/ PRODUCTS
TRW OPTRON
TRW POWER SEMICONDUCTORS
TRW RF SEMICONDUCTORS

TRWELECTRONIC COMPONENTS
DIVISIONS OF TRW INC.

The
Same?
You may not see the difference...
But you'll feel it!
Switches can look very much alike, but those
of you who have used the EA0 Switch know it
can't be duplicated. We have pioneered the
switch, both simple and advanced, for over
20 years, and have been filling your performance demands, here in the United States,
since 1971.
The advantage now is that we've entered the
U.S. market independently. That means you
get the same quality switches (such as series
01, 02, 03, 04, 11, 30, 31 and 41) you've been
using all these years, directly, from our new
Milford, CT headquarters. We will provide you
with expanded customer service, engineering
assistance, and immediate delivery. You'll be
getting the highest in reliability from its original
source ... at avery competitive price.

mated assembly for strict product uniformity.
EA0 Switch contacts and terminals are gold
plated, light leakage has been virtually eliminated, and when illuminated, you see only
true color brilliance ... no hot spots, no halo.
The broad line of EA0 Switches range from
the highly styled to the rugged oil tight. All are
backed with engineering know-how and such
world wide approvals as UL, CSA, VDE, and
SEV. That's why we're recognized as asource
of product excellence.
We know that all switches are not created
equal, so use your senses, beware of imitations, choose only the finest.
EA0 Switch, you can feel the difference.

As you know, EA0 Switch offers the quality
minded design engineer the best in instrument
grade lighted pushbutton switches. Each one
is carefully manufactured at our plant in
Switzerland where workmanship and accuracy standards remain unmatched throughout
the world.
Proven quality doesn't have to cost more so
don't compromise. EAO Switch selects the
finest materials, keeps a20% work force in
quality control, and utilizes advanced auto-

Series 31 Rectangular Key Lock, from
EA0 Switch, with low-level switching
element.

EA() SWITCH CORPORATION
255 Cherry Street/Milford, CT 06460/(203) 877-4577/TWX-EA0 SWITCH MFRD 964347
166

Circle 166 on reader service card

Electronics/November 22, 1979

Ws no coincidence
that Murata-Georgia
provides unexcelled
customer service
nationwide

When a reputation as the fastest growing
capacitor manufacturer in the U.S. is added to
Murata-Georgia's already well known name for
quality ceramic disc, monolithic and high voltage
capacitors, it has to be backed by quality
customer service. That's why we have named over
40 local manufacturer's representatives and
distributors to provide Murata product service
throughout the nation.
Murata-Georgia's Marietta office now has one
of the most sophisticated data processing

systems in the industry—we can tell you exactly
what capacitors are on our shelf or where your
capacitor order is and when it will be shipped on
a minute-by-minute basis.
If you need high quality, competitively priced
ceramic capacitors of any kind, give us a call and
we'll let you sample our service.
Coincidence? No way. We've planned it that
way.

muRata-Georgia
MURA TA CORPORATION OF AMERICA

1148 Franklin Road, S.E.
Marietta, Georgia 30067
Phone: 404-952-9777
ceramic capacitors, subminiature potentiometers, piezoelectric ceramic tilters,resonators and transducers, resistor networks.
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Posistore PIC thermistors
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New products
and 137.5 mw, respectively. Like the
by offering both the most significant
68764, the 32-K partial operates on a bit and its complement as outputs. A
single 5-v power supply.
16-by-16-bit configuration yields its
The 68732 sells for $82 in 10032-bit product typically in 110 ns.
unit quantities, which is exactly half
Each device is housed in a40-pin
of the 68764 price. Introduction of dual in-line package, requires a
the 68732, however, will not crimp single +5-v power supply, and
Motorola's plans to introduce afull- consumes no more than 280 mA.
Motorola's first-ever partial
fledged
32-K
E-PROM —the
Both military and commercial verhas 450-ns access time,
MCM2532— later this year or early sions will be available. The price of
next year, according to David Ford, each unit starts at $70 in 100-piece
350-ns version due later
mOs memory strategic marketing quantities.
manager. At the same time, Ford Advanced Micro Devices Inc., 901 ThompConsidering the overall shortage of says, Motorola's 64-K E-PROM yields son PI., Sunnyvale, Calif. 94086. Phone
memory in today's marketplace, it's
will not be high enough, during the (408) 732-2400 [413]
not surprising that Motorola Inc. has
next 18 months at least, to preclude
decided for the first time to offer a the sale of the 68732 partial devices.
partial memory device for sale as a With 64-K densities, Ford feels
16-K E-PROM dissipates only
standard product.
partials are here to stay.
Motorola Semiconductor Products Inc., 3501
132 mVV in standby mode
Samples are available now of the
MCM68732 —an erasable programEd Bluestein Blvd., Austin, Texas 78721
mable read-only memory that is
Operating from a single 5-v power
[411]
made using a partially good
supply and acting as a plug-in
replacement for the industry-stanMCM68764, Motorola's recently introduced 64-kilobit E-PROM [Elecdard 16-kilobyte erasable-program$70 device multiplies
tronics, Sept. 27, 1979, p. 176].
mable read-only memory, the
Introduction of the 68732 will
SY2716 ROM is erasable by ultravio8bits by 8bits in 45 ns
enable Motorola to take advantage
let light. Organized as 2,048 words
of 68764 fallout while still offering
by 8 bits, it is totally static and
Performing a full 8-by-8-bit multiusers 32 kilobits of guaranteed funcplication in 45 ns typically, the
tional capacity.
Am25S558 multiplier uses an array
Like its higher-density progenitor,
of full adders to form and add
the 68732 will be housed in a stanpartial products in a single undard ROM-compatible 24-pin packclocked operation, resulting in a
age, with the programming function
16-bit parallel output product. The
and the chip-enable function multiAm25S557, which will be introduced later this year, adds a 16-bit
plexed together on pin 20. The only
difference, from a user's standpoint,
transparent latch, inserting it bebetween the 68764 and the 68732
tween the multiplier array and the
relates to pin 21. On the fully good three-state output buffers.
64-K device, pin 21 is used for the
Both of these devices operate on
extra address pin required at that
unsigned, 2's complement, or mixed
density. On the partial device, pin 21
operands. Each can be expanded in
must be tied either to Vss or to Vcc,
requires no clocking. A chip-enable
either the signed or unsigned mode
depending upon which section of the
mode reduces power dissipation from
device is functioning, explains Horst
525 mw down to 132 mw in the
Leuschner, design engineer at Mostandby mode.
torola's Austin, Texas, mos operaThe user programs the devices
with 5-v pulses and may do so while
tion. The 68732 devices are desigthey are actually on printed-circuit
nated -1 or -0 accordingly.
boards in a system. Each word can
The specs. Organized as 4-K by 8
be written into the chip individually
bits, the 68732 is being offered with
by means of asingle-address feature.
a450-ns access time initially; a350Total time for writing all 16,384 bits
ns version is scheduled to appear
is less than two minutes.
later. Typical power disipation in the
Three versions of the chip, all
active mode is 300 mw, and maxirated from 0° to 70° C, are available.
mum active power disipation is specThe SYC2716 has an access time of
ified as 880 mw. In the standby
450 ns and is priced at $38.50 each
mode, these figures drop to 50 mw

Semiconductors

32-K E-PROM
starts as 64-K
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"The winner is
General Instrument's
ER3400:'
Continuous performances by the ER3400 have led users to
judge it the "just right" EAROM for all-aroundapplications.
Among the features which helped the ER3400 to win this
recognition are a1024 x4bit organization, and ahigh speed
read-access time of 900 nsec. As an electrically alterable
ROM, you can erase in-circuit asingle word or the entire
chip. And, of course, the ER3400, like all EAROlvis is nonvolatile and retains its memory without power.

Other features which contribute to the successful
performances of the ER3400 are write and erase times
of only 1and 10 ms, and TTL compatible inputs and outputs. Application notes are available to help you interface
the ER3400 with your system.
You are invited to learn more about
the "just right" ER3400 and General
Instrument's other EAROM products.
Write or call General Instrument Microelectronics, 600 W. John St., Hicksville,
NY 11802. For literature, 516-733-3107,
For EAROMapplications,516-733-3192.
We help you compete.

GENERAL
INSTRUMENT

Space saving
CTS miniature shorting,
nonshorting,
and hexadecimal switches.

New products
in 100 unit lots. The SYC2 /16-1,
with an access time of 350 ns, sells
for $55.00 in similar quantities. The
SYC2716-2 has an access time of
390 ns, with aprice tag of $42.80 (in
lots of 100). Sample quantities of the
units are available now, with larger
quantities shipped 8 to 12 weeks
after receipt of order.
Synertek Inc., 3001 Stender Way, Santa
Clara, Calif. 95051. Phone John Siemens at
(408) 988-5623 [414)

Bandgap voltage reference
sports 2.455-V output

One-half inch square Series 235
miniature rotary thick film PCB
switches can save you board
space and money. Hexadecimal
switches (Type 235H) offer 0-15
positions with outputs at 1, 2, 4,
8and common. Break before
make (Type 235N) and make
before break (Type 235S)
switches have 0-11 switching
positions. Current capacity is
100 ma max. @ 15V DC. Typical
initial resistance per channel is
100 milliohms for silver conductive and 150 milliohms for gold.
Operating temperature is —25 °C
to +71°C. Insulation resistance
channel to channel is 1,000
megohms. Switches can be specially marked for function setting
identification. For more information, use the Reader Service
Number or contact CTS Microelectronics, Inc., 1201 Cumberland Avenue, West Lafayette,
Indiana 47906. Phone (317)
463-2565.

CTS

New switched
resistor network

The brand new Series 235SR/NR
is a.5" square, 11 position switched
resistor network available with a
range of resistors from 5ohms to
200K ohms. By combining switching and resistance functions in one
tiny package, it provides unequalled design versatility with
economy. One feature is precise
incremented resistance settings.

CORPORATION
ELKHART INDIANA

A world leader in cermet and variable resistor technology.
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Featuring a temperature coefficient
as low as 30 ppm/°C, the VR-182
series of precision voltage references
is made up of two-terminal monolithic bandgap devices with a 2.455Voutput. An active regulator around
the bandgap circuit of these devices
results in a 0.1-9 typical dynamic
impedance with a 2-to-120-mA reference current range. This impedance is flat until about 4 kHz and
then rises only to 1.2 St at 50 kHz.
The devices also offer a ± 1.43%
voltage tolerance, 10-gv root-meansquare voltage noise, and 10
ppm/I,000 hr as along-term stability specification.
The VR-182A has a 100 ppm/ °C
temperature coefficient; the VR182B a 50 ppm/ °C tempco; and the
VR- I82C is the 30-ppmfC model
specified earlier. The low reference
voltage allows these devices to be
used with 5-v logic supplies. Housed
in a two-lead hermetically sealed
TO-18 package, all three units will
operate from 0° to 70 °C.
In quantities of 1 to 24, the A

•

AND
CIRCUITGAP
F
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SI7000: Multiband performance
Multi-channel check-out
SE 7000 Series Instrumentation Recorders
give you 8speed recording up to zMHz
Direct, 500 kHz FM and up to 30 kbpi
HDDR. The SE 7000 has in addition a
unique range of features essential to lab
quality recording,with aconvenience,
simplicity and reliability that no other
recorder can offer.
Consider, for instance, the versatile built-in
calibrator module with DVM for "set and
forget" control, and the unique simultaneous
all-channel FM electronics to electronics
facility, without tape movement —
the higher reliability of hardwired, all speed active filters,
equalisers and other

EMI

tape speed sensitive components
—the proven dependability of co-planer
format resulting in more gentle
tape handling and lower tape wear.
Don't accept second best. We would like to
show you how the SE 7000 can match your
requirements in instrumentation recording.
Call us or send reader card for details.

EMI Technology

EMI lbchnology Inc.,
100 Research Drive,
Stamford C.T. 06906.
Tel: 203 356 1300 TWX 710-474-0128

SE 7000M— the only wideband portable with built-in
14 channel electronics to electronics FM calibration and
pre-record checkout.

A member of the EMI group. International leaders in music, electronics and leisure.
isf. iírlie 171
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New products
model is priced at $2.65, the B at
$3.95, and the C at. $5.25, with
delivery from stock to four weeks
after receipt of order.

negative breakdown voltages for the
750, 751, 752, and 753. Both series
of transistors will operate from-55 °
to +200°C and will accept a 2-A

ALABAMA
Huntsville. H/A (205) 837-7210

Datel /Intersil Inc., 11 Cabot Blvd., Mansfield,
Mass. 02048. Phone Sumner Eagerman at

ARIZONA
Phoenix, H/A (602) 275-7851. (602) 894-9600

(617) 339-9341, ext. 257 [417]

CALIFORNIA
Culver City, Hamilton Elec. (213) 558-2121.
H/A (213) 558-2441
Costa Mesa, Avnet Elec. (714) 754-6111
Hawthorne, H/ A (213) 970-0956
Irvine, Hamilton Elec. (714) 979-6864. (213) 558-2943
San Diego, H A (714) 279-1550
Sunnyvale, H A (408) 743-3355

4- and 16-K RAMs have
55- and 120-ns access times
Expanding its line of high-speed,
low-power complementary-MOs random-access memories, Hitachi Ltd.
has developed the HM6148 series of
1-K-by-4-bit RAMS and the HM6116
series of 2-K-by-8-bit RAMS. The
6148 has an address access time of
55 ns and consumes only 150 mw
during operation, or 5 µW during
complete standby. The 6116 has an
address access time of 120 ns and
power dissipation during operation
of 175 mw, or 20 µw during
complete standby.
Both versions accept Tn.-level
inputs and produce rn.,-level outputs. The 6148 has an 18-pin package compatible with the 2114 nchannel mos static RAM. The 6116
is housed in a 24-pin package
compatible with the 2716 erasable
programmable read-only memory.
The 6148 sells for $33 in quantities
of 100 to 999, and the 6116 for $85.
Deliveries begin in January.
Hitachi America Ltd., 707 West Algonquin
Rd., Arlington Heights, III. 60005.

Phone

Jack Mattis at (312) 593-7660 [415]

Packed in TO-92 cases,
transistors dissipate 1.5 W

CANADA
Mississauga, Ont., H/A (4161677-7432
Montreal, Que., Future Elec (514) 735-5775.
H/A (514) 331-6443
Ottawa, Ont.. H/A (613) 226-1700
COLORADO
Denver, H/A (303) 534.1212
CONNECTICUT
Georgetown, H/A (203) 762-0361
East Haven, I.V. Elec. (203) 469-2321

continuous input current.
In 100-piece quantities, the 650
sells for 360, the 651 for 370, the
652 for 390, and the 653 for 410; in
similar quantities, the 750 sells for
37e, the 751 for 390, the 752 for
41e, and the 753 for 440. Delivery is
from stock to four weeks.
Ferranti Electric Inc., Semiconductor Products,

87 Modular Ave.,

Commack,

N. Y.

11725. Phone Tony Walker at (516) 5430200 [416]
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FLORIDA
Fort Lauderdale, H/ A (305) 971-2900
Si. Petersburg, H/A (813) 576-3930
GEORGIA
Norcross, H/A (404) 448-0800
ILLINOIS
Rosemont, Advent Elec. (312) 297-6200
Schiller Park, H/A (312) 678-6310
INDIANA
Indianapolis, Advent Elec. (317) 297-4910
KANSAS
Overland Park. H/A (913)888-8900
MARYLAND
Baltimore, H/A (301) 796-5000
Washington, D.C. H/A (301) 953-7010
MASSACHUSETTS
Wilmington, B.C. Comp. (617) 273-1860
Woburn, H/A (617) 273-7500
MICHIGAN
Farmington Hills, Advent Elec. (313) 477-1650
Livonia, H/A (313) 522-4700
MINNESOTA
Edina, H/A (612) 941-3801
MISSOURI
Hazelwood, H/A (314) 731-1144

Darlington power transistors

NEW JERSEY
Cherry Hill. H/A (809) 424-0100
Fairfield, H/A (201) 575-3390

come housed in TO-220 cases

NEW MEXICO
Albuquerque, H/A (505) 765-1500

High-voltage Darlington power
transistors are now available in TO220 packages. The MJE5740, with a
rating of 300 Y, sells for $.99 in
quantities of 100 to 999; the
MJE5741 has arating of 350 V and
sells for $1.15; and the MJE5742,
rated at 400 Y, has aprice of $1.35.
Delivery on all three is from stock.
Motorola Semiconductor Products Inc., P. 0.
Box 20912, Phoenix, Ariz. 85036. Phone

The ZTX650 and ZTX750 series of
power transistors dissipate 1.5 w at
25 ° C ambient temperature and are
packaged in TO-92 cases. The 650
family of npn transistors spans the
range from 45 V for the ZTX650
(the voltage represents the emittercollector breakdown voltage) to
100 V for the ZTX653. The 651 has
abreakdown rating of 60 y and the
652 one of 80 Y. The ZTX750 series
of pnp transistors features similar

For Rockwell
Bubble Devices Contact your
Nearest Distributor

(602) 244-6900 [419]

NEW YORK
East Syracuse, H/A (315) 437-2641
Melville, L.I., H/A (516) 454-6060
Rochester, H/A (716) 442-7820
NORTH CAROLINA
Raleigh, H/A (919) 829-8030
OHIO
Cleveland, H/A (216) 831-3500
Dayton, H/A (513) 433-0610
PENNSYLVANIA
Philadelphia, Almo Elec. (215) 698-4000
York, E.C.I. (717) 843-8971
TEXAS
Austin, H/A (512) 837-8911
Dallas. H/A (214) 661-8661
Houston. H/A (713) 780-1771
UTAH
Salt Lake City, H/A (801) 972-2800
WASHINGTON
Bellevue, H/A (206) 746-8750
WISCONSIN
Milwaukee, Parts Mart Corp. (414) 276-1212
New Berlin, H/A (414) 784-4510
Hamilton/Avnet Electronics -H/A

Oile

Rockwell International
where science gets

does to tusness
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Announcing off-the-shelf
Rockwell bubbles.

Rockwell 256K-bit volume-produced bubb ememory
devices are in distribution now.

256K-bit binary bubble memory
devices in volume production and
on distributors' shelves —that's
Rockwell Micropowerl
The Rockwell fully documented
256K-bit device approach makes
it easy to design and evaluate your
own nonvolatile but erasable
bubble memory system. You can
match your equipment's requirements down to 32K-bytes.

Electronics/November 22, 1979

The RBM256 device stores
256K-bits in abinary data field,
plus providing extra bits for
housekeeping. Access time averages less than four milliseconds
at 150KHz data rate. Packaged in
an 18-pin, wide track DIP, the
RBM256 occupies only 1.2" square.
Rockwell International's
volume production resources
assure worldwide availability of
its industry-standard 256K-bit

de

devices. Second sources are
already established.
Call your local distributor
today to order RBM256 devices
and begin evaluating your own
bubble memory system.
For special information
write or call Bubble Memory
Products Marketing, Electronic
Devices Division, Rockwell
International, P.O.Box 3669,D-F9
Anaheim, CA 92803, (714)
632-3321, Telex/TWX
910-591-1698.

Rockwell International
...where science gets down to business
Circle 173 on reader service card
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The only
complete family
of floppy disk
controllers
Single and double density compatible
From Western Digital:
acomplete family of MOS/LSI Floppy Disk
Controllers to meet the

FD1797
Double Density
True Bus
Side Select

FD1795

demand of doubleDouble Density
Inverted Bus
density head-on.
Side Select
Introducing the
179K A new generation of Single/Double
density controllers for
F01790-01
use with both the 5Ya" and
Single Density
8" drives. Full compataTrue Bus
bility with the IBM
3740 and System
34 formats is standard. Need more
FD1793-01
Double Density
storage? No problem.
True Bus
Sector lengths are variable from
128 to 1024 bytes as well as inter-record
gap sizes to fit just about any application.

only takes one command. But there's
more. Programmable trackto-track access time, onchip track and sector
registers, and an automatic
seek with verify on all step
commands. A simple 8-bit intermini-01
face allows your

Single Density
inverted Bus

.

You can even read or write multiple sectors within 1revolution of the disk, and it

FD1792-01.
Single Density
Inverted Bus

microprocessor to
access eleven
powerful macro
commands.
True Bus
FD1791-01
Double Density
versions are
Inverted Bus
compatible with the Z80
and 8080. So join the family. Get
all the details on Western Digital's 179X series of Floppy Disk
Controller chips, and see why
we're number one in single
and double density designs.

'Compatible with FD1791 and FD1793

wewSTERAI
CORP

174

O

R

DIGITAL
A

T

/

ON

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

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

Northeastern
Marblehead, MA
(617) 631-6466

European
London, England
01-542-1035

Southwestern
Newport Beach, CA
(714) 851-1221

South Central
Dallas, TX
(214) 386-9450

Southeastern
Marblehead, MA
(617) 631-6466

CORPORATE OFFICE:
Newport Beach, CA
(714) 557-3550
TWX 910-595-1139
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Statek10-350kHz
QUARTZ CRYSTALS...
best for frequency control

•

•

One fits the watch...
the19 standards and over 350,000 others
fit wherever you imagine

... today, next year or long-term. In

consult EEM/GOLD BOOK for

fact, the 100x improved aging and

specifications.

low frequency crystals. They employ

accuracy of the CX series eliminates
costly alignment and 'zeroing-in': ..

Orange, California 92668, Telephone:

the tuning fork crystal technology

for alife-time.

First, imagine small. Because
Statek Crystals are small... approximately 1/10 the size of conventional

Statek introduced, then perfected for
the watch industry. Thus, the small
68e* cost ... the lowest cost, high
volume, crystals available for discrete
or hybrid use ... world-wide.
Next, they're accurate. Much

And you won't have frequency

(714) 639-7810 TELEX 67-8394
•100k qty

selection problems either .... 19
standard frequencies, plus Statek's
precision laser tuning that lets you
pick from over 350,000 others.

