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New current mirrors ...

Matched bipolar transistors.
First time in monolithic form.
From Texas Instruments.

TI's new family of three-terminal cur-
rent mirrors gives the engineer some-
thing to be thankful for. Flexibility. The
flexibility to use these innovative cir-
cuit techniques without sacrificing
matching or accuracy.

The TLO11, TLO012, TLO014 and
TL021 are Wilson current mirrors with
fixed current ratios, of 1to1,1to2, 1to
4 and 2 to 1, respectively.

These devices provide a constant cur-
rent output proportional to the refer-
ence current input and independent of
output voltage or operating tempera-
ture changes.

The key is tight matching. That
means making use of the tight matching
properties of identical bipolar transis-
tors produced on a monolithic IC to

Current Mirror

Design Contest.

Chance to win a
TI1-99/4 Home Computer.

We'll select the three most practi-
cal designs., The first prize is the
TI-99/4 Home Computer. In addi-
tion, two TI-59 Programmable
Calculators will be awarded. For
entry information and data
sheets write to TI Current
Mirror Design Contest, P.O.
Box 225012, M/S 964, Dallas,
Texas 75265.

achieve current ratio accuracies to
within 1% typical.

All devices will operate with refer-
ence currents up to 1 mA (2 mA for
TL021) and output voltages up to 35 V.
O(})eéating temperature range is 0 to
70° C.

Output currents for the TLO11,

TLO012, TL014, and TL021 are equal to,
two times, four times, and one-half the
input currents, respectively. All with
an accuracy of = 1%. 100-piece prices*
are $0.26, $0.30, $0.37, and $0.30,
respectively.
For more information about TI’s new
current mirrors, call your
local TI field sales office,
authorized distributor, or
write to Texas Instru-
ments Incorporated, P.O.
Box 225012, M/S 308,
Dallas, Texas 75265.

Fifty Years
(¢
Innovation

TEXAS INSTRUMENTS

*U.S. prices, subject lo change without notice.
© 1980 Texas Instruments Incorporated

INCORPORATED
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IF YOUR PRODUCT HAS TO WORK OUTDOORS, RIS
HERE'S A TOUGH OUTDOOR SWITCH THAT REAL- Iggg gg’f.“,‘f.: :\f:'j:g,‘:i A
.. = " . - H go
LY WORKS. We put a precision, snap-action switch in- crosspoint contacts rated 0.1 amp.
side a sturdy housing and then encapsulated it in epoxy =N Knife-edge design, high contact pres-
to seal out moisture. The result is a rugged, watertight ! sure and a film-free gold alloy give
switch you can splash, spray, soak, freeze and subject to - positive contact everytime you push
all types of weather. ; the button.
Ideal for boats, power mowers, snowmobiles, autos, out- b Y
door vending machines...any application where spray, v =N ACTUAL SIZE DRAWING. Inside
dust, dirt, grime, grease are present. Rated 10.1 amps, € d b the sturdy housing and epoxy encap-
Ya HP 125/250VAC. Ten inch, 16 gauge leads. Also avail- REL sulation is our good old reliable E62

able with hinged external actuator. subminiature switch—proven in mil-
lions of applications. External lever

Test a free sample. Call, write or TWX Cherry. We’'ll send ! or roller type actuators available.
you complete technical information and a sample switch...
absolutely free!

e, p——

CHERRY % wasov SWITCHES

—

CHERRY ELECTRICAL PRODUCTS CORP. 3608 Sunset Avenue, Waukegan, IL 60085—312/689-7700—TWX 910/235-1572

Our worldwide affiliates and phone numbers: Cherry Semiconductor Corp.. Cranston, RI, U.S.A., 401 463 6000 Cherr! Mikroschalter GmbH, Auerbach, Germany, 09 643 1B1 « Cherry Electrical
Products Ltd., Harpenden {Herts} England, {(05B27) 63100 « Cherco Brasil Industria E Comercio Ltda., Sao Paulo, Brazil, 011 2486 4343 » Hirose Cherry Precision Co,, Ltd., Kawasaki, Japan, 044 933 3511
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Never available until now. . .

Ultra-low distortion
MIXERS

High-level (+17 dBm LO)

Guaranteed -55 dB
two-tone third-order
intermodulation spec

{(below IF outlpwut)

Test conditions
RF 1 = 200 MHz, RF 2 = 202 MHz at 0dBm
LO =180 MHz at+17 dBm

Special Features: $19.95

o Wide bandwidth RODEL TASS0
50kHz — 1000MHz
e 1dB compression point +15 dBm
® L ow insertion loss 6 dB
e High isolation, =
greater than 45dB ! di \

Conv. COmpr.

2 loas level Size
dB n Pri
°3 c?nne‘:t?r VeSS "o W) B} ey Connections_ (wxtaht) (O
2 pin versions TFM.IH 2 — 500 85 +14  4pins  021x05%025 $23.95(5-2¢)
TFM-2H 5 — 1000 10 +14 4 pins. 021x0.5x025 $31.95(5-24)
TFM-3H 0.1 — 250 85 +13 4 pins 021x05x025 $2395(5-24)
NOW. . . improve your systems TAK-1H 2 —50 B85 4 Bpine 04x08x025 $19.95(5-24)
. TAK-IWH § — 750 9.0 +ie 8 pine 04x08x025 $23.95(5-24)
intermod spec by as much as 10dB TAK3H 006300 85 +i3  Bopins 0.4x08x025 $21.95(5-24)
guaranteed. . . specify Mini-Circuits’ ZADASH 2 — 500 B85  +14 BNC TNC LISx225x1.40 $4095(4-20)
H M ZAD-1WSH 5 — 750 9.0 +14 BNC,TNC 1.15%2.25%1.40 $44.95(4-24)
state-of-the-art ultra- low distortion ZAD-3SH  006—300 B85  +13 BNCTNC  1.15x225%140 $42.95(4-24)
Double- . nced Mixers. Prices s o ZAWISH 2 —500 B85 414 SMA 083x150x1.15 $50.95(4-24)
an unbellevable Iow $l9.95. . ® ZIWAWSH § — 750 9.2 +1e SS:A &:-:.:-:.:ss g.osu.:q:
. ZLW-3SH 0.06 —300 8 +13 A xl .95 (4-24]
with off-the-shelf delivery.
ZFMAH 2 — 500 B85 44 BNC,TNC  125x125x0.75 953.95(1-24)
SMA N
For complete specifications, ZFM-ZH 5 —1000 1o He BNSSII:C 125%1.25x0.75 $61.95(1-24)
perfonnance curves and application ZFM3H 006300 85  +13 BNCTNC  125x125x0.75 $54.95(1-24)
SMA N
information, refer to 78-79 MicroWav I oedareen iz, IooletiEth 30 dBlmi
Product Data Directory (pgs 161-352) BNC standard. TNC on request. Type N and SMA 35 00 additionat /
or EEM (pgs 2890-3058).

i s Largest Muynutacluter of Doudle Balanceda Maers

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M -c ts
Domestlc and International Telex 125460 international Telex 620156 ln. .rcu .

A Dwision of Scientiic Componenis Corp

infer O AFRICA: Afitra (PTY) Ltd PO Box 9813, Jchannesburg 2000, South Atrica O AUSTRALIA: General Etectronic Service. 99 Alexander St. New
South Wales, Auslraha 2065 D EASTERN CANADA: B O Humme! 2224 Maynard Ave Utica. NY 13502 O ENGLAND: Dale Electronics Ltd . Date House, Whart Road, Fnmley Green.
Camberley Surrey Unitea Kingdom O FRANCE: SCIE-DIME S 31 Rue George-Sand, 91120 Palaiseau. France O GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industnal
Electromcs GMBH, 6000 Franklurt Main. Kluberstrasse 14 west Germany O INDIA: Gaekwar Enterpnses. Kamal Mahal. 17 ML Dahanukar Marg Bombay 400 026. \ndra
O ISRAEL: Vectromics Ltd. 69 Gordon St Tel-Aviv Israel O JAPAN: Densho Kaisha Ltd. Eguchs Building 8-t 1-Chome. Hamamatsucho Minato-Ku. Tokyo. Japan
O NETHERLANDS, LUXEMBOURG, BELGIUM: BV Techmische Handeisonaerneming COIMEX. P O Box 19 B0S0 AA Hattem. Holland [0 NORWAY: Datamatick As. Postboks 111
BRYN Oslo 6 Osiensjoveien 62 Norway O SINGAPORE & MALAYSIA: Electronics Trading Co (PTE) Ltd Suites C13. C22 & C23 (1st Floor) President Hotel Shopping Complex.
181 Kichener Road Singapore-8 Republic of Singapore O SWEDEN: Integrerad Etektromik AB Box 43 $-182 5t Djurshoim. Sweden

U.S. Distributors: 00 NORTHERN CALIFORNIA Pen Stock 105 Fremont Ave Los Altos CA 94022 Tet (415) 948-6533 O SOUTHERN CALIFORNIA, ARIZONA: Crown Electronics.
11440 Coilins S1 N MHotlywood, CA 91601 Tel 213) 877-3550 O METROPOLITAN NEW YORK NORTHERN NEW JERSEY, WESTCHESTER COUNTY: Microwave Oistributors,
61 Mail Urive. Commack, NY 11725 Yel (516) 543-4771 O SO. NEW JERSEY, DELAWARE & EASTERN PENNSYLVANIA: MLC D:smbulo:s 456 Germantown Pike, Lafayette Hill. PA
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Cover: Delay generator schedules fast tests, 111

A new type of bus-compatible instrument has emerged to join the other
forms of instrumentation brought about by the IEEE-488 interface standard:
a delay pulse generator, to manage the timing and synchronization of events
for automated test and measurement systems. Not only does this program-
mable unit replace a combination of gear, but it does so at roughly one sixth
the cost.

Cover design is by Gabor Kiss.

Software engineers get own grad school, 92

For some time now a matter of concern in the electronics industries, the
shortage of software engineers has led to the establishment of the Wang
Institute of Graduate Studies near Boston. Offering students a master’s
degree in software engineering, the school is the creation of An Wang,
chairman and chief executive officer of Wang Laboratories.

E-PROMs: their structure and reliability, 132

Ultraviolet-light—erasable programmable ROMs have reached their majority,
now that manufacturers have answered the difficult processing questions
they posed. These enormously popular read-only memories are the subject of
a two-part article written by the firm that led in their design. Part 1 (p. 132)
describes the floating-gate memory cell and how it is programmed and
erased. Part 2 (p. 136) discusses the various failure modes of E-PROMs and
the tests and screening procedures that can be used.

Inverter design rejects transformer to reduce losses, 121

In an attempt to bring photovoltaic power systems for the home closer to
reality, French engineers have taken a new tack: they have designed a
stepped—sine-wave inverter. The lack of a transformer means the elimination
of the iron-core losses that occur during the long low-load periods common in
residential use. Solar-cell area requirements are substantially lower, too,
thanks to the increased system efficiency.

Peripheral control chip unburdens 8- or 16-bit processors, 143

A universal peripheral controller takes on complicated input/output tasks for
8-bit or 16-bit systems. Based on the Z8 one-chip microcomputer, it adds bus
interfacing for multiplexed or nonmultiplexed address and data lines.

And in the nextissue . . .

A programmable rf signal generator . . .
and double-density floppy-disk drives . .
pulse-code-modulation repeaters . .
mercial use.

family controls all types of single-
. using large-scale integration for
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Will your
generator
give you
this?

i

-t —

Krohn-Hite's 2200lin/log |3 ¢
sweep function generator |
with frequency marker will! Q

O

Krohn-Hite's new generator delivers These plus numerous other
more flexibility than any other generator ever convenience features make the Model 2200 an
offered, including: ideal choice for amplifier gain/response checks,
® Choice of sine, square, triangle, ramp and network and filter evaluation, communications
pulsed waveforms equipment testing and many other recurring
@ Lin/log sweep, up and down requirements. Pushbutton operation shortens
® Unique frequency marker test time in production operations.
® Nine operating modes: continuous, gate, Priced at only $1295, Model 2200 is
trigger, burst, pulse, sweep, triggered sweep,  available today.
triggered sweep burst, external VC
® Frequency range .003 Hz to 30 MHz

The exclusive marker/pause feature lets

you interrupt the sweep for any duration from K n o H N = H lTE

0.1 ms upward, and gives you a bright marker CORPORATION
blip at the marked frequency. Avon Industrial Park. Avon. MA 02322 » (617) 580-1660 TWX 710 345 0831

Circle reader service number or contact

AL, Huntsville (205)534-9771; AZ, Phoenix (802)279-1531; CA, Inglewood (213)674-6850, San Jose (408)292-3220; CO, Denver (303)773-1218; CT, Canton Center (203)693-0719; FL,
Orlando (305)859-7450, Sunrise (305)742-2115; GA, Atlanta (404)455-1206; HI, Honolulu (808)941-1574; IL, Chicago (312)283-0713; IN, Carmel (317)844-0114; KS, Overland Park
(913)640-6996; LA, Gretna (504)387-3975; MD, Towson (301)321-1411; MA, Chelmsford (617)256-9061; MI, Detrolt (313)961-3042; MN, Minneapolis (612)835-4818; MO, St. Louls

(314)569-1408; NM, Albuquerque (505)255-2330; NJ, Cherry Hill (609)482-0059, Englewood (201)871-3916; NY, Rochester (716)473-5720, Saratoga Springs (518)584-8519, Syracuse
(315)437-6666, NC, Burlington (919)227-3639; OH, Chesterland (216)729-2222, Dayton (513)204-2476; OK, Jenks (918)299-2636; OR, Portland (503)297-2248; PA, Pittsburgh
(412)261-2604; SC, Greenville (803)271-8543; TX, Dallas (214)661-0400, Houston (713)888-1431; UT, Salt Lake City (801)466-8729; VA, Falls Church (703)573-8787, WA, Bellevue
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Nobody
else has

L$I-11 and

LSI-11/2
cards
like these.

Our digital cards are loaded with
unique features such as the ability
to use I/0 lines as either inputs or
outputs in increments of eight, up
to 64 TTL inputs or outputs inter-
faced directly to the LSI-11 bus, the
ability to detect contact closures
on discrete input lines, and dis-
crete latched outputs with the capa-
bility to drive high currentincan-
descent lamps.

The Bus Repeater Card accommo-
dates more devices than the basic
bus can handle. The Bus Translator
Card allows LSI-11 peripherals
to operate with a Unibus CPU.

Both high level and low level analog
cards are available with
features like direct
thermocouple digitiz-
ing, 250V CM isola-

tion, six gain codes,

up to 64 channels, and
program control interface
...to mention just a few.

ADAC Corporation,
70 Tower Office Park,
Woburn, MA 01801
(617)935-6668. | o

"y,

GSA Contract
Group 66

corporation
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Publisher’s letter

An excellent example of the crucial

role that reliability assurance
plays in today’s semiconductor in-
dustry is the two-part article on the
reliability erasable programmable
read-only memories that starts on
page 132. Part 1 is by Murray
Woods, manager of process reliabili-
ty for Intel Corp. in Santa Clara,
Calif. Part 2 is the work of Stuart
Rosenberg, who is now manager of
quality assurance for Intel’s Micro-
control Operation, which is located
in Phoenix, Ariz.

The article stresses that reliability
is an intrinsic part of a successful
semiconductor process. It means
investigation into the very heart of a
device to understand the physics of a
process and thereby pinpoint the
failure modes and mechanisms.

Both Woods and Rosenberg have
been immersed in reliability and
quality assurance. Woods is well
remembered for his pioneering work
that led to the observation of the
effects of alpha particles on memory
operation. He has long been inter-
ested in nonvolatile memory and was
particularly intrigued by the reliabil-
ity challenges presented by the
E-PROM.

“Because we are concerned with
reliability in the preproduction stage
of a product, it is necessary to learn
how a device works in detail—to
understand failures and develop
screening procedures,” Woods notes.
“That’s what we have done for the
E-PROM, but the work won’t stop
there. For every new product, as
speed and density increase, we have
to look at new requirements and new
environments. We have to start all
over every time.”

Like many people involved in reli-
ability assurance, Rosenberg came
by the job unexpectedly. A 1974
graduate of the University of Wis-
consin with a degree in physics, he
had hardly heard of reliability until
his job interview at Intel. He took a
position and has been involved in
reliability ever since.

Rosenberg expanded his horizons
during a two-year stint at Intel’s
European quality center. There he
spent most of his time working with
overseas customers such as Philips

and Siemens, an important aspect of
reliability assurance. On returning to
Santa Clara, he plunged into Intel’s
HMOS development and later moved
into work on the company’s E-PROM
program.

To Rosenberg, there are funda-
mental aspects of the E-PROM that
set it apart from other memories.
“With the floating-gate process, it is
necessary to store a finite number of
electrons for a long period. Charge
integrity is critical. So even the
screening tests for E-PROMs are dif-
ferent,” he observes.

The speed at which the Wang Insti-
tute of Graduate Studies (WIGS)
moved from conception to fruition is
remarkable. According to Linda
Lowe of our Boston bureau, who
prepared the story on the institute
(p. 92), it took only 16 months to
organize and ready the school.

This rapid action underscores the
urgency and importance that An
Wang, chairman and chief executive
officer of Wang Laboratories, and
the WIGS staff attribute to the proj-
ect. The campus was in place, albeit
as a former seminary. WIGS occupies
a 200-acre estate, complete with
New England woods and pond.

“I was a little skeptical about the
school at first, thinking it might be a
promotional maneuver by the com-
pany,” Linda admits. “But I did a
turnaround. The objectives and the
organization make me believe that
WIGS is the way to go.”

The main objective is to have a
school that specializes in graduate
training in software and that is
responsive to the needs of industry.
“They don’t expect the graduates to
go into teaching,” says Linda. “The
curriculum is organized to reflect
what’s going on in industry.”

Despite all the planning that went
into the institute, one thing was over-
looked —choosing a mascot for the
new school. But Linda has a nomina-
tion. How about R2-D2?

7 7
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FAIRCHILD

e=————————————}
A Schiumberger Company

Fairchild's FAST family of Advanced
Schottky TTL logic has arrived.
Twenty-one products are currently
available that deliver up to 75%
more speed than Low Power
Schottky, and up to 40% more
speed than Schottky. At up to 75%
reduction in Schottky power.

We owe all of these
improvements over
previous TTL families to one 4
thing. Our proven Isoplanar
process. ‘

Take a fast look at what

we have.

There are six multiplexers to
choose from, with typical select to
output of 8 ns at only 70 mW. Two
flip-flops and two counters are
available with g toggling

capability in excess of 120 MHz.
We have an ALU that's 40% faster
than its Schottky counterpart, yet
requires only 1/3 the power.

If you need a high-speed shift
register, ours has a shift frequency
of 150 MHz. Or an octal latch that
has a propagation delay of less
than 4 ns. An octal buffer with
1/2 the power of its Schottky
\\ counterpart and full 64 mA

drive capability. Plus six gates
to help put them all together.
When you want it fast,
we’ve got it.
We've been shipping FAST parts
for over a year. To order any of our

21 new products, or our new FAST
Data Book, call (415) 962-FAST,
or write Fairchild Semiconductor
Products Group, P.O. Box 880A,
Mountain View, California 94042.
TWX: 910-379-6435.

Available Now :

74F00 74F153  74F253
74F02 74F157  74F257
74F04 74F181  74F350
74F08 74F190  74F352
74F10 74F191  74F353
74F32 74F194  74F373
74F74 74F244  74F374

Fairchild Camera and Instrument Corp.

We've been in high speed

to get FAST on the shelf.
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Here’s the broadest
line of quality

TRIMMER

CAPACITORS
in the industry...

CERAMIC
= &
=

513 VARI-Thin
® 1-40 pF. Cap. Range
® Only .196" in dia.
® Oper. at —55°C to +125°C
\\
518 Subminiature
® Less than .007 cubic

g
. ) inches
Q} ® 1-40 pF. Cap. Range

® 100 WVdc — Rugged

538 Miniature
e 2 to 60 pF. Cap. >
Range ERIE
® 375" in dia. - e
© 200-350 WVdc <~
Other Ceramic Trimmers are
also available

FILM

® Low cost design for commercial
and industrial applications

® Temp. stable to —100 =300
PPM/°C

® Wide cap.range . . . 1.2t0 90 pF.

® 100WVdc

® Polystyrene and Teflon®
dielectrics

® Operating temp. range . . .
—-40°to +85°C

[} -

G lvae %
R
...also available from
ERIE are a broad line of
GLASS, QUARTZ
and
PLASTIC TRIMMERS

o Write on your letterhead for our
new Trimmer Catalog 501

ERIE TECHNOLOGICAL PRODUCTS, INC.
Erie, Pennsyivania 16501
814-453-5611
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Readers’ comments

RCA’s rebuttal: SOS part of LS| strategy

To the Editor: 1 was shocked to read
your Probing the News article, “RCA
sets SOS aside” [July 31, p. 82]. The
headline is totally misleading and
absolutely false. The article itself
conveys an erroneous impression of
RCA’s position regarding silicon on
sapphire. RCA has not set SOS aside.
The article conveys the impression of
being the result of an in-depth per-
sonal interview and has placed in
jeopardy significant present and
future business opportunities for
RCA. The text, in fact, contains judg-
ments and supposed facts never men-
tioned in the interview.

As was clearly stated to the inter-
viewers during their visit to RCA, we
have chosen a strategic direction for
our work in large-scale integration.
This strategy is not new to RCA Solid
State but, in fact, was fully delin-
eated in an Aug. 16, 1979, memo
entitled “RCA MOS LSI Strategy,” by
R. H. Pollack, executive vice presi-
dent, RCA Corp. To quote directly
from the Pollack memo:

“In the optimization of [comple-
mentary]-MOS for packing density,
chip size, power consumption, radia-
tion tolerance, cost, etc., it is appro-
priate to develop and employ more
than one process. RCA will compete
in the MOS LSI business with a dual
technology approach: C-MOS/SOS
and bulk silicon C-MOS. We will pur-
sue the development of sapphire
background material, and at the
same time refine and advance our
technology for realizing C-MOS in
bulk silicon.

“sos products will feature per-
formance advantages difficult or
unlikely to be achieved with bulk
devices. These bulk C-MOS products
will serve a very broad market and
will be employed where the densi-
ty/performance/cost tradeoffs are
appropriate to the particular appli-
cation requirement.”

The wisdom of this dual approach
is compelling and not hard to grasp,
but it surprisingly escaped compre-
hension by the Electronics interview-
ers. Although Carm Santoro has
been on our staff only a short time,
he has fully embraced our C-MOS LSI
strategy. He has summed up the Pol-

lack memo as simply and properly
stating that the continued explora-
tion of the right technology for the
right product at the right time will
be the commitment of integrated-
circuit management. 1 completely
support this position.

From the standpoint of its impact
on customers and potential custom-
ers, the above-stated policy affects
two major market segments, Gov-
ernment and commercial applica-
tions. RCA Solid State division and
the RCA Solid State Technology
Center are currently deeply involved
in more than 20 Government pro-
grams requiring the performance
advantages of sOS ICs. The 100 cus-
tom and commercial chips being
developed for these programs are at
all stages ranging from design to
production. In many cases—in mete-
orological satellites, for example—
the systems are already in service.

These Government programs offer
excellent opportunities for the appli-
cation of SOS’s unique characteris-
tics such as high density, high volt-
age breakdown, higher speed, and
transient radiation hardening.

For commercial applications we
currently have in production five
random-access memory configura-
tions, an erasable programmable
read-only memory, and two high-
speed level shifters. Our near-term
plans call for faster RAMs and ROMs
and larger E-PROMs. For example,
we are currently in prototype pro-
duction of an HDB-3 telecommuni-
cations circuit, a 6-bit analog-to-
digital parallel (flash) converter, and
the CDP1804/05 microprocessor
configurations. This commercial pos-
ture is consistent with our policy of
using the best available technology
for a given application.

R.S. Pepper

vice president and
general manager

RCA Solid State Division
Somerville, N. J.

@ Electronics regrets the false impres-
sion conveyed by the article. We mis-
took RCA’s aggressive program in bulk
C-MOS LS for a complete de-emphasis
of sos.
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Interested In
higher performance
software?

The Mark Williams Company an-
nounces COHERENTM a state of the art,
third generation operating system. The
design of COHERENT begins with the
basic technology of the highly-acclaimed
Western Electric UNIX operating system.
From this starting point, it goes on to in-
clude further substantial software innova-
tion. The primary goal of COHERENT is
to provide a friendly environment for
program development. The intent is to
provide the user with a wide range of
software building blocks from which he
can select programs and utilities to solve
his problems in the most straightforward
manner.

COHERENT and all of its associated
software are written totally in the high-
level programming language C. Using C
as the primary implementation language
yields a high degree of reliability, port-
ability, and ease of modification with no
noticeable performance penalty.

FEATURES
COHERENT provides C language
source compatibility with programs writ-
ten to run under Seventh Edition UNIX,
enabling the large base of existing UNIX
software (from numerous sources) to be
available to the COHERENT user. The
system design is based on a number of
fundamental concepts. Central to this
design is the unified structure of i/o with
respect to ordinary files, external de-
vices, and interprocess communication
(pipes). At the same time, a great deal of
attention has been paid to system perfor-
mance so that the machine'’s resources
are used in the most efficient way. The
major features of COHERENT include:
o multiuser and multi-tasking facilities,
® running processes in foreground and
background,
e compatible mechanisms for file, device,
and interprocess i/o facilities,
o the shell command interpreter—modifi-
able for particular applications,
o distributed file system with tree-struc-
tured, hierarchical design,
e pipes and multiplexed channels for
interprocess communication,
e asynchronous software interrupts,
e generalized segmentation (shared data,
writeable instruction spaces),
o ability to lock processes in memory for
real-time applications,
o fast swapping with swap storage cache,
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e minimal interrupt lockout time for real-
time applications,

e reliable power failure recovery
facilities,

o fast disc accesses through disc buffer
cache,

¢ loadable device drivers,

e process timing, profiling and debug-
ging trace features.

SOFTWARE TOOLS

In addition to the standard commands
for manipulating processes, files, and the
like, in its initial release COHERENT will
include the following major software com-
ponents: SHELL, the command inter-
preter; STDIO, a portable, standard i/o
library plus run-time support routines;
AS, an assembler for the host machine;
CROSS, a number of cross-assemblers
for other machines with compatible
object format with '‘AS’ above; DB, a
symbolic debugger for C, Pascal, Fortran,
and assembler; ED, a context-oriented
text editor with regular expression pat-
terns; SED, a stream editor (used in fil-
ters) fashioned after ‘ED’; GREP, a pattern
matching filter; AWK, a pattern scanning
and processing language; LEX, a lexical
analyzer generator; YACC, an advanced
parser generator language; NROFF, an
Nroff-compatible text formatter; LEARN,
computer-aided instruction about com-
puters; DC, a desk calculator; QUOTA,
a package of accounting programs to
control filespace and processor use; and
MAIL, an electronic personal message
system.

Of course, COHERENT will have an
ever-expanding number of programming
and language tools and basic commands
in future releases.

LANGUAGE SUPPORT
The realm of language support is one of
the major strengths of COHERENT. The
following language processors will be
supported initially:

e C a portable compiler for the
language C, including
stricter type enforcement
in the manner of LINT.

e FORTRAN portable compiler support-

ing the full ANS Fortran 77

standard.

portable implementation of

the complete I1SO standard

Pascal.

o PASCAL

e XYBASIC™ a state of the art Basic com-
piler with the interactive
features of an interpreter.

The unified design philosophy underly-

ing the implementation of these lan-
guages has contributed significantly to
the ease of their portability. In particular,
the existence of a generalized code gen-
erator is such that with a minimal effort
{about one man-month) all of the above
language processors can be made to run
on a new machine. The net result is that
the compilers running under COHERENT
produce extremely tight code very
closely rivaling that produced by an expe-
rienced assembler programmer. Finally,
the unified coder and conformable calling
sequences permit the intermixture of
these languages in a single program.

THE OPERATING SYSTEM

In part because of the language por-
tability discussed above, and in part be-
cause of a substantial effort in achieving
a greater degree of machine-indepen-
dence in the design and implementation
of the COHERENT operating system,
only a small effort need be invested to
port the whole system to a new machine.
Because of this, an investment in
COHERENT software is not tied to a
single processor. Applications can move
with the entire system to a new processor
with about two man months of effort.

The initial version of COHERENT is
available for the Digital Equipment Cor-
poration PDP-11 computers with memory-
mapping, such as the PDP 11/34.
Machines which will be supported in the
coming months are the intel 8086, Zilog
Z8000, and Motorola 68000. Machines
for which ports are being considered are
the DEC VAX 11/780 and the IBM 370,
among others.

Because COHERENT has been devel-
oped independently, the pricing is excep-
tionally attractive. Of course COHERENT
is completely supported by its devel-
oper. To get more information about
COHERENT contact us today.

Williams

m Company

1430 W. Wrightwood Ave., Chicago, IL 60614
TEL: 312-472-6659 TWX: 910-221-1182

Mark
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“Weve shrunk our
Electromask 700SLR™

wafer Ste[)per'rm ”



ANNOUNCING THE NEW
TRE WAFER WIZARD.

Stepper throughput magic in a tiny space
on your production floor.

The new TRE 800SLR" Wafer Stepper” has a footprint that is under
2 square meters—less than half that of our Electromask Model
700SLR". Yet it outperforms any other machine and offers all these

outstanding features which are also available on the Electromask
700SLR:

® fully automatic wafer to-reticle alignment, die-by-die, wafer-by-wafer,
or by any number of die intervals in between

800SLR

s fully automatic wafer alignment in less than 0.5 seconds with
+0.1 micron precision

= fully automatic loading and unloading of reticles and wafers
= fully automatic wafer prealignment, leveling, and camera focusing

= full machine to machine registration
with no need to match.

= and on the 800SLR — built-in . :
control of all ambient conditions, a8 P—
without need for separate X it i N P
environmental chamber 3 k. N
Here is a system designed to
maximize throughput per square
meter of your wafer fab area. It’s a
system truly designed to meet the
wafer production needs of the 80's.

We challenge
anyone else to
match this offer.

Order an Electromask 700SLR" now—
and we'll deliver it to you before this year
is out. But that’s not all—early in 1981, when
our new TRE 800SLR’s are coming off the
production lines, you have the option of
swapping your 700SLR for an 800SLR with a brand new warranty. The same offer and option is being made to all
present users of the 700SLR.

To take advantage of our “Swap Offer,” or to arrange for a product demonstration, call us today. TRE
Semiconductor Equipment Corporation, a subsidiary of TRE Corporation, 6109 DeSoto Avenue, Woodland Hills,

CA 91367, (213) 884-5050, Telex 67-7143.
Semiconductor
I RE Equipment
Corporation
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Editorial

RIP: the reform engineers

It has been noticeable for some time now,

the gradual fading of the spirit of reform and
restitution that fired the engineering ranks
during the mid-1970s. It seems good times
have put out the light that burned inside the
militants of the last decade. The signs are clear:
Item: For the first time in years, the board

of directors’ candidates for president and
executive vice president of the Institute of
Electrical and Electronics Engineers are
running unopposed. True, the perennial
challenger Irwin Feerst is now on the sidelines
with a cardiac condition. But there are no
other reform candidates on the horizon.

Item: Also for the first time in years, there

is no grass-roots—inspired amendment to the
IEEE constitution on the ballot. In the past,

a few of the most active sections organized
petitions to change the institute’s election
system, its dues-increasing powers, and other
procedures. This year, there’s nothing.

Item: The Professional Activities Committees

Opening Europe’s telecommunications markets

Britain’s telecommunications equipment
makers will be stimulated by one of the
Conservative Party’s latest proposals —to
ease the British Post Office monopoly on
telecommunications services.

Letting outsiders sell handsets (except the
one supplied with the line), private exchanges,
and the like to telephone subscribers will
parachute innovation into a traditionally
staid market. With phone users rather than
post office bureaucrats selecting the hardware,
the winners in the upcoming open market
will be the companies that can transform
high technology into equipment with features

that people want at prices they are willing to pay.