STATEK

If you have an immediate volume

more accurate than any LC or RC

application, contact the factory for

oscillator or frequency control network

samples or specific information. Or

Electronics/ November 22, 1979

Statek Corporation, 512 N. Main,

INNOVATORS IN FREQUENCY CONTROL
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New products
4,096 16-bit words. It is expandable
in 4,096-word increments to amaximum of 28-K words. Both the
LSI-11 port and the "independent"
port have full addressing and
read/write capability. Any word on
the board may be addressed identically from either port. When in the
High-speed board can
LSI-11 mode, the DSD-1 addresses
both words and bytes and performs
interface with other buses
DEC-protocol bus cycles. It has the
for enhanced flexibility
ability to support a standard DEC
extended memory addressing
Unlike most add-in memories for the scheme. When operating in the independent mode, it addresses words
Digital Equipment Corp. LSI-11
microcomputer, the DSD-1 is a only; font memory performs worddual-ported board that allows both read and word-write cycles.
Standard features of the memory
the LSI-11 bus and a second, userspecified bus (Intel's Multibus, for board include switch-selectable page
example) to have access to the same addressing, address offset, and autoinformation. It fits into DEc's matic power-down.
Three DSD-1 models have typical
DDV11-B backplane, which is availmaximum access times of 250, 350,
able to LSI-11 users who are building customized configurations. The and 500 ns. Cycle-time ranges of the
unit's flexibility and a 250-ns access three versions are 250 to 400, 350 to
500, and 500 to 650 ng. The units
time make it attractive for applications such as high-speed signal operate from a ±5-v supply, drawprocessing and the refreshing of ing from 16 to 27 w, depending upon
memory speed. Operating temperacathode-ray-tube displays.
The DSD-1 has six connectors tures range from 5° to 50°C. Prices
along one edge. Four are dedicated start at $2,999 for lots of 1to 100
to the LSI-11 bus; the remaining two units. Delivery time is 90 days after
receipt of order.
are free to be custom wired for interfacing with just about any other OSO Laboratories Inc., 11 Dartmouth Dr.,
Framingham, Mass. 01701 Phone (617)
microcomputer bus.
The basic DSD-1 has acapacity of 877-9076 [371]

Microcomputers & systems

LSI-11 memory
has two ports

Pascal runs on 8080, 8085
development systems
As the most recently announced
high-level language to support 8080
and 8085 microprocessor software
development, Pascal-80 joins its
PL/M, Basic, Fortran, and iCISCobol predecessors for use on Intellec microcomputer development systems. The Pascal-80 software package is available on both single- and
double-sided flexible diskettes and
runs under the Isis-II operating
system on diskette-based Intellec
series H and MDS-800 development
systems.
A superset of the standard Pascal,
Pascal-80 offers extensions to make
the language more suitable for
commercial and industrial applications. These extensions include three
new data types: the string type,
untyped files, and interactive files, as
well as 28 predeclared procedures
and functions; the programmer does
not have to designate frequently
used procedures and functions on an
individual basis.
This software package includes a
diskette containing a compiler, a
pseudocode (p-code) interpreter,
demonstration programs, a Pascal80 user manual, and the second
edition of the standard Pascal Text,
"Pascal User Manual and Report,"
by Jensen and Wirth. Ordered under
the product code MDS-381, the software package sells for $975 and is
available now. The Pascal-80 software was developed under license to
Queue Computer Corp., Berkeley,
Calif.
Intel Corp., 3065 Bowers Ave., Santa Clara,
Calif., 95051. Phone Dan Shafer at (415)
987-5020 [372]

Cross-compiler generates
relocatable programs
PLM/S86, a superset of Intel's
PL/M86, is a high-performance
cross-compiler designed to meet the
needs of users who are generating
relocatable programs that take ad-
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High Caliber

Calibration

Looking for new ways
to cut the time and
expense of calibration?
Then look into Fluke's 5100-Series
Calibrators.
They help you reduce the investment costs, knob-twisting drudgery,
risk of human error, and skill requirements of your calibration and
verification jobs. Cal lab, QA, and
production test managers around
the world have reported dramatic
increases in throughput.
You name the application. From
verifying the performance of singlefunction panel meters to the total
calibration of 41
/-digit DMM's. The
2
5100-Series approach gives you the
flexibility to get your job done
quickly, accurately, and economically.
At aprice of $7,495,* you get an
entire cal lab in abox. The equivalent calibration instruments bought
separately could easily cost $15,000
or more. And the 5100-Series has a
10 MHz option for wideband AC
voltmeters plus complete IEEE-488
and RS-232 compatibility for
systems use.
Automatic, Fast, and Reliable. In
the 5100B, amicrocomputer makes
all the range and resolution decisions, remembers the calibration
limits you choose, computes errors
For Technical Data circle »177 on Reader Service Card

automatically in the units you want
and the scale factor you select. You
get twelve digits of programming,
output, frequency, and error readout that are fully annunciated. The
5101B adds aminicassette writeread feature to store cal procedures
up to 61 steps long. With electronics taking over for complicated
mechanical controls, remarkable
reliability is achieved.
New 20 Ampere "Boost" Capability. To calibrate high levels of DC
and/or AC current, the new 5220A
Transconductance Amplifier works
as an integrated system with the
5100B/5101B. It provides up to 20
amperes with 100 µA resolution.
The 4V DC and 3V rms AC compliance voltages will drive virtually
any current-measuring device.

For more details call
(800) 426-0361t or contact the Fluke Office,
Representative, or Distributor in
your area.
In the U.S.A. send to:
John Fluke Mfg. Co., Inc.
P.O. Box 43210, MS# 2B
Mountlake Terrace, WA 98043
In Europe send to:
Fluke (Holland) B.V.,
P.O. Box 5053
5004 EB Tilburg,
The Netherlands
Phone: (013) 673973
Telex 52237.
tin Alaska, Hawaii. Washington or Canada call (206)
774-2481. Front countri
es outside U.S.A. and Europe call
(206) 774-2398.
•US. prices only.

1100V 50 kHz "Boost" Capability. In other calibration applications,
you may need up to 1100V rms at
relatively high frequencies like 50
kHz. That's ajob for the 5205A
Precision Power Amplifier capable
of 200 mA output. Like the 5220A,
it's directly controlled in closed-loop
fashion by the 5100-Series.
For Demonstration circle '176 on Reader Service Ca-d

FLUKE

PERMANENT
EXHIBITION

New products

BiN

Scandinavian Electronics Mart

Europe's first
permanent exhibition
of Scandinavian
electronics.
Here anumber of leading Nordic producers
show the latest achievements of the Scandinavian electronics industry within the fields of
research, know-how and production.
Scandinavia's high technical standard is
demonstrated through quality and functional
electronic products.
Visit the new centre for rational purchasings
and concentrated information on electronic
components, instrumentation and manufactured equipment when you pass Copenhagen.
Open Monday -Friday from 10 a.m. -4 p.m.
Jorgen Andersen Ingeniorfirma A/S, DK -Arcodan Antenne Systemer A/S. DK -Bang &
Oluisen A/S, DX. Chernitaltc A/S, DX- Danavox A/S, DK- Dancorn A/S. DK -Dantca Elektronik
A/S. DK -Dance Supply ApS, DK -Dansk
Tekntk ApS, DK -Dtplohmatic A/S. DK -OISA
Elektronik A/S, DK- A/S Elektrisk Bureau, N-Elektrorukcentralen, DK -ELMI A/S. OK -EMRIApS,
DK -Fossnit A/S, DK -CNT Automatic A/S, DK -Hellesens, DK -Helweg-Mikkelsen Instrument
A/S, DK -A/S Tobias Jensen, DK -Karnstrup-Metro A/S. DK -LK-NES
A/S, DK -Luxor Industn AB, S -H & K. Lubcke Aktieselskab, DK -A/S Logstrup-Steel, DK Micro Mello A/S, DK -Minitryk ApS. DK -Modulohm I/S. OK -Jorgen R Muller A/S. DK- Neselco
A/S, DX- OY Nokia AB, SF -Peerless FabrikemeA/S, OK. Piezodan ApS. DX- Polyamp AB, SPoxypnnt ApS, DK- Radiometer Electronics A/S, DX- Christian Rovsing A/S,DK- SalcompOY,
SF -Sabra OY. SF -Seas Falonker A S N -Skandinavisk Elektroakushk A/S, DK Del Store Nordiske Telegraf-Selskab A/S, DK -Stomo A/S. DK -K Suhr A/S,
DK -Transduktor A/S, DK -Aktieselskabet VIdebwk Hotttalerfabnk, DK Veohm Elektronisk Fabnk A/S, DK -Wicon Kondensatorfabnk A/S. DK Zodiac Communications ApS, DK

•

Please send me further information on
the Scandinavian Electronics Mart
Send to .

EE Bella Center

Marketing dept
Center Boulevard
DK-2300 Copenhagen S
Denmark
Tel.: +45-1-51 88 11

178

Circle 178 on reader service card

s.

vantage of the megabyte address
space provided by the new generation of 16-bit microprocessors. This
cross-compiler will work with any
large machine that supports PL/1
and has the ability to edit, compile,
and debug syntactically a source
program. PLM/S86 has extensive
capabilities for error detection, as
well as diagnostic work to aid the
programmer in syntactic debugging.
The cross-compiler has the added
ability to download an object program for debugging to a development system for execution by an
8086 microprocessor.
A stand-alone license for the
PLM/S86 will be about $30,000.
The cross-compiler is scheduled for
availability in January on the National css timesharing network.
SLR Compilers Inc., 1109 20th St., Suite 6,
Santa Monica, Calif. 90403. Phone (213)
394-6800 [374]

Emulator terminal allows host
computer to act as MDS
When connected to ahost computer,
the Microsystem Emulator series
2000 terminal allows the host to
serve as a microprocessor development system. Microprocessors that
may be emulated by the terminal
include the 6800, the 6802, the 8048,
the 8080, the 8085A, and the Z80A.
The 2000 may also be used as a
terminal with dedicated microprocessor development systems from
Intel, Motorola, and Zilog.
Operating at speeds up to 6 MHz,
the terminal allows real-time emulation of the faster microprocessors.
Real-time operation of the unit
extends to an optional real-time
trace capability, a debugging aid
permitting the user to track the stepby-step performance of his design at
full-rated speed. Real-time trace
capabilities also offer arecord of the
128 most recent operations to have
been made so that program faults
are uncovered quickly. Full software
debugging capabilities offer 8 kilobytes of random-access memory.
With this large amount of memory
on board, the user is able to down-
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WELCOMES A NEW PRODUL I
TO THE FAMILY

Seal TrirrimCeramic Capacitors

r

. .MI WITHSTANDS WAVE SOLDERING. II CONFORMS TO SPECIFICATION MIL-C-81.
ill HIGH Q FACTOR AND FREQUENCY RESPONSE. U LOW TEMPERATURE

COEFFICIENT AND DRIFT RATES. U IMPERVIOUS TO ALL STANDARD
P.C. BOARD CLEANING SOLVENTS. U TAMPER PROOF, NON-SLIP

ADJUSTMENT WITH UNIQUE SQUARE DRIVE TUNING.
SEAL TRIM T"capacitors are a new, innovative outgrowth of the popular Johanson "Thin Trim"
capacitor family. These sealed miniaturized variable ceramic capacitors are intended for microwave,
RF, video and digital applications, where small size and contamination-free operation are required (.250 dia.).
The sealed capacitor body is designed to prevent the intrusion of solder flux, cleaning agent and
atmospheric contamination.

°

•

HA*,

1""trél

alo

"ew

Johanson Manufacturing Corporation

Boonton, New Jersey 07005

(201) 334-2676

Electronic Accuracy Through Mechanical Precision
Circle 179 on reader service card

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

When clear displays countSpecify Ferranti-Packard.

FERRANTI'

PACKARD

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

Circle 105 on reader service card

New HQ-5 Pots last more than

loo million revolutions

at 1500 RPM
Atotally new design aimed
specifically at high dynamic
performance. high reliability
DC servo-systems.

Waters' new HQ-5 high
performance, long life
—1
precision servo-mount
potentiometer is linearized
using its own wiper after
assembly to eliminate errors
due to concentricity of
mounting. All pots in the series
of 3internationally
standardized sizes, 11 (1 1
/
16 "),
13 (1 7
/
1
.;"), and 20 (2.0"), use comolded, linearized conductive plastic
resistive elements and slip rings with
elastomer-damped multi-finger precious metal wipers to
permit rotation at speeds up to 6000 rpm without
discontinuity or noise due to "wiper bounce". Useful life is
100 million revolutions at 1500 rpm. Linearity accuracies
of ±0.1% and resistance values of 1K, 5K and 10K ohms
±10% are standard.
For complete information, contact:
,.

Alt\k/A, WATERS MANUFACTURING, INC.

New products
load programs from the computer
for execution in the emulator terminals.
The terminal also features directmemory-access operation for use
with the Z80A and 8085 microprocessors. Also offered is a high-speed
serial data link. The emulator is
priced at $4,500 with emulator cards
for each of the microprocessors
ranging from $1,000 to $1,500.
Millennium Systems Inc., 19020 Pruneridge
Ave., Cupertino, Calif. 95014. Phone Martin
Weisberg at (408) 996-9109 [373]

8086 macroassembler and
editor require little RAM
The RA8086, a two-pass resident
macroassembler, provides full assembly power for the 8086 microprocessor. Producing a listing, a sorted
symbol table, and object code, all of
which may be loaded with the Intel
monitor for the 8086, the RA8086
uses standard Intel mnemonics and a
full set of pseudo-operations. Requiring only 16 kilobytes of randomaccess memory and an automatic
send-receive teletypewriter, the assembler features: fast execution
through the use of a hash-code
symbol table and abinary search of
the mnemonic table; nested macros
with up to 10 parameters; a conditional assembly with up to 10 nested
levels; and lics drivers that may be
modified by the user.
A resident line-oriented context
editor for the 8086, the Edit86
provides for the creation and editing
of program and data files. It
contains awide set of editing and file
manipulation commands and requires only 2.5 kilobytes of RAM for
the code, and an ASR teletypewriter.
A complete source listing is supplied
to permit the user to customize the
editor to available hardware.
Available as off-the-shelf items
and including auser manual, source
listings, and a paper-tape object
code, the RA8086 sells for $249.95
and the Edit86 for $149.95.
Hemenway Associates Inc., 101 Tremont St.,
Suite 208,

Boston,

Mass.

02108.

Phone

(617) 426-1931 [377]

Longfellow Center, Wayland, Massachusetts 01778 (817) 358-2777
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CAPACITORS
polyester, polycarbonate and polypropylene capacitors in foil/foii
versions and metalized,
aluminum-electrolyte capacitors,
tantalum capacitors with liquid
electrolyte,
tantalum capacitors with solid
semiconductor electrolyte,
ceramic capacitors.
The range
spectrum,
equipment
nents that

RESISTORS

AND FURTHER

carbon-film resistors,
metal-film resistors,
metal-oxide film resistors,
precision wirewound resistors,
potentiometers.

interference suppression devices,
voltage multipliers (cascades),
thick-film devices (thick-film hybrid
circuits, resistor networks, highvoltage resistors),
semiconductors and microcomputer learning systems.

of application for ROEDERSTEIN components encompasses the whole entertainment electronics
household appliance and industrial electronics, communications, measuring and control, office
and computers, medical electronics, and the aerospace electronics sector. We can supply compomeet MIL, CECC and GfW specifications.

We will send you a short form catalogue upon request. If you need specific information adetailed catalogue is
available.

FIRMENGRUPPE

ROEDERSTEIN

D-8 3 0 0 LANDSHUT-FEDERAL REPUBLIC OF GERMANY-TELEX 058 335(erola)
Circle 181 on reader service card

Communications
Communications Equipment and Systems
National Exhibition Centre
Birmingham England
15 April -18 April 1980

AN INVITATION TO

th

Communications 80, the fifth in a
series of international expositions
dealing with the applications of
communications equipment and
systems, particularly in the major
growth areas of data and business
communications which are being
created by the converging technologies of computing and telecommunications. The other important themes of the
exposition are PTT telecommunications, civil fixed and mobile
radio and emergency communications.

IN
THE
SERIES

Communications 80 will attract visitors from all over the world
(from 69 countries at the last event in 1978) who will be coming to
see the latest developments in communications technology
displayed by leading international manufacturers. Many of the
visitors will also attend the integral conference, organised by the
Institution of Electrical Engineers in association with leading
international learned societies, to learn about the latest technical
advances in communications equipment and systems.
Communications 80, the world's leading international exposition in the field, is actively supported by the International
Telecommunication Union - the world telecommunications
authority representing 153 governments; the British government,
through the Home Office; the British Post Office; Cable and
Wireless Ltd; and the two main UK trade associations -the
Electronic Engineering Association and the Telecommunications
Engineering and Manufacturing Association.
Please make anote of the dates and venue of
Communications 80 -Tuesday15 April to Friday 18 April, 1980,
at the National Exhibition Centre, Birmingham, England.
You cannot afford not to come if you make, use or specify
communications equipment and systems.
Iam interested in attending

Communications NE
Please send me details of exhibition

D

conference

D

Name
Position
Company
Address

Complete, detach and mail to
Tony Davies Communications
c/o Industrial and Trade Fairs Ltd, Radcliffe House,
Blenheim Court,Solihull,West Midlands B91 2BG,England.
Telephone: 021 705 6707
182

Telex: 337073

Circle 184 on reader service card
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Al TO10 CHANNEL
MODEM THAT
TAKES ITS OWN
PULSE AND RUNS
AT UP TO 5,000,000
BITS PER SECOND.
Use this unique unit as aself-standing modem
on wideband telephone and signal circuits.
It provides encode/decode capability between
analog and digital information in M2,Miller or
Biphase-L codes, at rates as high as 5megabits/second.
The Ampex M2 Digital Encode/Decode Unit
is available in channel capacities from 1to 10,
and offers abuilt-in test option that functions as
an error counter with adigital readout. It displays number of errors in either 10€ or 10 8 bits,
and can be used by itself as afrequency counter.
Much more than amodem, this unit can
also be used as afront end with an analog
instrumentation recorder, providing instant digital data recording capability.
The compact package measures only 5/
4
1
inches high by 19 inches wide, and the power
supply is 115/220V, 47 to 400 Hz. Price ranges
from about $6000 to $12,000, depending upon
channel count and installed options.
Rene Chikhani can provide complete technical and performance specifications. and he'll
work with you on custom system applications.
Call Rene at 415-367-2758, or write to him at
Ampex Data Systems, 401 Broadway, Redwood
City, California 94063.

AMPEX
Circle 182 on reader service card

THE INDUSTRY'S BROA
You get not only the connectors you need, you
get cable specifically designed to mate with the
connectors. And that assures unprecedented
design flexibility and lower installed cost.
Consider our BLUE MACS® "D" line. They
feature an exclusive SPREAD PITCH Tm design
that allows mass termination to 1.27mm (.050")
pitch cable while maintaining I/O compatibility
with 1.38mm (.545") "D" type connectors.
And these "D" connectors mass terminate
without wire stripping or soldering to all types of
BLUE MACS® flat cable, including round conductor cable, and jacketed and shielded jacketed
flat cable, designed and U.L. listed for external interconnections.

Or consider our ribbon line. These connectors
feature cable insulation displacing TULIP® contacts on 1.27mm (.050") centers, and I/O
mating ribbon contacts on industry standard
2.16mm (.085") centers, making them totally
compatible with mass termination connectors
utilizing 1.27mm (.050") pitch cable.
That means you eliminate the need to stock flat
cable with non-standard center spacings. And
you can mass terminate without wire stripping or
soldering to all types of flat cable, including round
conductor and jacketed and shielded jacketed
flat cable.
The "D" connectors are available with 9, 15, 25,
or 37 pin contacts. The ribbon connectors

feature 14, 24, 36, and 50 contacts. We also
have all the mounting hardware and strain reliefs
you might need. And a complete line of hand,
bench and pneumatic installation tools. Give us a
call for complete information. Or send for our
FREE 116 page catalog.

TaB /Arts Lay
The mass termination company.
T&B/Ansley Corporation •Subsidiary of
Thomas & Betts Corporation
3208 Humboldt St •Los Angeles, CA 90031
Tel. (213) 223-2331 •TELEX 68-6109
TVVX 910-321-3938

International T&B/Ansley Offices: AUSTRALIA, Brookvale, (02) 938-3199 • AUSTRIA, Vienna, (43) 222-645206 • CANADA, lberville, Quebec, (514)
658-6611 • ENGLAND, Luton, (0582) 597-271 • FRANCE, Rungis, 687-23-85 • HOLLAND, Zoetermeer, (31)-79-214688 • ITALY, Milano,
02-4986451 • JAPAN, Tokyo, 03-354-9661 • SINGAPORE (65) 283-4244 • SOUTH AFRICA, Benrose 61-46451 • SPAIN, Barcelona, (34)
3-3002252 • SWEDEN, Upplands Vasby, 0760-86140 • SWITZERLAND, Gattikon, (41) 7205900 • WEST GERMANY, Dreieich, 06103-8-2021 •
Circle 183 on reader service card

New products
Data acquisition
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Converter accepts
BCD inputs
Monolithic digital-to-analog
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unit settles to within 72 LSB
in 85 ns, sells for $2.95
Binary-coded decimal, a popular
digital format in many instruments,
presents aminor but persistent problem whenever the instruments' outputs must be converted into analog
form, be it within the instruments or
external to them. The problem is
that the BCD signal must usually be
converted to binary form because
there are few inexpensive digital-toanalog converters on the market that
will accept aBCD input. And of these
few d-t-a converters that are available, none have been monolithic
devices.
At least none were until very
recently. The model DAC-20 from
Precision Monolithics is a one-chip,
two-digit, BCD-input device that sells
for $2.95 each in quantities of 100
units or more. The converter has
complementary current outputs,
which settle to within half a least
significant bit in 85 ns and allow the
converter to be used with both positive-true and negative-true logic systems. Linearity error is no more than
half a least significant bit for the
standard version, but a premium
unit, priced at $3.95, is rated at 1/4
LSB maximum nonlinearity. The unit
can be expanded to handle up to 21
/
2
digits, by use of external gates.
The converter may be operated
from umpolar or bipolar supplies:
the requirement is that the morepositive supply be more than 10
and less than 36 V above the more
negative one. The current-output
converter has an output compliance
voltage that can swing up to the
more positive rail and down to within 8V of the lower rail. When operated from ±5Y, the converter typically consumes 37 mw.
In atypical application, the DAC-

20 forms the interface between an
instrument's BCD output and an
analog display element. Its actual
analog output current is determined
by both the BCD input and the
magnitude of its input reference
current.
The DAC-20 BCD-input d-a converter comes in a 16-pin plastic
package. It is available now.
Precision Monolithics Inc., 1500 Space Park
Dr., Santa Clara, Calif. 95050. Phone (408)
246-9222 [3811

Computer-controlled a-d
converter resolves 12 bits
The RAD1 analog-to-digital converter is a four-channel module
designed for use in computercontrolled remote data acquisition
and control. The module, which is
fully supported with Fortran calls,
features differential inputs, 14-bit
resolution, and a maximum nonlinearity of half of a least significant
bit. It may be installed at the signal
source, up to 250 feet from the
computer. The module has aconversion time of 20 ps, atransfer interval
of 5 µs, a channel-change time of
10 e
is, and an acquisition time of 6
its. It can communicate with the
computer at 4MHz.
The fixed-gain model RAD1.A2
sells for $975. A variable-gain unit
with a built-in 14-bit digital-toanalog converter, the model
RADI.A1, is priced at $1,450. Both
are available from stock to eight
weeks.
Precision Data Systems, 2030 North Forbes,
Tucson, Ariz. 85705. Phone Donald Trumbo
at (602) 882-8906 [385]

16-bit d-a converters
sell for $72.50
The DAC-HP16BGC and the DACHPI6DGC are high-resolution voltage-output digital-to-analog converters that sell for only $72.50. The
maker suggests such applications as
speech and waveform reconstruction,
precision ramp generators, and com-
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ANALOG I/O
FOR MICROCOMPUTERS?
WE HOLD ALL THE CARDS.
•Analog input cards,
output cards,
combination I/O Cards.
•Compatible with all
popular single board
microcomputers.
•Pick acard, any card,
right now, and get
two week delivery
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•16 0
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For complete information on the Analog
Devices Rh I
Series
Analog I/O Subsystems,
call Russ Ver Nooy at
(617) 329-4700. Or write
Analog Devices,
P.O. Box 280, Norwood,
MA 02062.
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i
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eRegistered trademark of Digit:3i
Equipment Corporation
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ANALOG
DEVICES

VVR/OUT IN FRONT

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.

For more information on:
Intel circle 185, Motorola circle 211,
Texas Instruments circle 212, Dec circle 213, Mostek circle 214,
Pro-Log circle 215.

New products
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ELKHART INDIANA

Circle 186 on reader service card

Choose from two new piezo ceramic Audio Indicators.
Get softer, more comfortable sound on low power with
high reliability. The new, more compact Al-380 operates
from 3to 30 VDC with a2.7 KHz tone, 83 to 103 dbA
at 1.0 ft. The new Al-385 delivers asofter, less shrill
2.0 KHz tone on 3to 20 VDC, with an 80 to 95 dbA. Low
current drain and panel mounting make these ideal for
low power usage. For details and full line catalog, write
Projects Unlimited, Inc., 3680 Wyse Road, Dayton,
Ohio 45414. Phone:
(513) 890-1918.
TWX: 810-450-2523.

projects®
unlmted

WARNINGS YOU
CAN LIVE WITH.

186
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puter-controlled testing. The low
cost is partly due to epoxy sealing.
The converters offer again temperature coefficient of ± 20 ppm/ °C and
a settling time of 15 is to within
0.005% of the final value. The DACHP16B has 16-bit binary resolution
linear to within ±0.003% of full
scale, whereas the DAC-HP16D has
4-digit binary-coded decimal resolution with ± 0.005% nonlinearity.
Input coding is complementary binary and complementry offset binary
for the DAC-HP16B and complementary BCD for the DAC-HP16D.
The binary version operates in both
unipolar and bipolar modes with
output voltages of 0 to + 10 v and
±5 v; the BCD version operates in
unipolar mode only, with 0- to + 10voutput.
The DAC-HP design uses thinfilm hybrid technology. Selected
Nichrome-on-silicon thin-film resistor networks are combined with
matched quad current switches for
16-bit resolution. The thin-film resistors are functionally laser-trimmed
and are available in an operating
temperature range of 0° to 70 °c.
Delivery time is 10 to 12 weeks after
the order is received.
Datel Intersil,

11

Cabot Blvd.,

Mansfield,

Mass. 02048. Phone Sumner Eagerman at
(617) 339-9341 [383]

Small synchro-to-digital
modules track at 36,0007s
Designed for printed-circuit-board
mounting, aseries of 10-bit synchroto-digital converter modules can
track input rates as high as
36,000 °/s with no added error. Operating in the 50-to-400-Hz frequency
range—with no external transformers needed—the modules measure
2.6 by 3.1 by 0.42 in. They will
convert either synchro or resolver
inputs of 11.8 v or 90 y at 400 Hz or
90 v at 50 Hz or 60 Hz into a 10-bit
parallel binary output to represent
an angle measurement, with an
accuracy of ± 30 minutes of arc.
The digital outputs are TTL— and
complementary-mos—compatible;
bidirectional input data is accepted.
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Nett series 500 Measurement & Control I/O.
One System.

Versatile.
Most computer-based measurement and control

On-Board RAM The Series 500 contains a 4096-word RAM

applications have one problem in common — a variety of

in which the computer stores scan lists and instructions to

diverse signals. Each with its own interface and control

control the peripheral devices.

problems, and any one capable of generating bad data and
destroying system performance.

Remote Operation A Serial Controller permits the operation
of systems located at eight or more separate remote sites
— up to 20,000 feet from the computer.

The Solution?
Neff Series 500. It's a complete measurement and control
subsystem with a plug-in standard interface to your

Expandability All systems are expandable at both local and
remote sites.

computer. The Series 500 is compatible with virtually any

Analog Input The Series 500 supports operation of the Neff

process or measurement I/O signal .The system is

high-performance analog input subsystems -the most

supplied with complete software and uses only one of the

powerful and versatile in the world.

computer's I/O ports.

These are just a few of the reasons for Series 500's

Solving Your Problem

success. The rest are described in our new full-line catalog.
Send for it today.

Many standard features assure a Series 500 configuration
to match your requirements.
Versatile Input Structure Plug-in function cards

-

accommodate a variety of input signals including analog.
TTL, contact closures and frequency.
Control :Signals Computer controlled signals are generated
in the Series 500 for driving elements requiring analog
levels, TTL signals, contact closures and frequency.

r
---

INSTRUMENT CORPORATION

1088 E. Hamilton Rd Duarte, Calif. 91010
Tel. (213) 357-2281
TWX 910-585-1833
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At Boschert we stick with you.
All the way to the top.
From design to production,
whether you need tor 1000
switching power supplies amonth,
we're ready, able and willing.
OEM system success depends on
suppliers who work with you —
and stay with you. At Boschert,
we've been building switching
power supplies for nearly adecade.
Today, over 100,000 of our
open-frame, multiple output power
systems are in operation, helping
OEMs reduce space, weight and
heat dissipation. Working with
Boschert means you have asource
— and apartner — for meeting
any power requirements from 25
to 400 watts.
Whether you're prototyping or
producing in volume, Boschert
helps you get exactly the power
supply you need. At the design
stage, our engineers work with
you to determine optimum
specs for your application. We're
experts at tailoring our standard
product line to meet your unique
output or load requirements. So
you get the best of both worlds:
custom performance and volume
economy.
Once your production is in full
swing, Boschert can keep pace.
We're already the world's volume
leader in

switching power supplies, and
new facilities will double our
capacity in 1979.
Find out about the price/
performance you'll get today
from our full line of switching
power supplies. Contact your
local Boschert representative,
188
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or write Boschert Incorporated,
384 Santa Trinita Ave.,
Sunnyvale, CA 94086. Or call
(408) 732-2440.

°Nan

SWITCHING
POWER
SUPPLIES
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The Broad Line in
Broadband Linear
High Power Amplifiers.

New products

Ailtech—we've got a full line of Broadband amplifiers with all the
features you're looking for:
• All Solid State-10 KHz to 1Ghz.
• Built-in Wattmeter—reads true forward and reflected power.
• ALC Signal—typically allows for leveling the amplifier output to
within ± 0.1 dB.
• Constant Forward Power—the forward power is held constant
into any load.
• Positive Protection—no damage when operated into any load.

The converters consume 500 mw of
power and provide complete synchronization to a computer. The units
operate over the temperature range
of 0° to 70° Cor —55° to +105° C.
They are priced at $199 each, with
delivery within four weeks.
Computer Conversions Corp.,

We have power ranges from 50 watts minimum (70 watts available)
with a 10 KHz-10 MHz frequency rate—our Model 5001—up to our
Model 5020 with 50 watts, with up to 75 watts available and a frequency range of 1MHz to 200 MHz.
In addition to our amplifiers, we have modules tailored to individual requirements They're packaged in RFI proof enclosures,
and operate from a standard DC power supply.
We've got the complete line, and we'd like to send you our complete story so write today.

6 Dunton

Court, East Northport, N. Y. 11731. Phone
(516) 261-3300 [386]

High-speed IC comparator
fits 12-bit a-d converters
The 40-ns response time of the HA4950 comparator makes it the only
high-speed, high-precision, strobed
integrated-circuit comparator that is
compatible with 12-bit analog-todigital conversion applications, says
the manufacturer. The unit's maximum total input uncertainty is
± 150 uv; its input offset voltage is
0.3 mv, and it has Trucompatible
strobed outputs. The ±150-uv uncertainty translates into an error of
less than Vs least significant bit in
12-bit a-d conversion systems using a
10-v reference.
Besides being used in successiveapproximation a-d converters, the
comparator can be used for highresolution comparisons in servo-positioning systems and other feedback
control loops; in precision zero-crossing detectors for applications that
require null-state detection; and in
high-speed, high-accuracy measurement applications such as determining the settling times of fast ampli-

AILTEC
CITY OF INDUSTRY OPERATION •CITY OF INDUSTRY, CA 91748 •(213) 965-4911
LONG ISLAND OPERATION • RONKONKOMA, N.Y. 11779 •(516) 588.3600
LOS ANGELES OPERATION • LOS ANGELES, CA 90066 •(213)822.3061
FRANCE • LA GARENNE COLOMBES •TELEPHONE 7807373
UNITED KINGDOM •CROWTHORNE •TELEPHONE 5777
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GERMANY • MUNICH •TELEPHONE (089) 5233023
HOLLAND • ROZENBURG •TELEPHONE 02977-29376
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Delevan
Power Chokes

New products
fiers and high-speed d-a converters.
The HA-4950 comes in a 14-pin
ceramic dual in-line package in two
temperature ranges: a high-reliability MIL-STD-883 wide-temperaturerange version, the HA-4950-8, and
the —55 ° to + 70 °C HA-4950-2. At
$9.50 for aquantity of 100 or more,
the latter are available for immediate delivery.
Harris Semiconductor Group, P. 0. Box 883,
Melbourne, Fla. 32901. Call Ron C. Pittenger
at (305) 724-7407 [387]

8-bit analog-to-digital
converters ride 8080 bus

...strike
the perfect balance
Our Series 3443 molded power inductors offer the optimum design
balance in switching regulator systems. They combine low unit
cost with the high reliability of a molded configuration.

The 20-pin dual—in-line—packaged
ADC0801, 0802, 0803, and 0804 are
complementary-mos, 8-bit successive-approximation analog-to-digital
converters requiring no external
interface logic to operate with microprocessors. Using a modified potentiometric ladder similar to the standard 256R approach, these converters are configured to allow operation
with the standard control bus of the
8080 microprocessors; they appear
as memory locations or input/output
ports to the microprocessor. Threestate output latches directly drive
the data bus.
The units also feature: a differen-

Rugged construction with heavy 18 gauge molded-in soldercoated radial terminals ... ideal for printed circuit board
applications.
A broad spectrum of standard inductance values ranges from
1.0 to 15,000 µH. Current ratings up to 10 Amp.
Delevan molded power chokes reduce ripple transients...
reduce incremental current effects at alower cost than conventional toroid design. Inductance values will not change more than
10% with up to 70% of rated current.
TYPICAL APPLICATIONS
• Switching regulator power supplies
• DC to DC converters
• Suppression and decoupling chokes
Get the details for your application. Ask for Data Sheet 3443.

Delevan
Division

•

AMERICAN
PRECISION
INDUSTRIES INC

270 QUAKER RD., EAST AURORA, N.Y. 14052
TELEPHONE 716/652/3600 TELEX 91-293
OTHER DIVISIONS E. SUBSIDIARIES INCLUDE
APITRON. BASCO, DUSTEX, AMERICAN PRECISION
INDUSTRIES (UK 1LTD, OUSTEX OF CANADA, INC
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Fit for land, sea and air.
For over 15 years Abbott power supplies have seen
service with every branch of the military ...from the
XM-1 tank to the Trident submarine to NASA's SKYLAB.
Proven performance in these and other critical military
and aerospace applications is the result of Abbott's
unique capabilities and experience in power supply
design.
The Model "W" family, for example, because of its
unique combination of laboratory-type performance and
aerospace size, has become a standard throughout
the world. Over 10,000 units are in service, featuring
output voltages from 5 to 100 VDC, with current levels
from 0.3 to 20 amps ... in packages as small as
21
/
8 "x31
/
4 "x31
/ ".
4
Today, Abbott offers a choice of over 1500 versions of
high efficiency, hermetically sealed, single or dual output power supplies and switcher modules. They
include 60 and 400Hz to DC modules, DC to DC converters, and DC to AC inverters, with outputs from 3VDC
to 740 VDC, 1to 250 watts. And prices are as low as
$174 for 2-4 units.
So, for quality, reliability, performance and low cost, call
Abbott. As for delivery, we can probably ship from
stock. For additional information, see your EEM or
GOLD BOOK power supply sections, or write us for
afree catalog.

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.

abbott

transistor

LABORATORIES,
General Offices
5200 W. Jefferson Blvd., Los Angeles, CA 90016
(213) 936-8185 Telex: 69-1398

Electronics/November 22, 1979

INCORPORATED
Eastern Offices
1224 Anderson Ave., Fort Lee, NJ 07024
(201) 224-6900 Telex: 13-5332
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New products

IMO

tial analog voltage input, an adjustable voltage reference; TTL-level
inputs and outputs; an on-chip clock
generator; and a 0-to-5-v power
supply. The units have a conversion
time of 100 gs, with aclock range of
100 kHz to 1.28 MHz. Available
from stock, the units have prices
starting at $2.95 (for the 0804), in
hundreds.
National Semiconductor Corp., 2900 Semiconductor Dr., Santa Clara, Calif. 95051.
Phone Dave Whetstone at (408) 737-5856
[390]

Data-acquisition system
has up to 1,000 channels

NEWLY
DESIGNED

/

SNAP-IN SOCKETS
FOR
- TO-3 &TO-66

Itimi

te
•me

r.

The most complete line
of transistor sockets
and mica insulators in
the industiy. Our sockets
are designed for the
TO-3 and TO-66
transistors. Available
from stock. Introducing
our latest design in
printed circuit sockets
plus an extensive line of
snap-in sockets.
Sockets are available in
the latest UL approved
materials.

The Datalogger 2000 Basic System
provides 40-channel internal capability—expandable to 1,000—with a
20-channel scan card and a signalconditioning module. The 2000 offers microprocessing functions like
signal processing, formatting, alarm
assignment (up to 1,200 individually
assignable alarms), and interfacing.
It measures up to four mixed parameters selected from the temperature,
dc voltage, dc auto-ranging, ac voltage, true rms, and transmitter
output. It displays and records time
and date, number, measured data
and parameter symbols with the
printout of English messages that
identify alarm status without lookup tables.
The Datalogger 2000 offers skip
channel capability and a ± 25,000count display of the data measured.
The basic system is priced at $3,195,
and delivery is from four to six
weeks.
United Systems Corp., 918 Woodley Rd.,
Dayton, Ohio 45403. Contact Gary Day at
(513) 254-6251 [388]

NEW FREE CATALOG ON REQUEST

KV1

1\I

ELECTRONICS CORP.
TVVX 710-581-2861 CABLE -KEYELCO
49 BLEECKER STREET, NEW YORK, N.Y. 1IX112 212-475-4600
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THE EXPERIENCE OF THE FEDERAL RESERVE WITH

DATA TRANSMISSION

Today, computers at the
Federal Reserve transmit
data, over aBell System network, at 240,000 characters
per minute.
Bell was chosen for this
high-speed data transmission
system because of the magnitude of the Fed's requirements— and because of Bell's
technical capabilities. Bob
Dunlap, Bell System
National Account Manager,
worked closely with the Fed
to meet their special needs.

Mr. Dunlap explains:
"This system eliminates flying computer tapes from one
Federal Reserve bank to
another. No more delays, no
more getting fogged in. Banking transactions speed up.
"The Fed does alot of
payroll data transmission over
the system," Mr. Dunlap
explains. "This gets payrolls
distributed on time, eliminates
theft of checks from mail
boxes, provides better service
to banks and the larger commercial community. And,"
he concludes, "it helps arrest

the staggering growth of
checks."
If your agency is
interested in data transmission, talk to your Bell System
Account Executive. He/she
can bring Bell expertise to
your problem, and is the
point of contact that opens
the resources of the Bell
System to your needs.

Bell System
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Seven Reasons
Why Perkin-Elmer Computer Users Prefer
MDB Interface Products:
1.
2.
3.
4.
S.
6.
7.

Superior Performance
Quality Workmanship
Comprehensive Product Mix
Competitive Pricing
Better Delivery
One-Year Unconditional Warranty
Worldwide Sales

Find your reason here!
IMPERIPHERAL DEVICE CONTROLLERS
MDB-46-206 Line Printer Controller; long line
capability available
MDB-46-235 Card Reader Controller (Device
controllers above include 15 foot cable)
MDB-46-234 Hollerith to ASCII Converter
•SYSTEMS MODULES
MDB-48-000 Universal Clock Module with line
frequency clock
MDB-48-012 Line Frequency Clock Module
New! MDB-48-488 IEEE Instrumentation Bus
Controller
@COMMUNICATIONS/TERMINAL MODULES
New! MDB-47-102 Programmable Asynchronous
Single Line Adapter (PASLA), single channel
MDB-47-102D Dual PASLA, two channels on a
half-board, includes current loop; RS422 long
line optional
MDB-48-024 Current Loop/RS232 Interface
el GENERAL PURPOSE INTERFACE MODULES
MDB-48-002 General Purpose Interface Board,
provides 197 user IC positions, accepts all
sizes DIP packages; wire wrap pins and/or
lo-profile sockets optional
New! MDB-48-002H General Purpose Interface
Half-Board, provides for 91 user IC positions,
wire wrap pins and/or lo-profile sockets
optional
MDB-48-013 Universal Logic Module, basic 16-bit
I/O board; options include second device con*

TM Digital Equipment

Corp.**

Data General is a computer manufacturer unrelated to MDB

troller, two output register options; wire wrap
pins and/or lo-profile sockets for 92 positions
of user IC logic
New! MDB-48-013H Universal Logic Half-Board;
same, with 42 user IC logic positions
•ACCESSORY HARDWARE
New! MDB-16-398 Half-Board Mounting Kit
MDB-ULLAB-01, 02 Universal RS232 Long Line
Adapter Box, six or twelve RS422 differential
long line receivers/drivers converted to RS232
MDB-ULLAB-03 Universal TTL Long Line
Adapter Box, twelve RS422 differential
long line receivers/drivers converted to
drivers/receivers
GPIO Cable Subassemblies for 20, 26, 34, 40
and 50 conductor ribbon cable; connector with
10 foot unterminated cable

MDB interface products always equal or exceed
the host computer manufacturer's specifications
and performance for asimilar product. MOB
interfaces are completely hardware compatible
and software transparent to the host computer.
MDB products are competitively priced, delivery is
30 days ARO or sooner. MDB places an unconditional one-year warranty on its controllers and
tested products.
MDB also supplies similar interface modules for
DEC PDP*-11 and LSI*-11, Data General," and
IBM Series/1 computers. Product literature kits are
complete with data sheets, pricing and discount
schedules.

I

DB

SYSTEMS INC.

1995 N. Batavia Street
Orange, California 92665
714-998-6900
TWX: 910 -593-1339

Northern California 408/733-3950 D Mid-Atlantic: 301/652-2173 D New England: 617/444-1800 D Mid-Western: 312/266-1032 D Southeastern: 305/254-2511
Southwestern: 713/438-1238 D Australia & New Zealand: (03) 543 2077 D Belgium & Luxembourg: 02-720.90.38 D Canada: 416/625-1907 CI Greece: 9514.944 9520.589
Hawaii:
(808)524-8633
D Hong
Kong:
5-771768
E India:
234343
CJ
Japan:
03-437-5371
D Malaysia:
944
404
D Netherlands:
03404-21344
Philippines: 89-10-96 D Singapore: 295-2381-2389 L: Sweden, Norway & Finland: 08/94 04 90 Li Switzerland & Liechtenstein: 01/730 48 48 D W. Germany: 0 89/80 60 61-62

Circle 107for P-E;108 for PDP; 109 for LSI; 110 for DG;194for IBM.

Seitz, c'est sûr!

Wire-guide
heads

bars

for

printing

All kinds of material have been
tried out for the manufacture of
wire-guide bars. The corundum in
single crystal structure (Al 2 03)still
remains the best one. Seitz knows
it and uses it in an economic and
intelligent way.
The form: acylindrical bar, which
means reduction of friction, improvement of the ribbon guiding,
elimination of the wear of the head.
Application: in every type of head,
thanks to the rigorously respected
dimensions and tolerances.
Seitz is the pioneer of wire-guides
and is furthermore the most important manufacturer of this product.
Seitz has created and fixed its
norms.
Seitz wire-guide bars: A technical
and economic solution.
Seitz wire-guide bars:
Atechnical and economic solution.

Seitz SA, CH-2416 Les Brenets, Tél. 039/321112, Télex CH 35505 SEITZ
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Pierres Holding. Faubourg du Lac 6. CH -2501 Bienne
Téléphone 032 /22 65 11. Télex 34 566
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Select The One That's Right
For Your Recording Needs
The Omnigraphic® Series 100

When your applications
change, this recorder
changes with them

FOR LAB OR FIELD, PRODUCTION OR
PROCESS, OEM OR GENERAL PURPOSE
rig

7771

The Series 100 is a complete
family of X-Y recorders with a
model available to meet your
specific recording need. Each
model is built around a basic
mainframe.
The
completely
selfcontained
mainframe
stands alone but can act as
the basic building block for
your particular application.
The Series 100 meets both
general purpose as well as
special purpose system applications.

e

—

4«-Z!

.

min

• 101111

Plug in your choice of modules
and the Omnigraphic Model
2000 will fit your exact requirements.

OR
The Omnigraphic Model
2000 is the world's best
known most versatile X-Y
recorder. The basic building
block is a rugged die cast
metal mainframe. A choice of 27 models enables the
recorder to perform in virtually any application

of,

• 30 in/sec speed (40 in/sec available)
• ±0.2% accuracy
• Best commom mode rejection
• Same servo response on both axes
• Modules can be changed in minutes
• Amplifiers interchangeable
• Prices from $1,200*, OEM discounts available

Prices begin at $970*
Quantity discounts available

No more slidewire cleaner • No more slidewire lubricant
No More Slidewire!
Houston Instrument's patented non-contacting capacitance feedback transducer replaces the slidewire
and potentiometers, neatly eliminating the most troublesome components of X-Y servo systems.
For complete information on the Model 2000 or the Series 100, contact Houston Instrument, One Houston Square,
Austin, Texas 78753. (512) 837-2820. For rush literature request and sales office information, outside Texas call toll
tree 1-800-531-5205. In Europe, contact Houston Instrument, Rochesterlaan 6, 8240 Gistel Belgium. Phone
059/277445.

houston I
instrument
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DIVISION

OF

BAUSCH E. LOMB (*

"the graphics -recorder company"

W.S. Domestic Price Only
Registered Trademark of Houston Instrument

Products newsletter

Printer company
unv ils
innovative
typewriter technology

Nippon Electric
ex ands with
8-bit microcomputer

Automatic prober
will load, align
6-in, wafers

AEG-Telefunken poised
to penetrate U. S.
power-device market

Siliconix drops
price of V-groove
MOS power devices
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In what appears to be atechnology first, Centronics Data Computer Corp.,
Hudson, N. H., has introduced anew electronic typewriter technology—a
low-cost, unlimited-font, hard-copy output technique aimed at the office
environment. The system uses astylus controlled by miniature solenoids
in the X, Y, and Z axes to press on, and through, a carbon typewriter
ribbon. Thus, while it writes silently like non-impact printers, unlike them,
it can make multiple copies. The print rate varies with font size and
complexity, but is said to be well within 15 to 20 characters per second.
This approach also offers the ability to print in any programmed font —
including cursive script simulating handwriting.