True to their free-trade beliefs, the Tories
will give foreign firms a shot at the subscriber-
equipment market after an initial period of
about three years of competition between

12

of the IEEE regional sections have fallen silent,
while on the national level the Professional
Activities Board has drifted off into programs
that support careers only indirectly.

The reasdn for all this quiet is obvious—
apathy has once again crept over the EE.
Never well-organized or well-led in career
programs, the engineering fraternity is easily
lulled to sleep by good times.

Priorities have changed. Thus, for example,
the call for a lifetime career heard in the
1970s has been softened by those who espouse
lifetime employment, as in the Japanese
system. The difference here is crucial. In the
former, the EE was at the forefront, still an
individualist united with other EEs in the
pursuit of career goals. In the latter, the
employer is asked to assume responsibility
for the career plan. We still believe that you
get what you work for. Let us hope that it
will not require another series of economic
shocks to reawaken true professional aspirations.

the BPO and the British suppliers. But the
British government has set a condition that
makes uncommon good sense: imports can
come only from countries that allow reciprocal
fair access to their own telecommunications
equipment markets. That shuts out Japanese
suppliers, who for once will not be able to
crash into an export market while enjoying

a well-protected home market.

Indeed the electronics industries in other
countries should use this example to convince
their trade officials to take the same stance
as their UK counterparts. Reciprocity in
foreign trade, especially for high-technology
products, is a reasonable demand. Free trade
fosters technological innovation and thus is
essential to the industries’ growth. But this
truth should not obscure the fact that free
trade is never a one-way avenue.
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We want you
have our new

Up till now you’ve never met a semiconductor
company so willing to work with you.

Yes, you personally. As an important part of the team
using our advanced computer aided design techniques
to solve even your most perplexing. sophisticated, chal-
lenging IC problems.

With your unique knowledge of your problem...com
bined with our unique knowledge of IC technology. we'll
get the job done. At the right price. With the right
delivery date.

What makes Cherry Semiconductor so sure we can
help solve your problems? Experience and past success
that have made Chernry a trusted name in industry for

more than 25 years. But, we're far from just a “custom”
house. We've already helped solve a lot of “standard”
problems that you'll find in our just-published catalog of
non-custom digital and linear bipolar ICs.
Here’s a quick rundown on the contents of our new,
free-for-the-asking 36 page
catalog of digital and linear ICs:
Low level amplifiers — differential
amplifiers —level detectors—DC
to DC converters —timing circuits

motor speed controls —optical
detector systems— camera
controls—f{lip chips.
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CHERRY SEMICONDUCTOR CORPORATION 99 Bald Hill Road. Cranston. Rhode Island 02920/(401) 463-6000/TWX 71C-381-1757

A wholly owned subsidiary of Cherry Electrical Products Corp., Waukegan, IL, U.S A, 312 689 7700 « Worldwide affiliates and phone numbers: Cherry Mikroschalter GmbH, Auerbach, Germany, 09 643 181 « Cherry
Electrical Products Ltd , Harpenden {Herts) England, (05827) 63100 « Cherco Brasil Industria E Comercio Ltda , Sao Paulo, Brazil, 011 246 4343 « Hirose Cherry Precision Co , Ltd , Kawasaki, Japan, 044 933 3511




Twice Actual Size
4
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LOW COST!
0PB 706
0PB 707

TRW Optron
REFLECTIVE OBJECT
SENSORS

NEW, LOW COST DEVICES
OFFER HIGH RELIABILITY
FOR NON-CONTACT SENSING

TRW Optron’s new OPB 706 and OPB
707 reflective object sensors provide
solid state reliability at a low cost for
non-contact sensing applications.

Ideal applications for the OPB 706
and OPB 707 include detection of
edge of paper or cards, EOT/BOT
sensing, tachometers, motor speed
controls, and proximity detection.

The devices combine a high effi-
ciency solution grown gallium arse-
nide infrared LED with a silicon N-P-N
phototransistor (OPB 706) or
maximum sensitivity photodarlington
(OPB 707) in a plastic package. The
photosensor senses radiation from the
LED only when a reflective object is
within its field of view.

With LED current of 20 mA, the out-
put of the OPB 706 is typically 750 uA
when the device is positioned 0.050
inch from a 90% reflective surface.
Under similar operating conditions,
the output of the OPB 707 is typically
35mA.

Abuilt-in light barrier in both devices
prevents response to radiation from
the LED when there is not a reflective
surface within the field of view of the
sensor. With no reflective surface, the
maximum sensor output due to
crosstalk betweenthe sensorand LED
i50.200 uA and 10 uA forthe OPB 706
and OPB 707,

The OPB 706 and OPB 707 and
other low cost, high reliability TRW Op-
tron reflective transducers are im-
mediately available. Custom designed
versions are available on request.

Detailed information on the OPB
706 and OPB 707 reflective object
sensors and other TRW Optron op-
toelectronic products . .. chips, dis-
crete components, optically coupled
isolators, and interrupter assemblies

.is available from your nearest TRW
Optron sales representative or the
factory direct.

TRW/ orrron

A DIVISION OF TRWINC.

1201 Tappan Circle
Carroliton, Texas 75006, us A

TWX-910-860-5958
214/242-6571

14 Circle 14 on reader service card

People

Optron’s Ehman to guide
advanced optics to market

Capitalizing on the anticipated
boom in optoelectronics and fiber-
optic systems will require not only
improvements in technology but also
sound business planning. As the new
vice president of materials technolo-
gy and development for the Optron
division of TRW Inc.,, Michael F.
Ehman has a job encompassing both.

Joining Optron last February fol-
lowing nine years of materials-
related engineering and manage-
ment experience at Rockwell Inter-
national Corp., the 35-year-old Eh-
man is overseeing completion of a
new S5-micrometer TTL production
line scheduled for startup next
month at the firm’s Carrollton, Tex-
as, headquarters.

Replacement. The new line will
replace a 10-um process, providing
significantly increased capacity and
improved ability to integrate photo-

detectors with logic circuitry, Eh-

man notes. As a $6 million invest-
ment, it also demonstrates TRW’s
plans to support the Optron opera-
tion, acquired by the Cleveland,
Ohio-based industrial conglomerate
in early 1979.

The Texas manufacturer of infra-
red optoelectronic devices and as-
semblies has been growing at about a
54% pace, with projected sales this
year of about $33 million. “My job is
to help the firm through the transi-
tion from a small company to a large
corporation,” Ehman says. His two-
fold assignment involves injecting
advanced technology into the com-
pany and providing the marketing
guidance to maximize the effective-
ness of TRW’s capital investment.

He reports that the new TTL line
will provide an ion-implantation
capability that will permit the pro-
duction of faster photodetectors to
keep up with today’s faster micro-
processors. Eventually, it will turn
out avalanche protodetectors.

Emitters. On the emitter side of
the optoelectronic equation, Optron
is looking at gallium aluminum arse-
nide LEDs, moving on from its pres-
ent GaAs light-emitting diodes. Fur-

Opportunity. Michael Ehman plans for the
growth of optoelectronic devices.

ther away, the company hopes to get
into laser technology with injection
laser photodiodes.

With a Ph.D. in solid-state chem-
istry from Pennsylvania State Uni-
versity and his broad process and
materials experience at Rockwell,
Ehman is well suited for the techni-
cal portion of his job. To strengthen
his management skills, he is pursu-
ing a degree in the executive master
of business administration program
at Southern Methodist University in
Dallas.

Space shuttle will change
satellites, says RCA’s Wright

The age of the space shuttle is immi-
nent, and it will usher in the next
generation of satellites, believes Paul
E. Wright, division vice president
and general manager of RCA Astro
Electronics. What’s more, what the
U. S. makes of the new age may well
decide whether American manufac-
turers maintain a dominant role in
the satellite business.

“For years we have played this
[satellite] business as a one-shot
game,” says the 47-year-old Wright,
who has headed up RCA’s space
development center since last fall.
“The space shuttle is big enough to
carry many satellites at once. That’s
going to change the economics of
putting a communications satellite
into orbit. It might cut the total cost
of ownership by from 15% to 20%.”

“We have to realize the strong
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LSI11/2° LSI11/23
COMPONENT PRODUCTS
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WHY 1S FIRST COMPUTER YOUR DEST SOURCE FOR FREE TECHNICAL AND APPLICATION AS5ISTANCE

DEC'S LSI-11/2 AND LSI-11/23 MICROCOMPUTER
PRODUCTS?

FIRST COMPUTER IS THE WORLD'S LARGEST
SPECIALIZED DISTRIBUTOR FOR LSI-11 AND LSI-23
MICROCOMPUTER PRODUCTS.

No —We don't sell capacitors or resistors! We only
sell products manufactured by Digital Equipment
Corporation and other leading manufacturers which
enhance the LSI-11/2 and LSI-11/23 Microcomputer
Products.

FIRST COMPUTER SAVES YOU VALUADLE DOLLARS!
Because of our volume purchasing power we can
acquire the products at the lowest possible cost.
These savings enable us to offer the best price avail-
able anywhere. Before you buy, investigate our price
and save dollars.

FIRST COMPUTER SAVES YOU VALUADLE TIME!
Because of our large inventory we can provide you
with off-the-shelf delivery on the complete line of
Digital Equipment Corporation’s factory fresh Micro-
computer Products. We are just a phone call away, or
if you prefer you can TWX us your order. With pre-
approved credit we can ship anywhere in the United
States or Canada within 24 hours.

"*Trodemork First Compurer Corporotion

Because we specialize in LSI-11/2 and L51-11/23s we
can provide you with technical assistance to help you
determine the products which best meet your appli-
cation requirements. We utilize these products every-
day in our own Commercial, Laboratory, Array Pro-
cessor, and Image Processing Systems. Our applica-
tion experience can help you avoid costly mistakes.
FULL MANUFACTURER’'S WARRANTY.

When you purchase your LSI-11/2 and LSI-11/23
products from FIRST COMPUTER you receive the full
manufacturer’s Return to Factory warranty. All war-
ranty claims will be handled by First Computer with
courtesy & dispatch. FIRST COMPUTER stands behind
each of the products we sell.

WE ARE A RECOGNIZED LEADER IN THE DISTRIBUTION
OF LSI-11/2 AND LSI-11/23 PRODUCTS.

No wonder so many people are turning to FIRST
COMPUTER to provide them with their Microcomputer
requirements. You owe it to yourself to investigate
what FIRST COMPUTER can do for you! We stand
ready to serve you. You can bank on us.
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TWX NUMBER 910-651-1916

- computer corporation

corporate square/825 north cass avenue / westmont. illinois 60559/(312) 920-1050
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M7 Communicator
A complete A/D and D/A
Control System—

Interface your computer to the analog
world of process monitoring trans-
ducers and controlling actuators.

ﬁ n‘_ M _.\n_\mh_\‘ A\

The M7 multiplexes analog and digital signals from your
process sensors—temperature, pressure, level, flow, mass,
strain, etc. —and continuously down-loads this data in digital
form to your computer for display and processing. Simulta-
neously, command signals are transmitted to the control
devices in your process.

Order a complete basic M7
System ready for round-the-

clock process control—

including a 16/32-Channel A/D Input Module (expandable
to 256 channels), a Computer Interface Module, and a
4-Channel (expandable) D/A Output Module. Supplied com-
plete with cabinet, power supply, and all necessary hardware
and software for basic control. Bus accommodates eight
additional modules. Specify computer make

and model when .

ordering ...each $2,990

Or,

order individual
IEEE S-100 ;
building block modules

Supplied complete with fundamental control software

A/D Module, AIM-12
® 16/32 channel @ 12-bit precision/accuracy ¢ 30 kHz data

rates ® 1-1000 gain amplifier optional ......... from $575
Thermocouple Compensation Module, THM-8

e1B6Inputs .. ... $350
Signal Conditioners, SIG-1 e Long-linedrive ......... $325

Additional Support Programs, PROG A,B,C...

 Signal averaging ® control functions ® special display ®

BlC. e from $100
D/A Module, AOM-12

® 4-channel (expandable) e 12-bit precision/

accuracy e Output: selectable voltage ranges and

oscilloscope ....... ... ... oo i, from $495
Control Output-Current Module, VIC 4-20

® 4-20 mA standard industrial control output e 12-bit pre-

cision/accuracy ® 4-channel ® Use with AOM-12 . ... $395
Programmable Clock/Calendar Module, CL K-24

e Minimum 1yearback-up ....................... $250
Parallel Output Module, REL-8

¢ 8-channel on-off (bang-bang) control ............. $325
Add-On Nonvolatile Memory Modules

e4Kand8Kbytes .......... ... ... oL from $320

DUAL SYSTEMS CONTROL CORP.
1825 Eastshore Hwy.

Berkeley, CA 94710

(415) 549-3854

system reliability/system integrity
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More. RCA's Paul Wright forsees new satel-
lite technology, thanks to space shuttle.

position we have now with the space
shuttle. It will be a wasted invest-
ment unless we design satellites to
take advantage of it,” he feels.

Watch out. But, he warns, “we’ve
got to continue to accelerate our pro-
ductivity in the space business. Pro-
ductivity has to have a much broader
meaning, or in 1990 we’ll find that
Japan or West Germany is the domi-
nant maker of satellites.”

Wright has had a deep involve-
ment in RCA’s space program during
his 22 years with the company. He
can quickly sketch the shape of satel-
lites to come from Astro Electronics,
a Princeton, N. J., operation of the
Government Systems division.

Sending the satellites up in the
space shuttle means that no longer
are there such stringent geometric or
weight limitations, he says. But
because satellite engines now may be
running on standby during the space
shuttle ascent, “you have to take into
account temperature control, out-
gassing, and thermal idling because
of the shuttle crew—as well as new
boundary considerations because
several satellites will be housed in
the shuttle.”

According to Wright, three prob-
lems influence productivity in the
satellite business today. One is find-
ing enough qualified engineers to
design and build the product. Anoth-
er is implementing advanced tech-
nology concepts in practical designs.
The last is trying to get U.S. ven-
dors to deliver satellites quicker in
order to capture a large share of the
growing communications market. (J
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Obtain outstanding precision and speed in your measure-

ments with HP’'s new DMM

You don’t have to compromise measurement accuracy,
noise or resolution to get fast DMM readings. Hewlett-
Packard’s new integrating 3456 A 3%z to 62-Digit Multimeter
for bench and system use allows you to choose the best speed,
or the best accuracy or resolution for a particular application,
simply by pushing a button.

An important key to this flexibility and nearly uncom-
promising capability is the 3456A’s selectable integration
time, ranging from 0.01 to 100 power-line cycles. If reading
rate counts, an operator can select up to 330 readings per
second for high-speed bursts or one reading every 15 minutes
for periodic measurements. When accuracy is more impor-
tant, stretching the integration time increases the accuracy.
You can also select resolution of 100 nV at up to 48 readings

per second (672 digits) or 10 uV resolution up to 330 readings
per second (3% or 4 digits).

This fully-guarded, microprocessor-based DMM also pro-
vides a wide repertoire of other features. Its dc voltage capa-
bility extends from 0.1 to 1000 Vin five ranges and it measures
up to 700 V of calculated true-rms on four ranges, over 20 Hz
to 250 kHz. In addition, the 3456 A offers resistance measure-
ments, mathematical calculations controlled from the front
panel (statistics, null, percentage error, dB, limits, scaling),
and a built-in memory of up to 1400 bytes.

A technique called Offset Compensated Ohms is incorpo-
rated in the 3456A to correct resistance measurements for
undesirable thermal offsets generated by bimetallic junc-

(continued on third page)
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HP’s lowest priced synthesized signal generator

now available for 0.1 to 990 MHz applications

Full HP-IB programmability under microprocessor control
makes the new HP 8656A Signal Generator particularly well-
suited for automatic test stations as well as for manual testing
in the lab and in the field.

For manual applications, the 8656A has been designed to
minimize the time required to set up desired signal condi-
tions of frequency, output level, and modulation. All signal
conditions are keyed-in directly in the units desired, such as
MHz and dBm. What’s more, the microprocessor permits
keying in of non-traditional units such as dBuV (dB refer-
enced to a microvolt) useful in broadcast stereo work. For
high impedance loads, the output can be calibrated in EMF.

Animportant advantage to repetitive testing is the 8656A’s
storefrecall mode. It can remember 10 complete, front panel,
signal set-ups and recall each at a touch of two keys. In
production test, the 10 conditions can be sequenced with a
rear panel contact closure to ground, connected to a foot
switch.

Output frequency covers a very broad application range
from long range navigation (100 kHz) to beyond cellular tele-
phone (990 MHz). Resolution is 100 or 250 Hz while stability
results from an internal 2 ppm per year time base. Intended
primarily for in-channel receiver tests, the single sideband
phase noise is <—122 dBc/Hz at a 20 kHz offset at 225 MHz.

Calibrated output level from +13 to —127 dBm has an
absolute accuracy of £1.5 dB, resolution of 0.1 dB, harmonics
<-25 dBc, non-harmonic spurious <-60 dBc, and reverse
power protection of 50 W.

AM from 0-99% is available at internal rates of 400 and

HP-1B programming is standard in HP's new 8656A Signal Generator.
In that mode, fequency switches in less than two seconds (to be within
100 Hz).

1000 Hz. FM ranges up to 99 kHz peak deviation (depending
on carrier frequency) at 400 and 1000 Hz rates. For calibrated
external AM or FM (at rates up to 25 kHz), two limit lights
indicate proper input amplitude of 1 V peak.

All display values can be incremented with up/down keys
and increment sizes are set in the same fashion as other
function data by the keyboard. Holding down an up/down
key causes continual step “tuning’’ and replaces the need for
knobs.

Check B on the HP Reply Card.

New application note describes how to make accurate
repeatable noise figure measurements 10 MHz to 18 GHz

Application Note 64-3, Accurate and Automatic Noise Fi-
gure Measurements, details how to use the HP 436A Digital
Power Meter, under desktop computer control, to measure
Y-factor and compute noise figure. This new, high-accuracy
technique depends on the implementation of the new HP
346A 10 MHz - 18 GHz Noise Source which reduces mea-
surement uncertainty because of its low SWR.

Demonstration software routines in AN 64-3 include
techniques for measuring noise figure and gain of microwave
components. Further, the note covers use of the computer to
correct second stage noise figure, ambient temperature, and
ENR (excess noise ratio) variation vs. frequency.

For a complimentary copy of AN 64-3, check C on the HP
Reply Card.

Corrected noise
figure and gain of

an X-band Amplifier s S_Correctsd Nare Figurs
shows good ‘E . —
- at lo
repeatability. l 1 )
Frequency (GHz}

How to select the right RF signal generator

A new, colorful, 8-page Selection Guide for RF Signal
Generators and Sources is now available. It describes HP’s
signal generator capabilities between 10 kHz and 2600 MHz.
Specification comparisons are' made for nine different
generators ranging from the manually-tuned 8654A L-C type
to the high-performance 8662A Synthesized Generator.

The application selection chart compares critical paramet-
ers required for nine separate measurement applications

[¥) MEASUREMENT/COMPUTATION NEWS

ranging from L.O. substitution to the stringent out-of-
channel radio test procedure. A single-sideband, phase noise
comparison chart for five generators appears for the first time,
as well as a glossary of terms to round out the user-oriented
information in this brochure. Capsule descriptions of each
generator are provided.

For a free copy check D on the HP Reply Card.
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Extend MLA test capability to RF-

The new 3730B Down Converter is a replacement for the
now obsolete 3730A model and offers many outstanding new
features. It provides RF to IF conversion, permitting an RF
interface capability for Microwave Link Analyzers (MLA’s).
The extended RF range, 1.7 to 14.5 GHz, is accommodated by
a series of broadband, plug-in RF Modules.

In addition to extended RF coverage and a much improved
residual performance, this latest down converter provides a
special tracking AFC and recovered sweep facility which
causes the local oscillator in the 3730B to track the incoming
swept RF signal. Because of the effective sweep compression
of the IF signal, the 3730B allows measurements with conven-
tional MLA’s over bandwidths of up to 250 MHz.

Lengthy runs of RF cables between the down converter and
the RF test point may generate ripple responses which can
mask the true measurement response. To avoid this problem,
it is possible to remove the down converter plug-in and mount
this directly onto a waveguide test point. The plug-in is then
connected to the 3730B mainframe by an umbilical cable.

The new 3730B Down Converter offers extended frequency coverage
and many new features to improve measurement accuracy.

which carries only IF signals.

Other new 3730B features are: upper/lower sideband opera-
tion to eliminate difficulties when comparing MLA responses
between microwave radio repeater stations; provision for
incorporating an RF Input Isolator to improve noise figure,
input VSWR, and local oscillator leakage; and interface capa-
bility with 70 or 140 MHz IF MLA's.

Check E on the HP Reply Card.

New “SC” crystal-cut and efficient electronics provide
superior quartz oscillator performance

hase h new h
These two W,

igi""" ATMAaNC a oscillators were lnc‘gr—v: for stru-

If your equipment requires a compact, rugged precision
frequency source with fast warmup, high stability, or low
phase noise, consider HP’s two new oscillators, the 10811A/B.
Both can be built into your equipment to provide the follow-
ing key specifications:

Output frequency: 10 MHz (10.23 MHz on special order).

Aging Rate: <5 parts in 101%day

Phase Noise: >160 dBc at 10 kHz offset

Warmup: Within 5 parts in 10° of final frequency in 10
minutes.

Time Domain Stability: 5 parts in 1012 for a 1-second

averaging time.

Power consumption: 2 Watts.

They are plug-compatible with HP’s other compact quartz
oscillators, the 10544A/B/C. Models 10811A and B differ in
1) the methods of making electrical connections and,

2) model B has provisions for shock mounting.

Check F on the HP Reply Card.

Have your speed and accuracy too with this new DMM

(continued from first page)

tions. This allows the user to select any kind of metal for the
test leads, without worrying about the metal on the resistor
leads.

Standard on the 3456A is an isolated HP-IB (IEEE-488) 1/O
for the systems operation. The front panel indicators on the
" 3456A display range, function and HP-IB status during re-
mote operation. Also on the front panel is a SRQ (Service
Request) button which can be used to flag or interrupt a
computer, When combined with the 3456A’s program mem-
ory and reading storage capability, system programmers and
operators need to use only one desktop or minicomputer to
control numerous test stations.

Another system feature of the 3456A is its hardware scan-
ner advance capability. As soon as the 3456A’s measurement

cycle is complete, a TTL signal is available to trigger an HP
3495A Scanner or 3497A Acquisition/Control Unit to advance
to their next channel. Up to 330 channels can be scanned per
second without computer interaction.

With a 2 PPM stability, the HP 3456A is a true transfer
standard with its 100 nV sensitivity and 0.001% accuracy. A
statistics function key (STAT) enables the operator to im-
prove the 3456A’s sensitivity, resolution and accuracy by
averaging.

Calibration of the HP 3456A is fast and convenient since all
routine adjustments are accessible from a concealed door in
the front panel.

Check B on the HP Reply Card.
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€ZE HP introduces a low-cost solution to data
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collection in a variety of applications

If you’ve been looking for a low-cost solution to data collec-
tion problems in applications such as component and produc-
tion test, environmental monitoring, production process
monitoring, and evaluation and quality assurance, consider
HP’s new 3497 A Data Acquisition and Control Unit.

A powerful tool that’s easy to use, the 3497A consists of a

clockitimer, front-panel keyboard and display. Optional
plug-in assemblies enable the user to customize the 3497A
for a specific data logging/acquisition application.

Friendly and Powerful Keyboard

The simple front panel keyboard with dedicated keys
makes the 3497A easy to understand and operate. Should the
operator wish to observe a particular analog channel or digital
slot without disturbing running measurement, all that is re-
quired is to press a “Viewed Channel” or "Viewed Slot” key.
Keyboard control also lets the operator evaluate different
3497A configurations before writing a program. After a pro-
gram is written, the operator can quickly verify system con-
figuration or troubleshoot.

Standard in the 3497A is a non-volatile quartz reference
clock-timer. Complete timing from months to seconds can be
programmed from the front panel. It can monitor elapsed
time (stopwatch) or interrupt at a pre-set time (alarm clock).

Options for your flexibility

A number of optional, plug-in, multiplexer assemblies are
available for scanning inputs. The maximum of 1000 analog
channels and 1360 digital lines is available when using HP’s
3498A Extenders with the 3497A. An optional, plug-in, 5Y2-
digit integrating DVM assembly provides one uV resolution,
0.0005% best-case accuracy, auto-ranging with maximum
reading rates to 300 per second (3%z digits) and memory
storage up to 100 readings.

Check H on the HP Reply Card.

€IZR» Powerful, new data acquisition system gives you

SYSTEMS

high speed at low cost per channel

A powerful, new data acquisition system with full compu-
tation and analysis capabilities now makes available impres-
sive speed and accuracy at an economical rate.

This new HP 3054A system offers a range of features to deal
with your needs in process control development, transducer
measurements, production testing, research and develop-
ment, and signal analysis. Consisting of an HP desktop com-
puter, an HP 3497A Data Acquisition/Control Unit, and HP’s
3437A and/or 3456A Voltmeters, the 3054A system also ac-
commodates a number of options to further augment its per-
formance and versatility. The 3437A Digital Voltmeter gives
this system the flexibility of very fast (5,000 readings per
second) measurements, with waveform characterization.

Powerful system software, including instrument driver
routines, data analyses and presentation programs, instru-
ment verification routines, and application programs are
provided with the 3054A system which uses HP’s 85A, 9825T,
98355 or 9845T Desktop Computers. Each of the computers
has different capabilities so you can choose the level of per-
formance that your application demands. For example,
read/write memory ranges from 32K bytes in the 85A up to
449K bytes in the 9845T

For complete details,check 1 on the HP Reply Card.
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€ZE> New, double-density flexible disc memory
provides increased personal mass storage

RO e

The Hewlett-Packard 9895A Flexible Disc Memory pro-
vides a convenient way to store and retrieve up to 2.36 million
bytes of additional mass storage for your HP 45 Computer and
HP 1000 minicomputer series.

The increased storage capacity offered by the 9895A lifts the
storage constraints you may have experienced with tape or
single flexible disc drives, without the expense of hard discs.

Each of the two drives in the HP 9895A reads double-sided,
double-density format on HP-qualified, flexible discs. The
drive can store up to 590,000 bytes of formatted data per side,
for a total of 1.18 million bytes per disc.

Price/Performance Flexibility

A total storage capacity of up to 4.72 million bytes can be
provided through an optional dual-drive slave unit (without
controller). This is one of several options designed to provide
you price/performance flexibility. A single-drive slave offers
an extra 1.18 million bytes of storage, and the dual-drive slave
provides an additional 2.36 million bytes. For 1.18 million
bytes capacity, the 9895A can also be ordered with one drive
installed with controller. You can easily upgrade these op-
tions to full 9895A capability at a later date if you choose.

Single-Drive Compatible

The built-in controller enables the 9895A to recognize
whether a disc has been recorded on one or two sides. This
capability allows it to read single-sided discs written by the
HP 9885M or 98855 flexible disc memories, making it conve-
nient for present 9885 owners to convert to the new drive. The
9895A can also write on any 9885 single-sided disc, and the
9885 will be able to read the disc. (A 9885 cannot read 9895
double-sided flexible discs, however.)

The IBM Exchange

Many of today’s applications call for both data exchange
with IBM mainframes or use of data that has been generated
onIBM products. HP designed the 9895A, enabling it through
its built-in controller, to conveniently and reliably recognize
if a disc is written in IBM 3740 single-density or in HP’s
double-density format. Software available for HP System 45
also allows the user to easily read and write IBM discs.

Stand-Alone Reliability

The 9895A is patterned after similar flexible disc drives
currently integrated into other HP business and technical
computers—the HP 250, HP 300, and HP 3000 Series 30 and
33. The 9895A also has extensive self-test capabilities which
are accessible to the host controller. A hardware self-test is
initiated and reported at powerup. Read/write tests can be
initiated manually by the operator or remotely through HP-1B
using the host computer. The 9895A’s intelligent controller
can detect and mark bad tracks, as well as renumber good
tracks sequentially to maintain organization in a logical
manner.

Quality Media

You are assured of approved, quality media thanks to
Hewlett-Packard’s extensive QA testing, selection and con-
trol over its flexible discs. These HP qualified discs bring out
the most reliable performance in the 9895A disc drive and are
among the full line of HP computer supplies readily available
for your convenience through local HP sales offices, and dis-
tribution centers located both in the U.S. and Europe.

Check J on the HP Reply Card.
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€2 HP's fastest desktop controller now has

SYSTEMS

twice the memory

The HP 9825 Desktop Computer is now available withup to
62K bytes of read/write memory, with no loss of the speed on
which the 9825 built its reputation.

Two Models

Reducing the physical size of the memory inside the 9825 and
devising a hardware block-switching scheme have made pos-
sible the introduction of the two new models, the 9825B and
the 9825T. Both are completely compatible with programs
written for the 9825A or S.

The 9825B has 23K bytes of read/write memory and inter-
nally integrated ROMs (read-only memories) for many func-
tions that were previously available only as plug-in options.
These internal ROMs are: Strings, Advanced Programming,
Plotter, General I/O and Extended I/O.

The 9825T has 62K bytes of read/write memory, all the
built-in ROMs contained in the 9825B, and, in addition, a
built-in Systems Programming ROM. This internal Systems
Programming ROM in the 9825T can be used concurrently
with the Matrix ROM. Due to addressing limitations, this is
not possible in the 9825A, S, or B.

The Systems Programming ROM is still available as a plug-
in option for the 9825B. The Matrix ROM and the 9885 Flexible
Disc ROM are available as options for both the B and T
models.

In addition to the read/write memory and ROM changes,
the 9825B/T includes the improved typewriter keyboard that
was introduced on the 9825A/S several months ago. It pro-
vides higher reliability and a familiar, typewriter-like feel
that makes entry faster and more comfortable.

[/ MEASUREMENT/COMPUTATION NEWS
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Easy Upgrade from 9825A/S

An upgrade kit is available to convert any 9825A or 98255
into a 9825T. Local HP sales office personnel can install the
kits at either the HP sales office or at customer locations.

The upgrade kit provides 62K bytes of read/write memory,
built-in option ROMs, option ROM compatibility and
software compatibility. And an upgraded 9825T will operate
with all the speed it did when it was a 9825A or S.

HP’s Premier Desktop Controller

The 9825 is HP’s fastest desktop computer for data acquisi-
tion, instrument control and computation. It can perform
direct memory access at up to 800K bytes per second, fast
read/write at up to 70K bytes per second, and formatted
read/write at up to 16K bytes per second.

The 9825 has three I/O slots (expandable to 14) and four
ready-made plug-in interface cards are available: HP-IB
(IEEE-488), 16-bit parallel, bit-serial (RS-232C) and binary-
coded decimal (BCD). An optional real-time clock can also be
plugged into one of the I/O slots.

A complete line of peripherals is available to complete any
9825 system—page printers, plotters, flexible disc, magnetic
tape cartridge drive, digitizer, paper tape and card readers
and a paper tape punch.

The 9825’s usefulness grows every year as the number of
available HP-IB instruments increases. There are now well
over 100 available from Hewlett-Packard and hundreds more
from other manufacturers.

Check K on the HP Reply Card.
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€26y HP-85 personal computer gets

SYSTEMS

advanced 1/O capability and three I/O ROMs

The combination of IO ROMs
and HP-IB module enable the
HP-85 to control a large number
of instruments in data acquisition
applications.

Hewlett-Packard’s HP-85 personal computer for profes-
sionals is now even more powerful and versatile. This addi-
tional capability is made possible by the HP-IB interface
module and three /O ROM's, all of which can be plugged into
the HP-85’s ports.

The HP-IB interface module is a complete implementation
of the IEEE-488 standard. It enables the HP-85 to communi-
cate with up to 14 instruments plus a variety of peripherals,
such as plotters and printers.

ROM's enable the user to get maximum benefits from the
peripherals and instruments by providing additional BASIC

language commands. The /O ROM provides statements to
configure, control, pass data and check the status of devices in
the system. The Plotter/Printer ROM extends the basic
graphics commands in the HP-85 while the Matrix ROM
allows extensive, one-and two-dimensional array manipula-
tion.