Nippon Electric Co. is expanding its µPD line of processor chips and has
designed an 8-bit microcomputer called the 7801. The chip will soon be
available in the U. S. through NEC Microcomputers Inc., Wellesley, Mass.
Not only does the device have large amounts of internal memory, but it
can also address external memories and 8080-compatible peripheral
chips, which is made possible because of the device's 64-pin package. The
7801 has its own instruction set, optimized for code efficiency.

Look for Teledyne TAC, Woburn, Mass., to begin marketing an automatic
wafer prober in the first half of next year. The Mark 710 will have
automatic wafer loading, alignment, and thickness compensation and will
handle wafers up to 150 mm (6 in.) in diameter. A CRT display will be
available for feeding in instructions and diagnostic work. The microprocessor-based machine resembles a direct step-and-repeat lithography system
using optical encoders. With its 10-in./s table speed, this system should
greatly speed up throughput at wafer-probing positions.

Ready to penetrate the lucrative market for high-power semiconductor
devices, AEo-Telefunken's Power Engineering and Industrial Systems
division, Route 22, Somerville, N. J., will shortly introduce several highcurrent, high-voltage diodes and thyristors. Included will be aHockey Puk
diode capable of handling 3,500 A at 3,200 v, and an interdigitated
gate-assisted turn-off thryistor with a 1,200-v rating and a rapid
turn-off time of less than 10 µs. Another device includes a silicon
controlled rectifier with a 1,000-A rating at 85°C (2,500 A at room
temperature), and avoltage rating of approximately 2kv.

Perhaps signaling atrend, Siliconix Inc., Santa Clara, Calif., is immediately reducing the price on several of their V-groove mos power field-effect
transistor devices. For example, the price of the VN64GA, an n-channel
enhancement-mode v-mos power FET designed for motor controllers and
switching power supplies, is being slashed by 50%. The device, which has
a maximum continuous drain current of 12.5 A and a maximum drainsource on-resistance of 0.4
will now list for $6.88 in 1,000-piece
quantities.
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The complete modular system for sleek EDP packages
Introducing a selection of undersiung cabinets, stand-alone cabinets, starter desks, extensions and wedges for EDP
systems. Arrange them in any straight line or return combination. And as your system changes, rearrange it just as
beautifully. Send for our new catalog. We're making EDP stand for elegant data processing.
We make you look better

OPTIMA

Scientific-Atlanta

2166 Mountain Industrial Blvd., Tucker, GA 30084, Tel: (404) 939-6340. 10039 Pioneer Blvd., Santa Fe Springs, CA 90670, Tel: (213) 949-9571. 135 Fort Lee Rd.,
Leonia, N.J. 07605, Tel: (201) 461-3650. Canada: 1640 Bonhill Road, Unit 6, Mississauga, Ontario, L5T 1C8, Canada, Telephone 416-677-6555, Telex 06-983600
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cision time code equipment offers you everything you
could possibly need in generators, readers, and remote displays. All 8700 series models measure just 13
4 " high x 91
/
/
2 " wide.
These advanced instruments generate, read and display standard
modulated serial time codes. Both the time code reader and generator may be powered by either 115 VAC or 12 VDC. For digital
system operation, aparallel BCD output with computer read command is available as an option on the reader and generator.
For complete details on the very latest in time code technology, contact your
local Scientific Devices office or Systron-Donner, Data Products Division,
935 Detroit Avenue, Concord, CA 94518. Phone (415) 798-9900.

I
emeimm •
Model 8720
Compact Time Code Generator
Circle 0111 for literature

SYST RON

Circle #112 for demonstration
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Model 8730
Compact Time Code Reader

DONNER
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Recognition as a leader by our people,
our customers and our competition.
If that's what you want, you want us.

The Good People Company.

We're setting the pace for the '80s in the
semiconductor industry.

51511DtiCS

Send us your resume.
Signetics, MS 800,811 East Argues Avenue,
Sunnyvale, CA 94086. (408) 739-7700.
We are an equal opportunity employer m/f.

asubsidiary óf U.S. Philips Corporation
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ltOSBORNE/McGraw-Hill

MICROELECTRONICS INFORMATION
Microcomputer users and designers are presented with a continually
expanding array of processors and support chips. It is becoming virtually

impossible to

keep up-to-date on the rapid

advances

of

microelectronics technology, the upsurge of components, and the advantages and disadvantages of each for any given application.
There is just one source for complete, objective and accurate information

on

microelectronics

components: An

Introduction

to

Microcomputers series of books.

NEW MICROPROCESSORS
An Introduction to Microcomputers: Volume 2 — Some Real
Microprocessors covers every major microprocessor on the market — 4-bit, 8bit, and 16-bit — in detail. More than 20 CPUs are analyzed in depth, including
such recent entries in the microprocessor market asthe Intel 8086 and TI 9940.
Such newcomers as the Z8, Z8000 and Am9511 will be described in the
Volume 2 Update Series.
NEW SUPPORT DEVICES

Find fault
with Minelops
"Magnetic Memory"
Indicators

An Introduction to Microcomputers: Volume 3— Some Real Support
Devices is the first reference book to offer extensive coverage of
microprocessor support devices, including Memory Devices, Parallel and Serial
I/O, CPU Single- and Multi-Function Support Devices, and System Busses.
Much more will ultimately be included, as the Volume 3Update Series will contain sections on Telecommunications Devices, Analog Interfaces, Peripheral
Controllers, and Display Devices and Support Circuitry.
Order Information
Both Volume 2 and Volume 3 books are published in a9" x7" loose-leaf format, with sturdy, three-post hardcover binders available for each. The update
series are sold as yearly subscriptions, independent of the books, and are not included in the purchase price of the books; customers who subscribe after the
initial updates have been issued will receive all the previous updates in the
year's subscription series.

ORDER FORM
NUMBER

TITLE
Volume 2— Some Reel Alcropeocemors. 1978 Ecktien venom bonder

$25 00

18-0

Volume 2 hinder

S 500

Volume 3— Sono Reel Snood Oences. 1978 Ed hen bV1011,111 Ponder

S15 00

Eliminate costly down-time tracing circuit faults
Minelco's patented magnetic latching indicators
retain highly visible fault display even if power fails and
then restores. No lights or LEDs to burn out. Widest
selection of ball, flag or annunciator models ... electrical or manual reset . in commercial or mil spec
(MIL-1-83287/1-4) qualities .. for industrial, computer, communication, aircraft, test equipment, etc.

UPDATE SUBSCRIPTIONS:
L. All foreign orders 54 00 per 13-leae subscrimen foe ginned
V No eat. charge in the U S -40, Clain Meal ONLY

Ask for prototypes from Minelco, A Talley Industries
Company, 135 So. Main St., Thomaston, CT 06787.
Phone (203) 283-8261.

ADDRESS

mimic()
aTALLEY INDUSTRIES Company
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PRICE

15-2
18.7
19.5

Volume 3 bowie,

99

Volume 2 end 3 Ueda« 1978.1179 'Subscription ei sée issues of each series,

540 00

97

1978-1979 Volume 2 Updates nix gams/

52S 00

98

1978.1379 View,. 3 Up..., isle Pews/

S25 00

OTT

ANT

5 500

oleo Te•

/Subtotal

Seek, SF Be Area reecients oniv
13, College aresidents outside SF e.....} .

Sales Ten
Shipping Cherie»

A.. ".........P ...

Payment in ulvence must M enclosed 'Peewee's», of upto S70 03 Invoicing for
Pennine of 570 00 or TO. m me 4.54. ilve.1110.0. •PIMOV• 1of gore mcounl
All eon, mean roue M peeped in US doll«. been on eU 5 lank
Shipping Chen»: Shipping foe liege adore to la wronged

TOTAL AMOUNT

ROOKS
o MI fonign orders. 54 00 per book. for er shipment
o 4th clan SO 45 per book billow 3-4 weeks within USAI
O SO 75 per book. UPS lellow 10 den/ in Me
5
Oil sO pee
8(.1.81 rueh shipment by eir in Me US

NAME

CITY
ZIP

STATE
PHONE

OSBORNE/McGraw-Hill
630 Bancroft Way, Dept. E14 Berkeley, California U.S.A.
Tel. 1415) 548-2805 TWX 910-366-7277
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WHEN QUALITY AND RELIABILITY COUNT...

COUNT ON

SIMPSON METERF
& METER RELAv
and vibration and stay accurate.
When you need ameter fast, get fast delivery
on over 1500 stock ranges, types and sizes
.. or order custom ranges, scales, damping,
tracking, accuracy.
See your Simpson distributor or write for full
line catalog.

Analog, digital or Ana-Led® . .Simpson
meters and meter relays are the choice of
design engineers everywhere.
Our self-shielding movements provide optimum sensitivity and are immune to stray
magnetic fields. Simpson taut-band and pivot-and-jewel mechanisms withstand shock

•

SIMPSON ELECTRIC COMPANY
E ASTRUPAPNIS THAT STAY ACCURATT

853 Dundee Avenue, Elgin, IL 60120
(312) 697-2260 •Telex 72-2416 •Cable SIMELCO

CONTACTLESS
METER RELAYS
ANA- LED®

?!!
èamotoUlt

mbe

CONTROLLERS

WIDE -VUE

CENTURY SERIES
DI 1005

DIGITAL PANEL METERS

IC 111(10AMPI

BOLD-VUE®

IIS

-//747/7

DESIGNER SERIES

COMPACT EDGEWISE
ELECTRICAL EOUIPSIENT
AND PRODUCTS GROUP
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ANRITSUI LATEST ANSWER
IN FDM TRANSMISSION..
—7,Te.'1

•

IISIM

Mlle

±0.1 dB Ac uracy
TEE 488 This

Selective Level Meter ML422A.
If FDM transmission is your business, Anritsu
has the answer. With Anritsu's Selective Level
Meter ML422A, you can be certain of the performance and reliability of FDM transmission
systems and equipment whether you're involved
in manufacture, installation or service. Its wide
frequency range of 200Hz to 30MHz lets you
handle FDM transmission systems from voice to
3,600 channels.
Increased frequency accuracy and stability are
assured through the use of asynthesized local
oscillator. Measuring level accuracy of ±0.1dB
along with Auto Level Calibration and abuilt-in
microcomputer make the ML422A ideal for use in
the design, research and development of FDM
transmission systems and equipment.
Don't wait till there's trouble with your system
before you give us acall about our ML422A and
our complete line of communications test and

measuring equipment. It can mean asavings in
time that can make adifference in profit.
Frequency range

200Hz to 30MHz

Level measuring range

—120 to +30dBm

Level measuring
accuracy

-±0.1dB (10kHz to 13MHz,
—80 to OdBm)

Frequency stability

≤1 x10 -5 (0 to 45°C)

Input impedance

75Q, 135Q, 150Q,
600Q (High)

Bandwidth

40Hz, 1.74kHz

Dimension/Weight

195(H)x426(W)x350(D)mm/
≤.16kg

For comprehensive literature on the
Selective Level Meter ML422A, contact—

Anritsu

ANRITSU ELECTRIC CO., LTD
MEASURING INSTRUMENTS DIVISION
SALES DEPARTMENT:
10-27. Minamiazabu 5-chorne, Minato-ka. Tokyo 106 .Japan
Phone :031446-1111/Telex. 0-242-2353
Cable ANRITDENK ITOKYO
• U.S.A. Anritsu America, Inc. Tel: 1201) 569-4474 • Watt Germany Knott Elektronik GmbH Tel: (08178) 4085 • U.K. Dymar Electronics Limited Tel: Watford 37321
• France Tekelec A irtronic Tel: 11) 946-96-48 • Italy Via, ello S.p.A. Tel: (021 54 40 41 • Spain Unit ronics. S.A. Tel: 242 52 04 • Holland C.N. Rood By. Tel: 070-99 63
60 • Belgium C.N. Rood S.A. Tel: 02.35 21 35 • Sereden Teleinstrument AB Tel: 08-38 03 70 • Singapore O'Connor's (Pte.) Ltd. Tel: 637944 • Australia NEC Australia
Pty. Ltd. Tel: Melbourne 560-5233 • Malaysia O'Connor's (Malaysia) SDN. BHD. Tel: 51563/5 • Brazil Anritsu Eletrénica Comércio Ltda. Tel: Rio 221-6086
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New products/materials
Thick-film resistor materials for
high-voltage applications cover the
resistivity range from 10 kilohms per
square to 5 megohms per square.
The 9500 series compositions can be
fired in a30- to 60-minute cycle with
a nominal peak temperature of
850 °C. According to the manufacturer, the sensitivity of the resistance
value to the peak firing temperature

Divide and Conquer
HIGH-SPEED DIVIDERS/PRESCALERS
Pick aPlessey prescaler and you've
conquered the major problems in your
lib._
high-speed counters, timers and
-..,„„_
*
j: -1012:11•117.11
....
,...
-..„,
frequency synthesizers.
qr
.
........
+A MU.
Because Plessey IC's offer aquick
"19,
-.4• ......«
and easy way to lower synthesizer costs I
_ •
=
: ..,..,.
%
Unlit
"eft.
while increasing loop response and
•••.--.._ ....
%
%
channel spacing all the way from dc
"s
%
am, duoicaurr um
through the HF, VHF, UHF and
% yams «imam«
TACAN bands.
t
Our prescalers feature VHF and
UHF input ports, TTL/MOS-compatibility, and are all guaranteed to operate
from dc to at least the frequencies
shown.
GUARANTEED TOGGLE FREQUENCY RANA)
Our two-modulus dividers provide
low power consumption, low propagaand hassle, so contact us for details and
tion delay and ECL-compatibility.
ademonstration today.
And, to make things even simpler,
We'll show you awinner.
our SP8760 control chip allows you
to phase lock your synthesizer to any
crystal up to 10 MHz.
PLESSEY
SEMICONDUCTORS
You get all of the performance you
1641 Kaiser Avenue, Irvine,
need with none of the usual headaches
CA 92714. (714) 540-9979.
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is less than 1%/ °C, which compares
favorably with the 5%/ °C associated
with most high-resistivity materials.
Resistance change under a constant
voltage load of 400 v/mm is negligible; for repeated surges of 3kv/mm,
it is less than 0.5%.
Du

Pont Co.,

Public Affairs Department,

Wilmington, Del. 19898. Attn: Barbara Wolf
[476]

A low-viscosity casting resin, Stycast
3051 is a one-part material well
suited for the filling and penetration
of small spaces such as those encountered in high-density circuitry and
coils. The potting and encapsulating
compound has a viscosity of 3,000
centipoises at 25 °C; this may be
reduced by heating the material just
prior to use. For example, if the
solvent-free system is heated to 40 °C
(104 °F), its viscosity drops to 1,600
cps.
Emerson & Cuming, Canton, Mass. 02021.
Phone (617) 828-3300 [477]

300

500

700

900

1100

1300

All things to some people.
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MICROSOFT
8086
DEVELOPMENT
SOFTWARE
8086 Cross-Assembler
• Linking Loader
• Cross Reference Facility
XMACRO-86 assembles 8086 code on any 8080 or
Z80 running the CP/M, ISIS-II, or TEKDOS operating
system.
FAST: Assembly rate of over 1000 lines per minute.
EFFICIENT: Assembler includes Intel-compatible
macros, full set of conditional pseudo-ops, comment
blocks, variable input radix, PRINTIfor assembly or
diagnostic messages, and octal or hex listings.
Linking loader loads and executes object modules,
resolving all external references.
Cross reference utility program lists all variable
naines alphabetically, with line numbers where
referenced and defined.
Use today's hardware to write tomorrow's software.

Single copy price: $300.00

MICO

ee

10800 NE Eighth, Suite 819
levu
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There's abright new face
in 12"data monitors.
If you've got aneed for a12" CRT monitor, Sanyo has a
model that will fill it.
For cost-sensitive applications, choose the 5000
series. You get your choice of AC or DC power, P4 or P31
phosphors, and separate or composite video and sync
inputs. 15 MHz bandwidth and standard 15.75 kHz scan
rate provide excellent resolution and easy application.
For extra-demanding jobs, pick lir—d
0-10
the 6000 series. You get 1,000 line
resolution and 22 MHz bandwidth
for ultra-sharp graphics and crisp,
high definition 80-character lines.
TTL-compatible sync inputs make
interfacing asnap.
With either series, you get a

compact, rugged steel chassis with adjustable CRT
tiltback to fit virtually any enclosure design. You also get
adjustable scan size, plus remote brightness contrd
capability. Single-PCB construction and one-connector
hookup save time in assembly, testing, and
maintenance And Sanyo's many years of
manufacturing field-proven CCTV monitors, and our
unparalleled QC assure long, trouble-free service.
For all the facts on these exciting new open-chassis
monitors, contact your local Sanyo sales representative
listed below.

SANIfa
Communications Products Division

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

Contact your nearest Sanyo rep:
AKRON: Ancore, Inc. (216) 777-2060 ATLANTA: Len Elliott Company (404) 875-9701 ATLANTIC CITY: Austin Associates (609) 871-9290 BALTIMORE: David H. Brothers, Inc. (301) 764-7189
BOSTON: Piper Associates (617) 449-1144 CHICAGO: George Petit Company Inc. (312) 261-0342 DALLAS: The Crockett Sales Co. (214)748-8209 DENVER: Mile-High Marketing (303) 457-2058
DETROIT: BLrcaw Co. & Associates (313) 533-7700 INDIANAPOLIS: Midwest Rep. & Assoc., Inc. (317) 844-4555 KANSAS CITY: Pacer Sales Corporation (816) 358-6638 LOS ANGELES:
Marketing Specialists (213) 341-1471 MIAMI: L. Haas Company (305) 945 6544 PORTLAND: Earl & Brown Co., Inc. (503) 245 ,2283 SAN FRANCISCO: Tech-Rep Associates (415) 785-4531
SEATTLE: Earl & Brown Co., Inc. (206) 284-1121 ST. PAUL: Skor, Inc. (612) 645-6461 WHITE PLAINS: Irving Langbaum Assoc .Inc. (914) 634-1141
:c 1979 Sanyo Electric Inc., Compton, CA 90220
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New literature
European market forecast. "The
Mackintosh Yearbook of West European Electronics Data" has statistics and forecasts on 1980 electronics
markets for each Western European
country. From the same publisher
come forecasts on the world watch
and clock industry, as well as technical periodicals on microelectronics.
Further details are available from
Mackintosh Publications Ltd.,
Mackintosh House, Napier Road,
Luton, LUI 1RG, England [421]
Temperature measurement. "The
Temperature Handbook" contains
more than 200 pages of information
on temperature measurement and
instrumentation. Besides reprinting
some technical articles, notes, and
applications, the handbook includes
complete ANSI calibration labels and
specifications and photos of existing
as well as new products. For acopy,
send $5.00 to NANMAC Corp., Dept.
C, 9 Mayhew St., Framingham
Centre, Mass. 01701
Liquid-crystal display. A 14-page,
four-color catalog presents Hamlin
Inc.'s complete line of liquid-crystal
displays. The catalog highlights features and performance specifications

Radio Active
In radio-communications, Plessey
offers the most comprehensive line
of IC's available.
IC's that will cut the costs, reduce
the size and increase the reliability of
your designs for everything from commercial CB sets to manpack radios like
the Hughes PRC-104 shown.
Typical is our SL6600, amonolithic
IC that contains acomplete IF amplifier,
detector, phase-locked loop and squelch
system. Power consumption is ameager
1.5 mA at 6V, S/N ratio is 20 dB,
dynamic range is 120 dB, THD is just
2% for 5kHz peak deviation, and it can
be used up to 25 MHz with deviations
up to 10 kHz.
Our SL 6640 (with audio output) and
SL6650 (without audio) are similar, but
go abit further, adding dc volume
control to the on-chip preamp, amp,
detector and carrier squelch.
In addition to these, we offer alarge
family of RF and IF amplifiers, most
available in full MIL-temp versions,

•

with screening to 883B. And they're all
available now, so contact us for complete details today.
The real action in radio-communications IC's is at Plessey.

la

PLESSEY
SEMICONDUCTORS
1641 Kaiser Avenue, Irvine,
CA 92714. (714) 540-9979.

All things to some people.
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Electronic Load Cells...
Unte
for\

•

Precision Force Measurement

and photographs. A custom design
sheet is included. The LCD catalog
number B-93500 is available from
Hamlin Inc., Lake and Grove Sts.,
Lake Mills, Wisc. 53551 [423]
Control switches. "EA0 Lighted
Pushbutton Controls" is a 20-page
brochure that describes the compa-

Want to measure force, weight, thrust—with precision? Start with
accurate, dependable instrumentation at the source!
Super-Mini strain gage load cells—with capacities from 10 to
1000 pounds—provide aguaranteed error band for non-linearity,
hysteresis AND repeatability of less than ±-0.04%—are thermally
compensated to within 8PPM/°F—operate in tension or compression with 3mV/V output, nominal—are priced from $160 each.
Five pound to 100 ton capacities offered in other models—all
with 2 year warranties. Interface, Inc., 7401 E. Butherus Dr.
Scottsdale. Arizona 85260 USA (602) 948-5555 Telex: 668-394.

Low Profile

Sealed Super-Mini

Minibeam

interface
ADVANCED FORCE MEASUREMENT
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The HR2000 Datagraph'
As there may be only ahandful of true history-making men in a
given period of time, so it is with technological breakthroughs.
The CEC Division of Bell & Howell sincerely believes they
have now achieved that order of success in the design and
development of their newest data recorder .. .the historymaking HR2000 Datagraph.
In this, the world's first all solid state recorder, aseries of
unique digital electronic "gates" control the entire recording
process. By removing the inherent error factors of earlier
instruments — such as in electromechanical, light beam and
CRT devices — the accuracy of trace linearity, step functions,
and the presentation of square waves are of the highest order.
There are many other features and conveniences to enhance
this remarkable recorder — for one, it will accept any direct
print paper up to 12" in width — but you'll have to see our full
color brochure to appreciate just how advanced the HR2000
really is. It will also contain the location of the CEC/Bel I&
Howell sales office nearest you. They are ready, anxious and
able to demonstrate the instrument. .. and each of the above
claims made for it.

CEC

Division

360 Serra Madre V,Ila. Pasadena. Caloloma 91109

BELLE HOWELL
Circle 116 on reader service cad

PLUG INTO THE RIGHTCIRCUIT.
You'll be in good company in Georgia...in the midst of agrowing
electronics community. Complete with afull range of support services
from manufacturers in allied areas.
Your company will be able to take advantage of the engineering
schools at GeorgiaTech. For higher education. For research. For high
quality engineering talent.
And Georgia's Quick Start training program will be working for you,
too. With labor specifically trained for your operation. At our expense.
For more information, including confidential site selection assistance, call or write: W. Milton Folds, Commissioner, Georgia Department
of Industry &Trade, 404/656-3556, P.O. Box 1776, Atlanta, Georgia
30301, Dept. EL-04.

206
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New literature
ny's complete line of switches and
accessories. It divides the products
into two categories: instrumentgrade and heavy-duty switches; it
details each switch series' design
features and functions with photographs, charts, and diagrams. An
index for each category provides
mounting dimensions, switch elements, and descriptions of parts and
accessories. Catalog SF 20-1 can be
obtained from EA0 Switch Corp.,
255 Cherry St., Milford, Conn.
06460 [424]
Stepper motors. A 16-page brochure
on stepper motors and drivers
describes and illustrates permanentmagnet and variable-reluctance stepper motors in frame sizes of 35 to 38.
The brochure has a tabulation of

stepper motors

and
stepper
motor
drivers

Power Play

A.C. power control is almost child's

play with any one of aseries of
zero-voltage switches from Plessey.
They all provide better, more
economical control for your hairdryers and heaters, freezers and
furnaces, pools and percolators, or
whatever else you may be working on.
Plessey zero-voltage switches
include spike filters to prevent false
triggering. Low voltage sensors to
protect your triacs. Provide symmetrical control to prevent the
addition of D.C. to your circuits.
If you need aclincher, just call
And three of them (the SL441A,
and ask about our prices and
443A and 445A) include an integral
deliveries.
ramp generator and apatented pulse
We're not playing games.
integration technique that allows
you to get long, long time constants —
repeatably —with fewer and much
PLESSEY
less expensive components and
SEMICONDUCTORS
without the inherent problems of
1641 Kaiser Avenue, Irvine,
using electrolytic capacitors.
CA 92714. (714) 540-9979.

All things to some people.
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FREE 32 pages of
light reading
And afree sample too!

'Mt Sae. =WY, • R.I.., OM.« • IUM le OWN ••14•11• • LIMA .14. •
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characteristics, outline drawings,
and wiring schematics for over 30
stepper motors, including details on
asolid-state universal stepper-motor
driver with input sequencing logic
and universal output drive. The
brochure is issued by the Singer
Co.'s Kearfort Division, 1150
McBride Ave., Little Falls, N. J.
07424 [425]
Panel meters. A comprehensive panel meter catalog contains 40 pages of
information, specifications, and
prices on more than 12,000 panel
meters, with options and accessory
equipment. Included are new additions to the company's line: aminia-
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IDI's new 32 page off-the-shelf catalog/technical manual
offers you page after page of specifications on a seemingly
endless variety of LEDs, indicator lights, and lampsockets.
It's chock full of data on the newly expanded line of solid
state lights, as well as valuable
information on relampable and
non-relampable indicators. Includes a certificate for a FREE
sample of your choice.
Call Toll-Free or write
Industrial Devices, Inc.
Edgewater, N.J. 07020
800-526-0488
(In New Jersey — 201-224-4700)

17
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FOR LINEAR OR DIGITAL
CUSTOM CIRCUITS,
IN MOS OR BIPOLAR...
CALL SSi.
Dedicated solely to the design and manufacture of
custom monolithic integrated circuits, Silicon Systems has
developed aunique expertise that places it in the forefront of its technology. Consequently, no application
which lends itself to acustomized circuit falls outside of
the range of SSi capability.
SSi designs both analog and digital functions-even
both on the same chip-and we choose objectively
between bipolar and MOS technologies. We produce
circuit designs to the degree of complexity required by
the customer's application-from small scale integration
to very large scale integration.
For example, SSi was the first company to fully
integrate aDTMF receiver on amonolithic chip, combining both analog and digital functions as well as fully

integrating switched capacitor filters on the same CMOS
chip. This technology is available to you for your custom
application.
For afew more examples, see the circuits below:
(a) acustom CMOS IC that replaced 60 standard IC
circuits and 2 CMOS RAM's; (b) an PL bipolar digital
IC with 3300 random logic gates; (c) abipolar linear
capacitance threshold detector; (d) an MOS digital loop
detector for vehicles; and (e) an MOS photo diode array.
For amore complete list of SSi custom circuits
completed, call Jim Meyer, or send for our capability
brochure today.
Silicon Systems incorporated, 14351 Myford Road,
Tustin, California 92680. Phone: (714) 731-7110.
TWX 910-595-2809.

(a)

Silicon Systems
incorporated

208
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And now,
powerless
memory

New literature

The addition of non-volatile memory to
standard logic functions in Plessey's NOVOL
series may be the most exciting news since
the abacus.
Because you can now include memory
that won't give out when the power does—
in your counters, security code storage
systems, machine tools, and other applications where memory requirements are small
but critical.
The first two products in the Plessey
NOVOL family are our MN9102 Quad Latch
and MN9105 Quad Decade Up/Down
Counter. Both monolithic IC's include MNOS
memories that store the data in them when
power is removed, and hold it for at least
one year at temperatures up to 70°C.
Guaranteed.
And unlike other MNOS devices, ours
require only standard MOS supply voltages
of +5V and —12V and are fully TTL/CMOS-

ture 90 ° taut-band meter, designed
for flush mounting and available in
all dc ranges, and two 250 ° hightorque band meter movements. Pyrometers, control meters, and ac
iron-vane meters are also covered in
the catalog, which comes from Modutec Inc., 18 Marshall St, Norwalk,
Conn. 06854 [426]

compatible with no external drivers or special
interfaces.
If you like our story, you'll love our prices
and deliveries, because that's what really
makes us Number 1in state-of-the-art IC's.
And we're not likely to forget it.

PLESSEY
SEMICONDUCTORS
1641 Kaiser Avenue, Irvine,
CA 92714. (714) 540-9979%

All things to some people.
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Reliability. The first reliability hand-

book for the semiconductor industry
was prepared to meet the need for

greater military standardization.
The 832-page illustrated handbook
features reliability considerations at
each stage of manufacturing, die,
assembly, and finished product. In
addition, the book outlines reliability
concerns for hybrid microcircuits.
Appendices offer reference material
on wafer fabrication, alist of government agencies, and a bibliography.
The handbook (M/S 16250) can be
bought for $20.00 from National
Semiconductor Corp. distributors or
directly from the company's Marketing Services, 2900 Semiconductor
Dr., Santa Clara, Calif. 95051.
Telemetry. A "Telemetry Condensed

Catalog" has 16 pages of information on analog and digital dataacquisition and reduction equipment. Sections describe products
that range from signal conditioners
to satellite baseband control systems.
The catalog comes from Data Control Systems, Commerce Drive, Danbury, Conn. 06810 [428]
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An AC line stabilizer
-both efficient
and distortion free.
Maintain constant input of power to your equipment with a portable
AC line Voltage Stabilizer from KAI. This highly efficient stabilizer has 4%
maximum energy loss and produces an output wave identical
to the input wave. The KAI stabilizer tolerates a wide
latitude of frequency changes and is competitively
priced. Ideal for production line use and
test equipment in aircraft, transformer, medical, plating,
st: LiNt
plastic, photographic,
vocroe
srAeiz ,
.F
broadcast and
numerous other
40
-.industries.
Distributor inquiries invited.
Specifications:
Input 50/60 Hz 98-136 V
Output 117 V AC ± 4 V adjustable
Regulation 117 V ± 1%
Ambient Temp: 0°C to 70°C (32°F -158°F)

KA-101 1KVA
$399.00

tkolàeinini

KA-102 2 FVA
5599 00

KA-103 KV4
S769 00

Available for immediate delivery

For more information write or call:
Kobishi America, Inc.
228 East Star of India Lane
Carson, CA 90746
Phone (213) 538-4670
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ADVERTORIAL/FLORIDA CAREER OPPORTUNITIES

There are more reasons to come to Florida
than just sunshine and Disney World -especially
if you are an electronics engineer!

210

Electronics has been the major industrial
component of the state's tremendous
growth that began in the mid-60s and has
continued strong through the 70s with
projections very strong for the early
1980s. Currently over 275 electronic
companies employ more than 56,000
persons in Florida.
This growth has put electronic
engineers in an enviable employment
position. Strong hiring competition among
Florida companies insures an electronic
engineer the opportunity to change jobs
within the state rather than feel stranded
if he is unhappy with his new employer.
Electronic firms, both large and small,
are located throughout Florida but the
metropolitan areas of Central Florida,
Brevard County, the Gulf Coast
(Hillsborough/Pinellas), and the
Southeastern coastal strip contain the
majority of companies.
Central Florida is the recent home of a
General Dynamic's subsidiary, the
Strom berg-Carlson Corporation,
manufacturers of telecommunication

equipment. Though 140 employees are
located at their corporate headquarters in
Tampa, Stromberg-Carlson employs
1,800 at several Central Florida locations.
Their major concentration of electronic
engineers is at two plants—the Digital
Systems Center in Sanford and the
Engineering Development Center in
Longwood.
Harris Corporation is the largest
industrial employer in Florida, with more
than 7,000 employees working in the
Melbourne area. Harris, which designs,
produces and markets high-technology
communication and information
processing equipment and systems,
projects growth by 1984 to 10,000
employees. The company's major
divisions include: Controls, Composition
Systems, Electronic Systems,
Government Systems Group, Computer
Systems, PRD Electronics, Satellite
Communications and Semi-conductor.
Among the firms in the St. PetersburgClearwater area of the Gulf Coast are
E-Systems/ECI Division and the Avionics

Division of Honeywell. E-Systems employs
approximately 1,500 in their St.
Petersburg facility, specializing in
sophisticated electronic communications
equipment and systems for the United
States government and its allies.
The Avionics Division of Honeywell-inFlorida, which employs more than 2,300
workers, is aleading subsystem supplier
of diversified avionics products.
The fourth major area of electronics'
development stretches southward along
the east coast from Fort Pierce to Miami.
International Business Machines
(IBM), located at Boca Raton since 1967
and employing approximately 3,000
workers, is the world's largest
manufacturer of business machines and
data processing equipment.
Siemens Corporation expanded, in
December, 1978, its Telecommunications
Engineering Division, also at Boca Raton.
Located in the Arvida Park of Commerce,
more than 250 employees began work for
research and development of Siemens
telecommunications products.

Electronics/November 22, 1979

Following IBM and Siemens
Corporation to Boca Raton, the corporate
headquarters of Mitel Corporation has
moved into the area. Opening their new
facilities with more than 100
employees—and anticipating employing
500 within the next three years—Mitel
designs, manufacturers and markets
electronic telephone equipment and
highly sophisticated components for
telecommunications systems.
Further south at Ft. Lauderdale, the
Communications Group of Motorola
employs over 2,500 persons who are
involved in the design, manufacture and
marketing of high technology
communications products and systems.
Also to be noted is Motorola's recent
announcement of asecond major Florida
"campus" at Boynton Beach.
A major concern for many electronic
engineers considering relocation is the
ability to continue their educations. As the
number of electronic companies in Florida
grows, the number of electronics-related
courses at educational institutions
expand. Many state supported schools in
Florida offer the opportunity for higher
education in engineering.
PhD programs are offered by the
University of Florida in Gainesville and the
University of South Florida in Tampa.
Colleges offering degrees through MSEE
include: the University of Central Florida
in Orlando, the University of Miami,
Florida Institute of Technology in
Melbourne, and Florida Atlantic University
in Boca Raton. The last three also offer an
optional program in computer
engineering.
Electronic technology programs are
offered by Florida A & M at Tallahassee

residents in representative metropolitan
areas.)
According to the Internal Revenue
Service, Florida ranked 46th of 50 in
average state and local taxes paid.
(Source: February, 1978, Money
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Governor Graham

activities due to the favorable weather
and availability of facilities in every
area of the state.
The state's attitude toward the growth
of manufacturing is very aggressive. State
government has given strong support to
industry by encouraging expansion. This
continued positive attitude of the
Governor's office will encourage further
growth and thus enhance career
opportunities in the electronics industry.

Magazine.) The state of Florida and local
communities have no state or city
personal income tax, gross receipts tax,
ad valorem tax on household goods and
personal effects, or gift tax. There is a
four percent sales tax for tangible
personal property purchases or rentals,
with food and drugs exempt of any taxes.
In additon to career opportunities,
lower cost of living and the availability of

INDEXES OF COMPARATIVE LIVING COSTS
FOR AN INTERMEDIATE BUDGET
AUTUMN, 1978

METROPOLITAN AREA
U.S.Urban Average
ORLANDO, FLORIDA

HOUSING

PERSONAL
INCOME
TAXES

BUDGET

FOOD

TRANSPORTATION

100

100

100

100

100

88

89

96

86

61

111
116
97

106
112
103

117
93
100

138
127
90

144
145
98

101
102
103
96
108
104

102
101
99
103
96
98

103
100
98
105
101
98

103
104
103
90
108
98

95
95
109
89
139
138

91
100
97
108

96
96
93
102

95
96
94
103

82
95
94
111

79
118
104
130

95
104
100

97
101
100

103
107
102

90
104
104

79
98
81

Northeast
Boston, MA
New York, NY
Pittsburgh, PA
Northcentral
Chicago, IL
Cleveland, OH
Detroit, MI
St. Louis. MO
Milwaukee, WI
Minneapolis-St. Paul
South
Atlanta, GA
Baltimore, MD
Durham. NC
Washington, DC
West
Los Angeles-Long Beach
San Francisco-Oakland
Seattle-Everett, WA

•

(Source: U.S. Department of Laoor, Sureau of Labor Statistics. Autumn, 1978, "Urban Family Budgets and Comparative Indexes
for Selected Urban Areas.")
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and Florida International University
(Miami). Florida A & M has aData
Processing program, and the College of
Boca Raton offers anew degree program
leading to the Associate in Science
Degree in Electronics Engineering
Technology.
Though there is much to be said for
living in agrowing area, Florida also offers
acomparatively lower cost of living than
most of the country. (See the
accompanying table for indexes of
comparative living costs for an
intermediate household budget of

continued education, Florida also offers
its renowned climate. Due to the yearround, warm and sunny weather, many
outdoors recreational activities are
available in every season. The ocean
offers awide variety of entertainment and
leisure activities including fishing, surfing,
sailing, swimming, scuba diving, and sun
bathing. And because most electronic
firms are near the coast, these activities
are readily available to electronic
engineers.
Numerous lakes throughout the state
afford residents the opportunity for
water skiing and fresh water fishing.
Naturally, tennis and golf are chief among
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Grow
with us
in South
Florida.

t
e

SPEND THE WINTER

(and the rest of your career)

Racal-Milgo, headquartered in Miami, Florida, is a
world leader in the data communications field.
In order to keep pace with our record sales and continued growth, we have opened career opportunities
for the following positions:

Research Engineers
Excellent opportunity for a highly creative engineer to
advance the state-of-the-art in data communications.
Ideal candidate will have an MS or PhD in electrical
engineering and be thoroughly familiar with current
microprocessor technology, both hardware and software. and computer communications networks.

Design Engineers
Positions require aBSEE or equivalent experience.
Microprocessor based design experience is required.
Logic design, CMOS, and TL logic families; ROMS,
RAMS, PLAS aplus.

System Design Engineers
Broad engineering background in data communications
with experience in modem applications. Knowledge
of communications networks desirable.

Manufacturing Test Engineers

Strong background in Test Engineering, as well as a
complete knowledge of discrete components and ICs.
You will be involved in test methods of hardware designs, procedure writing, manufacturing support, diagnostic program development, and test equipment
evaluation selection. BSEE or equivalent experience required.

IN FLORIDA
Qwip Systems is undergoing aperiod of great expansion and now seeks individuals for the following positions at our Orlando, Florida, headquarters:

COMPONENT ENGINEERS
Openings are available at several levels for
component engineers with 3+ years experience in selecting and qualifying semiconductor devices, passive
components, or electromechanical devices. BSEE/BS
required; Masters Degree preferred.

ELECTRONIC ENGINEERS
Openings are available at several levels for electronic
engineers who have experience in analog and digital
design of commercial data communications equipment. BSEE required; MSEE preferred.

SYSTEMS ENGINEER
Position requires 5 years experience in logic design,
programming, or systems engineering of computer
oriented data communications systems. BSEE or BS
Computer Science required; Masters Degree preferred.
Join aleader in the challenging new field of facsimile
communications and live in atropical climate. Send
your resume and salary history in confidence to:

Component Engineer
Individual with strong background in semiconductor
devices. Responsibilities include component selection,
evaluation, specification preparation, failure analysis
and application support. Prefer experience with LSI
technology, reliability and component test.

Systems Programmers
These positions involve systems design and development of communications networks. Familiarity with
PDP-11, RSX 11M, RT11 and microprocessor based
systems, Intel 8080, 8085 experience is desired.

Manager, Employee Relations
Qwip Systems
ADivision of Exxon Enterprises, Inc.
Department AD
5551 Vanguard Rd., Suite 200
Orlando, Florida 32809
An Equal Opportunity Employer M/F

We offer competitive salaries, excellent company
benefits including liberal relocation allowance. For
immediate consideration call Bruce Czarniak
collect (305) 591-5212 or send your resume to:

Racal-Milgo
Racal-Milgo, Inc.
8600 N.W. 41st Street Miami, Florida 33166
Telephone (305) 592-8600
Equal Opportunity Employer
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MOVE TO THE
STATE-OF-THE-ART
Harris Government Systems, designs, develops and manufactures
high technology electronic equipment systems for abroad spectrum
of industrial and government markets. The Government Systems
Group, abillion dollar leader in the business, has expansion
openings for the following:
SENIOR BUYERS
•Broad knowledge of •
procurement methods and
processes.
•Broad knowledge of electronic
or electromechanical components
and assemblies both military and
commercial markets.
•Broad knowledge of
Government Contracting and
ASPRs.
•Broad experience in Service
Sub-Contracting and High Dollar
Procurements.
•Knowledge of broadline and
specialty distributors/
procurement methods and
processes.
•Ability to function in heavy
workload, pressure situations.
TEST ENGINEERS
•Familiarity with test methods
and systems. Heavy Fortran/
Assembly programming
experience in real-time
application.
•2years experience in system
testing and trouble-shooting of
digital control or communications
systems. Test team leadership

ability and technical discussions
with customers.
•Disciplines in system troubleshooting and RF test equipment
design and checkout. Logic
design experience useful.
•5-10 years experience in digital
test equipment design. Interface
with system design team to
determine test and test
equipment requirements.
•Experience in microprocessor
design and software. Intel SRC
experience helpful.
•Program and operate computer
controlled automatic test systems
for test and evaluation of large
scale integrated circuits, including
microprocessors and peripheral
devices. Have understanding of
digital logic design and microprocessor fundamentals.
COMPONENT ENGINEERS
•Parts/ Materials/ Processes
experience with expertise in the
field of mechanical parts, epoxy
and adhesive bonding,
specification writing and vendor
negotiation, and process control.
•Experience in: generation of HiReliability parts program

requirements; establishment of
parts screening philosophy with
emphasis on micro-electronic
devices; vendor interface; and
Component Engineering Subtask Management.
MANUFACTURING/
PRODUCTION ENGINEERS
•Design mechanical and
electronic process equipment for
Photofabrication requirements;
i.e. NC Drills, Electronic Graphics
process equipment.
•Experience in airborne
electronics hardware assembly.
•Experience in electrical design
of digital and analog circuits.
•Hi-Reliability, Black Box
Producibility Engineering
experience.
•PCB's, Harness Fabrication,
and/or electro-mechanical
assembly.
Send resume with salary
history to: Mr. R.B. Jones,
Manager, Professional Staffing,
Harris Government Systems
Group, P.O. Box 37E,
Melbourne, Fl 32901.

•*?
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,
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HARRIS IN FLORIDA, THE GOOD LIFE.
HARRIS
COMMUNICATION AND
INFORMATION PROCESSING

An equal opportunity Employer M/F.
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BIG
COMPANY
OR SMALL?

AT BURROUGHS SMALL SYSTEMS GROUP
IN CORAL SPRINGS, FLORIDA
YOU GET THE BEST OF BOTH WORLDS.
You know that Burroughs Corporation is an international
leader in the computer industry. In fact, we employ some
50,000 people in engineering and manufacturing centers
in ten countries.
And you probably know that our new small systems in
the banking field are gaining fast and furious popularity.
What you may not know, is that our Small Systems
Group has engineering and manufacturing facilities in
Coral Springs, Florida.
And that its "small company" environment provides
an ideal growth opportunity for talented, enthusiastic
engineers.
As you'd expect, we offer competitive salaries and the
complete Burroughs benefit package.
We currently have openings for the following:

ENGINEERING DESIGN
Circuits/Packaging

You will be responsible for the overall electrical and
packaging design of the system, including switching
circuits, power supply, power distribution, signal
distribution, long wire interfaces and noise analysis. You
will need aminimum of 2to 3years experience in directly
related areas and aBSEE or the equivalent.

rc
P

Electrical/Electronic
Engineers
Florida Space Coast Location

Planning Research Corporation is the largest
professional services organization in the world. In
Florida, PRC Systems Services Company provides
design engineering, project coordination, and
construction management to the Space Shuttle
Ground Support Equipment Program at Kennedy
Space Center

INSTRUMENTATION/
COMMUNICATION ENGINEER positions

are presently available for degreed Electrical
Engineers with design experience in
COMMUNICATION SYSTEMS ranging from audio
through color video or RF communications:
INSTRUMENTATION SYSTEMS involving the
application of strain gauges, accelerometers or
temperature/pressure transducers.

ELECTRICAL ENGINEERS also required for
design of AC Power Facility Systems, Control
Circuits or Energy Monitoring Systems. Power
plant experience helpful.
SOFTWARE DEVELOPMENT
ENGINEERS are needed for systems analysis

and programming. Experience in diversified mini
computer and large scale systems helpful.
PRC offers the qualified individual an excellent
salary and company paid fringe benefit program,
plus the opportunity to live in abeautiful Central
Florida, East Coast location. For immediate
consideration, please send resume and salary
history to THOM SWIGER:

p gout e

s
1wer
r
i
n
AS
Services
tle
arv
nti
i
c
c
e
t

Cocoa Beach, Florida 32931
(305) 784-3610
An Equal Opportunity Employer M/F

Systems
Define and design major subsystems. At least 2to 3years
hardware design experience including logic, memory subsystems, data communications, microprocessors and
diagnostic testing systems. BSEE or the equivalent is required. Knowledge of operating systems and data management desirable.