Twelve application pacs in science, engineering and fi-
nance make the HP-85 an adaptable tool that the technical or
business professional can use immediately to solve problems.

Check A on the HP Reply Card.

New, easy method permits quick retrofitting

for signature analysis

Just plug your product’s 6800 microprocessor into HP’s new
5001A Microprocessor Exerciser, plug the 5001A cable into
the now vacant microprocessor socket, and the major
hardware and software part of your retrofit for Signature
Analysis (SA) is done. It’s that simple and it costs less than
providing test stimuli through incircuit emulation
techniques.

The 5001A Exerciser takes control of your product’s buses
and runs test stimulus programs from its own ROM while you
use an HP 5004A Signature Analyzer to take signatures at
designated circuit points for each test stimulus. These signa-
tures help you pinpoint malfunctions right down to the com-
ponent level. This saves you time and money compared to the
hit-or-miss, board exchange, troubleshooting method.

For 5001A/5004A details, check L on the HP Reply Card. For
an index to signature analysis publication, check M.

Now you can troubleshoot your
microprocessor-based products
quickly and economically
through Signature Analysis
even if you didn't design it in.
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€GZB>» New, fast HP-IB extender operates over coaxial
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cable or fibre optic link
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HP’s new 37203A HP-IB Extender provides a high-speed,
low-cost solution for HP-IB extension up to 1000 metres.
Operating in pairs, each 37203 A serializes the HP-IB informa-
tion and transmits it over coaxial cable or a fibre opticlink toa
remote 37203A which reconverts the serial data to parallel
HP-IB format.

The 37203A is fast — providing information transfer at rates
up to 50k bytes/second. It is also inexpensive and the basic
unit is designed to operate over a single, low-cost coaxial
cable. An optional fibre optic interface is also available which
allows HP-IB Extenders to operate over a dual fibre optic link
up to 1000-metres long.

The new 37203A lets you extend operation of
your HP-IB systems up to 1000 metres using
coaxial cable or a fibre optic link.

Integrity of HP-IB extension is assured by isolating the data
from electrical interference — the fibre optic link provides
complete immunity to electro-magnetic pick-up and even the
coaxial cable interface is optically isolated. A further measure
of protection is provided by a simple error detection/
correction algorithm which automatically identifies and cor-
rects any transmission errors.

The 37203A is easy to use, and no special programming is
required. It is transparent to HP-IB operation and suports the
full range of HP-IB procedures including Pass Control and a
form of Parallel Poll.

Check N on the HP Reply Card.
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Meetings

The 12th Conference on Solid-State
Devices, Japan Society of Applied
Physics (3—-5-8 Shiba Koen, Minato-
ku, Tokyo 105), Tokyo Chamber of
Commerce & Industry Building,
Aug. 26-27.

10th Symposium on Electromagnetic
Theory, Verband Deutscher Elektro-
techniker (D-6000 Frankfurt 70,
Stresemannallee 21, West Germa-
ny), Munich Technical University,
Aug. 26-29.

The 15th International Conference
on the Physics of Semiconductors,
Physical Society of Japan (Hiroshi
Kamimura, Department of Physics,
Tokyo University, Tokyo), Kyoto
International Conference Hall, Kyo-
to, Sept. 1-5.

Electronic Business Communications
Conference, Electronic Industries
Association (2001 Eye St. N. W,,
Washington, D. C. 20006), Las Ve-
gas Convention Center, Las Vegas,
Sept. 3-5.

Second International Colloquium on
Reliability and Maintainability, Cen-
tre National d’Ftudes des Télécom-
munications and Centre National
d’Etudes Spatiales (CNET Reliability
Center-Lannion B, B. P. 40—22301
Lannion, France), Perros-Guirec
and Trégastel, Brittany, France,
Sept. 8-12.

Oceans/80, Ocean Engineering in the
1980s, IEEE and Council on Oceanic
Engineering, Seattle, Wash., Sept.
8-10.

10th European Microwave Confer-
ence 80, Association of Polish Elec-
trical Engineers (Microwave Exhibi-
tions & Publishers Ltd., Temple
House, 36 High Street, Sevenoaks,
Kent TN13 1JC, England), The Pal-
ace of Culture and Science, Warsaw,
Sept. 8-12.

Electrical Overstress/Electrostatic
Discharge Symposium, Illinois In-
stitute of Technology Research
Institute (ITRI Symposium, RADC/-
RBRAC, Griffiss Air Force Base,
Rome, N.Y. 13441), Town and
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Country Hotel, San Diego, Calif.,
Sept. 9-11.

Convergence-80—30th International
Congress on Transportation Elec-
tronics and Vehicular Technology
Society Conference, IEEE and Socie-
ty of Automotive Engineers, Hyatt
Regency Hotel, Dearborn, Mich.,
Sept. 15-17.

Essderc 80—1980 European Solid
State Device Research Conference,
Institute of Physics (47 Belgrave
Sq., London SW1X 80X, England),
University of York, York, England,
Sept. 15-18.

Sixth European Conference on Opti-
cal Communication, Institution of
Electrical Engineers (1 Savoy PIl,
London WC2R 0BL, England), Uni-
versity of York, Yorks., England,
Sept. 15-19.

Euromicro 80, Institution of Electri-
cal Engineers (L.R. Thompson,
Hawker Siddeley Dynamics, Manor
Road, Hatfield, Herts. AL 109 LP,
England), Imperial College, London,
Sept. 16-18.

FoC 80: Fiber Optics and Communi-
cations, Information Gatekeepers
Inc. (167 Corey Road, Suite 111,
Brookline, Mass. 02146), Hyatt Re-
gency, San Francisco, Sept. 16-18.

Wescon/80, IEEE, Anaheim Conven-
tion Center and Disneyland Hotel,
Anaheim, Calif., Sept. 16-18.

Eusipco: European Signal Processing
Conference, IEEE et al., Swiss Feder-
al Institute of Technology, Lau-
sanne, Switzerland, Sept. 16-19.

ACM Symposium on Small Systems,
Association for Computing Machin-
ery (Liza Loop, 3781 Starrking Cir-
cle, Palo Alto, Calif. 94306), Hyatt
Rickey’s, Palo Alto, Calif., Sept.
17-19.

30th Sicob—Salon International de
I’Informatique, de la Communication,
et de I’Organisation de Bureau, (6 Pl.
de Valois, 75001 Paris, France),
Init —Paris La Défense, Sept. 17-26.

Make
Yourself
Heard

With OEM

SPEECH
SYNTHESIZERS

From TSI

Invented by b orrest Moszes

FIXED VOCABULARY
SYNTHESIZERS. ..

$ ggEM

ONLY quantities

@24 word standard vocabularies

@Clear, highly intelligible
male voice

@®Long term proven reliability

@®Samples in stock

CUSTOM VOCABULARIES
CAN BE PRODUCED FOR
YOUR APPLICATION

Since 1976, TSI has shipped
more than 300,000 speech
processors to over 1000
satisfied OEM customers.

TELESENSORY
SYSTEMS INC.

3408 Hillview Avenue
P.O. Box 10099, Palo Alto,
CA. 94304

PHONE 415/493-2626
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One Step Beyond the 1ISBC’ System

Introducing iSBX™ Multimodule™” boards. A whole new
dimension in configuring single board computers.

Intel pioneered the concept of
flexible microcomputer system design
in 1976. That’s when we began
introducing iISBC™ systems, a family
of single board computers. These
are expandable via the Multibus™
interface, presently accepted as
the industry standard for micro-
computers.

Now Intel has extended this
well-accepted concept to board-level
design — with Multimodule™ boards
and the iSBX™ bus. With this new
line of plug-in modules, you can now
expand iSBC systems simply and
efficiently at the board level. Without
making any demands on the system
structure. And all at much lower cost
than was previously possible.

Multimodules let you add special
performance features today to your
iSBC host board—features like high-
speed math functions. And serial
or parallel I/O. Soon you’ll also be
able to add Multimodules for D-to-A
and A-to-D conversion, communi-
cations, and peripheral interfaces —
and more. With these modules, you’ll
be able to precisely tailor hardware
configurations to your application,
and cut down critical development
time.

The iSBX™ launch pad ~ _

The key to Multi- dgf""
module flexibility is <£55
the iSBX bus—
the first physical/
electrical interface for direct on-
board expansion of iSBC systems.
Available on all future Intel single
board computers, the iSBX bus
assures you of compatibility between
iSBCs and the emerging Multi-
module product line.

Electronics / August 14, 1980

You can also count on improved
system performance. Since Multi-
modules tie directly into the iISBC’s
internal bus, you get faster, more
efficient memory access and /O
operation than is possible with full
expansion boards.

For those who want to explore
their own expansion module designs,
Intel also offers iISBX 960-5™ con-
nectors. These let you create custom
Multimodule boards to meet your
own unique requirements.

Two new iSBC™ command
modules

Intel’s new 8-bit iSBC 80/10B™
and iSBC 80/24™ single board com-
puters are just the first of many iSBCs
to offer iISBX Multimodule expan-
sion capabilities. Both are improved,
iSBX-compatible versions of popular
single board computers.

Backed by life-support
equipment

To support your implementation
efforts, Intel provides an extensive
set of hardware development tools.
Such as the Intellec® system, with
ICE™ in-circuit emulation. Or

high-level programming languages
like PL/M, BASIC, and FORTRAN.
And the RMX/80™ real-time

software.

A small step for
microcomputers

Intel’s new iSBX bus and family of
Multimodules represent a small step
for incremental design of micros. But
a giant step toward making you and
your iSBC system more productive.
Available from Intel today are the
first three Multimodules, and our two
iSBX-compatible single board com-
puters. The next step is up to you.

For more information, or to
order, return this coupon or call your
local Intel sales office/distributor.
Or contact Intel Corporation, 3065
Bowers Avenue, Santa Clara, CA
95051. Telephone (408) 987-8080.

lntel delivers

solutions.

Europe: Intel International, Brussels, Belgium.

Japan: Intel Japan, Tokyo. United States and Canadian
distributors: Alliance, Almac/Stroum, Arrow Electronics,
Avnet Electronics, Component Specialties, Hamilton/Avnet,
Hamilton/Electro Sales, Harvey, Industrial Components,
Pioneer, L.A. Varah, Wyle Distribution Group, Zentronics.

i : £LE
Please send information on: D3

[ iSBX Multimodule package
[ Configuration Guide
Other

[ Please have a Sales Representative call.
Name

Title/Organization

Address

City/State/Zip

Phone

Mail to: Intel Corporation, 3065
Bowers Ave.. Santa Clara, CA 95051.
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Compare this general purpose logic analyzer
with the currently accepted industry standard.

The K100-D wins over Hewlett-Packards 1615A hands down!

Logic designers have made
Gould's powerful Biomation K100-D
our fastest selling logic analyzer

ever. You'll see why once you com-
pare it to its nearest competitor,
the 1615A from Hewlett-Packard.

Compare clocking speed.

With a 100 MHz clock rate, the
K100-D gives you resolution to
10 ns—five times better than the
1615A's. Use the K100-D’s latch

Hewlett-Packard 1615A
A very good logic analyzer

mode to catch gliches as narrow
as 4 ns. It gives you the most
precise logic analysis for today’s
high speed minicomputer, main-
frame and microprocessor systems.
Best of all, you're already prepared
for faster designs as they arrive.

Compare capacity.

The K100-D’s 1024 word memory is
four times as deep as the 1615A’s.
This dramatically extends the
length of data you can trap from
your system at any one time. And
that means faster, more accurate
debugging. In addition, the
K100-D’s standard 16 channel for-
mat can be expanded to 32
channels for work on the new
generation of 16-bit micro-
processors.

Compare your productivity.

Finally, the K100-D makes
designers more productive with
convenience features superior to
those of the 1615A. The K100-D
has a larger keyboard, plus an
interactive video display. Compre-

hensive status menu. Data domain

readout in hexadecimal, octal,

binary or ASCII. And the list goes
on and on.

The final analysis.

To help you evaluate these two
fine instruments before you buy,
we've prepared a point-by-point
competitive comparison of the
two. If you're designing and
debugging high-performance digi-
tal systems, you'll want to read
this document carefully. To get
your free copy, just use the reader
service number or write Gould
Inc., Biomation Division, 4600 Old
Ironsides Drive, Santa Clara, CA
95050. For faster response, call
408-988-6800.

o A

s

Biomation K100-D
The industry’s finest logic analyzer

-

GOULD

An Electrical/Electronics Company
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In my opinion

Finding tomorrow’s engineers today

by Andrew S. Grove, president and chief operating officer, Intel Corp., Santa Clara, Calif.

Over the years, the
limiting factor in
the development of
an industrial socie-
ty usually has been
the availability of
the skilled people
who provide the
momentum for
progress. Histori-
cally, the pace of
change has been
slow enough so that

‘ the training and ed-
ucational processes of a particular society could
respond to the need. In this way, education has
become like a free market, with supply respond-
ing to the changing demand.

The efficiency of any free market, however,
depends on the ease with which information
flows so that the news of changing demand
reaches the producers of goods. If the informa-
tion flow is not good, despite their best inten-
tions manufacturers may flood the market with
the wrong product and take away the resources
for the development of others.

Electronic technology is penetrating our
society at an accelerating rate, creating a dra-
matic change in the supply and demand for
technically trained people. The need for the
inherent technical capabilities provided by elec-
tronics is eminently clear in our society, faced as
it is by declining productivity coupled with crip-
pling inflation. It is also clear, however, that for
this electronic wave to continue to advance,
craftsmen and users (the latter also knowledge-
able in the ways of electronics) must be readied
in similarly increasing waves. Based on the
annual output of electrical engineers in the
U. S., this increase clearly is not happening.

Assuming that the number of equipment
designs incorporating electronics will increase
30% per year and that the difficulty of imple-
mentating these designs will double in the next
10 years (it increased approximately 10 times in
the last 5), an estimated 1 million software
engineers will be needed in the U.S. alone by
1990 to apply the available technological capa-
bilities. In contrast to this requirement, the
National Center for Educational Statistics esti-
mates that the total number of U. S. electrical

engineers graduated in 1979 was under 17,000.

Considering these numbers, I cannot help but
wonder how efficient our educational free mar-
ket really is. As the father of teen-aged children,
I have a sense that it is not efficient at all,
because in my view the educational system does
virtually nothing to convey to this generation of
students (my children and their friends) the
enormous market for technical talent that will
exist throughout their working lives. Our sec-
ondary educational system leaves the choice
entirely to the students, seemingly oblivious to
the fact that without adequate knowledge free
choice cannot take place.

To be sure, these children are exposed to
computer terminals at school, but in no more
enlightening a fashion than they are exposed to
them in a supermarket. They are tested —by
computer, of course—to match their aptitudes
to possible occupations, with extremely superfi-
cial results.

So what we have is a distressing combination
of two factors: a pace of change that is faster
than it has been historically and a free market
that is inefficient because information about
demand—and especially future demand —does
not reach the “producers.”

Plaintive comments like this tend to end with
a plea for some kind of Government action. I
believe, in this case, that a Government program
is neither called for nor desirable. No segment
of society understands the problem better than
we engineers or is better qualified to proselytize
for the profession. We are dispersed; we have
contacts with schools and, through them, poten-
tially with students all over the country. I think
we collectively should undertake to tell our
story. There are a lot of us; we can have an
almost immediate impact, and in this age of
“pyramids,” the rapidity with which individuals
can start a grass-roots movement has been amp-
ly demonstrated.

The goal is clear: it is the continued eminence
and leadership of our American technological
society. Participation by the best of our young
people will determine its long-term viability far
more than superficial Government programs
that come and go on the tides of politics. The
action that is required of us is also clear. We
must all begin to do our part to bring the very
best into our field.
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Inside this
general purpose memory
istheright mix forany match.

The right mix. minimal control signals are required for any
With the MK8600 add-on memory system, data transfer. This lets you quickly integrate the
you can get up to 6 megabytes capacity in MKB8600 into your system.

a compact 12% inch chassis. Configure it Before you specify your next add-on memory
768K x 72, 2304K X 16 or any other way you system, make sure it has the capacity and inter-
want to complement your existing system. face flexibility to meet your requirements. To be
It's that versatile. sure, make it the MK8600 add-on memory from

For any match Mostek, 1215 West Crosby Road, Carrollton,
] Texas 75006; (214) 323-6000. In E 5
But the real beauty of the MK8600 % == (214) i

contact Mostek Brussels 660.69.24
is how easy it is to interface. /

it 2 %2, MOSTEK
direct because only s //”/ - e
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/ /t;,}‘ On the MK8600,
o= Address, DI and DO
may be bussed, but are
separated on backplane for
more flexibility. Available
options include extender card,
ECC card (application dependent),
_ J diagnostic card, and general purpose
card for customer 1/0. For even greater
flexibility, up to 4-way interleaving
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Six megabyte density
in a compact 12% inch
chassis with field-proven ’
applications as diverse as semi-
conductor fixed head disk replacement,
video memory system, prototype main
memory, high speed data acquisition, and
digital telephone switch buffer.
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MK8000 card forms the base of the system.

Features capacity options of 16384 to ‘ within a single chassis is also available.
131072 words up to 24 bits in length on a

15.4 X 11.75 inch P.C. card. Complete timing All RAM memory is the industry standard

control and addressing logic self-contained Mostek MK4116 16K dynamic RAM with

on each board. Other features include typical system speed at 250ns access and
customer-specified timing options, inverting 450ns cycle time, with faster speeds available

or non-inverting data, and byte control. for applications requiring high throughput.

© 1980 Mostek Corporation
MOSTEK » MK8000, MK8600 and MK4116 are
trademarks of Mostek Corporation
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intel shakes up
bubble market with
price guarantees

New entrles In
IBM-compatible
race from Cambex

Raynet system
lifts data-handling
capabliity

N-channel op amps
work from ground
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Electronics newsletter

In what appears to be an unprecedented action, Intel Magnetics Inc. is
guaranteeing prices for future production-quantity purchases of its BPK72
bubble memory kits. These contain the 7110 1-mMb bubble memory
module, the 7220 bubble memory controller, and five other large-scale
integrated support chips. The guaranteed prices are $595 each for 5,000-
piece orders beginning in July 1981 and $295 each for 25,000-piece
purchases starting a year later. In the interim, the Santa Clara, Calif.—-
based subsidiary of Intel Corp. is reducing prices of its bubble memory
subsystem components and boards by more than 40%. Effective immedi-
ately, the 100-piece price of the BPK72 drops 42%, from $1,710 to $995,
or 100 millicents per bit. Also, the one-piece price of the firm’s iSBC 250
board drops 26%, from $4,750 to $3,500.

The Cambex Corp., formerly Cambridge Memories Inc., is announcing
three new mainframe computers in competition with IBM. Software-
compatible with the IBM 4300, 370, and 360 series, the Waltham, Mass.,
firm’s Cambex 1600 claims 30% to 35% advantages in price-performance
ratio. The emitter-coupled-logic machines cycle in 50 ns, use up to 144
kilobytes of microcode, and have error-correcting main memories of from
4 to 8 megabytes. Microprogrammed and bus-oriented, the machines are
modular, and according to Cambex executives, they should be almost
indefinitely field-upgradable. The Cambex 1636 is said to have about 15%
more throughput than an IBM 4331 Group 2, but costs $50,000 less at
$125,000. The 1641 claims performance equivalent to IBM’s 4341 but
costs $75,000 less at $190,000. Both machines can be upgraded —for an
added $92,000 for the 1636 or $160,000 for the 1641 —to a claimed
performance level 50% greater than the IBM 4341, a configuration
Cambex calls the 1651.

A new Multibus-compatible multiprocessor is the heart of Raytheon Data
Systems Co.’s Phase Two Raynet data-communications system, to be
announced this week. The Norwood, Mass., firm’s RDS 7500 outboard
communications multiprocessor and its new Preemptive Communications
Operating System aim at more reliable and efficient handling of multiple
tasks in large, diverse data networks than that offered by the Phase One
Raynet. Raytheon claims that with Raynet Two not only are most
mainframes off-loaded from communications processing tasks, but also
internodal communications are more rapid than in Raytheon’s earlier
Raynet systems. Finally, the RDS 7500 PCOS switches operations from
one control processor to another in the event of failure so that line
concentration, message switching, store-and-forward processing, and other
operations can continue uninterrupted. A typical RDS 7500-based Raynet
Phase Two system capable of handling 63 high-speed lines would sell for
$360,000.

Texas Instruments Inc., Dallas, has modified its Bidfet process—which
combines bipolar, double-diffused MOS field-effect, and junction field-
effect transistors—to produce n-channel single-supply monolithic J-FET
operational amplifiers. Unlike conventional p-channel single-supply J-FET
op amps, which can only be powered by 3 v referenced to a negative
collector-supply voltage, the n-channel units can have either side of the
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Harris readles
4-K C-MOS PROM
using fusible links

Wafer processor
opts to add
gate-array ICs

Addenda

Electronics newsletter

collector-supply input (+ Voc or — V) referenced directly to ground.
Single-, dual-, and four-channel op amps are being offered. The same
modified Bidfet process is also being used to make high-speed n-channel
J-FET comparators, bi-FET (combining bipolar and FET devices) buffer
amplifiers with low power dissipation, and current mirrors. All will be
available shortly.

What is said to be the first 4-K complementary-MOS programmable
read-only memory using fused-link programming could be in distributors’
hands this month. The 6641 from Harris Corp.’s Semiconductor Products
division, Melbourne, Fla., is about 5% larger than 4-K Harris mask-
programmable parts, but includes on-chip address latches for micropro-
cessor interfacing. The 6641’s three-state output is TTL-compatible and its
power dissipation is typically 5 uw in standby at room temperature or a
maximum of 500 mw active at maximum military temperatures.

Monosil Inc., Santa Clara, Calif., is entering the market for predesigned
gate-array integrated circuits, the first of which will be a family of
complementary-MOS metal-gate types ranging from 50 to 550 gates. By
year end, the custom wafer-processing firm hopes to offer an array family
using a high-speed C-MOS process. Its array process will be called Mono-
logic, whereas its predesigned array devices will be labeled Unichips.

Semiprocesses Inc., Santa Clara, Calif., which has a second-source agree-
ment for Signetics Corp.’s entire double-diffused MOS (D-MOS) lines, is
about to unveil some proprietary D-MOS developments of its own. Three
families of high-power D-MOS field-effect transistors are due—one, an
n-channel type, will feature a breakdown voltage of at least 500
V . ... Look for a speedier version of the 1802 8-bit microprocessor
from RcA Corp.’s Solid State division in Somerville, N. J., sometime in
October. The 1802A will operate at 4 MHz, up from about 3.2
MHz. . . . The high-end Eptak programmable controller line from Eagle
Signal Industrial Systems division of Gulf & Western Industries Inc.,
Davenport, lowa, is about to be upgraded. The Eptak 700 will still rely on
an 8080A microprocessor but it will incorporate as standard the heretofore
optional arithmetic processing unit built around the Advanced Micro
Devices 9511 calculator chip. . . . Technicolor Audio Visual, Costa
Mesa, Calif., is marketing a 7-1b battery-powered video cassette recorder
and a companion color camera, both made in Japan. The recorder, priced
at $995, is a Ys-inch unit made by Funai Ltd. of Osaka. The camera,
which sells for $950, is supplied by Hitachi Ltd. . . Qume Corp., San
Jose, Calif., will ring out two new printers to supersede its Sprint 3 series.
The company is also understood to be developing a very sophisticated
terminal-based printing system that could arrive in the second half of next
year. . . Xicor Inc., the firm that made a name with its 5-v-only nonvola-
tile random-access memories, is building a fabrication facility in Santa
Clara, Calif., to produce the parts that Ebauches Electroniques SA of
Switzerland has heretofore been making for Xicor. The Sunnyvale, Calif.,
company intends in addition to fill out its line with 64-by-4-bit devices and
256-by-4-bit devices.
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An EPROM’s a great off-the-shelf solu-
tion when you need an instant program.
But as a substitute for a ROM, the num-
bers just don’t work out. Especially when
you can get quality ROMs in 4 to 5 weeks
from Electronic Arrays.

For instance if you're building 500
systems using 32K of ROM, we can
demonstrate how you'll save almost $5000
using our EA8332 32K ROM instead of
2716 16K EPROMs. If you’re building
2000 systems the savings climb to over

$23,000— on ROM costs alone!

And that’s not counting savings on
labor, extra sockets, PC board holes and
space. Moreover, EA ROMs are more re-
liable than EPROMs, since there’s no
chance for your program to “leak away”
with time.

There’s more to our story. Call us for
details. Electronic Arrays, 550 East Mid-
dlefield Rd., Mountain View, CA 94043.
(415) 964-4321; Philadelphia (215)
643-1447; Chicago (312) 858-8508.

EPROMs ARE FUNNY.
THE MORE YOU USE,
THE MORE YOU LOSE.

ELECTRONIC ARRAYS.

THE HOUSE OF ROM:s.
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Four new PAL devices join the family
thats making T TL logic obsolete.

They’re here. Our 4 newest PAL
(Programmable Array Logic)
devices make a total of
13 in the instant custom
logic family that replaces
up to 90% of the entire
54/74 S and LS series
logic. Meet PAL16L8, an
Octal 16 Input AND/OR/INVERT
Gate Array, PAL I6R8, an Octal
16 Input Registered AND/OR
Gate Array, PAL I6R6, a Hex 16 Input Regis-
tered AND/OR Gate Array, and PAL 16R4,

a Quad 16 Input Registered AND/OR Gate
Array. And soon MMI will introduce two
additional PALs with arithmetic functions.

PAL — The Programmable Solution™
— saves you space, time and
aggravation.

A single PAL 20 pin SKINNYDIP™ can re-
place from 4 to 12 TTL devices. But pc board
space isn’t all you save. Lower system cost,
smaller inventory requirements, reduced parts

count and high-volume, off-
the-shelf, multiple sourced
availability,* make PALs the
most cost-efficient logic
devices on the market. And
every PAL can be pro-
grammed by any PROM
programmer with a PAL
personality module.

Get the right data book. Free.

For your complimentary copy of the new
Bipolar LSI Data Book and further informa-
tion on the revolutionary PAL logic family,
contact your local MMI stocking distributor or
sales representative. Monolithic Memories,
Inc., 1165 East Arques Avenue, Sunnyvale,
California 94086.

PAL, The Programmable Solution, and SKINNYDIP are
trademarks of Monolithic Memories, Inc.

*National Semiconductor Corporation is a licensed
alternate source for PAL.

Monolithic

Memories
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Fore51ght fore51ght fores1ght.

If you could make one
new improvement in 2314 disk
technology, it would be
to double the storage capacity.

Now you can increase your
Pertec® D3000 to 25 megabytes.
And you can do it without chang-
ing your controller, or your software,
or your cabinet. Slmply add our
Pertec D3400E extension disk drive.

It’s ready to ship right now—
with four platters (three fixed and
one standard removable cartridge),
optical track positioning, proven
cartridge disk technology and
much more.

This easy upgrade to 25 mega-
bytes keeps you ahead of increasing
work loads, keeps you away from
redesign problems and keeps you
in step with tighter budgets.

Have your eye on more storage?

40 Circle 40 on reader service card

Write for our new full-line
peripherals brochure. Pertec Com-
puter Corporation, Peripherals
Division, 21111 Erwin Street,
Woodland Hills, California 91367.
Or call (213) 996-1333 (Western
Region); (603) 883-2100 (Northern
Region); or (305) 784-5220
(Southern Region)

You’ll like what you see.

PERTEC

PERIPHERALS

©1980 Pertec Computer Corporation.
Reading, England 734-582-115;
Frankfurt, Germany 395-387;
Meudon, France 534-7647; Sydney,
Australia 437 -6668; Tokyo, Japan

662 -8151 ; Metro Manila, Philippines
85-4236; Taipei, Taiwan 768-1232;
Singapore 293 -2630; Hong Kong
543-1772
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Significant developments in technology and business

Beat-the-heat
hybrids ready
to go to market

by Linda Lowe, Boston bureau

Teledyne Philbrick works

on materials and structures

to push operation above 200°C;
other firms also active

The first contenders in a U.S.
Department of Energy race to devel-
op very high-temperature data-
acquisition and -transmission cir-
cuitry”. for geothermal exploration
are beginning to appear commercial-
ly with many applications. Teledyne
Philbrick is first out of the gate with
two hybrid circuits to be introduced
at next month’s Wescon; close
behind are General Electric, with
a high-temperature hybrid multi-
plexer, and Harris Corp.’s Semicon-
ductor Products division, with a
complementary-MOS monolithic
quad operational amplifier.

Hybrids. Teledyne Philbrick’s
2115 voltage regulator has a guaran-
teed operating temperature of
275°C, and its 4160 analog-to-digital
converter is good for 200°C [Elec-
tronics, July 17, p. 34]. The Dedham,
Mass., firm says these hybrid parts
are the start of a whole new product
range and expects geothermal explo-
ration to be just one of many mar-
kets it will address.

So does Harris Semiconductor,
also under contract to the DOE’s geo-
thermal energy division. “This is an
exercise in creating a market,” pre-
dicts Paul S. Smith, manager of lin-
ear products at the Melbourne, Fla.,
division. He sees great commercial
potential in harsh process-control
and -monitoring environments,
among them nuclear power plants
and jet engines.

Electronics/August 14, 1980

Harris is developing a C-MOS quad
operational amplifier IC for opera-
tion at 300°C. It already offers a
number of analog circuits that can
operate at 200°C.

Teledyne Philbrick put much of its
development effort into perfecting
materials and structures that could
take operating temperatures above
200°C, reports production engineer-
ing manager Michael G. Reagan. It
developed special epoxies arid solders
that would not fracture or melt and
substituted aluminum bonding for
gold to ensure that connections
would hold despite the heat.

No single vendor’s thick-film sys-
tem was adequate to maintain stabil-
ity at high temperatures, adds Rea-

gan; much experimentation was
needed to come up with a multiven-
dor combination that could do the
job. Expensive heat-resistant Pyrolin
had to be used for printed-circuit
boards to test the parts, since fiber-
glass would disintegrate and burn.

Multiplexer. In Houston, the tech-
nical supply services operation of
General Electric’s Space Systems
division has a high-temperature mul-
tiplexer in the works. The company
plans to market the part sometime
after the conclusion of its DOE con-
tract at the end of this year, accord-
ing to Marion M. Ringo, manager of
design engineering.

Special fabrication and testing
will make high-temperature elec-

Tropical hybrid. Teledyne Philbrick's new voltage regulator hybrid has a guaranteed operat-
ing temperature of 275°C. Other firms also are working on very high-temperature parts.
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tronics “somewhat more expensive
than comparable military-grade
products,” he notes. “But cost will
not be the major consideration if
components can reliably do jobs that
have not been possible before.”

At Harris, the biggest problem
was the current leakage that occurs
in ICs as temperatures rise, causing
severe noise and input-offset cur-
rents. Up around 300°C, says Smith,
“this is enough to render convention-
al semiconductors useless.”

Answers. The engineers compen-
sated by dielectrically isolating each
discrete device in a C-MOS semicon-
ductor, eliminating the p--to-n-
junctions that are the largest source
of leakage. Other design techniques
include increasing quiescent-current
levels to accommodate leakage cur-
rent and using emitter resistors to
stabilize matched pairs in applica-

tions like current sources and cur-
rent sinks. Use of C-MOS parts,
Smith adds, ensures that what leak-
age remains is complementary.

Sandia National Laboratories, the
Albuquerque, N. M., research facili-
ty managing the high-temperature
project for the DOE, is experimenting
with other semiconductors. The most
promising heat-beaters right now
look like gallium arsenide and gal-
lium phosphide, says Anthony F.
Veneruso, supervisor of Sandia’s
Geothermal Technology division.
Gallium phosphide parts have been
tested successfully at 400°C.

The DOE has set a.goal of generat-
ing 20,000 megawatts geothermally
by the year 2000, compared with
610 MW now. “We’re quietly trying
to stir up a revolution that will pro-
duce the technology we need to
advance,” Veneruso says.

Communications

Compact ground stations for SBS
has gallium arsenide amps, powerful TWTs

With its first communications satel-
lite going aloft, Satellite Business
Systems is getting set to put ground
stations in place. SBS will take deliv-
ery later this month of the first
ground stations, from Hughes Air-
craft Co. and Nippon Electric Co.,
with several advanced features over

earlier ground terminals, including
amplifiers based on gallium-arsenide
transistors and powerful new travel-
ing-wave tubes.

Spurring developments is the
move of SBS into higher communica-
tion frequencies of from 12 to 14
gigahertz (or K band), up from 4 to
6 GHz (C band) where commercial
satellites now operate. The higher
band takes the first U. S. all-digital
satellite communications system
away from terrestrial microwave
interference, but the penalty comes
from attenuation, particularly dur-
ing bad weather.

Challenge. So the challenge for the
terminals, and the satellites, is to
boost power to overcome the attenu-
ation, without sacrificing reliability,
all at reasonable cost. “We're plow-
ing new ground in commercial earth
stations, all right,” observes Richard

K-band. Hughes ground station for Satellite
Business Systems’ customers comes with a
7.7-meter antenna (shown) or with a 5.5-m
antenna for rooftop locations.

D. Brandes, manager of the Com-
mercial Systems division at Hughes’
Space and Communications Group.

The Hughes division and NEC
each have contracts for 100 ground
stations (and Hughes is building the
satellites). Neither of the firms—nor
sBs—will talk prices, which may
well be at bargain-basement levels in
anticipation of orders to come.

One factor in reorders may be the
field performance of the two compa-
ny’s products. However, the two
types of ground stations share most
of the same advanced technological
features. One major difference is the
higher degree of integration in the
Hughes circuitry.

Changes. Chiefly, the improve-
ments are in the low-noise ampli-
fiers, where GaAs field-effect-tran-
sistor units replace the conventional
parametric amplifiers, and in the
development of upgraded 250-watt
parallel helix TWTs.

The big edge GaAs FETs offer is
price, with performance close to that
of parametric amplifiers. They make
possible a $2,000 amplifier, com-
pared with the $35,000 parametric
amp. The noise figure of about 3
decibels is close enough to the
parametric amplifier’s 2 dB to guar-
antee system performance.

The 250-w TWTs combine to pro-
vide the required 500 W of radio-
frequency output for the modulated
signal transmitted to the satellite. If
one TWT fails, output is reduced 3
dB, which is still sufficient for unin-
terrupted operation, says Hughes.

The low-noise amps are in the sub-
system that converts the K-band sig-
nal down to the intermediate-fre-
quency band; the TWTs convert the
i-f into the desired radio frequencies
for the transmitter. Antennas come
in 5.5- and 7.7-meter sizes, for roof-
and ground-mounting, respectively.

Both Hughes and NEC have virtu-
ally the same design, including
microprocessor-controlled switching
to backup modules in case of failure.
Prototypes from both firms pass ini-
tial tests, says Irving Dostes, SBS
director of development engineering.
“We think we got super terminals
from both,” he says.

A major difference is size of ter-
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minal electronics, he notes. Hughes’
fills two open racks, each 6 by 4 by
3Y; feet, but NEC’s total package
volume is some 50% more.

Hughes has a higher level of cir-
cuit integration, particularly in fre-
quency converters. Though space is
not at a premium in the SBS stations,
Hughes believes that squeezing cir-
cuitry into smaller integrated de-
signs should improve cost-effective-
ness and reliability.

The firm’s Commercial Systems
division plans to kick off an entire
line of ground terminals based on the
SBS equipment. So it sees a longer-
term advantage in compactness.

So far, SBS has signed up only
eight customers for its dedicated ser-
vice, where terminals will be in-
stalled at various facilities through-
out the country. Recession effects no
doubt are complicating sales of the
point-to-point voice, high-speed
data, facsimile, and teleconferencing
service. -Larry Waller

Photovoltaics

Deposition drops cost
of thin-film CdS cells

Low-cost thin-film cadmium sulfide
solar cells are moving towards com-
mercial realization at Boeing Aero-
space Co. Researchers at the Seattle,
Wash., company have developed a
photovoltaic cell whose junction is
manufactured entirely by vacuum
deposition and sputtering tech-
niques, omitting the usual chemical
bath and thus reducing costs over
previous versions.

The cells have reached a 9.4%
energy-conversion efficiency. The
Solar Energy Research Institute,
which is funding Boeing, says that a
fully optimized design should top
10%—the 1980 goal set by SERI’s
parent, the Department of Energy,
for thin-film devices.

Cost. Boeing and SERI think the
new cell also puts the DOE goal of
15¢ to 50¢ per peak watt in 1990
well within reach. Although single-
crystal silicon cells can achieve effi-
ciencies of 16%, they cost about $15
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Cheaper. Forming layers for Boeing’s cadmium suflide cell by using thin-film deposition
techniques exclusively reduces materials use and manutacturing costs.

per peak watt—at least so far [Elec-
tronics, July 19, 1979, p. 105].

The appeal of thin-film cells is
that they are easy to manufacture
and use relatively small amounts of
material, compared with thick-film
cells. As a result, research with thin-
film cadmium compounds continues
in several areas using zinc, copper,
and selenium traces. Boeing’s copper
indium selenide CdS cell is the most
recent addition to this family of thin-
film devices.

Both Boeing and SERI are reluc-
tant to discuss the process details
until the issue of patents has been
settled. However, two critical factors
are the ability to use evaporation
techniques to build all the layers (see
figure) on a low-cost substrate in one
diffusion chamber, plus elimination
of the difficulties associated with the
chemical baths used to lay down the
compounds in other forms of CdS
solar-cell manufacture.

Long-term stability, a problem for
other cadmium sulfide thin-film de-
signs, is within reach, Boeing says.

Its design appears to be less prone to
oxidation and moisture, problems
requiring hermetic sealing of other
CdS designs.

For the past three years, Boeing
has received about $200,000 annual-
ly in SERI contracts for photovol-
taics. In the last year, the current
cell has undergone efficiency im-
provements from 6.7% to 9.4%, a
figure verified by the National Aero-
nautics and Space Administration’s
Lewis Research Center.

Next. For the Boeing researchers,
Wen S. Chen and Reid A. Mickels-
en, the next step is to optimize the
aluminum contact grid lacing the top
of the cell. Mickelsen believes that
the 8% shadowing caused by the grid
can be reduced to 3%.

“The design of the top grid struc-
ture is critical,” he explains, noting
that the aluminum lattice must be
sparse enough to pass light to the
cell, yet sufficiently low in resistance
to serve as an efficient electrode.

Further work is also needed to
increase the 1-centimeter-square cell

IEEE funded for photovoltaic standards

The Institute of Electrical and Electronics Engineers has been awarded a
$25,000 contract to help establish photovoltaic standards. From the Solar
Energy Research Institute, the contract should defray the administrative
costs associated with developing the voluntary standards. The work will be
undertaken by the IEEE’'s standards coordinating committee on photovol-
taics, directed by David Redfield of the David Sarnoff Research Center, RCA
Laboratories, Princeton, N. J. -Pamela Hamilton
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size, perhaps to the 3- and 4-inch
diameters of silicon cells—*‘but not
right away,” says Richard Burke, a
branch chief at SERI’s photovoltaic
division. “We need to increase the
efficiency first and do a cost analysis
and see what’s involved in scaling
up.” -Gil Bassak

Peripheral equipment

Membrane keyboards
adopt raised keys

Makers of flat-panel keyboards are
beginning to reintroduce keys, be-
cause they find that the keyless pan-
el that serves so well for hand-held
calculator runs into operator resist-
ance in data-entry applications.
Thus Oak Technology Inc.’s new
FTM (full-travel membrane) key-
board features keys— but the Crystal
Lake, Ill., company says it has
refined membrane-switch technology
for improved reliability and faster,
lower-cost production.

As the photograph shows, the FTM
offering looks to the user like a key-
board employing capacitive, me-
chanical, or Hall-effect technology.
The membrane is, in effect, a flexi-
ble circuit board, and it reduces

parts counts, gets rid of costly gold
contacts by using carbon-silver con-
ductive inks, and simplifies manu-
facturing—a plus for fast turna-
round on custom keyboards for origi-
nal-equipment manufacturers.

Automated. “To design a key-
board that we could custom-design
and turn around cheaper and faster
than anybody else in the industry, we
realized we had to go to completely
automated manufacturing. And in
designing such a keyboard with com-
puter aids, we came up with several
technological breakthroughs,” says
Willis Larson, vice president of
product development at Oak.

The breakthroughs Oak claims
include the membrane material and
conductive inks. Since patents are
pending on all of these, Larson
would not elaborate. The new mem-
brane, a second cousin of Teflon, will
operate over a wider temperature
range than the polyester-based mem-
brane used by other companies.

“Since in most cases, keys will be
in contact with the membrane, this
will give us an edge,” Larson says.
“The film retains its elastic proper-
ties even at high (85°C) tempera-
tures, a capability superior to polyes-
ter— 100 million cycles per key.”

Such a reliability figure, double
that claimed for other membrane-

Back to keys. Although membrane-switch technology lends itself to flat keyboards, for
data-entry applications, it is being combined with raised keys because users prefer them.
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based keyboards, approaches the
specifications quoted for solid-state
Hall-effect switches. With no physi-
cal contact necessary, the Hall-effect
keyboards offer unquestioned reli-
ability, and OEMs have been willing
to pay the price for this.

Oak says it will be delivering large
quantities of its FTM keyboards for
from $25 to $30 apiece, about half
the cost of the Hall-effect keyboards.
The Oak price range is similar to
that of the Fastype Series 1, a mem-
brane-based full-travel keyboard line
recently introduced by Chomerics
Inc., the Woburn, Mass., inventor of
membrane keyboards [Electronics,
July 7, 1977, p. 42].

More. Of the Oak entry, Robert
A. Rothenberg, president of Chom-
erics International, says: “This is the
second company Chomerics is aware
of that has entered the membrane
alphanumeric keyboard market [his
being the first], and we are reasona-
bly certain that two new companies
will soon be entering this same mar-
ket. The interest of all these other
companies only supports our conten-
tion that this is the only direction
that alphanumeric keyboard design
can take.”

The response from the Hall-effect
people is tight-lipped. Edward C.
Leibig, marketing manager for key-
boards at the Micro Switch division
of Honeywell in Freeport, Il says,
“We are aware of the Oak full-travel
keyboard, and we have no comment
at this time.” -Ana Bishop

Consumer

CBS stepping out
for French teletext

Bypassing the stalled efforts of the
Electronic Industries Association’s
subcommittee on teletext, CBS Inc.
has endorsed the French-developed
Antiope teletext system as a U.S.
standard. The capacity to support
future technological growth was the
major reason cited by the New
York—-based owner of CBS-TV in its
recommendations to the Federal
Communications Commission. Anti-
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" Free-form. An added feature of the Antiope teletext system is the transmission of free-form

graphics, which translates wand's path into the geometric primitives of line and polygon.

ope is flexible and more easily adapt-
ed to U.S. Tv, according to CBS,
which has conducted over-the-air
testing of both British and French
teletext systems. Field tests at
KMOX-TV, St. Louis, Mo., began in
March 1979, when the network-
owned station exercised the British
Ceefax/Oracle and the Antiope sys-
tems.

Software. Antiope [Electronics,
June 19, p. 80] is a software system
with its data stream formulated
independently of the transmission
mode —line-for-line synchronization
with the broadcast Tv signal is not
necessary. So it carf more easily
accommodate the almost certain
changes in technology.

The British systems employ a
character-transmission format that
is more dependent on hardware, add-
ing to the costs of updating each Tv
set’s decoder. It has similar alphanu-
meric and graphic capabilities to
Antiope’s, since both use the same
display format and page store.

The software-based French system
already can send a wide variety of
data. Examples include encrypted
messages sent simultaneously and
decoded only by the designated
recipients and free-form graphics
(see photograph).

Also, Antiope is carried via Didon,
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a packet-based transmission system
conforming to the International
Standards Organization X.25 proto-
col for data communications. Thus,
CBS argues, Antiope would best meld
into existing and developing commu-
nications networks.

Each Antiope packet contains 8
service bytes followed by up to 32
bytes of display data. The packet
organization is designed to permit
transmission at data rates varying
from 2 to 4 megabits per second and
to permit operation with PAL,
Secam, or NTSC TV broadcasting sys-
tems. Antiope’s packet transmission
also can be used for viewdata.

One advantage of a variable for-
mat such as Antiope’s is that of
“parallel” attributes, where charac-
ter features like color, extended size,
and flashing do not occupy any dis-
play space. Ceefax and Oracle
require serial attributes, transmitted
along with the information to be dis-
played and thus generating blank
spaces next to each character.

Hybrid. The British have devised a
hybrid teletext format, Polyglot C,
which resembles Antiope’s variable
format, and CBS acknowledges that
it could theoretically accommodate
changes as the technology develops.
However, in the words of Joseph
Flaherty, vice president of engineer-

ing and development, it sees Polyglot
C as “a system of workarounds,”
which *“‘could pose problems and be
more error-prone than the straight-
forward method.”

Telidon, a Canadian teletext sys-
tem [Electronics, April 10, p. 44], has
some features in common with
Antiope, such as a software-based
character format, but it requires
more memory and this would be
reflected in the cost of the decoder.
CBS did not test Telidon because its
Canadian promoters did not have
equipment available at the time.

All the systems tested by the net-
work are transmitted during the ver-
tical blanking interval of a broadcast
signal, a characteristic of teletext.
Antiope can also be transmitted con-
tinuously on a TV channel, pouring
out hundreds of pages of data a sec-
ond. Viewdata, a two-way, tele-
phone-accessed information system
[Electronics, July 31, p. 44] was not
included in the tests.

Stalled. Although a recent EIA
vote suggested that the British sys-
tem was favored, the traditional 75%
majority was not reached. The sub-
committee on teletext, composed of
TV broadcasters and manufacturers,
is stalled, according to observers, be-
cause the TV manufacturers are
reluctant to add anything that will
increase the cost of their product.

The CBS report argues that, even
though the Antiope decoder might
be a little more expensive at first, it
is essential that parallel attributes be
available in any teletext system.

The British say the fight is far
from over as they believe some U.S.
television manufacturers favor their
system. Zenith, in fact, has hard-
ware based on British chip designs
[Electronics, July 3, 1980, p.59].
British sources dispute CBS’s techni-
cal arguments in favor of Antiope,
stressing that their system’s decoder
is inherently cheaper and that its
heavy error-protection system is bet-
ter adapted to the noisy broadcast
environment.

The network, which first sug-
gested to the EIA that it examine the
issue of teletext and come up with a
standard, has grown impatient with
the committee it helped form, warn-
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ing that *“‘adoption of teletext rules
and standards is essential at this
time.” Though CBS intends to parti-
cipate in future activities of the sub-
committee, its director of transmis-
sion engineering, Robert O’Connor,
has resigned his chairmanship of the
EIA unit. -Gil Bassak

Instrumentation

Logic analyzer design
is miser on power

Power consumption is a great design
headache when updating an existing
instrument design especially when
the basic mainframe is several years
old. Add to that the problem of fit-
ting the plug-in module into limited
space, and it’s easy to see that Tek-
tronix’ logic-analyzer designers

faced down some tough problems in
their update of the 7000 series.

The new 7D02 module [Electron-
ics, July 31, p. 127] is definitely up
to date—it can analyze the logic
state of 16-bit microprocessors using
decoded mnemonics and offers up to
44 channels. Optionally, it also pro-
vides asynchronous analysis of eight
channels, along with detection of
fast waveform glitches.

Providing this capability meant
using only the power that the early
mainframe could supply. So the
designers had to keep a close eye on
the power budget, while putting the
design on the fewest number of
printed-circuit boards.

“It was quite a challenge,” says
Robin Teitzel, hardware design proj-
ect manager for the new analyzer
module. “We had 49.5 watts to play
with and we counted every milli-
watt.” Keeping power down meant

DATA  SYNCHRONOUS/ _ WORD
HIGH/LOW ASYNCHRONOUS RECOGNIZER
5V CONTROL CONTROL OFF/ON
Y { Y
CLOCK IN
—_—
V ——
WORD
RECOGNIZER
DATA iN
(POSITIVE) ) e — out
0ATA|N—>-—cl/
(NEGATIVE) —>{ PLEXER
DELAY LINE
OUT -
DELAY LINE a
N —— = DATA OUT
v < >
-
—
&= GLITCH
~ & PIPELINE
‘ s s ouT
P e —
ol b= =
5‘ e
=
GLITCH
GLITCH
PETEETON RECOGNIZER
ouT
—
GROUND
il n
GLITCH GLITCH
PIPELINE  RECOGNIZER
CONTROL OFF/ON

Glitch catcher. Replacing eight chips with one, Tektronix’ bipolar multilogic IC is the heart of

a timing option subsystem in the new 7D02 logic
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analyzer designed to be power-thrifty.

playing a lot of tricks with the stan-
dard logic parts used in the state
machine to minimize design risk.

Building the state machine that
way gave the designers the freedom
to use custom logic for the timing
option chip, which Teitzel describes
as “one of the best things we’ve ever
done.” The chip is built with the
Beaverton, Ore., company’s SHF II
(super-high-frequency II), a mono-
lithic bipolar fabrication process
developed for high speed. Tektronix’
latest process, SHF 111 [Electronics,
June 21, 1979, p.131] was still
experimental at the time the module
design began.

The chip, which uses emitter-cou-
pled, current-mode, and diode-tran-
sistor logic, allows the glitch-catch-
ing timing option to fit on only two
pc boards—one-quarter the space it
took up in the earlier 7D01 analyzer
module intended for 8-bit machines.
Here, too, chip designer Keith Tay-
lor says, “the thing was to get the
glitch detection capability into the
power constraints of the box.”

Detecting. To do that, Taylor
came up with new glitch detection
schemes and folded what were essen-
tially eight integrated circuits into
one. The unit can catch two or more
transitions in a short period of time
without any dead time for resetting,
as in other schemes.

Actually, there are two glitch
detectors—one for negative polarity
and one for positive—in one. Each
time the incoming signal makes a
transition from one level to another,
a flip-flop is set.

In effect, the flip-flop settings are
examined to see whether there are
two zero crossings between clock
edges. “Really, it’s a push-pull
scheme. We've filed a patent on it,
but it’s a little too early to give out
too much detail on it,” the reticent
Taylor explains.

Though most of the remaining
design is not patentable, it took a
good deal of creative thought. “We
did a lot of engineering on the [mod-
ule’s] power supply itself,” Teitzel
recalls. A switching supply, it is 80%
effictent at minimum, and 84% typi-
cally—high even for a switcher.

That efficiency was the result of a
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News briefs

Intel goes lower in development systems

Intel Corp., Santa Clara, Calif., is introducing a low-priced development
system for its 8048 and 8080A /8085 microcomputer families, as well as a
high-speed emulator for single-chip microcomputers. The new mode! 120
Intellec series Il is a single-package development system with a built-in
cathode-ray-tube display and a floppy-diskette drive. With resident software
for either microcomputer system, it is priced at $6,990, or at least $4,000
less than other Intellec models. The model 120 can be used with the new
11-megahertz emulator, the HSE-49, that emulates the 8048 and 8049
microcomputers in single-step and real-time modes. Its price is $1,950 with 2
kilobytes of random-access memory.

HP to make floppy disks, tape drives

Hewlett-Packard Co. has formed a new division that will produce floppy-disk
memories and subsequently computer tape drives. The Greeley division will
initially be at HP's Fort Collins, Colo., site but will eventually occupy a plant
near Greeley, Colo. Thomas L. Kelley, manager of peripherals operations at
HP's Desktop Computer division in Fort Collins, has been named general
manager.

Radio Shack expands its TRS-80 family

Tandy Corp.’s Radio Shack division proved late last month that it has no
intention of resting on its laurels as the volume leader in personal computer
sales. As expected [Electronics, July 31, p. 33}, the Fort Worth, Texas,
company unveiled three computers aimed at supplementing its TRS-80
family. Two of the three machines come in at the low end. The TRS-80
pocket computer, a hand-held unit that houses 1.9 kilobytes of random-
access memory, will sell for $249.95. The TRS-80 color computer, priced at
$399, includes 4 kilobytes of main memory and a 53-key alphanumeric
keyboard with modulator for use with a standard color or black and white TV
receiver. The TRS-80 model Ill, despite its name, is positioned between the
original $499 mode! | introduced in 1977 and the $3,450-to-$9,000 TRS-80
model Il brought out last year. With the same basic architecture as the mode!
|, it is directed toward professional and scientific use and is offered in three
versions priced at $699, $999, and $2,495.

GE putting microelectronics center in North Carolina

General Electric Co. is moving technology southward. With a planned initial
expenditure of $55 million, the Fairfield, Conn., corporation is setting up a
microelectronics center in North Carolina’s Research Triangle Park near
Durham. Research, development, and production of custom components for
many of GE's product lines will be carried out in cooperation with the
corporate research and development center in Schenectady, N.Y. The com-
pany hopes to have the plant fully operational by early 1982.

certain amount of luck as well as
work, the designer notes. Originally
the design called for a rod inductor
in the supply’s output, but it was
found that it acted like a broadcast
antenna, causing noise to show up on
the mainframe’s cathode-ray tube.
This caused a switch to a toroid,
cutting the interference and increas-
ing the power-supply efficiency,
thereby providing an extra 100 milli-
watts of power.

“We watched a lot of stuff like
that and we played a lot of tricks—

for example, we don’t run the TTL
ICs at 5 volts. We run it down a bit,
at 4.85 v,” Teitzel discloses.

Though the 150 millivolts does not
seem like much, the end result is a
power saving of 700 milliwatts. Teit-
zel points out that the savings would
actually have been greater if he had
used ‘‘garden-variety discrete TTL,
LS163-type stuff. But I had to do
everything with 1Cs because 1 didn’t
have the board space, so it meant
that the circuit actually consumed
more power.”  -Richard Comerford
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DIGITAL/ANALOG ANALYSIS:

THE TEST SYSTEM FOR THE 80s.

Introducing the new Paratronics P1540 Logic Analysis System.

The smarter your product becomes for
the 80’s, the harder it's going to be to
test. Up to now you've been ) _
using state and timing Sensor
analyzers to wrestle with syn- T

chronous and asynchronous Analog Domain
v Signal

digital problems. But there
are still analog signals out A/D
there, and you still need a

-

waveform recorder. Digital
Now the Third Generation __y Signal

Paratronics has looked at

testing in the 80’s and Micro-Computer

developed the P1540 in
order to combine state,
timing and waveform
recording functions into
one compact piece of gear.

T

[}

i

LA
Typical Application

Our new Logic Analysis System gives
you 32 state channels, 8 more channels
for timing (or state), and
one analog channel—the
number and type of moni-
toring functions you'll need
to develop and test today’s
bus-oriented products. But
monitoring power alone is
not enough: the great news
is that we let you link any
or all of these analysis
resources to ferret out the
cross-domain problems
you'll be encountering.

For example, in the analysis

of uP-based processor
controller, the P1540’s

linked resources allow you to trace
sequences beginning withan analog input,
continuing with its conversion to digital,
and ending with its ultimate effect on
program flow.

The Most Complete Analysis

Tool Available

The P1540's standard features include
variable threshold probes, 16 levels of
nested triggering, signature analysis,
cross-correlation processing, comparison
memories, and hex, octal, binary,
decimal, ASCII, timing and waveform
display formats.

A Word About the

System 5000 Mainframe

The PI1540 utilizes Paratronics’ new
System 5000 mainframe which houses a
large, 9-inch (23-cm) CRT; a protective
folding keyboard with posi-
tive-action, domed keys;
and a general-purpose
microcomputing system.
The individual analyzer
functions unique to the
PI540 reside in the System
5000's applications card
cage. In this manner, the
P1540 can be configured
with the analysis resources
you need now, and
upgraded later.

If you're going to keep smart machines
working smartly in the 80's, you'll want
to know all about our P1540. For com-
plete information or a demonstration by
one of our local sales engineers, contact
Paratronics, Inc., 2140 Bering Drive, San
Jose, CA 95131; (800) 538-9713 (toll free)
or (408) 263-2252 (California).

p" PARATRONICS INC.

For additional information circle #172

For a demonstration circle #51
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playinl; second fiddle
in 80855%.

You may not know it, but NEC is the second largest
supplier of 8085's in the world. And now we're ready to
be Number L

We've already got what it takes: a complete 8085A
family, including a full line of compatible high-perfor-
mance peripherals.* Also, we offer unmatched reliability,
thanks to 100% burn-in and Total Quality Control (TQC)
from design through final test—methods other companies
like to skip. On top of that, we'll give you very com-
petitive prices and very fast delivery.

Call now for details on our whole 8085A line. Help
us beat our competition—and we'll help you beat yours.

Contact the nearest NEC Microcomputers office
for the name of your local representative. And be sure
to ask for a copy of our latest catalog.

Regional Offices: Northeast: Woburn, MA, (617)935-6339;
East: Melville, NY, (516) 293-5660; Southeast: Vantage Point
Office Center, 4699 N. Federal Hwy, Pompano Beach, Fl;
Miidwest: Rolling Meadows, IL, (312) 577-9090; South Central:
Dallas, TX, (214) 931-0641; Northwest: Cupertino,NE
CA, (408) 446-0650; Southwest: Orange, CA, C

(714)633-2980. NIEC Microcomputers, Inc.

* 8085A-2 5 MHz option; 8155 256 x 8 RAM with I/O ports and timer; 8155-2 Compatible with 8085A-2; 8156 256 x 8 RAM with
I/O ports and timer (active high chip enable); 8156-2 Compatible with 8085A-2; 8251A Programmable Communications Interface;
8253-5 Programmable Interval Timer; 8255A-5 Programmable Peripheral Interface; 8257-5 Programmable DMA Controller; 8259-5
Programmable Interrupt Controller; 8279-5 Programmable Keyboard/Display Interface; 8355 16,384 bit ROM with /O ports; 8755A
16,384 bit EPROM with I/O ports (available Oct, 1980).
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GenRad offers

! a major reduction in
big IC testers.

GenRad’ 1731 linearand
1732 digital test systems
give you everything you
want from big systems
atone quarter the price.

A roomful of testing hard-
ware costs a lot. And chances |
are it'll give you more testing |
capability than you’ll ever need. |

Our linear and digital
IC test systems are the perfect }i§. . o | SRR
alternative. Because GenRad’s 158 ftopgallif _— —
technology has reduced big IC test = . _

systems to an extremely manage-
able, portable, benchtop size. And
while we reduced the size, we
still offer all the capability =y
you need for comprehen- _
sive IC testing. :

The secret to small size
and big performance is micropro-
cessor control, and it'1l give you the
flexibility of software-controlled mea- L
surements. In addition, you’ll get qualita-
tive readouts on each IC, summary sheets, binning and data logging.

And both have “fill-in-the-blanks” software, which means new programs can be
developed in minutes—something you can’t do with big IC test systems.

GenRad’s 1731 linear IC test system offers extensive testing on op amps,
voltage regulators, comparators, voltage followers, and current mirror amplifiers.

The GenRad 1732 digital IC test system lets you test SSI, MSI, LSI, and mem-
ories. As well as TTL, ECL, I’L, CMOS, and NMOS technologies.

They both come with a CRT that'll prompt you every step of the way.

Find out more about GenRad’s money-saving 1731 linear, and 1732 digital IC
test systems. Then order them both. You’ll enjoy the benefits of common hard-
ware and software. And be dealing with
just one, dependable supplier. GenRad.

Call Toll Free 1-800-225-7335. (In Mass.
call 617-779-2825). Or write: GenRad, Con-
cord, MA 01742.

P A
=

The 1731 linear benchtop

T e GenRad

Put our leadership to the test.
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Motorola leads in
a-m stereo re-review
FCC insiders say . . .

. . . but Magnavox cites
system adaptabillity
in drive to hold on

Flight simulator
market boosted
by FAA ruling

Now Mexico heads
U. S.color TV
Import markets

Electronics/August 14, 1980

Washington newsletter

Motorola Inc. is leading its four competitors at the start of the Federal
Communications Commission’s expected second look at its earlier recom-
mendation that Magnavox Consumer Electronics Co.’s a-m stereo radio
broadcast be selected for national use [ Electronics, July 17, p. 54]. Also to
be reevaluated are the proposals of Belar Electronics Laboratory Inc.,
Harris Corp., and Kahn Communications Inc. But FCC insiders say that
Motorola’s early lead with its entry—called C-QUAM, for compatible
quadrature amplitude-modulated signal [Electronics, April 14, 1977,
p. 82]—could change by the time the commission completes its new
comments and reply schedule at the end of the year.

The disappointment of Magnavox in the FCC’s decision to take another
look at its a-m stereo recommendation was somewhat softened by the
commission’s refusal to withdraw its initial recommendation of the compa-
ny’s technique until it gets more data. The company is trying to reinforce
the original FCC recommendation by reporting that it has successfully
converted a Kahn Communications a-m stereo exciter used by broadcast-
ers and produced the Magnavox broadcast signal. Robert Streeter, inven-
tor of the Magnavox system, made the conversion in “about two hours,”
the company said, “simply by removing 13 components from the printed-
circuit boards and adding some jumpers.” Indeed, FCC engineers noted
that the relatively simple engineering approach used in the design of the
Magnavox system ‘‘makes conversion of other systems to it quite easy.”

The market for advanced flight simulators will get a major boost following
a Federal Aviation Administration ruling that airline pilots may now use
simulators for increased training, checking, and certification. However,
simulator manufacturers will need to upgrade present systems. In the first
of the program’s three phases, existing simulators may be used for periodic
proficiency checks of pilots, copilots, and flight engineers, the FAA says.
The second phase—which will require substantial simulator improve-
ments —will permit additional training to upgrade pilots to larger
aircraft. Simulator improvements required will include programming for
crosswind and wind-shear effect, a variety of runway conditions, brake and
tire failures, and six-axis motion systems, plus the addition of visual
systems to simulate dusk and night scenes. The more complex third phase
which will permit simulator use for nearly all pilot training and flight
checks, including initial training in new aircraft types, “will require
additional development by manufacturers of equipment that can duplicate
virtually every aspect of the real world of flight,” the FAA says.

U. S. color TV receiver imports are changing dramatically, with shipments
of incomplete units rising and imports of complete receivers declining,
according to new Commerce Department figures. Imports of incomplete
receivers—usually lacking only a picture tube —rose 24.8% to more than
750,000 units in the first 1980 quarter from the year before, while
imports of complete units dropped more than 50% to less than 209,000
units. Mexico, which accounted for nearly 60% of the 2.5 million incom-
plete receivers imported in 1979, registered a first-quarter increase of
11.1% over last year with shipments of 389,000 units, mostly from
subsidiaries to their U.S. parent companies.

55



56

Washington commentary

Automation delays on the D. C. subway

Technology has a bad name among Washing-
tonians these days. The name is Metro, the
multibillion-dollar subway system with its
chronically faulty Automatic Fare-Collection
System built by Cubic Western Data Corp. In
fact, with 60 miles of its 101-mile system oper-
ating, the Washington Metropolitan Area Tran-
sit Authority is now contemplating scrapping
the $51.6 million system and replacing it with
more reliable turnstiles and tokens.

Despite recent fixes made to the automatic
equipment—originally touted as an improve-
ment on the one developed for San Francisco’s
Bay Area Rapid Transit—Metro general man-
ager Richard Page leans toward scrapping
Cubic’s System. But Page also acknowledges
that this decision is complicated by the fact that
the WMATA board comprises representatives
from the three separate government jurisdic-
tions that Metro serves—the District of Colum-
bia and adjoining counties in suburban Mary-
land and Virginia.

An image problem

Metro’s fare-collection system received much
attention when Cubic got the contract in 1975.
Breakdowns and malfunctions since then have
attracted substantially more attention. Local
television news programs have competed vigor-
ously for stories on the fare-collection problems.
The bad publicity certainly has offset Cubic’s
corporate image ads touting “technology that
makes America a better place to live.”