ELECTRONIC TECHNICIANS
Several electronic technician positions are now available
at both the junior and senior levels. Both junior and senior
level positions require completion of arecognized technical school/program. Senior level candidates should have a
minimum of three years experience to include, but not
limited to the following:
iJ Test and debug experience of electronic digital
circuits and hardware.
0 Experience with electronic test equipment and
techniques in using them.
I=1 Practical experience in the areas of schematics,
parts lists and logic diagrams.
For prompt consideration of your credentials, please
forward your resume, including salary history to: Timothy
Murray, Burroughs Corporation-Small Systems Group,
4000 N.W. Coral Ridge Drive, Coral Springs, FL 33065.

Burroughs
An Equal Opportunity Employer M/F.
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#1 in R&D
In the R&D field we are one of the most respected
recruiting firms in the country. We have achieved our
reputation by considering your goals and your best
interests as our #1 priority. Creative engineers are
scarce. We have over 500 R&D client companies in 42
states. We have excellent career openings in circuit
design, systems engineering and reliability/QC. Please
respond .. it costs you nothing—even the call is FREE!!
Client companies pay all our costs.

Call Toll Free 24hrs/day
1-800-821-2280 Ext 804
(in MO 1-800-892-7655 Ext 8041
Microprocessor Equip—IL, PA, TX, CO, FL ...$18-32K
TTL/CMOS Design—FL TX, CA, CT
$18-288
Real-Time Systems—IA, FL, CA
$18-30K
Software Design—TX, FL, CA
$18-29K
EMI/EMC or Reliability—MA, FL, AZ
$18-30K
Comm Systems—CA, FL MA
$18-30K
Telecommunications—FL, TX, TN, CN
$17-29K
Technical Writers—FL, TX, CA.
$16-25K

4

If you
B.S.prefer,
Degree
send
& U.S.
yourCitizenship
resume, Iwill
Required
call you

RALPH STEVENSON, V.P.

Jim King and Associates

438 Gulf Life Tower/Jacksonville, Florida 32207
(904) 398-7371

))
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TELECOMMUNICATIONS DESIGN/MANUFACTURING ENGINEERS

Every time we
think we have
enough engineers,
business gets better.
Stromberg-Carlson—the company
that pioneered the phenomenally
successful SYSTEM CENTURY®
family of digital switching systems
—is again expanding its engineering staff in Florida.
We need SW and HW engineers
who can help us design, develop and
produce the world's most advanced
Digital Central Office equipment
and Digital Branch Exchange
systems. We need people who can
think ahead. People who can help
the largest independent telephone
equipment manufacturer in the
U.S. develop its digital switch to
its fullest potential.

We have immediate growth-created
openings at various levels. Your
credentials must include adegree
in EE or Computer Science—or the
equivalent. If you have telephony
in your background, fine—but whatever your level of expertise and
SW/HW accomplishment, one
thing is clear: we have atelecommunications switch technology
that adds up to apowerful incentive
to make aswitch of your own.
Let's communicate! Rush detailed
confidential resume to: Mr. W. I.
Sardelli, Vice President, Research
& Engineering, StrombergCarlson Corporation, P.O. Box
7000, Longwood, Florida 32750.

Stromberg -Corlson

A SU8SIOIAR

OF GENERAL DYNAMICS CORPORATION

An Equal Opportunity Employer, M/F
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Engineering R&D Manager, R&D
Technicians, Senior Software Engineers
At Docuprint, state-of-the-art means extra capability,
superior design and greater value in the word
processing equipment and systems we design,
develop, produce and market.
It's the reason for our success. For our rapid
growth.
And for aggressive, dynamic professionals, it
spells unprecedented career opportunity.
In one of the country's most enviable environments. Melbourne. On the sunshine coast of Florida.
Engineering R&D Manager
Qualified candidate will have state-of-the-art abilities
and knowledge of word processing equipment and
systems; and/or data communications equipment
and systems. Responsible for management of R&D
within Docuprint. BS degree or equivalent is required.
R&D Technicians
To work with design engineers in alaboratory environment. Experience required in breadboarding
and trouble shooting, digital logic and/or communication circuits from schematics. Numerous openings
at various levels of experience.
Senior Software Engineers
Word Processing Applications: We're looking for a
solid background (3 years +)in word processing
applications. Expertise in assembly language
programming, utilizing minicomputers and microcomputers. BSEE.
Business Applications: We're looking for solid
background (3 years +)in business applications
utilizing high level language on minicomputers or
microcomputers. BSEE.
Interested in joining the winning team at Docuprint?
Send your resume with salary history to: Docuprint,
P.O. Box 2400, Dept. 116, Melbourne, Florida 32901.

DOCUPRON7'
INCORPORATED
A Subsidiary of Documation Incorporated
An equal opportunity employer M/F/V/H

Join the word
,processing pros.
On the
sunrise coast
of 'Florida.
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ALL 11 OF THESE PEOPLE CHOSE
HARRIS SEMICONDUCTOR.
ONLY 5OF THEM WORK HERE.
Husbands and wives. Families.
It takes more than one to make a
major decision. And there really isn't a
more major decision than acareer
change.
Sure it's your job. And your
opportunity.
But it affects both your lives in every
way, shape and form.
Sure it's your workstyle.State-ofthe-art all the way.
But it's both of your lifestyles. And in
Brevard County, Florida, on the scenic
Atlantic Shoreline, it's beautiful,
affordable, ideal.
Harris Semiconductor recruits the
finest semiconductor and
telecommunications professionals
around. But we also recruit families.
See where you may fit in at Harris
Semiconductor. Then talk it over

between you. Then talk to us.
D Digital Circuit Designers D Analog
Circuit DesignersD Photoresist Process
Engineers :1 Product Marketing
Engineers D Software Engineers
D Applications Engineers D Advanced
Products Logic Planning Engineers
D Mask DesignerspTest Engineers
(Fairchild/Sentry Equipment)
Production Supervisorsp Production
Control Supervisors D Industrial
Engineers (Semiconductor experience)
When you think of your future—
and your families—think of
Harris Semiconductor.
Please send resume with salary
history to: Steve Marsey, Staffing
Supervisor, Harris Semiconductor
Group, Dept. 118, P.O. Box 883,
Melbourne, Florida 32901. Or call collect
(305) 724-7747.

HARRIS
SEMICONDUCTOR GROUP

The leading edge in technology—The last word in IC's.
An Equal Opportunity Employer M/F
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PROJECT
ENGINEERS
Sunair Electronics has been leading the
market in aircraft and ground
communication equipment for 25 years
with innovative and sophisticated design,
development, and manufacturing facilities
in Ft. Lauderdale, Florida.
Openings exist in several areas of Digital
Design and Project Engineer levels. These are
interesting assignments designing digital
systems utilized in communications equipment.
We offer an excellent working environment
and complete salary and benefits package.
If you're ready for achallenging career in
year-round sunshine, send resume and salary
requirements to Mr. George Brooks.
Personnel Manager.

4

sunair electronics, inc.
3101 S.W. Third Avenue
Ft. Lauderdale, FL 33315

® An Equal Opportunity Employer M F

frank
eonard
personnel
DESIGN ENGINEERS
CREATIVE BSEE
2 + yrs NEW prod. develop,
TTL, CMOS,
Micro/proc
$28,000
POWER SUPPLY DESIGN
Low/Med. voltage switch,
regulated systems .$30,000
DIGITAL DESIGN, BSEE,

MFG ENGINEERS
MGR. PROGRAM, EE,
Huge electro/mech systems
$28,000
PRODUCTION ENGINEER
BSIE/ME stds/methods electro/mech assem
$24,000

Microprocessor Applications,
TTL, ECL, CMOS... $28,000
SOFTWARE, DEVELOPMENT
3-5 yrs. exp. with operating
systems or communication
syst. develop. on IBM 360/
370 or 16 BITMINI .$29,000

TEST ENGINEER, BSEE
to devise procedures and design ATE for electronic syst
$24,000
SUSTAINING ENGINEER
exp. in system chk-out, hdwre
softwre, trble shoot to chip
$24,000
MFG. ENGINEER,

Submit resume and current salary
Frank Leonard Personnel

BSEE IE with Hi Vol. electro
assembly/test ops. $25,000

L

1211 No. Westshore Su. 100
Tampa, Fla. 813-872-1853

POSITIONS VACANT
Chemical Instrument Technician—
University of Florida—To maintain,
improve and instruct users of awide
range of chemical instrumentation,
including W, IR, NMR, ESR and GC
equipment. Experience with analog
electronics and optical spectrometers is required; acquaintance
with digital electronics, magnetic
resonance spectrometers and
chromatographs is desirable. Applicant should have aB.S. in chemistry,
physics, or electrical engineering and
1-2 years instrument experience.
Salary commensurate with ability.
Excellent fringe benefits. Send
resume with salary requirements to:
Connie Fort, University of Florida,
Central Employment Center, 2nd
Floor HUB, University of Florida,
Gainesville, FL 32611. Equal Employment Opportunity/Affirmative Action
Employer.
Systems Design Engineer—We seek
degreed engineer with several years
experience in the application of
variable speed motor drives to
plastic wire machinery and textile
machinery. This is achallenging position and opportunity with a rapidly
expanding company. Salary commensurate with experience. Complete benefit program. Call or send
resume to: Ray Legault, V.P., Burton
Industries, 535 Prospect St.,
Pawtucket, RI. 02860. 401-7289650.
Electronic Design Engineers—
Medical electronic instrumentation
design. Hybrid microelectronics.
Work with small university-related
medical engineering research group.
Opportunity for paid graduate study.
Four years' experience. Send resume
to M. R. Neuman, Engineering Design
Center, Case Western Reserve
University, Cleveland, Ohio 44106,
or call 1216) 368-2926.

POSITION WANTED

Radiation Biophysicist Ph.D. Work
with soft x-ray cithogrophy, microscopy.
spectroscopy using
synchrotron radiation source; ideal
for LSI-VLSI. M. J. Malachowski, P.O.
Box 9315, Berkeley, CA 94709.

EMPLOYMENT SERVICES

Electronic engineering growth positions with clients located nationally.
Our service is enhanced by the fact
that Iam an EE with 20 years in industry and over 10 years in placing
professionals on an employer fee
paid basis. Send your resume to Joe
Torcassi, Director, J. Anthony &
Associates,
PO
Drawer AD,
Lynchburg, OH 45142. 513/3642305.

BOOKS

Fastest Piano Course in history!

Uses system patented by aerospace

logician. Method published in Dec.
1977 Music Educators Journal. Free
info: P.O. Box 751-TR. La Canada.
CA 91011.
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ENGINEERS.
EVERYONE WANTED THE PROJECT THAT
LED VOYAGER TO JUPITER AND BEYOND.
MODCOMP GOT IT.
MODCOMP is expanding
rapidly.
With important projects and
important clients.
The Voyager Spacecraft
tracking and monitoring
system for NASA was just one
of them.
We have alot of work to do.
And we need good people
to help.
MODCOMP is an industry
leader in the design, manufacture, marketing and service
of computers and computer
systems.
And MODCOMP offers a
growth-oriented career position with acompetitive salary,
medical/dental benefits, stock
purchase eligibility, and credit
union privileges. In positions
like these:

TECHNICAL MANAGER,
CPU DESIGN

POWER SUPPLY ENGINEER

Position requires aminimum
of 2years in power supply
design and/or evaluation.
BSEE preferred. Responsibilities include conceptual
specification, evaluation,
detailed design, test and manufacturing release, and follow
on support for power supplies—
both switching and linear
types.

SENIOR MEMORY DESIGN
ENGINEER

Minimum of 5years' experience in the design of memory
devices and/or memory subsystems. BSEE required, MS
preferred. Responsibilities will
include inceptual architectural
design, device evaluation and
selection, detailed design, test,
and manufacturing release of
memory subsystems. Duties

Minimum of 10 years' experience in computer development
with at least 3years of direct
technical design management.
Responsibilities will include
the technical management
of mainframe design engineer.

LOGIC DESIGN ENGINEER

Minimum of 3years' experience in CPU mainframe design
and/or microprocessor system
design. Responsibilities will
include logic design and microprogramming of CPU products.

will involve development of
state-of-the-art memory subsystems using MOS and
Bipolar devices.

SENIOR ANALOG DESIGN
ENGINEER

Minimum of 5years' circuit
design experience in the area
of analog design, specifically
analog to digital and digital to
analog converters, solid state
and relay multiplexers, operational and instrumental grade
amplifiers, etc. BSEE required,
MS preferred. Responsibilities
will include design and design
modification to enhance and
maintain current our analog
product line.

COMPONENTS ENGINEER

Minimum of 2years' experience in component testing and
evaluation, with specific familiarity with device parameters,
test procedures and specifications. BSEE required.
Responsibilities will include
evaluation and selection of IC's
and discrete semiconductor
devices.
For more information, send
resume with salary history to:
Mr. Richard Green, Director of
Employment, MODULAR
COMPUTER SYSTEMS, Inc.,
P.O. Box 6099, 1560 West
McNab Road, Fort Lauderdale,
Florida 33310.

'MODCOMP

CREATING SUPERIOR TECHNOLOGY. BY DESIGN.
An Equal Opportunity Employer M/F
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to fabricate prototype devices for teaching
and experimental research programs. We
are expanding our Departmental Mechanical Instrument Shop and want to fill
this position with a person who is able to
produce quality craftsmanship. Please send
resume to:
Employment Manager
Roan 211, YMCA Building
Personnel Department
Texas A&M University
College Station, Texas 77843
713-845-5154
EQUAL EMPLOYMENT OPPORTUNITY
THROUGH AFFIRMATIVE ACTION
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Sales Manager-Mary Ellen Keeme-212/997-3306

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

SCIENTIFIC INSTRUMENT MAKER II
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PHYSICS DEPARTMENT
TEXAS AIM UNIVERSITY
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Linda Nocella
Mac Huestis.
Mike Taylor.
Shirley Klotz

312/751-3770
216/781-7000
214/742-1747
303/837-1010

f

NATIONWIDE ELECTRONICS PLACEMENT
Digital Ckt Dsgn* Hardware Sys Dsgn
Analog Ckt Dsgn *Software Sys Dsgn
Quality Reliability *Test Equipment Mtnce
Entry Level through Management
All Fees are Exclusively Employer Paid

E. J. STEPHEN ASSOCIATES
1601 Concord Pike, Suite 86
Wilmington, DE 19803

MANAGEMENT SOUTH
Solicits Resumes
from All Disciplines Fix Submission
To Our Regional and National Clients.
Employers Pay All Fees
Unit G3, Management South
PO Box 11367
Charlotte, NC 28220

Detroit
Houston
Los Angeles
New York ..

—

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

ELECTRONIC PROFESSIONALS
•Manufacturing
•Engineering
•Administratwe
•Management
Completely confidential recruiting.

SHS

of Allentown
(limp agcy)

1401 N. Cedar Crest Blvd.,
Allentown, PA 18104
Contact: G. Ferro
(215) 437-5551

[

ELECTRONICSatENGINEER
for design
development
the Cyclotron
Projectand
of
Michigan State University. Facilities are undergoing amajor expansion with aneed for
an experienced electronics design and
development engineer. Applicants should
send their resume to B. Waldman.
Cyclotron Laboratory. MICHIGAN STATE
UNIVERSITY, East Lansing. MI 48824.
Michigan State University is an Equal Opportunity/Affirmative Action Employer.

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

SOUTH &SOUTHWEST POSITIONS
Engineering and Management positions throughout the South.
Southwest and U.S. Employers pay
all fees. Send resume in confidence
to: Bob Hogue.
per,oennel Yonusb.,
,,

Soadleete 7feliweeze
P.O. Box 33070,
Texas 78233

San Antonio,

ENGINEERS
151( •40K
Electronics Division representa leading
companies nationwide. Current needs In
Design, 0.A., Instr. Plant. etc.
All Fees assumed by companies
Contact Ton, Drown or Will Pollock

Our

dorsey

love Eassociates Inc.

Electronics/November

22, 1979

Minutes
to
work more
leisure
time

When you live only 15-20 minutes from work, as many do at Boeing
Wichita, you can add days and weeks per year to your leisure
time ...especially when so many recreational and cultural
activities are also only minutes away. Couple this
increased leisure time with the satisfaction of working
on one of our significant, long-range projects and you have
an enviable life-style. We really believe you will like one of the
challenging positions we have to offer and the informal
atmosphere and smog-free, four seasons of Wichita.
The opportunities include:

Air Launched Cruise Missiles Integration ...Offensive 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 assignments are growing.

Immediate requirements include the following which call for U. S. Citizenship and BS or higher degree
in Engineering, Physics or Math.

• STRUCTURAL DESIGN
•STRESS ANALYSIS
•SOFTWARE DEVELOPMENT -DESIGN
ANALYSIS
• PRODUCT SYSTEMS ENGINEER
• ELECTRICAL/ELECTRONIC
INSTALLATION DESIGN
•GROUND SUPPORT REQUIREMENTS
ELECTRICAL-ELECTRONICS
•INSTRUMENTATION DESIGN
• TECH WRITER -ELECTRONICS/
MECHANICAL
• ELECTRONICS/ELECTRICAL TESTING

Send resume (including salary
history and requirement) to.
JIM SNELLING, BOEING WICHrTA COMPANY
4300 E. MacArthur Road, Depot. Ell,
Wichita, KS. 67210
or Call Collect (316) 687-3057

Electronics/November 22, 1979

• FLIGHT SYSTEM TESTING
• INSTRUMENTATION TEST
•TEST PLANNING
•CONTROL SYSTEM ANALYSIS
• ELECTRONIC SYSTEM ANALYSIS
• SYSTEM SAFETY
• POWER DISTRIBUTION ANALYSIS
• FACILITIES ENGINEERS ELECTRICAL/MECHANICAL
• MANUFACTURING RESEARCH &
DEVELOPMENT ENGINEERS
•TOOL ENGINEERS

WICHITA COMPANY
An Equal Opportunity Employer MT
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engineering

JOIN OUR
A.T.E. TEAM

41111111111111M
ENGINEERS/
MANAGERS
choice new
opportunities

If You Share Our Commitment to Excellence...
...consider a career with Northrop Defense Systems Division,
the renowned leader in the research, development and manufacture of sophisticated electronic countermeasures. If you're
trained and experienced in one of the following areas, investigate the potential at Northrop:

ATE Systems Engineering

Digital Test-Systems analysis, Development and Integration of
ATE for Digital Test including Automatic Test Generation, Test
Instrumentation/Software.

Analog Test-Systems Analysis, Development and Integration
of ATE for Analog Test including Waveform Analysis/Test
Instrumentation/Software.
RF (Microwave) Test-Systems Analysis, Development and
Integration of ATE for Microwave Test including RF Spectral
Analysis/Test Instrumentation/Software.

ATE Design Engineering
Electrical-Analysis. Design, Development, and Integration of
special Test Instrumentation and Interface Adapters including validation of Test Packages.
Mechanical-Packaging Design, Development,and validation
of Test Instrumentation/Test Adapters.

ATE Software
Analog Test-Design, code, debug, verify and document
diagnostic procedures for component level fault isolation.
Use BASIC, FORTRAN IV and HP Assembler.
Digital Test-Design, code, debug, verify and document
diagnostic test procedures for component level fault isolation. Use ATLAS, TESTAID, FASTRACE, BASIC FORTRAN IV
and HP Assembler.
We offer an outstanding compensation package including
complete benefits, unlimited growth potential and the opportunity to combine the career of a lifetime with off-hours
enjoyment in a suburban setting, one of the most exciting
and liveable areas in the nation. For further information,
please forward your resume or a summary letter in confidence, to:

ENGINEERS, $20K440K. Our
client companies have many
positions in computer & business equipment telecommunication, marine & aero systems plus hard/software development. Contact J. Mann,
ARTHUR PERSONNEL, 8 Forest Ave., Caldwell, NJ 07006
(201/226-4555).
ELECTRONICS ENGINEERS,
$18,000440,000.
Nationwide
positions in digital, analog,
microprocessor, microwave &
instrumentation
technology.
For immediate confidential response,
send
resume
w/
salary history to Glenn English, President, GLENN ENGLISH AGENCY, 7840 Mission
Center Ct., San Diego, CA
92108 (714/291-9220).
ENGINEERS to $40K. Get results from the oldest private
employment service (est. 1946)
in the heart of New England with the best clients in
the industry. Contact LANE
EMPLOYMENT SERVICE, 405
Main Street, Worcester, MA
01608 (617/757-5678).
DESIGN ENGINEERS to $38K.
Central Penna & nationwide.
Design connectors/terminals,
microprocessors, controls. Reply in confidence to Z. A. Gongiewski, MECK ASSOC. PERSONNEL, 1517 Cedar Cliff,
Camp Hill, PA 17011 (717/
761 4777).
BSEE / ELECTRONIC DESIGN
ENGINEERS, $15,000435,000.
Immediate, desirable upstate
New York & nationwide. Junior
to
senior project
management. In confidence send resume or call James F. Corby,
President, NORMILE PERSONNEL ASSOC., INC., 5 Leroy
St., Box 110 Westview Station,
Binghamton, NY 13905 (607/
723-5377).
all positions fee-paid
NATIONAL
II
PERSONNEL
CONSULTANTS

Profesional Employment Manager

NORTHROP CORPORATION

Defense Systems Division
800 Hicks Road •Rolling Meadows, IL 60008
equal Opportunity emoioyer mil

Salaries to $40,000
• Computer Design

• Hardware &Software Design
• Office Equipment
• Computer Simulation Systems
• EW &ECM Systems
• Microwave/Antennas
• CAD/CAM Design
• Quality Control
• Manufacturing Engineers
• OC/Manufacturing Engineers
We have over 800 jobs nationwide.
Call or send 2 resumes w/salary
info'

(15 Staff
Dynamics, tr. E.
5 , [ortla

•»0,5.5.0n.t

,
ING.NernS

110 Post Rd., Darien, Conn. 06820
DEPARTMENT "E"

(203) 655-9499
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Agency

Engineers

SOFTWARE
DESIGN ENGINEER

• Design

• Development
• Project
• Software
$18,000-$40,000
Riddick Associates Engineering
Division specializes in placement of
electrical and electronics engineers
with top companies in the Southeast
-and throughout the U.S. We provide
advice on careers, resumes and
interviews. We are retained by our
client companies and they pay all
lees For details call or send resume
to Phil Riddick. President,

Riddick
Associates,
Ltd.