Page’s latest financial assessment of the
choice between automation and turnstiles got a
lot of attention when he declared that the cost of
going to turnstiles for the whole 101-mile sys-
tem would still be cheaper even if AFCS in the
existing 60 miles was replaced and the millions
already spent were written off. Moreover,
annual maintenance costs would be more than
halved. A complete AFCS package with improve-
ments, he says, will cost $80.4 million versus
$21.4 million for turnstiles with token vendors.
Annual AFCS operating costs would be $25.4
million versus $12.1 million for turnstiles.

From where Page sits, the basic issues are
“financial and political, not technical.” But they
are indeed technical for U. S. electronics com-
panies anxious to develop new markets and cul-
tivate their image as makers of quality products.
The fundamental issue is one of product design.
“Cubic’s problem,” contends one Metro engi-
neering task force member, “is that it came up
with a product that failed to factor the operat-
ing environment—the fine dust and dirt that
exists in a subway—into its design. These pro-

duced most of the breakdowns, and still are
producing them desite all the fixes” [Electronics,
March 27, p. 57]. Others agree.

That design failure, according to one Califor-
nia-based executive who served as an advisor to
San Francisco’s BART, is a product of American
management’s failure to assign its best engi-
neering talent to new market areas whose dollar
volume and profit margins are uncertain. His
contention is that ‘“‘your best engineers come
from the top 10% of any university graduating
class. The same numbers apply in industry. And
those people get assigned to the big dollar pro-
grams with the highest payoff potential.”

Cubic rejects those arguments, of course,
although it concedes both its failure to recognize
that passenger traffic far heavier than original
estimates would generate the extra dust and dirt
that led to equipment breakdowns and its failure
to tell Metro management in 1977 and 1978 to
order spare parts for maintenance. Though the
company has larger contracts, a Cubic spokes-
man contends that the Metro system got the
attention of the company’s top management
because the initial 1975 contract award for $54
million was the largest of its kind the firm had
ever received. Its complex automatic system
represented ‘“‘state-of-the-art technology in
1975,” Cubic says, but notes that the technology
“has advanced by leaps and bounds since
then” —advances that Cubic says led it to invest
an out-of-pocket $5.5 million in changes at one
heavily used downtown station to bring hard-
ware to a 99% reliability level. Nevertheless, the
damage to the image of good engineering and its
potential in an emerging market has already
been done.

Demands of new markets

What Metro’s problems with Cubic demon-
strate is that engineers dealing with a first-time
customer for a new application of technology
must recognize that the customer often cannot
define his own operating environment, much less
product performance specifications. And corpo-
rate managers must recognize that when they
seek to displace old and proven technologies—in
this case turnstiles—with something they insist
is better, the manager must allocate the compa-
ny’s best engineering talent to the problem at
the beginning.

Metro’s program to make its new subway
system a model for the nation did not seem
overly ambitious at the start. Nevertheless, its
major technological segment has flopped. And
the image of U.S. electrical engineering has
suffered as a result. -Ray Connolly
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Model 3010, our new high-
performance, synthesized signal
generator, has a top end of 1,000 MHz. It

lets you cover the frequency range from
1 GHz all the way down to | MHz, with

0.001% accuracy and +13 dBm RF
output. Combine that with 100 Hz
resolution, £0.75 dBm flatness and
standard {frequency programmability
and you're ready to run

Frequency is easily set by seven
lever/indicator switches. Front-panel
controls allow selection of four
(instead of the usual two) modulation
frequencies—400 Hz, 1 KHz, and two
user preset frequencies. Unique
modulation capabilities let you
perform testing which requires

complex or simultaneous modulation—

AMon FM, FM on FM, or AM on AM

Model 3010 is ideal for conducting
tests all the way from LF up to the 800
and 900 MHz communication band. It
ensures high performance at the top
end, the bottom end, or anywhere in
between for only $4,750.* Call us toll-
free today for a demonstration

Wavetek Indiana, P.O. Box 180
66 North First Ave , Beech Grove
IN 46107. Toll-free 800-428-4424
in Indiana, (317) 783-3221
TWX (810) 341-3226

WAVE TEK:

Circle #56 for demonstration
Circle #57 for literature

*US pnce only.




prague Electric

in developing specialty

e

WANT TO GIVE YOUR P
A GREAT WAY TO TALK

Sprague Electric regularly intro-
duces new semiconductor devices to
answer specialized requirements. One
product innovation follows another as
Sprague continues its involvement
with fast-changing technologies in
many fields: aerospace, automotive,
data processing, telecommunications,

consumer electronics, industrial in-
strumentation, photographic equip-
ment ... you name it.

The specialized devices in the
advertisements shown here are rep-
resentative of many more that have
been designed and manufactured in



leads the way
integrated circuits.

high volume by Sprague during recent
months. And the pace is accelerating.
By the end of 1980, Sprague IC ship-
ments will be 50% ahead of 1979.
That’s quite an increase.. ..

Although no one knows exactly what
new and specialized circuits will be

needed tomorrow, one thing is quite
sure: Sprague will be creating many of
them. Innovation is everyday at
Sprague Electric’s Integrated Circuit
Operations, 115 Northeast Cutoff,
Worcester, Mass. 01606.

SPRAGUE

THE MARK OF RELIABILITY

a subsidiary of GK Technologies
NCOrpor ated
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INDUSTRY'’S
RAISED 'EM.

INTRODUCING ECLIPSE® MV/8000, the fast new processor that
gives you high throughput, high performance, and unmatched
reliability, and the most compatible 32-bit computer system in the
industry.

You need a 32-bit system that thinks fast. Mv/8000’s 36.4 MB/sec.
memory bandwidth is two-to four-times faster than its nearest
competitor. And it features a unique three-level 170 system using
independent processors that drive high-speed busses and as many
as 128 terminals.

Need hot architecture? Mv/8000 gives you one of the industry’s
most advanced virtual memory management techniques, plus 4 gigabytes of logical address
space, 6.6 gigabytes of on-line storage, and user programs as large as 512 megabytes —that’s
16 times larger than the competition’s.

Your Mv/8000 also has unmatched reliability and maintainability. It comes with its own inde-
pendent microNOVA™-based System Control Processor that continuously monitors a diag-
nostic bus, and identifies hardware faults right down to the field-replaceable unit. Plus, you
get enhanced maintainability with a totally alterable control store —the first ever on a 32-bit
mini-mainframe.

How about system security? MV/8000 gives you an 8-ring security system that divides the
address space into eight imbedded protection areas, each with a unique privilege level. That
secures system resources and user’s privileged routines.

You need a 32-bit computer that speaks your language. Mv/8000 speaks just about all
of them, based on its new, ultra-sophisticated AOS/VS operating system that’s compatible
with our time-tested AOS (Advanced Operating System). AOS/VS has optimized micro-code
for high-level languages like ANSI FORTRAN 77, ANSI BASIC, and ANSI PL/I. What's more, AOS/VS
can run COBOL, DG/L, DG/DBMS, TPMS, INFOS I, AZ-TEXT™ word processing, RCX70 (3270) and
RJE (2780/3780).

Compatibility? Forget about emulation, mode bits or rewrites. Along with its new 32-bit s
applications, Mv/8000 executes all existing AOS-based ECLIPSE programs. You don’t have to i
change programs, peripherals, interfacing, documentation, or people.

Mv/8000, new from Data General. From now on we hold all the cards in 32-bit
systems. Bet on it. And win.
Data General Corporation, Westboro,
MA (01580, (617) 366-8911. ECLIPSE
is a registered trademark and microNOVA
& AZ-TEXT are trademarks of

Data General.® Data General
Corporation, 1980.
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In celebration of the 50th anniversary of Electronics Magazine ...

you are invited on an extraordinary journey

exploring where electronics has been
and where we are going. ..

AN AGE OF
INNOVATION

The World of Electronics

1930-2000

by the Editors of Electronics

274 pages, 300 illustrations including many in full color, hardcover, $18.50

Never before has the history of electronics been
brought together in such an exhilarating, comprehen-
sible look at the advances that have shaped our world.

Painstakingly researched and written, AN AGE OF
INNOVATION brings you up close to the discoverers
who set the pace for an age... the classic circuits that
marked turning points in the development of elec-
tronic systems... and the major breakthroughs that
brought us to where we stand today.

Discover our legacy of achievement as you...

® witness the 1930s’ great advances in fm and televi-
sion...the invention of negative feedback. ..and
the patenting of the semiconductor for amplifica-
tion

® watch the tide of progress as World War Il leads to
outstanding advances, including radar, loran,
computers, and guided missiles. See how at the
war’s close commercial television, stereo and
tape recording mark the beginning of the all-
pervasive impact of electronics

® share the 1960s’ excitement of men landing on the
moon, thanks in part to semiconductors and the
expansion of computer power to an unprece-
dented degree

® acquire new perspective on the 1970s’ two major
events that will forever change the way we live—
the end of cheap energy and the birth of the
microcomputer

Then look ahead to...

® future electronics systems that will transform
everyday life

® the transcending of present technology limits —
and the path circuit development will take into
the new century

® the electronics needs—and careers—that will be
the hallmark of our changing environment

® and much more!

AN AGE OF INNOVATION gives you an unforgetta-
ble overview of both the development and future of
electronics. Everything from the individuals whose
foresight and daring led to great advances ... to the
origin of specific technological breakthroughs you use
in your own work and home . .. to the challenges and
discoveries we will face tomorrow.

AN AGE OF INNOVATION is Electronics’ celebra-
tion not only of our own fifty years of publishing ex-
cellence, but also of a half-century of electronics
achievement. Let us share it with you!

Available only through Electronics. Not sold in any
bookstore or through the McGraw-Hill Book Com-
pany. To secure your copy now, use the convenient
coupon below.

—— e — —— — — — — —— e ——— — — — —— — — —q

l'—Electmﬂics Magazine Books :‘"'

l P.O. Box 669, Hightstown, N) 08520 o O Payment enclosed (O Bill firm (] Bill me Name . |

| Tel. 609/448-1700, ext. 5494 . . Charge to my creditcard: (] American Express Company |
Send me copies of An Age of Innova- [ Diners Club O visa O MasterCard —omPaY S

| tion @ $18.50 plus applicable sales tax. McGraw- Street |
Hill pays regular shipping and handling charges S =

l on pre-paid orders. Acct.No. _Date Exp. City ~ State Zip - I

| Quantity discounts available. Ten-day money- On MasterCard only, X I
back guarantee applies on all books. first numbers above name ___ Signature

b ——— el
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The finest of the kingdom will be on display at Wescon/80, America’s largest high-technology
convention and exhibition, this September 16 — 18, at the Anaheim Convention Center.

. Three days of Professional Program sessions on leading-edge technology.

» Three days of demonstrations of new products and systems in more than 1,200 exhibit booths.

« All-day Marketing Conference.
« Three days of purchasing seminars.

You can attend Wescon, save half the $10 registration cost and avoid standing in line.
Just complete the attached registration form and mail it with a check for $5 before August 29.

By return mail, you'll receive an embossed admission badge allowing instant entry into Wescon.

Mail the registration form to: Wescon/80,
999 North Sepulveda Boulevard, El Segundo, CA 90245.

Clip and Mail ="7 Today

Wescon/&o

Sept. 16-18, 1980

Anaheim, Calif.

. ADVANCE REGISTRATION FORM
Enclose $5 check with this form
B Wescon or preceglatrat
Electronic Show and Convention Mail to: Wescon, P.O. Box 92275.
. Anaheim Convention Center Los Angeles, CA 90009
l September 16-18. 1980 Orders fllled until August 29.
f
Please PRINT as you want shown on badge Al TR IC G2 LR L
: Name
FIRST OR INTIALS LAST
Position v
[ | 1ol -

AREA CODE NUMBER

. Company/Organization

. Adoress: Bus of Home

City. State, 2ip Code

11 I 1 1
l PERSONS UNDER 18 YEARS OF AGE NOT ADMITTED s

CIRCLE ONE LETTER IN EACH BLOEK

ElecincalEleciromc Engneenng

JOB FUNCTION

MechamcalProduct EW ng
Tes! Engineenng ——
Productioniig'g Engineenng

RO

lo

!

“oljm
[
|

T

AREA OF MAIN PRODUCT INTEREST

<lc|=n=»

11—

Actve Components

| Passe Components
Eleciro-Mechamcal Components
Toots and Produchion Equipment

o/ vslolzl{z|r =[]~ x|

—— 4

| Instrumentation/Test Equpment

Sponsored by Los Angeles and San Francisco Bay Area Councils, [EEE o and Southern and Northern California Chapters, ERA e'a
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keybo

Parallel output from*46.’

Serial output from65.

RCA VP-600 series ASCII keyboards are available in
two formats: 58-key typewriter format for alpha-numeric
entry. Or a 74-key version, featuring typewriter format
plus a 16-key calculator-type keypad. Both can be

For more information, contact RCA Customer
Service, New Holland Avenue, Lancaster, PA 17604.
Or call our toll-free number; 800-233-0094.

ordered with parallel or serial output.
Spillproof keyboards. features:
These keyboards feature modern flexible membrane e 7-bit parallel ASCII
key switches with contact life rated at greater than 5 encoded output. Buffered
million operations. Plus two key rollover circuitry. A finger i%:\g%srisgg 2T %f%gggt‘
positioning overlay combined with light positive activation ' ‘
key pressure gives good operator “feel,” and an on-board
tone generator gives aural key press feedback. N o e
The unitized keyboard surface is spillproof and signals.
dustproof. This plus high noise immunity CMOS circuitty ¢ power-on LED indicator.
makes these keyboards particularly suited for use in e 20-pin PC board header
hostile environments. connector.
All operate from low power 5V DC, excluding
implementation of RS232C.

e Keydown, keydown,

Parallel outputkeyboard

¢ Even parity bit, unbuffered.

Serial output keyboard
features:

® 3 ASCIl encoded outputs:

EIA RS232C compatible.
20 mA current loop.

TTL.

Switch-selectable data
format.

Six baud rates, switch-
selectable.

Power-on or “prompt” LED
indicator.

25-pin output socket
mates with male “D"” cable
connector.

*‘OEM price
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Japan hopes
to bulld worid’s
fastest computer

Inmos British plant
gets go-ahead

Toshlba making
CCD filter for
deluxe TV sets

West Berlin instalis
fat fiber-optic cable
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International newsletter

Japan’s Ministry of International Trade and Industry may set out to build
the world’s most powerful scientific computer next year if it can win
approval from the Finance Ministry and the Diet. It would be based on
either gallium arsenide or Josephson junction devices and have a speed of
several tens to several hundreds of billions of floating-point operations per
second. Thus it would be several tens to several hundreds of times more
powerful than the computer the U. S.’s National Aeronautics and Space
Association is developing in collaboration with Burroughs and Control
Data Corp., which in turn is much more powerful than the CDC Cyber 205
to be completed next year.

The eight-year project would kick off at the beginning of the 1981 fiscal
year, which starts on April 1. Its total budget would be on the order of $88
million to $133 million. The project would most likely be managed by the
ministry’s Electrotechnical Laboratory, with much of the work contracted
to the nation’s mainframe manufacturers in the manner of the last
large-scale computer project [ Electronics, May 24, 1971, p. 41].

After a delay of more than seven months, the British government has given
Inmos Ltd. the go-ahead for a UK production unit at a cost of $58 million.
It will be located in South Wales close to the Bristol microprocessor design
centre, where it will also qualify for both regional aid and European
Economic Community grants. The decision follows appraisals by two U. S.
consultants who found Inmos well advanced with technically competitive
16-K static and 64-K dynamic memories— under development at its Colo-
rado production unit —while competitors had been slower than projected in
entering the market. Inmos projects sales of $345 million by 1984, with
the British production unit to provide 1,630 jobs by 1985.

Japan’s Toshiba Corp. is manufacturing the charge-coupled-device-based
comb filter chip with which RCA Corp. vastly improves the picture in its
top-of-the-line limited-edition Color Trak TV sets [Electronics, Dec. 6,
1979, p. 96]. RCA’s own semiconductor plant in Somerville, N. J., will be
the second source as soon as it can make the parts, which the company’s
Princeton laboratory designed around a CCD analog delay line. Now that it
can supply RCA’s requirements, Toshiba has started a sales campaign
among other customers. Therefore probably one or more Japanese compa-
nies will be upgrading deluxe TV sets in time for year-end sales by means of
the chips —at present around $4.30 each in quantity.

Since its work for RCA is on a custom basis, Toshiba is saying nothing
about the similar but different parts that both companies have undoubted-
ly developed for video disk players, in which comb filters are essential to
the separation of luminance and chrominance signals.

Standard Elektrik Lorenz AG has installed a fiber-optic cable that the
Stuttgart-based ITT subsidiary says is the fattest yet produced. The
half-mile-long cable, which is part of a telephone communications network
in West Berlin, consists of no fewer than 320 fibers, each with a 50-um
core and a 125-um outer diameter. With a bandwidth of more than
100 MHz, each fiber has enough spare capacity to handle not only phone
communications but also video telephone and other broadband services
that the West German post office may offer in the future.
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International newsletter

West Germany West Germany’s post office has given contracts to three communications
houses—Siemens AG, Tekade GmbH, and the ITT subsidiary Standard
developling digital Elektrik Lorenz AG —to develop digital telephone switching systems for a
phone switches one-year comparative test starting in early 1983. Each firm is to develop a
small and a large system for 1,200 and 4,000 subscribers, respectively.
The results of the test are to show which company’s version will be used as
a standard for future local exchanges. The introduction of a standard

digital system will begin in 1985.

Packet-switching Nippon Telegraph and Telephone Public Corp. finally started the packet-
switching service of its direct digital exchange service at the end of July

service starts In with 15 customers. Packet switching is now available in 7 Japanese
7 Japanese citles cities—Tokyo, Yokohama, Nagoya, Osaka, Fukuoka, Sendai, and Sap-
poro—with the service area scheduled to be broadened to include

altogether 30 to 35 cities by March 1983 and eventually the entire nation.

British Industry, lobbylsts A discussion paper outlining British government proposals for a new
mobile-radio channel received a guarded welcome this week from lobbyists
reserved about new and manufacturers alike, who cgriticizcd a suggested operating frequency
citizen’s band channel above 928 MHz—far higher than the 27-MHz frequency currently used in
the U.S. The government says that this frequency band, by limiting
reception in open country to 10 miles and in cities to less than 3 miles, will
minimize disturbance to other services. But potential users will be disap-
pointed by the ranges, and manufacturers argue that the choice of a virgin
frequency band will push the set price up to $700 or more, depressing the
likely market. The government anticipates annual sales of 150,000 of these
open-channel sets with an eventual population of 3 million sets. Instead of
the suggested frequency, Pye Telecommunications Ltd., the UK’s largest
mobile-radio manufacturer, would like to see the 200-MHz or 400-MHz
band used, so that economies of scale could be achieved by adapting
existing mobile-radio equipment.

Speech synthesls Mitsubishi Electrical Corp. is now the fourth Japanese company to offer a
Rearelom speech-synthesizer chip set, which it will start shipping in October. It
follows Hitachi and Matsushita in using the partial autocorrelation meth-
Mitsublishl od developed by NTT’s Musashino Electrical Communication Laboratory;
Sharp has its own scheme. Included in the p-channel MOS set are the
M358817P synthesizer and the M58818-XXXP 128-K mask-program-
mable read-only memory, as well as the M58819S interface chip, which
interfaces the synthesizer with standard erasable programmable ROMs for
evaluation during system development. Also needed is a controller, which

may be any standard 4- or 8-bit microprocessor.

The speech synthesizer can provide either male or female voices and
operates at either 1,960 or 3,920 b/s. At the low bit rate, one 128-K ROM
can “speak” for 100 seconds, the maximum of 16 ROMs for 26 minutes.
The synthesizer and ROM chips sell for $6.20 and $7.10 respectively in lots
of 10,000; the interface chip costs $17.70 in 1,000 lots.
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You might have thought
our world was round




Think again.




BELDEN
FLAT CABLE &CONNECTOR
SYSTEMS

Sorry, Columbus. When it comes to cable, round is not
always right. And we should know, we make both
round and flat cable.

For mass terminations, Belden Flat Cable and Connec-
tor Systems offer substantial improvements in installa-
tion time, serviceability and cost effectiveness when
compared to round cable. What’s more, Belden Flat
Cable is worlds away from other flat cable. With
tough, flexible insulations: uniform centers; easier
breakouts: and much more. [t’s the kind of quality
that keeps total end costs down to earth.

We offer a wide range of custom and standard flat
cables—.050", .100” and .156" centers; laminated.

bonded; jumper cables in bulk rolls or pre-stripped
lengths: and our unique twisted pair cable, Vari-Twist™

Vari-Twist is the only twisted pair cable which has
both opposite direction lays—and varying length of
lay —on each adjacent pair as a standard product.

Combine all our flat cable with dependable Belden
connectors and accessories, and you have a complete
flat cable and connector system. A complete system
which is made even better by the full service and
custom engineering capabilities you’ve come to
expect from Belden.

Let us put our world of flat cable to work for you.
You’ll discover we beat the competition flat.

CIRCLE NUMBER 222 ON THE READER SERVICE CARD.




Bonded Flat Cable

¢ 10 to 30 conductors e 22, 24 and
26 AWG stranded o 80°C tempera-
ture rating ® 300V voltage rating ¢
UL style number 2697

Laminated Flat Cable
® 050" (1.27mm) spacing ¢ 10

to 64 conductors, 28 AWG

stranded ¢ 105°C temperature

rating e 300V voltage rating ¢

UL style number 2651

Rainbow Flat Cable

® 050" (1.27mm) spacing e 10 to 64
conductors, 28 AWG stranded
105°C temperature rating » 300V vol-
tage rating » UL style number 2884

.100/.156 Flat Cable

¢ .100” (2.54mm) spacing, 2 to 28
conductors e .156” (3.96mm)
spacing, 2 to 24 conductors e

22, 24, 26 and 28 AWG

stranded (.100)/18, 22, 24

and 26 AWG stranded

(.156) » Rated to

105°C & 300V

Headers

® .100” (2.54mm) grid
contact/terminal spacing e
Selective plating (gold-

plated contact and solder-plated
terminal) ¢ Flex lock/eject hooks e
Many diversifications (10 to 60 pins,
wire-wrap/straight/right angle)

Socket Connectors

+.100” (2.54mm) contact spacinge
Double-cantilever contact e
Bottom-entry contact ¢ Many
diversifications (10 to 60 pins,
closed-end/through-end) ¢ Dual-
beamed contacts » Polycarbonate
strain relief

Low-profile Socket Connectors

*.100” (2.54mm) contact spacing »
Double-cantilever contact e
Bottom-entry contact e
Dual-beamed contacts e

ny diversifications b

to 60 pins)

Card Edge Connectors
* 100" (2.54mm) contact

spacing e Bifurcated contacts e

Many diversifications (10 to 60

pins; with ears, half ears or

without ears; and with or without
strain relief)

Vari-Twist™ Flat Cable

/. D.I.P. Connectors
¢ .050" (1.27mm) spacing e 5 to 32 pairs ¢ ﬁ( o

! » Plugs into IC sockets or can be

Adjacent pairs have opposite lays ¢ Lay

r‘.'f/ J soldered for permanent connec-
length varies with each adjacent pair ® 105° P b " ] tions ¢ Low-profile installation on
'

C temperature rating « 300V voltage rating PC board  Many diversifications

/ (10 to 60 pins)

Write for our free Catalog P.C.B. Transition Connectors

Belden Corporation, Electronic Division, P.O. Box 1980, » Tinned pins for excellent solderability
Richmond, IN 47374. Phone: (317) 983-5200. Out west, call ;(f:rrd rggra‘gfcgg::fqeg;‘ lr’nc .
ourregional sales office at (714) 833-7700. In the east, call (116" = .
- 6”) standard thickness of PC
our sales office at (617) 872-7846. e e posmon\
to! I
CIRCLE NUMBER 222 ON THE READER SERVICE CARD. S

|




Direction finder
helps ships steer
with only +0.1° error

by John Gosch, Frankfurt bureau manager

Error-compensating design
infers bearing from phase
angle between signals derived
from radiotelephone system

The sun, reflecting surfaces, and the
laws of trigonometry gave an ancient
Greek a fix on ships approaching the
shore. For higher accuracy, however,
modern men have turned to electron-
ic direction-finding systems, among
the latest of which is the PA 001
from West Germany’s Rohde &
Schwarz. Intended for maritime ap-
plications, it can determine the azi-
muth, or bearing, to a ship with an
accuracy of within £0.1° [Electron-
ics, July 17, p. 67].

The Munich firm’s high-precision
direction finder (DF), which has just
completed tests off Germany’s
North Sea coast, measures bearings
by using the signals from a ship’s
very high-frequency radiotelephone
transmitter. With its antenna in-
stalled at a sufficient height and
given the system’s high DF sensitivity
of 10 microvolts/meter, it can deter-
mine the bearing of ships as much as
80 kilometers (48 miles) away to
within 100 milliseconds.

The requirement. “With our
equipment we are not simply aiming
to set a new accuracy record but to
meet the requirements of the mari-
time authorities,” emphasizes Bern-
hard Henkel, the chief engineer
involved in the PA 001 project. The

Static rotation. Direction-finding accuracy
of within £0.1° is achieved in part by this
32-dipole antenna; successive cw and ccw
scans simulate one moving dipole.
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authorities’ concern, he says, is to
guide ships safely down the center of
an 80-km-long, 300-meter-wide
channel cutting through the shoals
of Jade Bay and leading to the port
of Wilhelmshaven—not an easy
task, particularly when wide-bodied,
hard-to-maneuver vessels like tank-
ers are involved. It is to be able to
tell the pilot exactly how far his ship
is off the channel’s center line that
the authorities are demanding a sys-
tem accuracy of within £0.1°.

The system owes that figure prin-
cipally to a special DF antenna and
the use of the phase-delay error-
compensation method. As the photo-
graph shows, the antenna has a large
number of vertical dipoles—32 in
all—arranged along the perimeter of
a horizontal circle 6 meters in diam-
eter. To ensure good reception of a
ship’s vhf signals, the antenna is
mounted on a mast typically 70
meters high.

The dipoles are successively
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scanned for 10 rotations alternately
in the clockwise (cw) and counter-
clockwise (ccw) directions. Control-
ling this operation is a signal from a
unit at the center of the antenna.
This scanning-control unit also sup-
plies a signal that determines at
which dipole the scanning direction
is to change.

Simulation. The successive scan-
ning of the dipoles simulates, in
effect, the rotation of a single dipole.
And since the dipole moves away
from the vhf source during one half
rotation and toward that source dur-
ing the next half, the received signals
are doppler-frequency-modulated.
Thus, the antenna delivers an output
that is modulated by two doppler-fm
signal trains, one resulting from the
cw and the other from the ccw rota-
tion. The phase angle between the
two signals is a measure of the bear-
ing to the ship.

Contributing the most to the accu-
racy, Henkel says, is the phase-delay
error-compensation technique. In the
DF receiver, the two fm signals
undergo the same processing steps in
their common or separate circuit
branches. Any errors caused in these
branches by phase-delay variations
are the same for both signals. But
since they have opposite signs, the
errors are completely canceled, or
compensated.

Also adding to the accuracy are
the antenna’s large number of
dipoles and the relatively big, 6-
meter-diameter antenna base. These
factors, Henkel says, make any
errors due to dipole design negligi-
ble. Any torsional vibrations to
which the antenna may be subject
during a storm have no effect on
system accuracy because their fre-
quency is higher than the bandwidth
of the intermediate-frequency DF fil-
ters employed in the receiver.

Output. The measured bearing is
fed to the receiver’s four-digit dis-
play. It is also put out in the form of
a binary-coded decimal code for dig-
ital processing and transmission to
other facilities such as monitoring
centers. The system, of modular
design, can easily be expanded into a
larger one with several simulta-
neously operating DF channels.
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The authorities’ plans call for
completing a network of five PA 001
systems along Jade Bay by 1982.
Upon the pilot’s request, the ship’s
position will be determined at a navi-
gation control center in Wilhelms-
haven by standard triangulation
methods using the results of several
bearing measurements. Operators at
the center will then phone the pilot

to say where the ship is is relation to
the channel’s center line.

In a second project phase—its
completion date is not yet deter-
mined—the position of ships will be
fixed by cyclic scanning of a vessel’s
transmitter about every 30 seconds.
The result will be radioed to the ship
and automatically indicated on a dis-
play in the pilot room.

West Germany

$4,000 node interconnects everything
from mainframes to microprocessors

A microcomputer-based node cost-
ing a mere $4,000 can link any
mainframe, mini-, micro-, or person-
al computer into an extensive data-
processing and -communications net-
work. Called Compunet, it is now
going to market in Europe and will
be available in two to three months
from the Redwood, Calif., subsidiary
of one of its developers, Kontron
Elektronik GmbH.

The unprecedentedly low price,
according to Peter Blomeyer, head
of Kontron’s Microcomputer divi-
sion, is due both to “a sophisticated
software architecture from [codevel-
oper] Softlab, which requires only a
minimum of supporting microcom-
puter hardware, and our expertise in
implementing that hardware at low
cost.” Softlab GmbH is located in
Munich, Kontron just outside in the
town of Eching,.

Blomeyer notes that the node also
reduces peripheral equipment costs,
since a single set of peripherals like
hard disks and high-speed printers
may be accessed by any computer in
the network.

Modules. Compunet’s software
combines a multitask operating sys-
tem with different modules assigned
to the stations connected to the node.
It runs on a Zilog Z80A micropro-
cessor with an operating speed of 4
megahertz. Up to 16 kilobytes of
read-only memory store the operat-
ing system, and 16 kilobytes of ran-
dom-access memory serve as a data
buffer.

As many as 16 stations, consisting

of either a computer or another
node, can be linked by the node’s 16
bidirectional asynchronous or syn-
chronous serial data-communication
interfaces. The node routes data
from station to station in accordance
with messages contained either in
the source protocol or in the data in
the form of control instructions. In
order to ensure flexibility, the node
converts all data from the source
protocol into an internal protocol
and then from the internal into the
destination protocol.

Several data streams can be trans-
mitted at the same time, their num-
ber being limited only by the proto-
col being used and the node’s maxi-
mum transfer speed of 80 kilobits
per second. At this speed, the node
can handle eight simultaneous
9,600-bit/second streams. Two buff-
ers provide each stream with full-
duplex functions.

Among the software modules
readied thus far is the BSG, which
serves the IBM/370 or Siemens
7000 mainframes and their asso-
ciated batch processors, such as the
IBM 3780 or the Siemens Transda-
ta. Other modules are for intercon-
necting small computers and periph-
eral equipment such as consoles and
printers.

Numerous uses. Compunet’s many
possible applications point up both
its versatility and its cost-cutting
capabilities.

For example, a laboratory employ-
ing several microcomputer develop-
ment systems for the same or differ-
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NOW!

Our Cost-Efjective,

*SMART?” VHF/UHF Receiver
Goes to the Head of the Class!

Our WJ-8617A is designed, along with "sister” receivers affords you the choice of either a local control, stand-alone

WJ-8615A and WJ-8616A, to fill your need for a general receiver or a remote control, basic building block for larger
purpose, cost-effective, digitally controlled VHF/UHF system requirements.
receiver in the 20-1100 MHz frequency range. Now. Let Watkins-Johnson answer some basic questions

The integration of the decision and control power of the you probably aiready have in mind. . .
internal microprocessor and advanced receiver technology

Q. How do I meet my operational requirements with the WJ-8617A
Receiver?

Tailor your receiver's operation to the mission at hand.

What? How do I tailor receiver operation?

You change the software yourself or let us do it for you—or—

iff hardware changes are needed, we’ll provide a plug-in option
or you.

Is that so? How does that work?

The microprocessor is integrated with the RF section, synthesizers
and front panel, thus permitting the inclusion of many user-
defined options without hardware changes. The hardware is all
modular plug-ins.

Sounds good. Cost-Effective, Modular— how about maintainability?
The same modularity provides maximum ease in maintainability
—even more with BITE.

Really? Well! I have quite a few more questions to ask about

the W]-8617A!

Good —glad to hear it. But we’re out of space here. You may,
however, acquire further information by either writing to
Watkins-Johnson Company, 700 Quince Orchard Road,
Gaithersburg, MD 20760 or by telephoning (301) 948-7550,

Extension 225. f&

ww,

>0 >

>0

> 2 2O

We are eager to have you join us
at the Head of the Class with the WJ-8617A!

.| 1 WATKINS-JOHNSON

Watkins-Johnson—U.S.A.: « Callfornia, San Jose (408) 282-1411; El Segundo (213) 840-1980 ¢ Georgis, Atlanta (404) 458-9907 e District of Columbla, Gaithersburg, MD (301) 948-
7550 * Massachusetts, Lexington (817) 881-1580 e Ohio, Fairborn (513) 426-8303 « Pennsylvania, Haverford (215) 896-5854 * Texas, Dallas (214) 234-5398 ¢ United Kingdom: Ded-
worth Rd., Oakley Green, Windsor, Berkshire SL4 4LH ¢ Tel: Windsor 89241 ¢ Cable: WIUKW-WINDSOR e Telex: 847578 ¢ Germany, Federal Republic of: Manzingerweg 7, 8000
Muenchen 80 o Tel: (089) 836011 e Cable: WIDBM-MUENCHEN e Telex: 529401 ¢ Italy: Piazza G. Marconi, 25 00144 Roma-EUR e Tel: 59 45 54 ¢ Cable: WJROM-| » Telex: 812278
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ent microprocessors can integrate
the units into a single universal sys-
tem by means of just one node. Only
one set of peripheral units may then
be needed, and the cost of software
engineering is greatly reduced, since
a hard disk with a centralized pro-
gram library may be accessed by all
development engineers.

Another user might be the organi-
zation that has to transfer data
between several mainframes at dif-
ferent locations and normally opti-
mizes its use of computing time by
equipping each machine with a
batch processor. The same function
can be supplied by only one Com-
punet system costing about the same
as one or two months’ rent for the
batch terminals, according to Blo-
meyer.

Given such low-priced versatility,
Blomeyer is sanguine about Com-
punet’s market potential. For West
Germany alone, he pegs sales at well
over 100 units during the first year
and then an annual doubling of sales
for the near term. Compunet comes
as a stand-alone unit for mounting in
a 19-inch rack—for use as a protocol
converter or a concentrator, for
instance. It is also available built
into Kontron’s PS180 personal com-
puter. -J.G.

France

Seven ICs shrink
Mirage computer

Ordinarily, a computer built around
a bipolar bit-slice processor chip has
a lot of TTL packages in its compo-
nents count. But TTL packages will
be noticeable by their relative
absence in the airborne computer
that the Avionics division of Thom-
son-CSF has developed for the Das-
sault-Breguet Mirage 2000, the
next-generation French high-per-
formance fighter. Instead, the 2900
family processors on its tightly
packed circuit boards will be flanked
largely with custom peripheral pack-
ages and memory chips.

Given the production rush for mil-
itary airborne computers, the custom
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One of seven. This 30-mm? chip repiaces numerous TTL packages formerly needed to
control the registers and status bits of a 2900 processor central to an airborne computer.

packages, seven in all, will never be
best sellers, but they signify a lot to
Thomson-CSF’s Semiconductor divi-
sion, which fabricates them. The
batch of chips are the beginning of
the payoff from a circuit-concept
program that the semiconductor
people, based in the Paris suburb of
Courbevoie, have been working on
for some three years.

Efficient. In essence, the program
makes it possible for logic designers
in Thomson-CSF’s equipment-build-
ing divisions to lay out large-scale
integrated circuits. That frees the
Semiconductor division’s own circuit
designers to work on chips for vol-
ume markets —the money spinners.

At the moment, the Courbevoie
crew has some 60 basic functional
cells—gate arrays, shift registers,
bus drivers, and the like—that
equipment division computer design-
ers can interconnect on two levels to
obtain peripheral chips to go with
2900 family bit slices. (Thomson-
CSF fabricates the slices as a second
source to Advanced Micro Devices

Inc. of Sunnyvale, Calif.). A com-
puter-aided-design program checks
the interconnections specified.

Using the library of chips and the
CAD backup, the average design time
for a custom circuit some 30 square
millimeters (46,500 square mils) in
area has been cut from well over a
year to under a year. “We are aim-
ing to cut that to six months,” says
Georges Grunberg, deputy director
of the Semiconductor division. The
technology for the chips is classic
low-power Schottky TTL with 5-
micrometer design rules and propa-
gation speeds of between 5 and 10
nanoseconds. A 30-mm? chip con-
sumes about 1 watt.

Because the production runs will
be small, Thomson-CSF does not
plan to put the seven circuits devised
for the airborne computer in the cat-
alog. “We would have to price them
at something like $200 or $300
each,” Grunberg explains. But there
is no ironclad policy against selling
the chips to outsiders.

The roster of chips for the Mirage
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SIX REASONS WHY THE SMART LASER

TRIM SYSTEM IS YOUR SMART BUY.

MART is a word that defines intelli-

gence; it can be applied to machines
as well as humans. There's no better
machine to apply that title to than the
CLS-33 from Chicago Laser Systems.
Introduced as the smartest, highest
throughput laser trim system, it has
proven that CLS-33 buyers are also
smart.

Lower overhead. Reduced pro-

duction costs for the high-volume
user is the greatest strength of the CLS-
33. Its practical design and high
throughput lowers both immediate and
long-term production costs of trimmed
networks.

Design sophistication. Laser trim
2 systems no longer need be massive
monoliths of hardware and wire. In the
CLS-33, engineering sophistication has
overcome traditional size and complexity
barriers. This achievement has not gone
unnoticed by the many major network
manufacturers who have become CLS
customers.

Intelligent software. The system
microcomputer of the CLS-33 is
backed up by the most intelligent
software operating system in the laser
trim industry. Its structure frees the oper-
ator to concentrate on trimming the

)

product, instead of on time-consuming
computer programming procedures
Programming effort is further minimized
thru on-line compiling and editing and
thru program de-bugging in user lan-
guage. Thisremarkable software operat-
ing system is another CLS exclusive

Maintenance ease. The CLS-33

was built to require a minimum of
maintenance, but at the same time was
designed to be highly maintainable.
Faults can be rapidly isolated to the
module level with the systematic diag-
nostic programs. Diassembly of the en-
tire system, for full access to modules,

requires just minutes. Efficient circuit
design has reduced the total number of
modules to be considered in fault finding
—another time saver.

Free training. With every system
5 sold, Chicago Laser provides com-
plete training of operator and mainte-
nance personnel at no extra cost and
with no limits on time or number of opera-
tors. In addition, the easy-to-understand
documentation supplied with the CLS-33
is so comprehensive that it is virtually a
training course in itself

Adaptability. From computer pro-

gram inputs to system operation,
the CLS-33 is adaptable to most any
production demand. For high-volume
applications, an available air-bearing
step-and-repeat handler allows the
CLS-33 to trim an incredible 100,000 re-
sistors per hour. A stack-load station is
also available.

If you've been searching for a sophisti-
cated yet manageable laser trim system,
discover the CLS-33 and search no
more. It's a system that will continue to
remind others that you made a "smart
buy” and selected the Smart Laser Trim
System. For the complete story and a
frank appraisal of how the CLS-33 can
fulfill your needs, contact:

icago]llasegSystems]inc}

l

4034 North Nashville Ave., Chicago. IL 60634 « Phone 312-282-2710 TELEX: 206-647 l
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Low cost tool
for design and
trouble-shooting

Pocket Size
Slide-Switch
Resistance
Substitution
Unit

stillonly ¢ 58

Over 11 miilion ohm values
1% accuracy resistors
Unique in convenient size
Rugged construction

Small enough to take anywhere in your pocket,
this aluminum-housed unit delivers a very
broad range of resistance steps. Excellent
for both development and repair work.

Half-watt 1% tolerance resistors give an
accurate range from 1 to 11,111,110 ohms,
in one-ohm steps. Has three binding posts,
one to ground case.

Available now from stock. Order Catalog
No. 7092-236. 5% discount for cash with order.

Ask your dealer, or contact:
N CRIPES A BIRD, e

Manufacturers of Scientific Instruments
P.O. Box 27324 « Richmond, VA. 23261
804/264-7590
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EXPERTS /| CONSULTANTS

Electronics magazine has op-
portunities for short-term
assignments commanding sig-
nificant exposure.

¢ Advanced microprocessor
applications

¢ Advanced semiconductor
applications

* Telecommunications
* Software engineering
* Computer languages
¢ Memories
* Fiber optics
¢ Interconnections
* Speech synthesis
* Display technology

* Test and maintenance

* Manufacturing and
production reliability

¢ Electronics and energy

* And other technical.and
management specialities

For further information about these
professional opportunities contact:
]. S. Pecorella, ELECTRONICS
1221 Avenue of the Americas
New York, N.Y. 10020  (212)997-2996
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2000 computer lists a 12-bit micro-
sequencer, a status-bit and register
controller (see photo), a direct-mem-
ory-access chip, a bus interface, a
slow-to-fast-bus coupler, a bus con-
troller, and a clock circuit. The first
five have been fabricated. The other

two should be ready by October.
Except for the AMD 2910 sequenc-
er, which AMD put on the market
after Thomson-CSF had its own
design worked out, there is no count-
erpart available for any of them,
Grunberg believes. -Arthur Erikson

Great Britain

ICL chooses international standard as basis
for its computer network architecture

Backing its belief that all computers
will one day be able to converse free-
ly with each other over open data-
communications networks, London-
based International Computers Ltd.
has adopted the International Stan-
dards Organization’s packet-
switched open systems interconnec-
tion (0SI) model as the basis for its
computer networking philosophy.

In launching its information-pro-
cessing architecture, or IPA, ICL is
among the last computer companies
to announce its strategy for making
the data-processing and telecommu-

nications technologies converge, yet
it is one of the first to commit itself
totally to an international standard
as an alternative to 1BM Corp.’s pro-
prietary Systems Network Architec-
ture. Cll-Honeywell Bull in France,
though, is thought to be working in a
similar direction.

Goal. IPA will eventually allow a
user to connect any computer system
through a public packet-switched
network —there are plans for 12
national systems in Europe alone —
through privately leased lines or
local data networks like the Cam-

ICL’s first flve network facilities

From a user’s viewpoint, the benefits that ICL's newly announced informa-
tion-processing architecture will bring are contained in five new standard
software facilities that between them meet most likely applications in a
distributed computer network. They are:

® The remote session access (RSA) facility, which enables a user to employ
more powerful, central machines to develop programs or financial models or
to consult data bases. Since the user normally signs on for a long session,
heavy handshaking protocols are employed to establish the “most intimate
contact” between terminal users and mainframe.

® The file transport facility (FTF), which permits the transfer of files between
machines under operator or program control. Examples include transferring
updated prices to local depot machines, central distribution of programs,
transmitting central reports out for local printing, collecting daily transactions
for local printing or for central analysis, and collecting diagnostic and
performance data.

® The distributed applications facility (DAF), which is for use in shops,
banks, and other environments employing terminal operators of only limited
experience. This facility allows the program itself to enter into a dialog with
programs at another site with no need for operator intervention. On submis-
sion of a stock enquiry, for example, some items will always be handled
locally, others centrally.

® The distributed message router (DMR) facility, which is similar to the DAF
but more flexible at routing messages according to source, message type,
message content, or user-written program.

® The applications data interchange (ADI) facility, which allows a user to
create a dialog between application programs in separate computers. -K. S.
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PECIAL TRADE-IN OFFER:

Send us a blown fuse and $1. We'l

S N

Yy

\
0y
>

send you a Re-Cirk-if protector.

Now you can end the bother and expense of can't be turned off accidentally.
replacing fuses, and add real value to your In cost-effectiveness, the Re-Cirk-It protector
product: For $1.00 and a blown fuse we’ll send is competitive with fuses and fuseholders, in-
you a 3A, 5A, 10A, or 15A* Re-Cirk-1t® protector stalls in the same panel space as a conventional
so you can learn firsthand about the modern % "-diameter fuseholder, and is attractive enough
successor to the fuse. to be on your front panel.

Re-Cirk-It protects like a fuse, but better. This new protector is available for quick de-

It trips instantaneously on short circuits, and livery in a wide range of current ratings from 0.25
with delay on sustained overloads. But with just through 15A. And, of course, it's UL-recognized,
a light push on the button, it's quickly reset. CSA-certified, and SEV-approved.

It eliminates costly ser-
vice calls due to blown
fuses. It ends the bother
of finding a fresh fuse,
and the inherent danger
that your customer will
use the wrong size
replacement.

Re-Cirk-It can only be
electrically tripped. And it

Before you (or your cus-
tomer) blow another fuse,
send for a sample.
Heinemann Electric
Company,

Special Re-Cirk-It Offer,
Trenton, New Jersey 08650.

*Other ratings available under this ofter
on special request. Offer expires
December 31, 1980.

<=>HEINEMANN

Heinemann

We keep you out of trouble. 7375
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Make just one phone call
for your widest choice of
broadband power amplifiers.

Whether your need for rf power comes
insmall, medium, or iarge quantities,
you needn'’t look beyond Amplifier
Research for all the right answers.
Bandwidth from sub-octave up to
five decades—instant bandwidth for
reliable sweep-frequency testing in rfi
susceptibility, NMR, and countless
other applications—is yours to com-
mand at AR. Offering output power
from 1 watt to 10 kW, AR amplifiers
are totally impervious to mismatch—
won't be damaged or shut themselves
down even in the event of shorted

7332 @ar

or open output conditions such as
infinite VSWR.

It's reassuring to have a single
knowledgeable source for your full
range of requirements in high-quality
broadband amplifiers. The chances
are very good that we'll have the clean
bandwidth, output power, linearity,
pulse capability, and overall high
performance you seek—
often in an amplifier E
about haif the size of b'.,
its nearest “competitor. e o

SEND FOR FREE BOOKLET

AMPLIFIER
RESEARCH

160 School House Road, Souderton, PA 18964

215-723-8181-TWX 510-661-6094

The Broadband
High-Power
® eople
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bridge Ring or Ethernet, using pack-
et-switching protocols and hardware
where appropriate. ICL at present is
actively considering its choice of
local networks.

To start with. The company is
kicking things off with a package of
five software facilities that will sup-
port every major type of distributed-
processing network in operation to-
day. Together they supply users with
the tools for interchanging data
records, for accessing nonlocal sys-
tem services, and for communicating
between application programs run-
ning in different environments (see
“ICL’s first five network facilities™).

IPA brings other benefits, too. For
instance, it is one factor in the
improved interactive performance
that ICL is currently achieving with
its ICL 2900 series mainframes
thanks to a considerable reduction in
communication code sizes. In simu-
lations on a big 2972 machine owned
by the British Gas Corp., the com-
puter handled 1,000 terminals sus-
taining rates in excess of 10 mes-
sages per second, with typical
response times of 2 to 3 seconds.

The new network architecture will
run on ICL’s recently launched
ME?29 [Electronics, April 10, p.70]
using its TME operating system and
on the 2900 series using its VME/B
and VME/K operating systems. In
addition, all future ICL hardware
will incorporate 1PA facilities where
appropriate.

Restructuring. Preparations for
the release were laid well in advance
and “involved a complete restructur-
ing of our communications soft-
ware,” according to John Chatter-
ton, a marketer who has been deeply
involved in the project for the past
four years.

“The IPA project group has swept
away an accretion of different proto-
cols built up over many years and
many company mergers and begun
again from the ground up using the
0sS1 standard,” he explains. In addi-
tion, ICL engineers have contributed
extensively to the definition of OSI,
gaining much of their experience on
the British Post Office’s experimen-
tal packet-switched network first
specified in 1973. -Kevin Smith
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ONE OF THE LEADING

TEST EQUIPMEENT MANUFACTURERS
HAS THE TOTAL SOLUTION TO THE ATE PUZZLE

Until now, buying automatic test equip-
ment was a puzzle You had to work with
whatever pieces were available. But who
has time for hit-or-miss problem solving?
And who has unlimited resources?

ComputerAutomation's 4000 Series
of CAPABLE testers is a totally integrated,
interdocking solution to the ATE puzzle. Truly
modular in design, a CAPABLE tester meets
your need now. And later CAPABLE makes
test equipment affordable today so that
you can relax, knowing you wont have
to buy a whole new tester every time
your product changes.

For example, a basic system can be
reconfigured to include higher pin capa-
cities and new logic families. Hybrid
boards? Add the analog option. Memory

US ratons offems i St Clara. CA (408) 727- 3800 Renselly 11 L3027 200 5005 &
Dl TX In Europw CAIL Lt Mdsimenmonis Mers Drghend Uil A4 Q23T 70011

Pattern Generation (MPG) with easily pro-
grammed, hardware algorithms is avail*
able as an add-on for highly repetiiive
functions like memory testing.

All configurations allow you to add
emulation, the most powerful technique
for speeding up manual program genera-
tion using ComputerAutomation’s Inte-
grated Circuit Description Language
(ICDL). Want to eliminate manual pro-
gram generation entirely? Try Automatic
Test Generation (ATG-I) with its automatic
fault analysits

And the CAPABLE Real-Time is the
best piece of all to complete the puzzle

for all those devices you cant touch with
a static tester micrOprocessors and their
interface chips, dynamic/static memor
ies, UART's, shift registers — all types of
LSI and VLSI devices

No other ATE company is pushing
technology for your productivity and flex
ibility like ComputerAutomation. But
then, ComputerAutomation is the only
ATE company that's CAPABLE of solving
the ATE puzzie

Contact ComputerAutomation, Indus-
tnal Products Division, 2181 Dupont Drnive.
Irine, Califormnia 92713, (714) 833-8830
Ext. 522

ComputerAutomation Industrial Praducts Division
For prroductivity...today and tomorrem.

faciet, W) SO0 S50 MR Lot OFices iy Mewpart Bescr, (A Mo MA Rarigh, (00, Dwpom, OM/
Ofies 1 Fravdd= Carmenng orad s Pasrrry Frares
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If we dontdeliver
yourROMSIn
fiveweekswell
take you tolunch.

In Hong Kong.

That's a guarantee. If we don't
ship your finished prototype
ROM’s within five weeks of the
day you give us your programmed
EPROM, codes or punched
paper tape, well fly you to Hong
Kong, take you to lunch...

and fly you home.

Don’t start packing. Were

a totally integrated ROM house.
From masking and waferfab to
packaging, burn-in and shipping.
That means we're on top of

your order every step of the way.
No subcontractors. No delays.
Our job is to help you get

your product to market while
there’s still a market.

Everybody talks about 64K
ROM'’s. We're delivering. In
quantity. Now. 2364's. And 23325,
And 2316's. All compatible

with your 2700 Series EPROMSs,
Eight week delivery in produc-
tion quantities. Five week delivery
in prototyping quantities.
Guaranteed.

Price? Competitive. Very
competitive. Call us for a quote.
800-345-6386 is the toll-free
direct line to MOS Technology. If
you're in the West, call our
regional sales office, 408-727-1130.

Want to know more? Return
the coupon below for our
Data Sheets and Hong Kong
Dining Guide. We like to think
you'll see Hong Kong again.
But not on us.

East: Toll Free 1-800-345-
6386 or 6387.

West Coast: (408) 727-1130
ext. 218

— — —— — ———— — — — — — — — — — — — — . L e e e -

|“.= TECHNOLOGY, INC.
P A COMMODORE COMPANY

Valley Forge Corporate Center
Norristown. PA 19401

(215) 666-7950

TLX 846-100 MOSTECHGY VASFG

Thats some guarantee
Send me everything there is to know
about your 2316/32/64 ROMS
And the Hong Kong Dining Guide

Name __ - I _ -
Company

Address . _
City/State/Zip

Phone )
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Our solutions test
the componentsofa
changmg wqud

Amidst all the eso-
teric technology and *
Impressive specs-
manship being bandied
about, one fact still remains.
Working with LSI components
IS a business. A tough, compet-
itive, aggressive business.
Where changes in technology and
market can hit with mind-boggling
speed. And staying ahead is a
constant battle.

That's where we can help. Be-

cause by understanding the needs
of engineers while responding to
the harsh realities of business,
we've created a unique family of
test systems. Component testers
that meet more applications and

=7~ SOlve more kinds of

V . problems than any

= othersin our industry.

For general-purpose LS! testing,
Sentry® is the solution. It's the most
widely used family of test systems in
the world. For engineering character-
ization, there's the industry workhorse,
Sentry VII. And for production testing
and incoming inspection, it's Sentry V.

Giving you a jump on tomorrow’s
high speed microprocessors,
memories and peripheral chips,




there’s Sentry Series 20. And for
VLSI devices, there's Sentry VIIL.
The world's most powerful tester, it
tests and characterizes devices
with up to 120 pins. Without
compromise!

To unsqueeze profits, Sentinel™
is the solution. Designed specifi-
cally to make high volume, high
throughput production testing
affordable, Sentinel comes with a
surprisingly low hardware cost. It's
software-compatible with Sentry
so it avoids high program develop-
ment costs. It gets on line fast. And
tests a wide variety of devices and
technologies.

When you want a better memory,
Xincom is the solution. Based on
distributed architecture, our Xincom
Il series of dedicated memory
testers handles ROMs and PROMs,
as well as dynamic and static
MOS, bipolar and CCD devices.
The Xincom 5580 tests two dif-
ferent devices that are under the
control of separate programs. And

the 5581 can test up to four 4K, 16K
or 65K multiplexed address RAMs
in parallel.

For today's high speed memo-
ries, the 5582 runs at an uncom-
promised 25MHz. And for tomor-
row's bubble memories, the 5585
is on the job today.

To turn your reams of test data
into action-oriented management
reports, there's Integrator® II. Our
powerful host computer that solves
a variety of test facility manage-
ment problems. It lets you write,
edit and store programs. Synthe-
size and simplify test data. And
communicate with your test sys-
tems around the plant or around
the world.

There's no end to our support
when you begin testing with our
systems. Nearly 400 Fairchild ATE
specialists worldwide. Over 25 ma-
jor service centers. Intensive train-
ing. Field application engineers.
And service personnel ready to go
to any lengths to keep you running.

These are just some of our solu-
tions. More are being developed
to meet tomorrow’s business and
technology needs. To serve en-
gineering. And management. To
help you compete in a rapidly
changing world.

Find out how our solutions can
work for you. Call or write Fairchild
Test Systems Group, 1725 Tech-
nology Drive, San Jose, California
95110. (408) 998-0123. From hard-
ware to software to total support
from the factory, a Fairchild test sys-
tem is the most complete solution
you'll find to testing the components
of a changing world.

FAIRCHILD

| —————
A Schlumberger Company

The
First Family
of ATE.

Wi
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It's possible to select the precise board
functions you need for your application
while enjoying the power of the most
advanced microprocessors made, Zilog's
28,280 and Z8000.

The Zilog Computer Module concept
is built around the high-performance
Z-Bus"™ Backplane Interconnect system, and
its complementary family of microcom-
puter board designs and software tools.
Applications oriented, the ZCM concept
lets you take full advantage of the capa-
bilities of each Zilog microprocessor—

]
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plus tomorrow's 32-bit data structures.

Select from either of two sizes of

board families, both of which can share
the same backplane. ZCM™-1 Single-
SizeBoards (6.3" x3.9") provide afullmenu
of basic functions. ZCM-2 Double-Size

Boards (6.3" x 9.2") provide the power you

need for more complex applications.
The Zilog Computer Module concept

is exciting—and cost effective. For the

details, write: Zilog, Dept. G, 10460 Bubb

Road, Cupertino, CA 95014. Or, call

your nearby Zilog distributor.
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“Mix and match”

board sizes make

28, 280 and 28000 systems
design easier than ever.

2ilog's single function ZCM-1 Single-Size
Boards can he combined on the sarne
backplane with the more powerful ZCM-2
Doubile-Size Boards. You build up the precise
solution you need for your application
without the need to pay for—or suppor—
unneeded electronics.

/-ni athihate: of

ENTERPRISES INC
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SETTING NEW STANDARDS

ISO-CMOS OCTAL INTERFAC

THE LS REPLACEMENTS

Remember when microprocessor designs
were an either-or proposition — either high
speed but power hungry bipolar TTL or low
power but painfully slow CMOS?

Mitel Semiconductor has come up with a
solution that gives you your highs with your tows
— HIGH SPEED and LOW POWER ISO-CMOS
technology. Established pin-outs and logic
layouts of a range of 20 standard Octal circuits
have been incorporated with a proven production
process that does justice to today’s LSI.

1ISO-CMOS achieves fast propagation by use
of a recessed oxide silicon-gate process that
minimizes the inherent long time constants of
traditional metal-gate CMOS. All the advantages
of noise immunity and practically no quiescent
power dissipation have been retained.

Our family of latches offer transparent or
clocked operation and include inverted or non-
inverted 3-state outputs. The decoder family
has singte one of eight, latched or unlatched, or
dual one of four configurations. Bus buffering
is catered for with high-current drivers having
assorted configurations of chip selects for single
or bi-directional connection.

A comprehensive range of circuits allows
improvement of design, by direct pin for pin
compatibility with their 74LS series counterparts.
For redesign to maximize 1ISO-CMOS advantages,
a simplification of layout is achieved by the
preferred bus-oriented 74SC5XX selections.

MD 74 SC 137 1 of 8 Inverting Decoder with input latches
MD 74 SC 138 1 of 8 Inverting Decoder

MD 74 SC 139 Dual 1 of 4 Inverting Decoder

MD 74 SC 237 1 of 8 Decoder with input latches

MD 74 SC 238 1 of 8 Decoder

MD 74 SC 239 Dual 1 ot 4 Decoder

MD 74 SC 240 Dctal Inverting Butfer

MD 74 SC 241 Dctal Bufter

MD 74 SC 244 Dctal Butfer

MD 74 SC 245 Dctal Transceiver

MD 74 SC 373 Dctal Transparent Latch

MD 74 SC 374 Dctal D Type Flip Flop

MD 74 SC 533 Dctal Inverted Output, Transparent Latch
MD 74 SC 534 Octal Inverted Output, D Type Flip-Flop
MD 74 SC 540 Oc1al Buffer

MD 74 SC 541 Octal Buffer

MD 74 SC 563 Octal inverted Qutput, Transparent Latch
MD 74 SC 564 Octal Inverted Output. D Type Flip-Flop
MD 74 SC 573 Octal Transparent Latch

MD 74 SC 574 Octal D-Type Flip Flop

MITEL SEMICONDUCTOR

United States: 2321 Morena Bivd., Suite M, San Diego, California, U.S.A. 92110. Telephone (714) 276-3421, TWX: 910-335 1242.
1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083. Telephone {215) 443-5556, TWX: 510-662-6653.
Canada: P.0O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone {613) 532-2122, Telex: 053 4596,
TWX: 610-562-8529.
"Visit us at Wescon, Europe: Hamilton Road, Slough, Berkshire, England SL14QY. Telephone 0753-36137, 0753-36138, Telex: 847730.
Booth 2743-2745" Fredericiagade 16, Svite 309, 1310 Copenhagen K, Denmark. Telephone (01) 119302, Telex: 22321.
Asia: TSTP.0O. Box 98577, Kowloon, Hong Kong. Telephone 3-318256, Telex: 64235.

d d TM Trademark of Mitel Corporation
Circle 86 on reader service card Copynght 1380 Mitel Corporation



Probing the news

Analysis of technology and business developments

ECL starts to move

Carried along by computer applications, emitter-coupled logic is
now speeding toward growing military and communications uses

by Bruce LeBoss, San Francisco regional bureau manager

Despite the speed offered by emitter-
coupled logic (ECL), its performance
in the merchant market has been
something less than breathtaking.
However, things are changing. The
few large mainframe computer
makers who have driven most, if not
all, of the demand for ECL are being
joined by numerous others.

As a result of a rapid acceleration
in requirements for ECL devices, and
the more lucrative sweepstakes to be
shared, many semiconductor manu-
facturers are either revving up their
ECL activity or preparing to enter
the race.

“There was a time when ECL was
planned for every single big process-
ing system and some minicomputers,
as well,” notes Mel H. Eklund, vice
president of Integrated Circuit Engi-
neering Corp., Scottsdale, Ariz.
That, of course, has not occurred, he
states, because ‘“‘some ECL vendors
shied away from the market, reluc-
tant to supply custom parts needed
in relatively low volume by few
users. Thus there were not many
vendors to pick from, and computer
manufacturers either forgot about
using ECL or built it themselves.”

Fragmented. Further slowing
ECL’s acceptance, Eklund says, was
the split in the market by the ven-
dors —specifically, Fairchild Camera
and Instrument Corp., with its
100,000 (100K) family of tempera-
ture- and voltage-compensated de-
vices, and Motorola Inc., with its
uncompensated 10,000 (10K) fami-
ly. *“Market acceptance of ECL
would have been much greater had
the vendors not split up into two
incompatible product camps,” he
states.

Although ECL accounts for a mere

Electronics / August 14, 1980

3% market share of worldwide inte-
grated circuit product sales, accord-
ing to ICE estimates, the demand and
interest in ECL devices is so high that
forecasts are for the ECL sector to
top the semiconductor industry’s
rate of growth at least for this year
and next. According to Daniel L.
Klesken, vice president and director
of semiconductor industry service at
market researchers Dataquest Inc.
of Cupertino, Calif., “The worldwide
ECL market will grow in excess of
30% this year, from $175 million in
1979, to $230 million [see chart].”
Computer uses. Much of the activ-
ity in ECL is, as before, coming from
the large mainframe manufacturers.
1BM, for example, is using ECL and
closely related current-mode logic
(CML) circuits in its 4300 series and
System 38 computers and is under-
stood to have.designed a CML gate

o
-
—
o
=
=
«
=
i
o
=<
ea
:o
e
woe
v
2
wo
>5
=
&=
=
(=X~}
o
w—l
=
=
=)
-
=
=
=

1979

array with upwards of 1,500 gates
per device. Other mainframe manu-
facturers, most notably Amdahl
Corp., Burroughs Corp., Honeywell
Inc., Control Data Corp., Cray
Research Inc., and Sperry Univac
division of Sperry Corp. are using
ECL and CML circuits in their latest
computers [Electronics, Oct. 25,
1979, p. 44, and April 24, p. 39].
Many of the computers built
around ECL are targeted at the mili-
tary market, according to John D.
Shea, an ICE vice president. “The
fast response time and expanded
numerical calculation capability that
is inherent in high-speed ECL makes
it ideal for airborne, as well as ship-
borne and ground-based support sys-
tems,” he states. In signal processing
applications, for example, ECL “al-
lows a variety of inputs to be taken,
and the numbers to be crunched, in

1981 1982

SOURCE DATAQUEST INC

Fast-growing. High-speed circuit applications have made ECL popular with mainframe
companies. But sharp growth is expected from additional converts.
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Probing the news

Marching along. More semiconductor com-
panies are getting into the ECL race, such as
Signetics Corp., which is introducing both
10K and 100K devices (above).

real time so as to make an instant
threat analysis and determine what
countermeasures or evasive actions
to take.”

Dataquest’s Klesken notes, “Com-
munications people are pushing for
ECL, as well. They are talking about
1-gigabit-type logic for switching
high-speed data streams.”

New contenders. It is not surpris-
ing, then, that many semiconductor
manufacturers are expanding their
ECL efforts or getting right into the
action. Signetics Corp.’s logic divi-
sion in Sunnyvale, Calif., which has
been quietly alternate-sourcing a few
of Motorola’s MECL 10K devices, is
now launching a major offensive into
the ECL arena. It has just disclosed
plans to manufacture more than 80
ECL devices that cover more than
95% of the ECL devices considered
industry standards.

According to division marketing
manager John Tammel, Signetics
not only plans to expand its 10K
offering, which includes a number of

88

interface chips, flip-flops, and count-
ers, along with more complex medi-
um-scale iCs, but also will make a
move into the smaller race in faster
100K parts by alternate-sourcing a
majority of the Fairchild series.