9 Koger Executive Center
Norfolk, VA 23502
Area 804-461-3994

Manufacturer of -state-of-the-art"
flow measurement devices has opening for engineer with 15 years exp.
with Intel 8080/8085 assembly language programming. BS/MS in Computer Science or BSEE with computer
emphasis. Analog/Digital hardward
design experience desirable.
Send resume and salary history to:

COX INSTRUMENT
15300 Fullerton
Detroit, MI 48227
An Equal Opportunity Employer M/F

rcomi
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By engineers...
for engineers.
It makes adifference.
Because when we say engineering, we
mean business. Our business. Hughes
is acompany of ideas and applications,
acompany run by engineers for the
purpose of engineering.
It makes abig difference. In the way
we hire. And in the way we work. We
know how an idea develops, how a
problem is solved. We know because
we've been there. All of our top
management people are engineers.
Engineers who appreciate good work
from good people.
Hughes' backlog is over $4 billion
with more than 1,500 diverse programs.
That means we can offer awider choice
of openings along with astable future
and an ever-changing variety of
challenges. So if you're an engineering
professional with credentials in these
disciplines, consider acareer with us.

We talk your language. And it makes a
difference.
•Radar Systems Engineers
• Electronic Warfare Engineers
•Microwave Antenna Engineers
•Digital and Analog Circuit Design
Engineers
•Microprocessor Application Engineers
•Test Equipment Engineers
•Software Engineers
•Computer Design/Development
Engineers
•Communications Engineers
•ASW Combat Systems Engineers
•Mechanical Engineers
•Software Systems and Test Engineers
For prompt, confidential consideration,
please send resume, including salary
history, to Ground Systems Group,
Employment, Dept. E-11, 10-LA,
P.O. Box 3310, Fullerton, CA 92634.

r
-

-1

HUGHES
L
HUGHES

J
AIRCRAFT

COMPANY

GROUND SYSTEMS
U.S. CITIZENSHIP REQUIRED
Equal opportunity
M/F/HC employer

Electronics/November 22, 1979
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all positions fee-paid

ENGINEERS/
MANAGERS
choice new
opportunities
ELECTRONICS ENGINEERS,
$18,000-$45,000. For the electronics engineer, New England
offers the widest diversity of
positions available anywhere.
As one of the largest, long
established (15 years) technical placement organizations
in the area, we can represent
you with a wide variety of
clients, large and small, for
positions ranging from entry
level to senior management.
Nationwide representation is
also part of our service. Contact Bob McNamara, E. P.
REARDON ASSOCIATES, 888
Washington St., Dedham, MA
02026 (617/329-2660).

Join the leader in "Systems Technology for
the 80's.. ALLEN-BRADLEY SYSTEMS GROUP"
As adivision of along established world leader in industrial controls, we have
astrong history and growth in the development, manufacturing and marketing
of computerized programmable controllers and numerical control systems.
Our products are vital to increasing productivity throughout the world.

IF You're

degreed in electrical engineering, computer science, or computer
engineering and thrive in an environment of advanced software technology,
we have the perfect challenge for you!

We are presently seeking Software Development Engineers/
Seniors in the following areas:

NUMERICAL CONTROL SOFTWARE DEVELOPMENT

(lIN

I.IXÂ

MGM)

Apply your 1-3 years of assembler language
programming to develop real-time software
that meets specific customer requirements.
You will have the opportunity to develop,
program and test your own software. If you
have 3-5 years of experience in this area,
you may move into new concept development
in our state-of-the-art industry.

DATA HIGHWAY DEVELOPMENT
You can apply your 3-5 years of
assembler and higher level software
expertise to integrate mini-computer and
peripheral equipment with programmable
controllers, developing new concepts in
control functions. Develop sophisticated
software by combining your Electrical/
Computer Engineering degree with
experience in data structuring and
systems programming.

COMPUTER AIDED MANUFACTURING
SOFTWARE DEVELOPMENT
Develop software systems that can control an entire manufactunng process
by interlinking programmable controllers and numerical control-s. Initiate
programming strategies, translator systems, interfaces and establish host
computer/peripheral networks. Your Electrical/Computer Engineering degree
and 3-5 years related experience have prepared you for the responsibilities
of this position.
These are key technical positions offering outstanding career growth
possibilities, excellent compensation and generous benefits.
COME AND GROW WITH US! Start by sending your resume and
current salary history requirements to:

ELECTRONICS
ENGINEERS,
$18,000-$50,000. Choice entry
level to management positions immediately available in
Pennsylvania & national locations. Reply in strict confidence to J. G. Weir, President.
WEIR PERSONNEL SERVICES,
535 Court St., Reading, PA
19603 (21 5 /3 76-8486).
ELECTRONICS ENGINEERS,
Excellent New England lifestyle out of high cost of living major metros, or selected
cities nationwide. Prompt response in professional confidence. F. Raisner, SEARCH,
INC., Providence, RI 02903
(401/272-2250).
ELECTRONICS ENGINEERS.
Our clients, defense/non-defense, seek talent in digital,
analog, microprocessor, microwave,
etc.
All
Fee-paid.
ACCESS GROUP, Dr. Bill Kan,
Box 3267, Stamford, CT 06905
(203/356-1168).
Eric Grossman, 179 Allyn Street, Suite
500, Hartford, CT 06103 (203/
52 7-9107).

no°

NATIONAL
PERSONNEL
II
CONSULTANTS

ELECTRONICS ENGINEER:
Leading importer of precision machine tools with nationwide recognition and distribution network is expanding its N/C Turning Division.
Has challenging position for N/C
Electronics Engineer to head N/C
shop and service department in
Metropolitan area of New York.
For immediate consideration please
forward resume with salary history to:

P-1259
Electronics

Class. Adv. Dept., P.O. Box 900
NY, NY 10020

Duane C Smith, Salaried Employment Manager

ALLEN—BRADLEY CO.
SYSTEMS GROUP
747 Alpha Drive, Highland Heights, Ohio 44143
Quality in the best tradition.
An Equal Opportunity Employer M/F
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The Placers, Inc.

Engineering
Technical
Professional

Nationwide career opportunities for
degreed and non-degreed candidates in
power, avionics, digital, computer. QC/QA,
and all disciplines. All are fee paid. Contact
in confidence, John Winter, 302-575-1414.
Suite 201, 2000 Penna. Avenue
Wilmington, Delaware 19806

Electronics/November 22, 1979

éÉSolving some of the
world's toughest problems is what
we do at E-Systems in Dallas. 55
E-Systems is amajor developer of complex
electronic systems for worldwide applications. At
E-Systems Garland Division in Dallas. we have some of the
world's toughest problems to solve. Problems that require
some of the world's most advanced technological solutions.
To keep pace, we need problem solvers ....Software,
Electronic and Mechanical Engineers, and R&D
Technicians.
The problems needing solutions involve:
•High speed logic design
•Special purpose digital processing
•Analog and synthesizer design
•Electronic reconnaissance
•Passive electronic warfare
•Product software embedded in electronic systems on
IBM-370, Perkin-Elmer 3220, HP-21 MX, and
microprocessors
•Communication and data-base management
systems on DEC and TANDEM
•Advanced digital communications
•Audio/digital voice processors
•Command and control systems
If you're ready to make problem
solving your career, just fill out the coupon
and send it to: Tom J. Shepherd,
Manager of Professional Placement,
E-Systems, Inc., Garland Division, P. 0.
Box 226118, Dallas, Texas 75266.0r call
COLLECT (214) 272-0515.

I'm ready to start solving some of the world's
toughest problems.
Please send more information about E-Systems
Garland Division.
Please have Employment Manager call.
NAME

ADDRESS

ZIP

STATE

E10-25
.11

e

. E-SYSTEMS

Me Garland Division

The problem
solvers.
An equal opporlurldy unployei M/F. H V

Electronic
Engineer

p

Munit,. Jncnrporguô

**ENGINEERS**
—Computer Design
—Pwr. Supplies
—Controllers
—Missile Sys.
—Radar
—Management
—Sales

**TECHNICIANS**
—Missile Sys.
—Instructors
—Writers

We offer salary commensurate with experience and
generous employee benefits. Position located in
Rochester. one of New York State's most attractive
metropolitan areas with fine school systems,
cultural and recreational features.

—Radar Sys.
127 Client Companies
with Nationwide Open-

For immediate consideration, please send resume
including salary history to: Mr. A. James Fantauzzo,
Personnel Manager, Itek Graphic Equipment Division, 811 Jefferson Road, P.O. Box 1970,
Rochester, N.Y. 14692.

Itek

L

Division

Industrial & Business Products Group
A Division of Itek Corporation
An equal opportunity employer. M/F

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, mail
your resume to the address below.

ELECTRONICS MANPOWER REGISTER
Post Office Box 900/New York, N.Y. 10020
226

ings. Send resumes to:
Key Assoc. Inc.
Suite 205

Live and work in Colorado
Manufacturer
of
television
reception equipment has job
opportunities for engineers and
highly skilled technicians to
design advanced products for
the telecommunications market
Must be willing to assume
individual responsibility for ay
phases of product development
from
conceptual
design
to
manufacturing.
Opportunities
available in the following areas.
• Broadband RF design to
1000 MHz.
• Narrowband RF design to
1000 MHz.
• Microwave design to 18
GHZ, including frontends.
mixers, oscillators and
multipliers.
•Software
and
hardware
development for microprocessors systems.
• Experience in RF design or
CA TV technology helpful.
• BSEE preferred but not
required.
Research and Development
lab in the foothills of Colorado's
Rockies is situated 30 minutes
from metro Denver. Mountain
environment
offers
outdoor
recreation—hunting,
fishing.
hiking and winter sports.

\\\7.VVINEGARIZI'

6296 Rivers Ave.

Graphic
Equipment

(

Key

Join one of the best
technical staffs in the
graphic products industry.
Join Itek's Graphic Equipment Division. The pride
which we take in our work is demonstrated by the
professionalism of our technical staff, and you can
work closely with our top-caliber people, if you have
a BSEE—MS desired—and 3-5 years proven accomplishment and/or training in microprocessor
design and programming with particular emphasis
on machine control. Knowledge of 8080 microprocessor an asset.
Responsibilities will include performing conceptual
design and development of microprocessor controlled graphic arts equipment and providing
technical direction to technicians, drafters and support personnel.

ert )

ELECTRONIC
ENGINEERS

Send resume to:

No. Chas., SC 29406

Engineering Mgr.
Winegard Company

e

P.O. Box 940

SOFTWARE
MANAGER
EAST COAST systems company seeks engineer with
managerial experience and
ability to head department.
Will work with software design, coding, and integration.
*** and ***

SENIOR
PROJECT
ENGINEER
WEST COAST client needs
project leader on major systems engineering program.
Manage hardware designers
and systems analysts. Must
be willing to accept project
responsibility including performance analysis, proposals,
costing, and conceptual
design.

Evergreen, CO. 80439

e

DESIGN
ENGINEERS

•

• Power Supplies
• Terminals
• PCB
• ATE
• Microwave
• Analog/Digital
$20,000—$45,000
Career Associates, inc—The
leading engineering placement
firm in S.E. Mass—has more than
fifty exclusive national openings
for the above design specialities
Our computerized retrieval system
will match your objective(s) to our
clients requirement(s). Our clients
pay all fees. Call collect or send
your resume in strict confidence to
John E. Ruck, V.P. Engineering.

areerA
Mociatei,
583 State Road
P.O. Box 86
,North Dartmouth. MA 0274.7
.„/
Area 617-997-3311

Contact In Confidence:
(2121 557-1000

Personnel Agency
505 Fifth Avenue
New York, N.Y. 10017
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ÇYou may not recognize

the name.
But the dream is familiar.

Because everyone's dream is to work towards a
goal of success and fulfillment in an environment of
majestic natural beauty.
That's the INMOS vision. We are creating anew
facility in Colorado Springs designed for research,
development and prototype manufacturing of new
products. Dedicated to discovery, INMOS is
involved in extending the frontiers of VLSI
technology. We are developing new products in the
memory and microcomputer area concentrating on
devices at the 50,000 to 100,000 transistors per chip
level. Through our research we expect to move to
the forefront of the worldwide semiconductor
industry.
We have adream of success in this land of dreams
where mountain streams once ran with gold. We
need creative and innovative thinkers to share our
visions and our mountain views.

Product Engineering
Manager
BA, MS preferred with five years experience in
memory component engineering. Recruit staff for
product engineering organization and supervise
product test, development, characterization and
yield improvement.

Senior Product Engineer
BS, MS preferred with experience in device physics,
memory test and characterization, semiconductor
processing. Responsible for product test definition,
test programming, memory component
characterization, yield analysis and enhancements.

Quality Assurance Manager
MSEE, Physics or Chemistry with 5years
experience as aQuality Assurance Manager in a
semiconductor environment preferred. Manage a
group of approximately 15 people involved in the QA
activities. Involves heavy interface with development, manufacturing and product reliability
precedures.

use in VLSI circuits and developing simplified
device models to be used in computer simulations
of the circuits.

CAD Engineers
BS or MS in either EE or Computer Science with
knowledge of circuit design as well as modelling and
circuit analysis software. Will support computer aids
to design software. (circuit design and layout
software)

Senior Memory
Circuit Designers
BS or MS with 3-5 years experience in MOS
memory circuit design. Will be responsible for
designing MOS memory circuits.

Wafer Process Engineer
BS in Physics, Chemistry, Electrical Engineering,
and will consider candidates with comparable
experience. Responsibilities include developing and
sustaining state-of-the-art processing in step and
repeat photolithography, high pressure oxidation,
plasma etching, ion implantation, LPCVD and D.C.
magnetron sputtering of metal film.

Senior Applications
Engineer
BSEE preferred plus experience working with MOS
memory devices as a memory systems Designer
including exposure to microprocessors.
Responsibilities will include memory product
specification and customer support for memory and
microprocessor devices.

MOS Device Engineer

We offer four perfect seasons ayear .... bring your
fishing rod, your skis and your dreams to Colorado
Springs. There is housing to suit every lifestyle and
INMOS pays relocation expenses. The cost of living
is lower and the beauty is free.
Please send resume to Stanley Bloom, Director of
Personnel, Dept. EM/1, INMOS Corporation, 2860
S. Circle Drive, Colorado Springs, Colorado 80906.

An MS or PhD degree in Physics or Electrical
Engineering is preferred and experience in
computer programming is essential.
Responsibilities will include developing theoretical
models for state-of-the-art scaled MOS devices for

For employment opportunities in the UK, write to
Michael Wright, INMOS Ltd., Whitefriars, Lewins
Mead, Bristol, England.
Honoring human resources in every respect ... we
are an equal opportunity employer M/F/H

ornmo

We're going to build a great company-Together.
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NAVAL RESEARCH LABORATORY
is seeking a

RESEARCH PHYSICIST
GS-11 — $20,611 to $26,794 per annum
GS-12 — -$24,703 to $32,110 per annum
(Salary dependent on qualifications, experience, and
present salary.)
We are seeking an individual to perform research and
development on semiconductor device fabrication
techniques. The duties of the position include the
design and development of measurement apparatus;
experimental studies of impurity and defect states in
bulk semiconductor and semiconductor interface;
electrical measurements; data reduction, analysis and
reporting.
A major portion of the work will be in addressing
material and device problems encountered in advanced military high-density, high-speed integrated
circuit technologies.
This is
normal
penses,
be paid

a career Civil Service position with all the
fringe benefits. Travel and transportation exincluding shipping of household goods, may
for selected applicant.

Interested applicants should submit Standard Form
171, Personal Qualifications Statement, or detailed
resume, by December 15, 1979 to:
NAVAL RESEARCH LABORATORY
CIVILIAN PERSONNEL OFFICE
ATTN: 1813,5200-040-13/78
4555 Overlook Avenue, S.W.
Washington, D.C. 20375

R
An Equal Opportundy Employer

ELECTRONIC ENGINEERS
ARE YOU WORTH A 17.5%
INCREASE IN SALARY?
That is the average increase in salary for the technical
professionals who we placed in new positions in 1978.
Some received more! Most relocated to amore desirable geographic location or stayed in the same city in
which they lived. Most importantly, all of them went
into aposition of either increased technical challenge,
more responsibility, or better opportunity for career
growth.
RCI is a technical search firm with an outstanding
reputation representing a broad base of nationwide
clients serving the Electronics Industry. If you are
interested in advancing your career, call us or send
your resume or abrief hand written description of your
background including present salary and geographic
preferences, in confidence to:

Manny Rao, Search Director-Room K

REGIONAL CONSULTANTS, INC.
213 West Ninth Street
Cincinnati, Ohio 45202
513/579-1513
The "Local National"—Technical Search Firm

THIN FILM DISPLAYS
Like being creative in a results-oriented R&D environment? If
you have the ability to work independently, then here's your
opportunity to join a small group currently at work in Southern
California on new semiconductor technology of light emitting
film displays Our future plans call for commercial production.

High Vacuum Lab Techs/
Associate Engineers
Knowledge of thin films — sputtering, evaporation, set-up
tooling, mechanical aptitude, clean room environment

Chemistry Lab Techs/
Associate Engineers

Work mainly on phosphors. Two years college inorganic chemistry, experience in inorganic syntheses. sintering.

Electronics Lab Techs/
Associate Engineers

Build prototypes, provide equipment upkeep, update. Minimum 1year electronics experience, digital preferred, analog
helpful.
As a member of our team, you'll enjoy avery competitive salary
and benefits package. Participation is a distinct possibility. For
immediate consideration, please write, including qualifications.
to SIGMATRON NOVA Attn .Research Director, 21110 Nordhoff
Street, Chatsworth, Calif. 91311.

SIGMATRON NOVA
ELECTRONIC DESIGN ENGINEER
2+ Years Experience
Strong in analog and digital circuit design. Familiar with
designing for thick film hybrid packaging. Some knowledge
of hybrid layout and design rules. Minimum knowledge of
thick film hybrid processing. Capable of generating
electronic systems concepts including signal processing,
grounding schemes, noise and EM1 protection, system reliability and so forth. Prime hybrid responsibility in small
congenial design group with dynamic energy related company. Positions available in Fort Worth and Houston,
Texas. Mail resume to:

Go

GEARHART -OWEN
Personnel Director
P.O. Box 1936
Ft. Worth, Texas 76101
equal upportuna vemployer

/

Why not an editorial career?

Electronics has available a challenging editorial position
for an electronics engineer with a bent for journalism. We
need someone to observe and write or edit articles on the
latest trends in the consumer and industrial electronic
fields. The beats range over many electronic technologies
so you won't be kept to the engineer's usual narrow area of
specialization. We'd like you to have a bachelor's degree
and some design experience. Excellent salary and benefits. Write and tell us about yourself.

Managing editor
Box A
Electronics
1221 Avenue of the Americas, New York, N.Y. 10020

228

Electronics/November 22, 1979

Electronic Engineers

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

The right location anytime

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

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

On the job, off the job, you'll find all the advantages you want at GE Television.
We're moving aggressively into the 80's. Building our future on apast that includes
afirst home television receiver (1928) ... the first in-line color tube system.. .the
first color portable ... Emmy Award winning VIR ... and the first self-contained
Widescreen 1000 color.
Get more details on the career you can have with us. Immediate openings are for
BSEE's with experience in one of the following areas:
• Signal Processing • Chroma • Video • Microprocessors
• High Frequency • Servo Systems • IF • Video Disc
• Deflection and other appropriate technologies.
Apply by sending your resume and salary history to Robert N. Shapiro, Ref. 75,
General Electric, Television Business Department, P.O. Box 875,
Virginia Beach, VA 23464. An equal opportunity employer m/f.

We bring good things to life.

GENERAL
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Why should Ipay for Electronics
When other magazines in the field
are free?

Think of it this way: Would the other
publishers in the field give away their magazines
if they could sell them?

Another question Would 93,364*
worldwide subscribers pay to read Electronics
if it weren't afar better magazine than the
"giveaways"?
And finally: If Electronics is worth your
time (which you are investing in the magazine

right now), isn't it worth 65 cents? That's the
cost per copy based on aone year U.S.
subscription. Based on our long-term
subscriptions, the cost is even less.
Send in asubscription card from this
magazine. If someone has beat you to them,
write subscription department, Electronics,
McGraw-Hill, 1221 Avenue of the Americas,
New York, N.Y. 10020.
'ABC Publisher's Statement—December 1978

Electronics Magazine.
The one worth paying for.
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Abbott Transistor Labs

Continental Specialties

Adret Electronique

Cromemco

Advanced Micro Devices

CTS Corporation

26

Ailtech City of Industry Operation

189

•

Alco Electronic Products

235

••

Allen Bradley Electronics Ltd.

38

170, 186

Data I/O Corporation

▪

•
77

145

Data Translation

66

236

Digital Equipment Components

American Telephone & Telegraph Long Lines

11 ,2

Digital Equipment Corporation OEM 11
Group

Amp Inc.

Ampex DpD

•

Greshan Lion Ltd.

y•

Hewlett Packard

•

Houston Instrument

•

Industrial Devices Inc.

Delevan Division American Precision
Industries

American Edelstaal Incorporated

AMF Potter & Brumfield

Georgia Department of Industry & Trade

?OE'

20 i

Intel Corporation MCSD

Intel Military

78

7,1

;

Interface Inc.

98. 08
Dynamic Measurements Corporation

1

Intersil

y•

EAO Switch Corporation

169

•

Ebauches Electronique

41

72-19
•

lskra

•

Johnson Manufacturing Corporation

17 ,,

MAI

20g

18?
I

Analog Devices
Ebauches SA

Anritsu Electric Co. Ltd.
E G & G Reticon

61

Keithley Instruments

20 21

Ansley Thomas & Betts
•

•

Electronic Navigation Industries

•

Kepco Inc.

Elevam Electronic Tube Co. Ltd.

•

Keystone Electronics

Bausch & Lomb Scientific Optical Products

Bavarian Ministry of Stet

12

,

Elfab

•

80 81

Beckman Instrument Advanced Electro
Products

Bell & Howell Co., CEC Div.

Bella Center

•

•

178

Berg Electronics

Boschert

•

Bourns Inc.

•

Bussmann Mfg. Div. McGraw Edison Co.

Clairex Electronics

$

2À ,1

Bayer AG
EMI Technology

y

Kojima Electric Mfg. Co. Ltd.

188

,",.1,1

171

Litronix

Erie Technological Products

MDB Systems

Fairchild Semiconductor Operations Div.

10

Fairchild Test Systems

30, 31

Ferranti Packard Ltd.

•

First Computer Corporation

Fluke, John Mfg, Co.

481 ).

1

•

15

Microsoft

•

28, 29, 87, 89. 91. 93, 177

General Instrument Microelectronics

83

y

General Instrument Opto Electronics Div.

Communications '80

182

•

GenRad Inc.

..3.. 37

80

224

3

Microswitch Div. of Honeywell

3M Co. Electronics Div.

•

77

Membrain Limited

Micro Link Corporation

180

C. P. Clare & Co.
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Leasametric

Enertec Schlumberger Velizy

•

10;'

y

:s,íj r,

Minelco

MO

Mitel Semiconductor Inc.

Mostek Corporation

18

19
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Motorola Semiconductor Products

Motorola Inc. Component Products

40

•

Rohde 8. Schwarz

65 71

•

Thomson CSF Div. D.T.E.