Signetics’ 10K devices, because of
their 300-megahertz operating
speed, typical gate delay of 1.5 nano-
seconds, and high noise immunity,
are expected to be “widely used in
high-speed CPUs, digital communica-
tions, computer peripherals, and
instrumentation (test systems and
counters with ECL prescalers),”
Tammel predicts. In the 100K mar-
ket, which Signetics expects will
grow 10 times as fast as the 10K
market, the firm will offer parts with
a 750-picosecond gate delay and an
operating speed in the 400-to-500-
MHZ range.

Fast race. Not content to sit back
and watch Signetics, or any other
supplier, win a share of the ECL prize
money without a battle, several
semiconductor makers are loosening
up on the reins. Motorola’s bipolar
division in Mesa, Ariz., the industry
leader with an estimated 30% share
of market, is developing a new high-
performance family of 10K devices.
Dubbed MECL 10KH, they “will
offer twice the speed at the same
power” of the firm’s current 10K
family, says Robert Liggett, product
planning manager, bipolar digital
logic products.

Meanwhile, Motorola also plans
to introduce, later this year, a
scaled-down version of its ECL mac-
rocell array, which differs from oth-
er ECL gate arrays in that it is split
into functional blocks, rather than
individual gates [Electronics, April
10, p. 46].

National Semiconductor Corp.,
Santa Clara, Calif., signed an agree-
ment with Motorola late last year
that will allow National to make and
sell bipolar very large-scale inte-
grated circuits derived from the
Motorola macrocell array. Pierre
Lamond, National’s vice president
and technical director, says his firm
will go into early production on
array-derived circuits for its own
computer production lines and will
also accept orders from external cus-
tomers for custom circuits using the
array concept. National also is
understood to be readying an ECL

offering of its own design.

Neighboring Advanced Micro De-
vices Inc. of Sunnyvale, which has
been making several bipolar ran-
dom-access memories with ECL in-
nards and TTL-compatible on the
outside, as a spokesman puts it, will
put both feet into the ECL market.

AMD’s first all-ECL part will be a
1,024-bit RAM that will be offered as
both a 10K and 100K device in early
1981. The new ECL devices, the
spokesman continues, will be fabri-
cated in AMD’s new oxide-isolated
process, called IMOX.

More to come. Fairchild is follow-
ing up its 100K family with its F200
ECL arrays having an equivalent gate
complexity of 200 to 250 gates and a
typical ‘propagation delay of 750 ps
per gate for the higher-power (4-w)
version. Power dissipation is in the
2-w range for a soon-to-be-available
low-power version, F201, that has
gate delays of 1 ns.

More recently, the Mountain
View, Calif.-based firm disclosed
development of an F300 array that
incorporates the latest photolitho-
graphic techniques and Isoplanar-S
(for scaled) processing to address
both the high-speed and the high-
density applications simultaneously.
Slated to be available in the second
quarter of 1981, the F300 has an
equivalent complexity of 2,000 gates.
Total array power ranges from 8 w
down to 2 W, and typical gate propa-
gation delays range from 1.5 ns to as
little as 500 ps.

Japanese stables Fujitsu Ltd., Hi-
tachi Ltd., and Nippon Electric Co.
also are expected to run for a larger
share of the ECL purse. Interestingly,
Texas Instruments Inc., Dallas,
Texas, is *‘essentially withdrawing
from the ECL race,” as a TI spokes-
man puts it, but threatens to make a
comeback with a horse of a different
color. “We had one remaining ECL
product that we were selling as
recently as late 1979. It is a long
drawn out process of getting out of
the business. Thus, only now are we
fulfilling commitments.” However,
“there are some other (undisclosed)
products under development at TI
that will fulfill those needs of high-
speed computers that are now served
by ECL,” adds the spokesman,
setting the stage for a *“‘dark horse”
entry. O
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Cost Effective Systems for the
Microcomputer OEM.

Ohio Scientific has been building small
business microcomputers and personal
computers since the beginning of the
microcomputer revolution. Most Ohio
Scientific products incorporate a bus
architecture utilizing modular circuit
cards mated to a multi-slot backplane.
Onhio Scientific's 48 signal line bus is
designed to effectively marry the versa-
tility and modularity of bus architecture
with the economies of consumer products
producing an ultra-low cost yet reliable
system. Many industrial users of micro-
computers recognize the economy and
versatility of Ohio Scientific's modular
computer boards and utilize these boards
and subsystems as well as customers
who purchase complete computer
systems on an OEM basis.

Ohio Scientific’s

New OEM Program

Ohio Scientific now recognizes the
importance of the OEM marketplace and
is introducing a complete program for the
board level OEM user as well as the
system OEM. The program starts with our
standard products including three CPU
boards, a broad range of static and
dynamic memory boards, mini and 8"
floppy disk controllers, printer controllers,
multiple RS-232 port boards, a hard disk
controller, and video interface with
optional keyboard. Backplanes with two,
four, eight or sixteen slots are available.
These standard products are now being
supplemented by a broad range of

products specifically for the OEM user

including:

* New universal telephone interface
board which has auto-dial capability,
auto-answer capability, tone encoding
and decoding, answer and originate 300
baud modem and voice |/O via tape
recorder or optional phonetic voice
output system.

¢ New calendar-clock with several month
battery backup capability which can be
programmed to automatically restart
the computer or shut off the computer at
set times. The circuit board also
includes automatic power-fail restart
capability.

¢ Instrumentation quality high speed,
12-bit analog A/D - D/A module with a
16-channel input multiplexer and two
12-bit D/A converters.

¢ A large range of parallel interface
options including circuit cards contain-
ing 48 parallel /O lines.

* New solderless prototyping board which
connects to the computer system
and allows rapid prototyping of new
interface ideas.

* System PROM blaster which accepts 8K
through 64K bit industry standard
EPROMS and a universal EPROM-ROM
card.

* A card edge extender, bus analyzer and
bus compatible breadboards.

Documentation

All of Ohio Scientific major circuit boards
are now fully documented by Howard
Sams (the originator of the Sams Photo-
fact series for Consumer Electronics)
servicing manuals which include
block diagrams, schematics,
detailed pictorials, parts place-
ment diagrams and parts lists

providing the designer, systems integrater
and serviceman with detailed hardware
information. Ohio Scientific is offering
qualified OEM users its principal disk
operating system (OS-63D V3.2) which
supports multiple languages, mini-floppies,
8" floppies, printers, modems and other
accessories in documented Source Code
and machine readable form which can be
reassembled on standard OSI| computers.
This gives the product developer the
ultimate flexibility in integrating these
components into his total system design.

Best of all is the Price

Because of Ohio Scientific's hundreds of
thousands of boards per year volume for
the consumer and small business market,
these products cost a mere fraction of the
corresponding LSI-11, SBC or S-100 bus
boards. This economy allows you to utilize
a floppy subsystem in your product at a
total cost typically less than an EPROM
based system from other vendors.

Ohio Scientific's reasonably priced
universal telephone interface and voice
output capabilities allow you to integrate
advanced telecommunications, remote
control capabilities and/or unlimited
vocabulary voice response in your
systems at the same price as a ‘bare
bones' implementation with other bus
architectures.

Easy to Start With

Getting started with the OSI bus architec-
ture is now easy with documentation, off
the shelf availability, and economical
computer systems for in-house software
development using Assembler, BASIC
FORTRAN or PASCAL. Ohio Scientific's
new OEM contract provides easy to start
with terms and generous volume
discounts.

For more information and the name and
phone number of your local Ohio
Scientific OEM representative call
1-800-321-6850 toll free. Please specify
your interest as an OEM user.

OHIO SCIENTIFIC

1333 SOUTH CHILLICOTHE ROAD
AURORA, OH 44202 » (216) B31-5600
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V dynamic RAM family
today, from Motorola.

For the first time, a complete family of single-
supply +5 V dynamic RAMs from 16K through 64K
is available in production quantities. You can get
them now, from Motorola.

The dynamic RAM family leaders are the 64Ks.
These “memories of the future” are available today
from Motorola, and from authorized Motorola
distributors.

The single-supply 16K RAMs also are available
now in production quantities from the factory and
distributors. Completing this family of totally
upward-compatible 16-pin RAMs are the +5 V 32Ks,
for intermediate memory system densities between
16K and 64K. They're also available now direct
from the factory.

The entire family uses industry-standard pinouts
and has the high speed and low power you expect
from our HMOS technology. Systems designed
with our 16K RAM can double or quadruple their
memory capacity as demand warrants by simply
plugging in our 32K or 64K family members.

AN AN The pin that refreshes

Motorola’s +5 V64K RAM was the first in volume
production. Now. two versions are available. The
original MCM6664 has the leadership Pin 1 self-
refresh and auto-refresh functions. The MCM6665,
without Pin 1 refresh, is now also in volume pro-
duction.

Our 16K and 32K single-supply dynamic RAMs
are designed with and without Pin 1 refresh, too.
The 32K MCM6632 (with Pin 1 refresh) and

V cc Supply Current-Max Price* MCM6633 (without) are both in production, as is
e S the 16K MCM4517 (without). The 16K with Pin
50/5 $109.95 1 refresh, MCM45186, will be available later this year.
99.95 Not only is Motorola first with the broad line
of fully-pin-compatible 16K - 64K +5 V dynamic
50/5 55.00 RAMSs, but first with 16K - 64K +5 V families of
50.00 fully pin-compatible 24-pin ROMs and EPROMs as
well. Look to Motorola leadership in MOS Memories
23/2.5 }g% for designing

Innovative systems
through silicon.
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Careers

Grad school tackles software

Emphasis at the new Wang Institute is on developing
software engineers for industry’s needs

Moving along the halls of a former
religious seminary in Massachusetts
next month will be students con-
cerned not with the spiritual nature
of the life hereafter, but with the
development of software for here
and now. This new school in Tyngs-
boro is the Wang Institute of Gradu-
ate Studies, an independent, non-
profit institution offering a master’s
degree in software engineering,.

The brainchild of An Wang,
chairman and chief executive officer
of Wang Laboratories Inc., Lowell,
Mass., the institute’s dual mission is,
first, to prepare software architects
and first-line project supervisors to
meet the demands of industrial soft-
ware development and, second, to
attract technical people to a region
that badly needs them. As such,
Wang’s new school could become as
significant to the industry as any of
his hardware.

WIGS, which is about 50 miles
northwest of Boston near the New
Hampshire state line, should have a
significant impact on the region,
thinks Howard P. Foley, executive
director of the influential Massachu-
setts High Technology Council.
“Massachusetts schools produce too
few graduate-level engineers, so in
terms of adding to the talent pool,
the institute comes as good news
-indeed,” he comments.

Down to earth. Backed by a $3
million endowment from the Wang
family, WIGS may reside in a former
religious seminary, but it will be no
monk’s retreat, says Caroline War-
dle, the assistant dean. She stresses
that the institute’s program is a pro-
fessional one that will specialize in
software technology and technical
management and emphasize actual

92

by Linda Lowe, Boston bureau

Getting a head start

‘‘Start 'em while they’re young'* might well be the motto of Project Access, a
program to teach high school students programming skills and acquaint
them with career opportunities in software engineering. Originally begun as a
‘‘general-purpose, philanthropic gesture’” by Raytheon Data Systems Co.,
Project Access has proven so successful that it is now an important part of
the company's manpower planning, says its director of human resources,
Daniel P. Mulkeen.

Project Access got under way last summer when mathematics teachers
from four high schools near the Norwood, Mass., firm attended a six-week,
intensive computer-science course at RDS. In particular, they learned to work
with RDS equipment and its Macrol language. What they learned became
part of the school-year curriculum for 283 high school seniors at the four
schools. The company donated and installed equipment for the courses —
including RDS 1200 processors, terminals, and printers —as well as addition-
al technical training sessions for the teachers carried on at Raytheon
throughout the year.

Last April, RDS recruited two students from each school for part-time
co-op jobs at the company. Working about 20 hours a week, the students
tackled routine coding projects under the supervision of RDS software
engineering managers. “This was a real test balloon,” reports Mulkeen.
“Coding is generally assigned to new engineering graduates to break them
in, and while the work often is below their developing capabilities, we
wondered how high school kids could handle the job."

But, Mulkeen adds, the kids did just fine. "The response from our
engineering managers was very favorable and very enthusiastic.” As a result,
RDS now plans to increase the number of co-op students next year to 12 and
eventually to include more high schools in the program.

Participating students also have been enthusiastic about Project Access,
and some, Mulkeen says, have told him it was the major factor in their
decision to pursue an engineering career. He notes that RDS hopes to have
some of these students back in summer jobs during their college years. And
those who return as graduates familiar with Raytheon and its products can
sidestep the training and breaking-in period that is usually required for new
engineers.

Another bonus for RDS is that using co-op students to do coding frees up
the company's younger engineers to do some higher-level jobs. That, says
Mulkeen, alleviates “'the boredom factor,” which he believes is a common
problem in the industry and accounts for the high turnover rate among
younger software engineers.

8o Project Access promises a means not only of cultivating technical
talent in the early stages, but also of allocating existing human resources
better, and it looks to be an ongoing investment on the part of RDS,
according to Mulkeen. The firm modeled Project Access on a similar
program it conducts at the college level. That program, now going into its
third year, has produced a number of graduating engineers recruited by RDS
for full-time work. -L. L.
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on’'t have to give up
the benefits of zero force
insertion to get an
efficient thermal an
mechanical
interface-

IERC’s new retainers give you zero
insertion force installation. ..

In the unlocked position, IERC’s new
circuit board retainers provide you with all
the benefits of a conventional ZIF side
guide:
¢ Easy installation of circuit board into

rack or card cage.
¢ Elimination of stress, scoring and other

damage to board and components.

e Easy alignment of connector pins.
¢ Simple, fast systems maintenance.
o Increased equipment reliability.

Plus a positive lock that provides
superior mechanical integrity. ..

Turning the unique cam actuator 90°
on IERC's new circuit board retainer
produces up to 100 1bs./sq. in. of positive
locking force along the entire board edge
and provides unmatched board protection.
e Locks boards firmly in position.

e Provides superior shock and vibration
protection.

e Adds structural strength to the cage
assembly.

Plus a highly efficlent thermal interface
Once locked, IERC's new circuit board

retainers provide an efficient thermal path

between the circuit board and cold wall.

e High mechanical integrity promotes
efficient heat transfer. ) 1 . \/
¢ Accommodates metal-core circuit circuit boards on 10 mm (.394 in.)

boards, ladder networks, and other heat centers. They are available in seven

it erimethods! lengths from 1.5” to 10.5” (in 1.5”

! . : increments) to accommodate the most
¢ Combines with IERC conduction bars popular circuit board sizes, and are avail-

al"ld'Sld?: rails to fprm a superior heat able in several finishes. They are easily
£ ORI ST mounted to a wall structure using standard B/
Simple, light, flexible design hardware, epoxy bonding or dip brazing. ’%
IERC's new ZIF retainers permit high- For more information, contact IERC or
density packaging and allow stacking of your nearest IERC Sales Representative.

Circle 93 on reader service card
International Electronic Research Corporation, a subsidiary of Dynamics Corporation of America, 135 West Magnolla Blvd., Burbank, California 91502, (213) 849-2481
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work experience in its curriculum.

The influence of industry out in
the real world will be felt. For
instance, team projects will replace
the traditional master’s thesis or
individual programming assignment
and deal with problems *“donated”
by private companies. Students
might work on improving a compiler
or on developing new applications
software enhancements, and the
grades they receive will reflect how
well their work meets industry as
well as academic standards.

The institute also will use a vari-
ety of mid-sized computer systems
that graduates will most likely
encounter on the job. The WIGS lab-
oratory initially boasts Digital
Equipment Corp.’s VAX 11/780,
Prime Computer’s 750, and Wang’s
VS systems, plus remote access to an
IBM 3033 and a terminal for each
student. Working with several differ-
ent, commonly used systems will
make for a breadth of practical
experience, Wardle believes.

On its own. The multivendor
approach also ‘“‘assures companies
that this will be no mere ‘Wang
Prep,” but rather an institution serv-
ing the whole industry,”” notes
Joseph F. Cashen, engineering vice
president of Prime Computer Inc.
“That assurance is responsible for
the good will and support Wang has
elicited from companies like Prime.”
The Wellesley Hills, Mass., firm
donated its 750 system to WIGS and
may enroll some of its engineers
there this fall, Cashen adds.

The decision to start an indepen-
dent school rather than give funds to
an existing technical school or uni-
versity reflects a determination to
give private industry more say in the
content of professional education.
“Even specific, industry-funded pro-
grams have a way of drifting from
the original intent and serving the
needs of the university that adminis-
ters them,” comments Jack R. Bohl-
en, vice president of development for
the institute.

That is just the problem that
WIGS will be addressing, says War-
dle. Though the institute’s two advi-
sory committees include strong aca-
demic representation, its training

approach will respond to the needs
and realities of industry.

The core curriculum will include
many courses offered only as elec-
tives by most conventional graduate
programs, she points out. It will
ground students in management
skills applying to all phases of
designing and running software-
development projects, as well as in
programming methodology, the ap-
plication of formal methods, systems
architecture, and software engineer-
ing techniques. Elective courses will
encourage specialization in areas
like compilers, operating systems,
and data-base management. Com-
mon themes running through the
course work will include professional
standards and ethics, organizational
and industry perspectives, and hu-
man relations. The goal is to produce
graduates ready for industry.

WIGS applicants must have an
undergraduate degree in science,
mathematics, or a computer-related
discipline, plus a minimum of two
years’ work experience. Full-time
students can complete the program
in a year, but with tuition costing
$5,600 annually and no scholarship
plan yet in place, most students
probably will take the two-year part-
time route to their degree under the
sponsorship of the companies em-
ploying them. The faculty is headed
by Ugo Gagliardi, who is on leave
from Harvard University, where he
is Gordon McKay professor of the
practice of computer engineering.
Besides assistant dean Wardle, who
is from Boston University, Wang
also recruited professors from Mich-
igan State University and the Pur-
due University.

The first class will probably num-
ber some 25 to 30 students, Wardle
projects. She hopes to see that num-
ber increase to over 100 in three or
four years and represent an even
split between full- and part-time
degree candidates. Comments An
Wang: “There is no hurry. We pre-
fer to start small, take our time, and
do it right.”

His concern is as much for the
example WIGS will set as it is for the
institute itself. “A lot of people are
watching what we do very closely,”
says Wardle, “and if our experience
inspires the creation of similar
schools, we’ll be very pleased.” (O
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Now! 20 MHz monolithic

10-9-& 8-bit D/A converters

(And they’re glitchless?)

Only TRW offers you all these features in any time. It can be strobed with

a DAC. an independent clock. A 1V/75 ohm
Signal conversion is a guaranteed output directly drives a load without an

20 megasamples/sec. Best rate yet for op amp or buffer. For convenience,

a monolithic 10-bit DAC. we included a Force High/Force Low
*Glitches are barely measurable. control for calibration. It gives you

Less than 100 picovolt-second on full scale or zero output without chang-

average. An internal input register and ing the digital input. Physically, our

equalized delay circuitry eliminate monolithic/bipolar DACs in their 40-pin

the need for any external deglitching DIP demand less. They take up less

components. space and require only 600 mW (vs.2-5
Our DACs are compatible with TTL watts for module types).

and single-ended or differential ECL. And The new DACs from TRW: they

handle a variety of inputs: 2's complement, leave no reason to delay going monolithic.

inverted 2's, or binary. Not even price.

A unique output clocking option These high-speed high-resolution D/A
offers the ability to zero the output at converters are in stock at Hamilton/Avnet.
DIA Resolution Speed Power Unit Price

Converter (Bits) (MSPS) (Watts) (in 100s)**

TDC1016J-10 10 20 0.6 $98
TDC1016J-9 9 20 0.6 $51
TDC1016J-8 8 20 0.6 $38

**U.S. Prices

For immediate information, call us
at(213) 535-1831 or send in the
coupon or just attach your business
card to this page and mail it back to us.

TRW LSI Products
P.0.Box 1125
Redondo Beach, CA 90278

Please send data sheets on the family of
DACs.
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TRW s PRODUCTS

TRW keeps you ahead in digital signal processing An Electronic Components Division of TRW Inc.
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Solid state

New conference homes in on VLSI

Merging circuit and system design, the first ICCC
blankets all aspects of very large-scale integration

Does the electronics industry need
another solid-state technology con-
ference? Some may not think so, but
IccC 80, the first international con-
ference on circuits and computers
for large-scale systems, makes a
strong argument for itself. It is to be
held at the Rye Town Hilton Inn in
Port Chester, N. Y., during the first
three days in October.

To be situated near IBM Corp.’s
East Fishkill facility and its York-
town Heights Watson Research
Center, it is no surprise that the
computer giant dominates the pro-
gram. Indeed, one of the highlights
of the conference will be a three-part
presentation by IBM on a very large-
scale integrated microprocessor.

by John G. Posa, Solid State Editor

One of the papers will describe the
design of the bipolar gate array used
to implement the processor; a second
paper will address the architecture
of the processor; and the final paper
will unveil the automatic placement
and routing system and software
used to wire the array.

But IBM will not be the only
heavyweight on the program. One of
the panel discussions, for example,
concerns the impact of VLSI on hard-
ware and software in the 1980s. If
any group of individuals is prepared
to assess the impact of VLSI, it
should be these panel members: Gor-
don Bell of Digital Equipment Corp.,
Erich Bloch of 1BM Corp., Kaneyki
Kurokawa of Fujitsu Corp., Bernard

2: Computer communications

List of Texas Instruments Inc., Tho-
mas Longo of Fairchild Camera and
Instrument Corp., Joachim Saehn of
Siemens AG, Leslie Vadasz of Intel
Corp., and John Welty of Motorola
Inc.

Merger. 1ICCC 80 will merge VLSI
circuit design with large-scale sys-
tem design. It is jointly sponsored by
the computer society of the Institute
of Electrical and Electronics Engi-
neers and its circuits and systems
society. In all there will be 58 ses-
sions and 300 papers from all over
the world.

The program, listed in the table,
blankets all aspects of vLSI, from
pure technology to titanic systems.
Papers will be given on the prospects

4: VLSI placement algorithms

3: VLSI logic design

5: Design automation

0 K RNATIONAL CO
am Session 1: Memory circuits
pm 12: VLSI logic arrays

13: Large VLSI systems

15: Systems routing algorithms

14: Distributed processing

16: C-MOS/SOS computers

am 21: VLSI technologies

22: VLS| architectures

23: VLS| design aids

24: Lithography

31: Bipolar VLSI microprocessor

33: Fault-tolerant computing

35: Fault detection |

pm
32: VLSI circuit design 34: Multiprocessor systems 36: VLSI layout
42: Analog circuit techniques 45: Test generation and evaluation
am 44: Software/hardware systems
43: Josephson technology | 46: Design verification and simulation
51: Josephson technology 11 54: Computer packaging and interconnection
pm 53: Logic and arithmetic unit design

52: LS| applications

55: Fault detection Ii
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for integrated injection logic, on
scaling MOS devices for vLSI (by
Intel Corp.), the potential of bipolar
devices in LSI gigabit-per-second
logic, and the design of LSI analog
circuits. The present and future
problems of X-ray lithography will
be reviewed, as will software for
electron-beam VLSI lithography.

Mitsubishi Electric Corp. will out-
line the boons of the high-pressure
oxidation process that has already
improved the refresh characteristics
of its 64-K random-access memory.
IBM will consider MOS devices and
integrated circuits at liquid nitrogen
temperatures and, in another paper,
it will impart yield studies for VLSI
chips with projections out to the year
1990.

Josephson too. IBM will also dis-
close much about its Josephson-junc-
tion technology, with its Watson
Research Center furnishing three
papers. One will present a new ultra-
high-speed latching memory element
having a 3.5-nanosecond cycle time.
A second paper on Josephson LSI
circuits will introduce programmable
logic arrays and functional-loop
logic built with the junctions; the
loop logic deals with optimization of
complex logic blocks.

The third paper from Yorktown
Heights shows off an integrated

umerical algorithms

Josephson system that includes all of
the necessary elements to power
latching Josephson logic. Speaking
of speed, Richard Eden and his col-
legues at Rockwell International
Corp.’s Electronics Research Center
in Thousand Oaks, Calif., are forg-
ing ahead with super-fast LSI gal-
lium arsenide circuits. They will
demonstrate fast, low-power GaAs
ICs having gate counts up to 560.

In Session 1, on memories, V. L.
Rideout of I1BM will present a paper
on future directions of MOS RAMs
and K. W. Hoffmann of Siemens AG
will suggest present and future
trends of dynamic MOS memories in
general. Siemens will also give a
paper on two fast bipolar RAMs and
another on a 256-K RAM with select-
able operating conditions.

The sessions on logic and process-
ing elements stress the large-scale
difficulties of VLSI. As in the user
community, a shift in focus from
hardware to software is also being
embraced by chip designers. Semi-
custom logic in the form of gate
arrays is being tried in lieu of costly
custom chips. These arrays are per-
sonalized through final mask pat-
terning.

Software. 1ICCC 80 has scheduled a
wealth of talks that concern auto-
matic placement and wiring of such

8: Panel on large-scale systems

arrays. RCA Corp., for instance, will
deliver a series of papers on silicon-
on-sapphire technology: one will
illustrate the first complementary-
MOS SOS gate array to have intercon-
nections routed entirely through au-
tomatic algorithms.

In addition to IBM’s VLSI micro-
processor, TRW Inc. and Amdahl
Corp. will also describe VLSI com-
puter architectures. Siemens AG will
disclose a fascinating method for
testing microprocessor chips using
an electron beam. With a scanning
electron microscope in the voltage-
contrast mode, Siemens is able to
record micrographs of logical states
and sequences using an 8085 micro-
processor as a specimen.

Networking, multiprocessing, and
communications will also be given
equal time. Mitre Corp., Bedford,
Mass., will show how throughput
can be improved in packet-switching
networks. Fiber optic communica-
tions will be the subject of a Bell
Labs paper. Another delivery will
suggest the use of electric power dis-
tribution lines as a communications
network. And Nippon Telegraph and
Telephone will reveal new C-MOS
digital communications chips. O

oy
[~

: Large-scale systems

7: Large system decomposition

9: Network flow problems

11: Linear systems and fast computation

18: Large computers and queuing networks

17: Latency and macromodeling

19: Telecommunications systems

20: Dynamical systems

25: Computer-aided design

27: Approached to VLS| design

29: Large dynamical systems

26: CAD in Europe |

28: Graph theory for large systems

30: VLSI panel discussion

37: Panel on VLSI circuit optimization

38: Nonlinear circuits

39: Graph theory and combinatorial
networks

40: Network design and reliability

41: Steady-state CAD

47: Numerical device modeling

48: Large-scale computation

49: Large-scale transportation and
communication networks

56: Circuit optimization

57: CAD in Europe Il

58: Digital signal processing

50: CAD for VLSI circuits

Electronics / August 14, 1980

97



ROUND TRIP 8-BIT B

OUR NEW 8-BIT ADC'S
AND DAC'S GIVE YOU
A GREAT ONE-WAY
OR ROUND-TRIP

PACKAGE, ,
AT A PRICE THATS | 4
UNBELIEVARBLE. ' '
%O%K?Zﬁ%??ﬁe'?éxé’s?“t o —

Our AD7574 comes as low as $5 in1000's,

and offers specs and features you expect
only from more expensive hybrids. Qur
AD7524 is priced even lower —S$3in1000's.
Take them together and you've got a
complete, reliable A-D/D-A uP interface
foronly $8.

OUR ADTSM4 ISA

HIGH PERFORMANCE 8-BIT
ADC WITH SUPER SPEED,
SUPER SPECS.

First, we're fast. We use the successive
approximation technique to give you an
accurate 8-bit A-D conversion in as little
as15 us. But there’s more to
high performance than
speed. That's why
our AD7574 has

its own internal comparator
SO you never have to fiddle
with external components to
get full 8-bit transfer accuracy.
And our internal clock oscillator
runs only during conversion
y " for minimal power dissipation. In
addition, the AD7574’s small
18-pin DIP size, monolithic relia-
bility, +5V supply, and the low
power consumption inherent
in CMOS make it perfect for
applications in avionics, instru-
mentation and process automation.

DIRECT INTERFACE TOuP.

Our AD7574 has great handshaking ability
for quick and easy uP interfacing. And all
conversion operations are controlled by just
two input signals, CS and RD available in
every uP ,<r

system. .
* <4

With its
three-state
logic outputs, the AD7574
allows easy connection to
any wP data bus or system I/0
port. And to make interfacing
even easier, you can treat our
AD7574 just like memory.




US FARES. $8.WOW!

OUR AD7524 IS AN 8-BIT DAC
WITH LATCHES, AND
ACCURACY TO £ 1/8 LSB.

& AD7524

| cs 12
WR 113 3

¢ 0‘4‘9 We've taken one of our
Q\Rﬁcj‘ 3, high performance 8-bit
R 0\)5 * multiplying digital-to-
ol analog converters and
foom R added level triggered latches —

LV with on-chip control logic for
extended interfacing capabilities. So our
new AD7524 can be easily connected to
nearly all 8-bit wP’s, as well as /0 ports that
provide latched data, without the need for
supplementary circuitry.

Our AD7524 also features full four-
quadrant multiplication so it can accept
both negative and positive variable
references — a big plus for applications
in digitally controlled gain setting,

See us at Wescon/80, Sept. 16-18, Booth #1268.

signal control and attenuator circuitry.

Other pluses with our AD7524 include
advanced thin-film on CMQS fabrication for
accuracy to =% LSB, single-chip construc-
tion for increased reliability, guaranteed
monotonicity over the entire operating tem-
perature range, +5V to +15V supply range,
and a low 20 milliwatt power dissipation.

AND THE PRICE IS RIGHT!

Bus in with our AD7574. Bus out with our
AD7524. Or go round-trip with both. No
matter which way you go, you won't find
better fares than Analog’s. To get all the
facts on these two exciting new full per-
formance uP-compatible converters, call
Doug Grant or Don Travers at

(617) 935-5565. Or write

Analog Devices, Inc.,
P.0. Box 280, Norwood,
MA 02062.

"

ACTUAL
SIZE wiow
wh
¥ i
..o‘ '%
X o

ANALOG
DEVICES

Analog Devices, InC , Box 280, Norwood, MA 02062,
East Coast (6171 329-4700, Midwest (312) 834-3300
west Coast: (7141 842-1717, Texas (214) 231-5094,
and representatives around the world
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Probing the news

Computers

Fixing faults by phone

Mainframe companies are finding that remote troubleshooting
saves time and money while serving customers better

Fixing computers by telephone is a
service technique that has been
around for some time, but these days
cost-conscious computer manufac-
turers are turning more and more to
this alternative to on-site repair. In
the past few months several compa-
nies have increased their investments
in remote maintenance, indicating a
fundamental change in the way com-
puters are serviced.

Expectations are high. Manufac-
turers want to cut down on expen-
sive, labor-intensive, and time-con-
suming on-site service calls, especial-
ly the exploratory visit to diagnose
the cause of a computer malfunc-
tion. At the same time they want to
provide better service for their cus-
tomers, who are increasingly depen-

dent on their computers.

Giving impetus to the current pop-
ularity of remote maintenance is the
improved electronics technology that
makes the extra remote diagnostic
modules more economical than ever
before. In addition, a major boost
came last year, when the big name in
service, computer giant International
Business Machines Corp., endorsed
this technique by opening remote
service support centers for its new
4300 models.

Since then, Honeywell Informa-
tion Systems has installed remote
modules on its larger systems, and
other manufacturers, including
Sperry Univac, NCR, Data General,
and Digital Equipment Corp., have
introduced or expanded their remote

The doctor is in. Working at one of the stations of Honeywell’s Technical Assistance Center
(TAC) for large computer systems, in Phoenix, Ariz., this technician uses the telephone and a
terminal to diagnose malfunctions remotely, saving the time and cost of a service call.

100

service capability. But most observ-
ers agree the industry is just begin-
ning to scratch the surface of this
capability.

Inflation fighter. Of course, the
manufacturers’ interests are also
well founded in bottom-line profits.
While service has steadily been con-
tributing to manufacturers’ reve-
nues, the operating costs—inflation-
sensitive because of labor intensity —
have been spiraling upward. Even
the big manufacturers, who are usu-
ally the last to feel the pinch, are
reporting these trends.