•

Sanyo Communications Products Div.

304

•

Thomson Sescosem

121

161

9

Murata Corporation of America

167

Seitz SA

195

•

Trio Kenwood Corporation Test Inst. Div.

•

Murata Mfg. Co. Ltd.

170

Semtech Corporation

139

•

TRW Electric Components

9•

National Semiconductor

SEPA S.p.A.

166

48A-48B

Neff Instrument Corporation

187

Nixon Engineering Co.

•

6

•

236

Sfernice

54

Vishay Resistive Systems Inc.

Siemens AG, Munchen

60

Waters Manufacturing Inc.

180

Wavetek San Diego

101

174

84

Signetics Corporation

159

OKI Semiconductor

43

Signetics Classified

199

Western Digital

•

58.59

Optima Div. of Scientific Atlanta

198

Silicon Systems

208

Wilhelm Westermann

Osborne 8 Associates

200

Simpson Electric

201

Xciton

16

Snap-On Tools Corporation

236

9

Carl Zeiss

69

Solid State Scientific

100

•

Ziltron

81

155

130, 131

Perkin Elmer Ultek Div.

32

Perkin Elmer Corp.

27

Spectronics

Philips Elcoma

21

Sprague Electric

Philips Semiconductor Lithography

••

•

164. 165

Vector Electronics

Norma Meblechnik GmbH

Perkin-Elmer

•

•

41

•

52 53

Philips TMI

1F

57

Statek Corporation

17!,

Sturdilite Div., Angle Steel

154

Plastics Engineering Company

158

Systron-Donner Data Products Div.

198

Plessey Co. Ltd. Capacitor

15E

Tecnetics

,6?

Tektronix

13E

Plessey Semiconductor

203, 205, 207, 209

*

Powercube Corporation

71

Pro-Log

25

•

Teledyne Relays214

9

Telequipment

•

Projects Unlimited

186

•

Racal Dana Instruments Ltd.

167

RCA Solid State

Rockwell Microelectronic Device Div.

12. 13

17?

173

Tektronix

Teletype

Texas Instruments Semiconductor

Textool Products Inc.

22. 23

61,

9

157

14

8
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F. J. Eberle, Manager 212-997-2557
Allen-Bradley Co.

224

Boeing Wichita Co.
Burroughs Small Systems
Carrier Associates Inc.
Cox Instruments
Docuprint Inc.
Dorsey Love 8 Assoc.
E-Systems Garland Div.
Fortune Personnel
Frank Leonard Personnel
Gearhart-Owen Industries
General Electric
Harris Government Systems Group
Harris Semiconductor Group

221
214
226
222
216
220
225
226
218
228
229
213
217

Hughes Aircraft Co.
lnmos Corp.
ltek Graphic Equipment Div.
Key Associates Inc.
King 8 Assoc., Jim
Management South

223
227
226
226
214
220

Michigan State University
Modcomp
National Personnel Cons.
Naval Research Laboratory
Northrop Corp.
Paradyne Corp.
Placers Inc., The
Prc Systems Services Co.
Quip Systems
Racal-Milgo Inc.
Regional Consultants Inc.
Riddick Assoc., Ltd.
Shs International
Sigmatron Nova
Southwest Technical
Staff Dynamics, N.E.
Stephen, E. J.
Stromberg Carlson Corp.
Sunair Electronics Inc.
Texas A 8 M University

220
219
222, 224
228
222
220
224

Winegard Co.

212
212
228
222
220
228
220
222
220
215
218
220
226

• For more information of complete product line see
advertisement in the latest Electronics Buyers Guide
• Advertisers in Electronics International
9 Advertisers in Electronics domestic edition

Ernst Roederstein GmbH

232

181

Thinker Toys

161
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Leaders in
Electronics

REPRINTS AVAILABLE
FROM ELECTRONICS
R-811 Multiplexing

No of
copes

up printed wiring 10 pp

R-516 Electronic symbols $2.00

Books

R-213 Electromagnetic spectrum (updated 1976) $3.00
-

R-903 Personal Computing: Hardware

R-326 Optical spectrum (6-page report

and Software Basics— Electron-

and chart) $3.00

ics Book Series 266 pp $11.95
R-803 New Product Trends in Electron-

Articles

ics 1977 —Electronics Book Se-

All articles are $3.00 each. Quantities of 5or

ries 333 pp $14.95

more in any combination are $2.00 each.
-

R-732 Memory Design:

Book Series 180 pp $12.95
R-726 Design Techniques for Electron-

taics 18 pp

ics Engineers: 293 time-saving

courages the data thief 14 pp

ideas in 48 chapters —Electron-

R-919 Special report —VSLI shakes the

ics Book Series 370 pp $15.95
R-711 Circuits for Electronics Engi-

foundations of computer architecture 24 pp

neers: 306 circuits in 51 functional groups— Electronics Book

R-917 Memory products 20 pp
R-915 The race heats up in fast static

Series 396 pp $15.95

RAMs 12 pp

R-31D Designer's Casebook Number 1
106 pp $5.50

R-913 Lithography chases the incredible shrinking line 12 pp
R-911 Transmitting data

by

R-704 Thermal Design in Electronics 52

satellite

pp $5.00
R-701 Applying

calls for speciat signal handling
PP
R-909 Special
8

•corporate executives •technical

market

series — Elec-

$9.95
R-608 Basics

R-907 Touch-tone decoder chip mates

publishers •trade/professional
group directors •securities analysts

R-901 1979 world market survey and

Plus an 80-page index of biogra-

R-829 Special report: New networks tie

303 pp $12.95
tronics

VLSI:

a special

R-821 Codecs answer the call 18 pp
R-817 How bit-slice families compare
18 pp
R-816 Packaging technology responds

Imust be fully satisfied or you will refund full
payment if the book is returned after ten-day
trial examination.
[ii Payment enclosed
',I; Bill firm
L, Bill me
Charge to my credit card: H. American Express
H Diners Club
Ff. Visa
H Master Charge
Acct. No.
Date Exp.
On Master Charge only
first numbers above name
Name

Book Series 154 pp $8.95
$4.00

Payment must
accompany your order
Make check or money order payable to Elec-

to the demand for higher densi-

tronics

ties 9pp

prepaid by parcel post. Allow two to three

R-815 Higher power ratings extend V-

Reprints.

All

orders are

shipped

weeks for delivery. We will make any editorial

MOS FETs' dominion 8pp

reprint to order in quantities of 500 or more.

R-813 Data-link control chips: bringing

For price list and additional information call

order to data protocols 10 pp

(609) 448-1700 ext. 5494.

USE THIS PAGE AS YOUR ORDER FORM
Cost of orders
Plus 10% handling charge

Janice Austin

Mail your order to:

TOTAL AMOUNT ENCLOSED

ELECTRONICS REPRINTS

SEND REPRINTS TO

Hightstown, N.J. 08520

P.O. Box 669

Name

Company

Company

Street
City

pp

R-011 Computer-aided Design 135 pp

magazine. 5,240 biographies. 651

Electronics Magazine Books
PO. Box 669, Hightstown, NJ08520
Send me...
copies of Leaders ,n Electronics @
$39.50 plus applicable sales tax. McGraw-Hill
pays regular shipping and handling charges on
pre-paid orders.

208

large-scale

distributed

Preparéd by the staff of Electronics
pages, clothbound. $39.50

Series

very

concepts 16 pp
problems of
report 15 pp

Book

processing

down

independent consultants in every
electronics specialty.

Communica-

$9.95
R-520 Microprocessors— Electronics

phees by affiliation, including

the

Data

R-602 Large Scale Integration —Elec-

forecast 24 pp

R-827 Tackling

of

tions—Electronics Book Series

analog filters with digital logic
8 pp

academics •consultants •editors/

Microprocessors—

Electronics Book Series 191 pp

tronics abroad 8 pp

managers •designers/developers •
government and military officials •

Microcomput-

ers to Mainframes —Electronics

R-923 A burst of energy in photovolR-921 LSI-based data encryption dis-

The only reference devoted solely
to biographies of the most
influential people in electronics

dis-

R-809 New methods and materials stir

R-823 Communications satellites $3.00
-

liquid-crystal

plays 10 pp

Charts

wanted

State

Zip

Dept

Street

Signature
City
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Advertising Sales Staff
Advertising sales manager: Paul W. Reiss

Pick aCard...
Any Card
You'll Win the

STD BUS
Game with
the

e

BOSS

(LIUS Oriented System Support)

The chips will be stacked in
your corner with the BOSS
(BUS Oriented System Support) line of microprocessor
system support cards. The capabilities of your system can
be expanded as easily as inserting anew card ... and the
BOSS line makes many functions available so you won't be
caught with ashort deck. •

BOSS card is easy to understand ...geared to technicians, engineers and manufacturers. So. let the BOSS line
take the gamble out of linking
the microprocessor and the
real world.

The BOSS family of cards measures 41
2 "x6'
/
with standa. d
56 pin connectors designed especially for the STD BUS. The
material that comes with every

MICRO LINK CORPORATION
624 S. Range Line Road
Carmel. Indiana 46032
(817) 846-1721
TWX 810-260-2634

For the selection of cards in
our deck, please call or write
today!

Circle 233 on reader service card

sunlit
e

INVERTER

Quarts
Noiseless

& FREQUENCY

CONVERTER

I

•

*8-

I
—
e
. _
1. ***
... —
.

.„
.....
DAX200- 1H

DA50-1H

DA50- IH

DA200- IH

DAX200- IH

DAX300- IH

DAX300-2H

DAX500-2H

I DAX500-2H

Carol Gallagher
Production Manager
[212] 997-2045

Output Power

50VA

200 VA

Input Voltage

DC11 — I
6V

DCI I—16V

DCI 1— 16V

DCI I—16V

DC22-32V

DC22 —32V

ACII5 (230) V

AC115(230) V

AC115 (230/ V

AC115 (230) V
Less than ±3%

Output Voltage

300 VA

200 VA

300 VA

500 VA

Output Regulation

Less than .15%

AC115(230) V
Less than ±5%

Less than ±5%

Less than ±5%

AC115(230) V
Less than 03%

Output Distorsion

Less than 10%
178 x110 x233

Less than 10%
178,( 153 x213

Less than 5%
180 x183 x261

Less than 5%
180 x183 x391

Less than 5%
180 x183 x391

Less than 5%
220x 350x 300

6.0

6.5

7.0

12.0

12.0

15.0

Dimension tom)
Weight

(kg)

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

KOJIMA ELECTRIC MFG. CO., LTD.
11...1 ,1ulf

t.

2 21 ,•,. \lol..rn.l,an ,..1..n. ',H. ',In, li...k., :›il 1. .lapdn
Phone : t
06305.3523

Cable :"KOJNIANIFG OSAKA

Tokyo Office: 3.15.3, Toyotainakita. Nerima•ku, Tokyo 176. Japan
Phone: 1031948.4312

Business Department
Thomas M. Egan
Production Director
[212] 997-3140

SPECIFICATION
Model

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, Mau. 02118: Frank Mitchell
607 Boylston St.
[617] 262-1160
Chicago, 111. 80811
645 North Michigan Avenue
Jack Anderson [312] 751-3739
Robert M. Denmead [312] 751-3738
Cleveland, Ohio 44113: William J. Boyle
[716) 248-5620
Costa Mesa, Calif. 92822 Robert E. Boedicker
3001 Red Hill Ave. Bldg. #1 Suite 222
[714] 557-6292
Dallas, T
75201: John J. Uphues
2001 Bryan Tower, Suite 1070
[214] 742-1747
Denver, Colo. 80203: Harry B. Doyle, Jr.
123 Speer Blvd. #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, Suite #400
[305] 563-9111
Houston, Texas 77002 John J. Uphues
601 Jefferson Street, Dresser Tower
[713] 659-8381
Lot Angeles, Calif. 90010: Chuck Crowe
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
John Gallie [212) 997-3616
Matthew T. Reseska [212] 997-3617
Philadelphia, Pa. 19102 Matthew T. Reseska
Three Parkway
[212] 997-3617
Pittsburgh, Pa. 15222 Matthew T. Reseska
4Gateway Center
(212) 997-3617
Rochester, N.Y. 14534: William J. Boyle
Powder Mill Office Park, 1163 Pittsford-Mendon Rd.,
Pittsford, N.Y. 14534
[716] 248-5620
San Francisco, Calif. 94111: Don Farris
425 Battery Street,
[415] 362-4600
Paris: Patrick Mouillard
17 Rue-Georges Bizet, 75116 Paris, France
Tel: 720-16-80
United Kingdom 8 Scandinavia: Simon Smith
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: Ferruccio Silvers
1via Baracchini, Italy
Phone 86-90-656
Brussels:
23 Chaussee de Wavre
Brussels 1040, Belgium
Tel: 513-73-95
Frankfurt/Main: Fritz Krusebecker
Liebigstrasse 27c, Germany
Phone 72 01 81
Tokyo: Akio Sal jo, McGraw-Hill
Publications Overseas Corporation,
Kasumigaseki Building 2-5, 3-chome,
Kasumigaseki. Chiyoda-Ku, Tokyo, Japan
[581] 9811

Betty Preis
Production Manager Domestic
[212] 997-2908
Thomas Kazich
Production Manager Related Products
[212] 997-2044
Marieanne Meissner, Production Assistant
(212) 997-2843
Frances Vallone
Reader Service Manager
[212] 997-6057

Electronics Buyers' Guide
H.T. Howland, General Manager
[212] 997-6642
Regina Hera, Directory Manager
[212] 997-2544
Thomas Kadch, Production Manager
[212] 997-2044
Marieanne Meissner, Production Assistant
[212] 997-2843
Frances liallone, Reader Service Manager
[212] 997-6057

Classified and Employment Advertising
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Frank Eberle, Manager
[212] 997-2557
Mary Ellen Kearns, Sales Manager (212) 997-3306

THINK
BAUSCH & LOMB
RELIABILITY

Since BAUSCH & LOMB introduced the first zooming
stereo microscopes in 1959, more and more people all
over the world have selected and used StereoZoom*
microscopes than any other instruments of their kind.
And for good reasons ...like an optimum balance of
resolution and depth of field from precision optics and
highly reliable mechanical components; unmatched
variety of illuminators, stands, and accessories;
precise photomicrographic exposure capabilities; as
well as dependable, time-tested construction. The
StereoZoom microscope is the one instrument you can
rely on to help you do your job better year after year. Find
out which StereoZoom microscope is
BAUSCH 6LOMB
best suited to handle the job for you.
StereoZoom
Write or call BAUSCH & LOMB for a
detailed StereoZoom microscope
catalog or apersonal demonstration.
THINK BAUSCH & LOMB ...the name
ANNIVERSARY
in reliable microscopes since 1874.

In CANADA: BAUSCH & LOMB Canada LW
2001 Leslie St.
Don Mills. M3B2M3. Ontario, Canada
(416)447-9101

BAUSCH &LOMB*
Scientific Optical Products Division
ROCHESTER NEW YORK 14602 USIX
716-338-6000. TWx 510-253-6184
TELEX 97-8231. CABLE BAUSCH 8LOMB

Circle 235 for more information.
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Dimension: mm

SUPER MINIATURE
Neon Glow Lamps
Circuits Volts
Series Resistance
Nominal Current
Total Flux
Average Life Hours •
••

AC105-125
150KS2
0.3mA
20mIm MIN.
30.000

IImm

NL -85

immeditite demonqrat

Well do it
your wa

CLEAR-GREEN
Fluorescent Glow Lamps
Circuit Volts
Series Resistance
Nominal Current
Total Flux(MIN.)
Avg. Life Hours
Circuit Volts
Series Resistace
Nominal Current
Total Flux
Avg. Life Hours

1.6mA
AC:120m1m.DC:130mIm
NL-35 G
AC:30.000 DC:40.000
_ie6.0 I
le
AC 105-125
27KQ
1.5mA
pi
I 22mrn
90mIm MIN.
20.000
1

• MAIN PRODUCT
FLASH LAMP,
RARE GAS. DISCHARGE LAMP.
MINIATURE: BLACK-LIGHT, UV-LIGHT,
FLUORESCENT COLOR-LIGHT.
L. U'

I9mm

AC crDC 105-125
33KS2

0N

NL-2 IG

ELEYAM ELECTRONIC TUBE CO., LTD.
17-8CHUO

2CHOME OTA-KU. TOKYO

TELEPHONE :03' 774

1231 --5

JAPAN.

TELEX: 246-8855

Circle 239 on reader service card

PLUNGERS
Rectangular: .100" high,
Black, red or blue.
Round: .100" diameter,
Black, red or blue.
Button (optional) .310" aia.,
Black, red or blue.

ELEVAM

SWITCHING
ACTION
Mom. or Maintained.
TERMINALS
Wired, PC, Right Angle PC,
RA Wirewrao, Extended PC,
Epoxy Seal (optional).
BUSHINGS
Plain: .188" or .250" dia.
Threaded: 10-48 or 1/4-40.
Bushingless.
CONTACTS
Choice of Gold or Silver.

Our engineering and production groups can provide customized
switch designs promptly and economically. Choose from a wide
variety of standard TT Series actuator styles, terminal configurations and switching functions to meet your specific app:icatéon.
TT Ser.es made .n U&A. Patented worldwIde.

EXPORT DIVISION
NO.

nl
ES
Bat:
21", 0.29", 0.37", 0.413" lg.
Ball: 5/32" dia., Black, red,
or blue.
Grooved: 0.39" lg.
Baton: 0.39" lg., vinyl inlay
Black, red, or blue.
Flat: 0.485" lg.

Actual Size
LEDS
Red, Green,
Red Flasher.

FiLcosINITCH

ALCO ELECTRONIC PRODUCTS, INC. asubsidiary of Augat
1551 Osgood St., No. Andover, MA. 01845 USA
Tel :(817) 885-43 7 1 TWX t710 342-0582

Circle 240 on reader service card
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Don't settle for less. Get the best from Vector!

PA TE

T.E

Check the facts:
liVector tools slit insulation over full wrapped length of
post—competitive tool wedges wire against post corner, a
less reliable way.

"MOTORIZED and MANUAL TOOLS by Vector—
manual only by competitor.
P184-4T with NiCad
batteries, recharger, $105.

iiDaisy-chain wiring JNAL\14\i'\. reduces number of
wraps needed.
Cross
section
cut on
diagonal
at
bottom
unwrapped
wire
at
top.

Vector tool passes MIL-STD-1130A ,wrap spec. par.
5.6. No such claims made for competitor tool.
1/Rugged 28 AWG Tefzel silver plated wire or
compact polyurethane wire.
V'Fast wrapping! 3X faster than conventional
manual wrap tools. Wraps on .1" spaced pins.

P184-4T1 110 volt AC
model, $105.

P184 manual model, $30.

YOU CAN DEPEND ON VECTOR TOOLS—the result of thousands
of hours of intensive development

ileeloigertonieeentelly
INCORPORATED

12460 Gladstone Av., Sylmar, CA 91342; phone 213-365-9661, twx 910-496-1539

690679
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Flank Drive

I:
The Compact
R& DShop
for Electronic
Labs

Best wrench idea
since eg4p-cen
pioneered the
detachable
socket!

$399.95
complete with
1/4-hp motor

MACHIN EX 5is aruggedly built metal lathe complete with 1/4-hp
motor that machines any material—steel, cast iron, brass,
aluminum, plastic, or hardwood. With 5" swing capacity, the lathe
can turn large work, yet is so compact it can be used anywhere.
MACHINEX 5 is so easy to use that a beginner can precision
machine metal parts his first try.
MACHINEX 5 is more than just an ordinary small lathe, for the
lathe can be converted toa precision drill press/milling machine in
less than aminute with the accessory vertical column.
In all, MACHINEX 5is really auniversal benchtop machine shop.
It's an all-in-one lathe/drill/mill that performs all standard metalmachining operations—turning, drilling, milling, boring, and
grinding—and preforms them all with split-thousandth precision.
Send

se

for brochure $2 brochure and operating

manual.

These new Snap-on
sockets contact
nuts, bolts and cap
screws at the flanks instead of the corners. Result: a firm, corner-saving
pressure on 12 point (double
hexagon) and 6point (single hexagon) fasteners. Available in sockets, Boxockets, flare nut and crowfoot wrenches in awide range of sizes.
Phone your nearest Snap-on branch or
write us.
158

g

AMERICAN EDELSTAAL INC., DEPT. MK-9
1Atwood Ave., Tenafly, NJ 07670
•

236

FOR ALL INDUSTRY

ill&P-0111 TOOLS

8051-K 28th AVENUE
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KENOSHA, WISCONSIN 53140
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We'll help you make
Splices,T-taps and I/O interfaces
quickly and in one step.

Scotchflex'" brand plug
ccnnectors bring the proved
labor-saving of mass
termination to T-taps, splices
and I/O interfaces. Designed
to give you pin configuration
continuity in both mid-span
and rack and panel applications,
Scotchflex plugs are compatible
with all socket connectors in
the complete Scotchflex line.

Positive polarization.
The design of Scotchflex plug
connectors includes two
channels in the sidewall. When
our polarizing keys are inserted,
the plug may be mated one
way, and only one
way, with its
corresponding
Scotchflex socket.
So you get positive
polarization, without
the loss of an
electrical position.
Excellent socket
retention. And
you eliminate the
possibility of
equipment damage due to
misalignment.
Now up to 60 positions.
To meet your specific design
needs, Scotchflex plug
connectors are available in
10, 20, 26, 34, 40, 50 and 60-pin
sizes, with mounting flanges
for panel mounting or without
for T-tap or splice applications.
Strain relief clips are also
available.

There's only one source.
The 3M Scotchflex line offers
you the widest choice of mass
terminating connectors, cable
and system components. Plus
proven reliability. Off-the-shelf
availability through anationwide
network of distributors. And
the unmatched experience of
the people who p:oneered
the concept of electronic mass
termination.
Scotchflex connectors are
recognized under tie
component program of
Underwriters Laboratories, Inc.
"Scotchflex" is a registered trademark of 3M .

Scotchflex®
systems
from 3M.
The source.

3M
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Switch from the old to the new!

Low-cost
OPTICAL SWITCHES
from Clair«

Switch from slow switching,
moving parts and arcing
problems to fast switching,
solid-state, low-cost optical
switches from Clairex.
Seventeen optical
switches in the CLI 800
series lets you choose from:
awide range of sensor
currents; phototransistor

and photodarlington
outputs; and two voltage
ranges, 30 and 55 volts.
Each series features amodel
with aten-mil slit over the
sensor for applications
necessitating stringent
target resolution.
Clairex also offers the
CLI 200 and CLI 300 series

that are designed for harsh
environmental applications.
For details on the fq:11
line of Clairèx Optical
Switches, call (914)
664-6602 or write Clairex
560 South Third Avenue,
Mount Vernon, New York
10550.

CLAIREX ELECTRONICS
A Division of Clairex Corporation
Circle 902 on reader service card