For instance, IBM’s gross income
in 1979 from machine rentals and
service increased 8.7%, while the
costs of these rentals and services
increased 10.8%. Since hardware
prices are dropping, service costs
must have contributed significantly
to that difference. IBM attributes the
lower earnings for this sector to the
“rapid growth of services.” At Hon-
eywell, the service and maintenance
business has almost doubled since
1973 and now accounts for about
20% of total revenue.

Call for help. Fortunately, selling
customers on remote maintenance is
not difficult. It has an immediate
reward for the user—up time—and
the added bonus of lower service
costs. Honeywell estimates it can
save a quarter man-year, amounting
to $10,000 a year, per large main-
frame site—a savings that can be
shared with the user. Data General
says sales for its remote service ter-
minal are picking up after an initial
lag, and DEC estimates that about
50% of its customers now use its
remote diagnostic service.

IBM support centers let customers
call in with their software problems

Electronics /August 14, 1980



The new 8520A DMM:
Math, memory and measurement
capabilities that work overtime.

Introducing the new Fluke 8520A
DMM - a powerful multimeter system
that sets new standards of accuracy,
intelligence, speed and hard-working
practicality. With the 8520A’s built-in
math and memory capabilities you can
actually let your multimeter make
complex measurements overnight,
totally unattended. Store up to 400
readings (Option 010) in the 8520A’s
“burst” memory at variable reading
rates as slow as one per hour. Then
come back in the morning and review
the results in minutes.

You can also store data at up to
240 readings per second with 60-Hz
line operation (200 readings at
50 Hz), right on the bench,
with a full 5%-digits of

resolution. Make fast tests of filter
settling and transient response
of circuitry.

Once you've saved that data, take
advantage of the 8520A’s full math
capabilities. The 8520A’s seven
standard and seven optional programs
including percent deviation, limits,
statistics and the unique low-frequency
ac give the 8520A the highest 1Q of
any precision DMM.

The 8520A also boasts 50 ppm,
90-day, basic dc accuracy. Voltage
(including True RMS ac), resistance
and conductance (for resistance

measurements to 10,000 Megohms)
functions are standard. And an
IEEE-488 interface is built-in.

The sum of all these features is a
very impressive performer - one that
totally redefines the concept of the
intelligent digital multimeter. For a
base price of only $2995 U.S.

You've got to see this new precision
multimeter for yourself to appreciate
its full capabilities. Contact your
Fluke Sales Engineer or
Representative for a demonstration.
For his name, call toll free
800-426-0361, or use the coupon below.

IFLUKE]

®

85204 BEITAL MULTMETER

IN THE U.S. AND NON-
EUROPEAN COUNTRIES:

John Fluke Mfg. Co., Inc.
P.O. Box 43210 MS #2B
Mountlake Terrace, WA 98043

(206) 774-2481
Telex: 32-0013

Name
Title

Company
Address
City ) i
| Telephone () Ext.

IN EUROPE:

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

Telex: 52237

O Please send me more information.

O I want to see the 8520A in action. Please have a
Sales Engineer call.

_ MailSwp




Probing the news

using a toll-free number, a technique
the company estimates solves 67% of
the software problems. For hardware
problems, the self-diagnostic capa-
bility in the 4300 provides the user
with a code that is called into a
service center, but a service engineer
must still come to the site. If the
engineer requires assistance, he can

then connect the 4300, with the cus-
tomer’s permission, to a remote ser-
vice center for a run-through.

When a user experiencing techni-
cal difficulty phones toll-free to
Honeywell’s 24-hour Technical As-
sistance Center (TAC), an up-to-
date maintenance profile of the com-
puter is pulled from a data bank.
This profile is given to a specialist at
the center in Phoenix, Ariz., who
then discusses the problem with the

precision products.

Plastic components from Dai-Ichi Seiko add value to the
end product by providing quality-controlled
dimensional accuracy and top reliability.
* Economically designed all-plastic ENPLAS tape counters —
developed through our experience in the
production of counters for automotive odometers —
are used throughout the world in cassette, l
open-reel, and videotape recorders.
* ENPLAS hubs — the favorite of many internationally
famous cassette tape manufacturers —
deliver an excellent performance that reduces wow,
flutter, and tape running noise.
Complete information on ENPLAS tape counters and hubs —
and on other plastic products available from Dai-Ichi Seiko —
can be obtained by contacting us directly |
at the address below.

ENPLAS

DAI-ICHI SEIKO CO., LTD.

parts produce

No0.30-1, 2-Chome, Namiki
Kawaguchi-Shi
Saitama-Ken, 332, Japan
Phone: 0482-53-3131
Telex: 2962837 ENPLAS J
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user to determine if it concerns hard-
ware or software or is operational in
nature.

If necessary, with the customer’s
permission the specialist can connect
into the system for further analysis.
He can then get statistics on error
rates for the central system controls
and peripheral devices, as well as
perform diagnostic tests to deter-
mine hardware malfunctions.

“Ninety percent of software prob-
lems can be handled remotely by
field engineers,” according to Sy
Kraut, Honeywell vice president and
general manager, field engineering
operations. “*The rate is not as high
for hardware malfunctions, but
many cases can be solved by the
operator.”

In addition to saving time and
money, the new technique allows
small original-equipment manufac-
turers to compete for a larger share
of the computer market.

For example, Bankmatic Systems
Inc., a small OEM in Portland, Ore.,
in business less than a year, has
found that Data General’s Dasher
remote maintenance terminals have
been instrumental in the company’s
ability to operate its business. Bank-
matic supplies computer services to
five community banks, located an
average two-hour drive away from
Portland, and is considering expand-
ing out of state.

Gene Morgan, software systems
supervisor for Bankmatic, calls the
remote capability *“‘the best of both
worlds.” He continues: “We couldn’t
afford to have a staff running all
over the countryside. That would
have meant people being out of the
office, travel time, and expenses.”

Bankmatic does not have exact
figures on the cost savings, but Mor-
gan thinks the system has more than
paid for itself. “Our first bank cus-
tomer was 3'2 hours away. A main-
tenance call was an overnight trip. It
doesn’t take too many of those to pay
for the terminal.”

Looking at the long-range impact
of remote maintenance, Honeywell’s
Kraut says, *“I don’t see remote diag-
nostics eliminating people. It means
that for most of the future we may
not need as many more people as we
would otherwise.” O

Reporting for this story was provided by Deborah Williams,
McGraw-Hill Publications Co., and Anthony Durniak, for-
merly of Electronics.
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Facts from Fluke on low-cost DMM’s

Conductance:
What itis, and what it can do for you.

We've often referred to pickup. Yet, measurements at these special shielding and using standard
conductance as the “missing function”  levels are vital in verifying resistance test leads.
in DMM'’s — the capability so many of  values in high-voltage dividers, cables Here the 8020A is being used to
you have wanted in a DMM but and insulators. check leakage in a teflon pcb. With a
couldn’t find until we introduced the With conductance, the inverse of basic dc accuracy of 0.1% and an
8020A Analyst. ohms, which is expressed in Siemens —  exclusive two-year warranty, this
Since its introduction, the Fluke Fluke DMM’s can measure extreme seven-function handheld DMM has
8020A has become the world’s resistances. Simple conversion of made hundreds of new troubleshooting
best-selling DMM. And four more direct-reading conductance values, techniques such as this possible, and
low-cost models with conductance then, yields resistance measurements more are being discovered every day.
ranges have been added to our line. But to 10,000 M£2 (and For more details, call toll free
you'll still find this function only on 100,000 M€ with 800-426-0361; use the coupon below;
Fluke DMM’s. the 8050A), or contact your Fluke stocking
Simply stated, conductance lets without distributor, sales office or
you make resistance measurements representative.
far beyond the capacity of ordinary
multimeters. Until the 8020A, there

was no way to make fast, accurate -
readings from 20 M to 10,000 M — P FLUKE|

ranges typically plagued by noise

8020A
Multimeter

(L RN
WY I

INTHEU.S. AND NON
EUROPEAN COUNTRIES:  IN EUROPE:

John Fluke Mfg. Co.. Inc Fluke {Holland) B.V.

PO. Box 43210 MS=2B P.O. Box 5053. 5004 EB
Mountlake Terrace, WA 98043  Tilburg. The Netherlands
(206) 774- 2481 {013) 673 973

Telex: 152662 Telex: 52237

[ Please send 8020A spedifications.
[ Please send all the facts on Fluke
low-cost DMM's, including the
/’ conductance application note.
e [ Please have a salesman call.

Name

Title Mail Stop
Company

Address

City

Telephone ( )
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TMS9940

\

|

A

16-bit single-chip microcomputer.

World’s first. Here. Now. Avallable\.

With the TMS9940, Texas Instruments
significantly advances its 16-bit
leadership.

With the TMS9940, Texas Instru-
ments expands on what is already by
far the industry’s most complete 16-bit
family. The 9900 Family of microproces-
sors, microcomputers, peripherals, mi-
crocomputer modules and software and
hardware development systems, offers
a unique software compatibility. So you
can move from one product level to
another, confidently, protecting your
development system and software in-
vestment with no need for translators,
code convertors, etc.

TI's 9900 Family is the only family
that maintains architectural and
software compatibility from single-
chips to multi-chips to modules to
systems — all the way to the object
code level.

With the TMS9940, Texas Instru-
ments brings you high-volume, cost-
effective solutions to tough system
design problems, combining the com-
puting power of a multi-chip 16-bit
system with the reliability and com-
pactness of a single-chip solution.

With its high-speed processing, bit
I/0, and advanced memory-to-memory
architecture, the TMS9940 offers com-
putation power unequalled by any other
single-chip product on the market,
while retaining the programming ease
of 16-bits.

High-speed number
crunching and bit 1/0

Powerful instructions — like BCD add,
BCD subtract, 16-bit multiply with 32-
bit results, and compatible divide —
provide a number-crunching capability
unsurpassed by any single-chip
product.

Thirty-two on-chip, flexible, individ-
ually configurable input/output bits are
addressable for manipulation by power-
ful bit I/0 instructions.

1/0 expansion modes permit up to
256 bits of external 1/0 to be added,
allowing easy interface to 9900 Fam-
ily peripherals and most industry
peripherals.

Advanced
memory-to-memory
architecture

Advanced memory-to-memory archi-
tecture makes the TMS9940 ideal for
interrupt-driven and extensive 1/0
applications.

This innovative architecture features
multiple register files that provide ease
of programming and unsurpassed inter-
rupt response time.

The TMS9940 memory consists of 128
bytes of RAM and 2048 bytes of ROM.
Other features include 4 levels of inter-
rupts, plus an internal decrementer
which can be programmed as a timer or
event counter.

TMS9940 — Key Features

* 16-bit instruction word

+ Instruction set includes 16-bit
multiply and divide, BCD add
and BCD subtract

* 128 bytes of RAM on chip

» 2048 bytes of ROM (or EPROM)
on chip

* 64 general-purpose 16-bit
registers

* Program execution from RAM
or ROM

* 4 prioritized interrupts

* On-chip timer/event counter

» 32-bits integral general-purpose
/0 bits — expandable to 256
external 1/0 bits

+ 4 MHz crystal operation —up to
117,000 interrupts per second

* 5-volt MOS technology

* Offered in a 40-pin, 600-mil DIP

Here-and-now availability

Perhaps just as important as the un-
matched capacity for design flexibility,
the 9900 Family is here-and-now and
readily available. It’s the lowest cost
16-bit CPU family. And proven where it
counts most. In the marketplace. The
choice of hundreds of companies for a
wide range of systems and end
products.

Microcomputers mean high volume
and TI has unequalled production ca-
pacity and experience. In fact, Tl is the

largest supplier of single-chip micro-
computers and has shipped more than
the next two suppliers — combined.

9900 Family
development tools

Reliable, available, economical develop-
ment systems designed to boost pro-
grammer efficiency and cut costs.

The AMPL* prototyping lab: A com-
plete set of the software and hardware
development tools for the TMS9940 as
well as for other 9900 Family CPUs.
The AMPL system provides a real-time
TMS9940 emulator and a logic-analyzer
function to solve complex programming
and hardware debug problems.
TMS9940E: This EPROM version of
the TMS9940 is the ultimate prototyp-
ing tool, allowing in-field system check-
out, reducing turnaround time and
expense for code revisions.

Leadership staying power

TI has paced the industry through
generations of semiconductor in-
novation, pioneering the lion’s share of
major milestones.

The 9900 Family is an important part
of that leadership tradition. The 9900
Family is a fact. A production-proven,
available, deliverable fact.

The continuing introduction of new,
advanced 9900 Family CPUs, with TI's
state-of-the-art technology and proven
production resources, demonstrates
TI's total commitment to 16-bit
leadership.

That’s why you can design with the
TMS9940, confident in a family that’s a
reality today. Confident that the family
will grow with your needs to keep your
systems competitive at the leading
edge of tomorrow’s technology.

For more information about the
TMS9940, or any other 9900 Family
member, contact the TI field sales
office nearest you.
For details and spe-
cifications, write to
Texas Instruments
Incorporated, P. 0. Box
1443, M/S 6404, Houston,
Texas 77001. ,

ng Years

of .
Innovation
o]

2

TEXAS INSTRUMENTS

*Trademark of Texas Instruments Incorporated
© 1980 Texas Instruments Incorporated

INCORPORATED
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Who is using
bubble memory?

Rockwell International is
shipping the RBM256 256k-
bit bubble memory device
in production volume, on
time. Our devices are now
in use in machine tool
numerical controls, as
microcomputer memory and
in distributed networks.
They're being designed into
electronic typewriters, port-
able terminals and industrial
controls. If your need is for
dependable supply at pre-
dictable cost, ask Rockwell.

32K-byte bubble
system in stock.

All RMS modules include
controller and support cir-
cuits. The RMS121 uses one
RBM256 quarter-megabit
bubble memory device.
That'’s 32K bytes of non-
volatile, low maintenance,
compact memory. Of course,
these bubble memory mod-
ules interface to standard
microprocessor busses. If
you're ready to integrate
bubble memories into your
products, ask Rockwell.
We're ready with the RMS121
bubble modules off-the-shelf.

Bubble mem
For immediate dels

64K-byte plug-in
systems ready for
shipment.

The RMS122 single board
bubble memory system
doubles the capacity to 64K
bytes. Using two RBM256
devices, it provides fast,
reliable memory capacity

for your system. RMS module
access time ranges from 0.84
ms to 22ms. Average data
rate is 22K byte per second.
And deliveries are fast, too.
The RMS122 is available off-
the-shelf. Ask Rockwell.



ory systems.
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Fast, low-cost
bubble evaluation.

Rockwell bubble modules
interface with our AIM 65
microcomputer to form a
powerful evaluation system
at the lowest cost for you.
The RMS modules can also
be used with the Rockwell
System 65 development
system or any 6500/6800
bus system. If you're ready
to evaluate bubble memory
and want to find out how,
ask Rockwell.

Circle 109 on reader service card

Rockwell design and
application support.

Our bubble modules user
manual, specification litera-
ture and application notes
are designed to help you
apply bubble memories to
your products quickly and
efficiently. You'll be design-
ing with a bubble memory
family with licensed second
sources, a guarantee of
availability. Software and
hardware is available to
support your design. Ask
Rockwell to help with
applications assistance if
you need it.

Hands-on bubble
module demonstrators.

If you’re ready to get your
hands on bubble memory
systems, you'll get hands-on
experience with Rockwell
bubble module demonstra-
tors. Our distributors have
demo units that will let you
go to work immediately.
Rockwell bubble memory
systems. We're ready if
you are. Ask Rockwell.
Rockwell International,
Bubble Memory Products,
Electronic Devices Division,
P.O. Box 3669, RC-55
Anaheim, CA 92803.
(800) 854-8099 (in California
800-422-4230).

l Rockwell International

.where science gets down to business



Testing loaded boards is as
easy as plugging in the series 55.

e

b

When you plug in an Everett/Charles Test Equipment Series 5 shorts and opens lowers manufacturing costs, speeds
Shorts and Continuity Test System, you automatically find circuit production.

opens, shorts or faulty resistors. It's that easy. In addition, the Series 55 uses the highly dependable Series 33 test

Self-programmed from a known good board, the Series 55 can test fixturing with interchangeable test heads. The same Series 33 test
over 1,600 assemblies in eight hours, 2048 test points in less than head can be used through the entire in-circuit and functional test
seven seconds — including handling time. Auto dwell, auto ranging process for reliable testing, with lower fixturing costs.

and auto ze_roing provide simplistic programming to make testing When you plug in E/C Test Equipment’s Series 55 Shorts and

fast, operation simple. Continuity Test System, you plug into loaded board

When positioned after flow soldering and prior to in- testing that’s easy, fast and cost effective.

circuit and/or functional test equipment, the Series 55

off-loads more complex equipment plus increases EVERETT/CHARLES TEST EQUIPMENT, INC.
throughput. And as we all know, early detection of We’re here to help. Gircle 110 on reader service card
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®Keeping fast togls"

on a tight schedule

Low-cost programmable delay generator for IEEE-488 systems triggers
with 10-ns resolution, takes over timing and synchronization of events

by Nelson Urdaneta, Racal-Dana instruments inc., irvine, Calit,

O The application of the IEEE-488 interface standard
to the construction of automated test and measurement
systems has already created new forms of instrumenta-
tion, such as the bus-programmable switching matrix
and dedicated bus controllers. But amidst the plethora of
IEEE-488 instruments, none for management of timing
and synchronization of such systems has so far emerged.
Now, however, a new type of bus-compatible instrument,
the series 1500 delay pulse generator, has been designed
to solve these problems.

In its full configuration the unit can operate as a
digital delay generator to permit fine-resolution timing
of measurements, as a real-time clock to measure soft-
ware execution times, and as a time-code generator for
recording system events in days, hours, minutes, and
seconds. Because of the way the series 1500 resolves time
intervals, it does not require many costly counting ele-
ments. The basic model (without an internal clock) can
be offered for about $2,500, so it is cost-effective in
manual test systems. It also provides functions that are
needed for automated systems at roughly one-sixth the
cost of previous approaches.

Before the series 1500, builders of in-house automatic
test equipment generally turned to a combination of
equipment to synchronize and time system events. For

Electronics / August 14, 1980

synchronization, they would employ programmable pulse
generators costing $6,000 or more each. Though more
than adequate as stimuli for a unit under test, they often
could not provide the timing accuracy or resolution
needed to synchronize measurements in high-speed sys-
tems, nor was their performance free enough from jitter
to ensure repeatability.

Besides the pulse generator, a system clock and time-
code generator were often needed to measure and record
elapsed time and the time various system functions and
measurements occur. These separate elements increased
cost and took up more of the address space of the
general-purpose interface bus, limiting the number of
other system elements that could be added.

Two solutions

The series 1500 tackles these needs with two models.
The model 1515, with internal clock, combines all three
system requirements in a single instrument. The model
1510, without internal clock, does not provide time-code
generation or system timing but—like the 1515—can be
used for synchronizing and triggering. A user can choose
the model that most economically fulfills system require-
ments. The series’ specifications are given in the table.

For triggering or synchronizing tests, either model

111




AR A R 0 R 00 DELAY P RATOR
i Specification
Function
Range Resolution Accuracy Other
Pulse delay and width 100ns —1s single pulse: 10 ns 10 ns jitter: £2 ns, referred
multiple pulses: 100 ns * oscillator error to marker output
Time interval 10 ns — 10? days 10 ms same as oscillator -
Time-of-day clock 100 days 1s same as oscillator -
Interrupt timing 10ms —100s - +10ms -
- -
Trigger level 125V 10 mv - sensitivity:
50V 200 mV 150 V peak to peak
L for 2.5-V range
— —  — — —— — —
Reference oscillator functions | « Temperature stability
(switch-selectable) Frequency Aging (20°—30°C) Other
Internal input | 10 MHz +1.5 x 1075 /year +5 ppm -
External input l 10 MHz - - amplitude: 1V rms

generates two outputs after receiving an external signal
from the system hardware or unit under test or a
software command from the system controller. The first
output from the generator after it is triggered is a
marker pulse.

The marker pulse output is a single pulse that occurs

less than 100 nanoseconds after the trigger input is
received. Its rise time marks the point from which the
delay time set by the user is measured. Because the
instrument can be programmed to begin operation only
after a variety of input conditions are met —for example,
after the input signal has reached a certain voltage level

EXTERNAL MARKER
REFERENCE PULSE
QUTPUT
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1. Say when. In the series 1500, the input-trigger control circuit at left is set for various user-specified conditions. After a trigger and the
reference oscillator have been synchronized, the 1500 begins the delay count in the counter circuit shown at right.
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either on the rise or fall—the marker pulse can be used
as a well-defined trigger for the system. It is, in effect, a
system trigger derived from a complex waveform. The
warker pulse has a minimum pulse width of 20 ns.

The second ouptut is called the synchronous pulse
output, and its form — pulse width, number of pulses, and
delay between pulses—is determined by the user. If no
more than one pulse is needed, the delay time can be
resolved to 10 ns; for multiple or continuous pulses,
resolution is to 100 ns.

New microprocessor application

Achieving these resolutions at a price one-sixth that of
earlier instruments meant rethinking the ways delay
times could be measured and propagated. As a result,
the microprocessor found new application. Microproces-
sors have been widely used in programmable pulse gen-
erators, but primarily for automation of front-panel con-
trol and internal configuration, with analog techniques
still employed for the desired delays and pulse widths.

In a digital approach, three to six decades of coiinters
are needed normally to count out time with fine resolu-
tion. Where low jitter and high accuracy requirements
are essential, synchronous counters are most often used.
Though these are more expensive than ripple Counters,
they permit counts to change only in accordance with a
master clock pulse, so the propagation delay of the carry
pulse from one counter decade to another is closely
regulated and does not vary as it tends to do in ripple
counters. One method of eliminating this variance is
using very fast propagation circuits. Indeed, to achieve
with traditional techniques the performance that the
1500 series offers, both synchronous counters and fast-
carry propagation circuits would be needed —hardware
six times as expensive as that used in the series 1500.

Timing shared

The series 1500 avoids these expenses by using the
counting circuit shown in the overall functional diagram
in Fig. 1. It comprises an inexpensive ripple counter, the
6802 microprocessor, and an AND gate. The output of
each counter decade is tied to an AND gate input, as is a
line controlled by the microprocessor.

The job of counting clock pulses to measure the delay
period is shared by the ripple counter and the micropro-
cessor. The counter circuit handles all periods up to 1
millisecond with a resolution of 10 ns, a six-decade
range. The microprocessor handles all timekeeping in
excess of 1 ms.

When a delay time is entered, either at the front panel
or through the general-purpose interface bus, the proces-
sor retains that portion of the entry in excess of | ms as a
multiple of | ms and initiates the counter for the remain-
der. For example, if the synchronous pulse output is to
occur 10.11111 ms after the marker pulse output, the
processor stores the multiple 10 in memory. It then
presets the ripple counter by the complement of the
remainder less one—in this instance, 0.88888. After the
unit is triggered and the marker pulse generated, the
ripple counter begins a count at 88888. As each decade
of the ripple counter reaches a terminal count of nine, it
puts out a logic 1, so at the end of the first 10,000 counts
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2. Clean trigger. Generator's trigger conditions—delay, voltage
level, and slope direction—are programmable, letting a system pulse
be derived from complex signal, as shown. Such triggering can
prevent system from reacting prematurely, for instance.

the output of the most significant decade is a logic 1.

In addition to being tied to the AND gate, the output is
sent to the microprocessor. The processor executes an
interrupt routine each time it receives this signal, accu-
mulating the number of interrupts already received from
the counter since initiation and comparing it with the
multiple stored when the desired delay was entered —in
this instance, 10. When the most significant decade has
generated a number of interrupts equal to those stored —
that is, when the ripple counter has gone through that
number of cycles—the processor causes its line to the
AND gate to go high.

At this point, the ripple counter will have counted to
99.999 nine times and the count will stand at 90,000.
The output to the AND gate from both the microproces-
sor and the most significant decade is a logic 1. As each
lesser decade reaches a terminal count of nine, its output
to the AND gate also becomes a logic 1. Finally, the
ripple counter’s least significant decade reaches terminal
count and—since all AND-gate inputs are now logic
1 —the signal propagates to the synchronous pulse out-
put port.

Task allocation

This scheme reduces overall system cost significantly
by intelligently allocating counting tasks to those ele-
ments that can most efficiently and economically per-
form them and by reducing the number of elements
necessary to achieve high accuracy. By letting the micro-
processor keep track of counts above 1 ms, the scheme
effectively extends the counting chain into inexpensive,
low-speed, random-access memory. Most of the decades
in the ripple counter need not operate at high speeds,
either. Since all but the least significant decade in the
ripple counter reach terminal count and put out a logic 1
at least nine clock cycles before the least significant
decade, it is that decade alone which, in the end, allows
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the signal to propagate. Therefore, the uncertainty of the
final output will be no more than the propagation delay
of the first flip-flop in that decade. The other decades
can be progressively slower and less expensive than the
critical least significant decade.

The series 1500’s timing scheme could prove useful in
universal counter/timers, so it is fitting that the series
1500 borrow something from those instruments. And it
does—in the form of the fully programmable trigger
input, which is also seen in Fig. 1. By controller or front
panel, the instrument can be set for dc or ac coupling,
positive or negative slopes, and trigger levels in the range
of 2.5 v with a resolution of 10 millivolts or of £50 v
with a resolution of 200 mv. This triggering capability
combines with timing facilities to permit creation of a
defined timing signal from a complex waveform, such as
that shown in Fig. 2.

Besides synchronizing and triggering capabilities, the
model 1515 can act as a real-time clock and time-code
generator. Both abilities are realized by a software time-
keeping routine performed by the 1515’s 6802 micropro-
cessor. As a real-time clock, the 1515 can be pro-
grammed to generate service-request (SRQ) interrupts at
user-specified time intervals or after a user-specified
delay. These interrupts can direct the system program to
a measurement subroutine or initiate a series of mea-
surements. It may measure a single interval or accumu-
late time over multiple start and stop commands. This
permits timing of software routines.

Operating as a time-code generator, the clock in the
model 1515 will display and put out through the bus
either the elapsed time or the time of day. Data is put
out in either of two user-definable formats:
DD:HH*“MM™”SS, or DDHH.MMSS, where DD stands
for day, HH for hour, MM for minute, and SS for
second.

At work

The advantages of the series 1500 can be seen in its
use in systems for measuring the parameters of pulse-
code-modulated signals and in its ability, with a digital
multimeter (DMM), to form a waveform digitizer. PCM
signal parameters—such as pulse-to-pulse timing, rise
and fall time, and pulse width—can be measured auto-
matically with the series 1500, a universal timer/count-
er, and a system controller arranged as in Fig. 3a.

In this setup, the frame-synch pulse from the pcM
system under test is used to trigger the series 1500. The
total delay and the pulse width of the 1500’s synchro-
nous pulse output is here programmed by the controller
to create an arming pulse for the counter during the time
the desired pulse appears. The counter, at the same time,
may be programmed to measure the desired pulse
parameter, such as rise or fall time. The counter will
ignore all pulses except the one that occurs during the
synchronous pulse output, as shown in Fig. 3b. By
increasing the pulse width of the synchronous pulse
output, the same configuration can be used to measure
the length of a word, as shown in Fig. 3c. Using two
pulses in the synchronous pulse output to arm the count-
er, the series 1500 permits measurement of pulse-to-
pulse time measurements even where the pulses, as in
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4. A-d converter. For digitizing repetitive signals, the delay generator
can recurrently trigger an inexpensive digital multimeter to catch
readings at a precise time. The digitized values, taken at regular
intervals as shown below, can then be fed to the GPIB controller.

radar simulation, are not necessarily contiguous. Adding
a pulse microwave counter to the system lets it measure
most parameters of a radar system, including the profile
of the microwave frequencies within the output burst.

The same setup can be used to measure cable length,
using the reflection time of an input signal, even in the
presence of spurious reflections, as seen in Fig. 3d. Then
too, the configuration can be used to obtain frequency
profiles of tone bursts and low-frequency sweeps, as seen
in Fig. 3e, where period measurements are made within
a window and converted into frequency by taking their
reciprocal. By programming the width of the synchro-
nous pulse output of the 1500 to a time shorter than the
smallest period in the burst and then incrementing the
delay along the length of the burst, the entire burst or
sweep can be measured on a cycle-by-cycle basis.

Low-cost waveform digitizer

The 1500’s multiple pulse output can be used to make
a waveform digitizer out of a high-speed DMM. Using a
test configuration such as that shown in Fig. 4, digi-
tized waveforms can be sent to the system controller
where peak and root-mean-square values, linearity, fre-
quency, and harmonic distortion can be computed.

To digitize a waveform such as that shown in Fig. 4,
the external trigger input of the series 1500 is pro-
grammed for ac coupling, 0 v, and positive slope. The
synchronous pulse output is then programmed for the
minimum width required for the DMM trigger input; the
number of pulses and the delay between them pro-
grammed by the user determines how many samples will
be taken at what intervals.

For very low-frequency waveforms, this burst trigger-
ing of the DMM allows rms values to be obtained more
quickly than by traditional methods such as thermal
transfer techniques. For the controller to compute the
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rms value, it need only calculate rms using the formula:

rms = (Ri2+ R2 + ... R.2)*n
where R, is one of the digitized readings.

Using the single pulse mode of the series 1500, these
same measurements can be accomplished with lower-
speed digital multimeters containing sample-and-hold
circuits. After the first reading is taken, the delay is
incremented to 2X, another reading is taken, and the
delay is incremented to 3X. This process is repeated until
all points on the repetitive waveform of interest have
been obtained. Care should be taken that the waveform
slew rate does not exceed the capabilities of the DMM.

The ease with which these and other measurements
can be taken was a primary goal in the design of the
series 1500. To that end, independent push buttons are
used for the selection of each programmable function.
Coupled with the light-emitting-diode annunciator, this
permits operation of the unit with practically no train-
ing. A 3-by-4-key pad is provided for numeric entries.

The same concern is evident in the GPIB interface of
the unit. Programmable from the bus for any of the
trigger modes that can be established through the front
panel, the series 1500 accepts data in either fixed, float-
ing point, or exponential format. Ignoring leading spaces
and Os; it forgives any idiosyncrasy within the control-
ler’s program message.

Ease of use

Further facilitating the use of the instrument are its
self-checking, troubleshooting, and calibration features.
At power-up, the microprocessor goes through a self-
checking sequence that tests all read-only and random-
access memory. If an error such as a bad bit is detected,
a message indicating the nature of the fault is displayed
on the front panel.

Once the operation of the basic circuitry associated
with the microprocessor is verified, troubleshooting is
facilitated by setting switches on the motherboard.
Setting these switches causes a repetitive digital signal to
be sent to the untested hardware for the purposes of
troubleshooting using signature analysis, transition
counting, or oscilloscope observation of circuit nodes.

Binary switches are used for storing calibration cor-
rections in the series 1500. At the time of calibration,
voltage offsets in the trigger signal conditioners are
compensated for by setting internal binary switches to
the measured offset. The microprocessor then uses this
value as a compensating factor when it sets the trigger
levels.

Calibration of timing accuracies is accomplished in
the same manner: actual delays are measured during
calibration and a correction factor is dialed in on a
binary switch. Whenever a new timing parameter is
programmed when the instrument is in use, the micro-
processor applies the stored correction factor automati-
cally. This procedure permits timing to be trimmed to its
10-ns resolution.

With its maintenance and calibration concepts and its
reduced component count, the series 1500 demonstrates
a significant improvement in reliability and reduction in
mean time for repairs over traditional approaches to
GPIB system timing.
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Encoder-decoder chip pair
eliminates system crosstalk

C-MOS logic anticipates future telephone signaling schemes;
partitioning gives codec more design flexibility

by Yusef Haque and Victor Godbole, American Microsystems inc., Santa Clara, Calii.

O Codecs with a variety of architectures are now avail-
able for use in communications equipment. In looking
for optimal, cost-effective solutions to high-level integra-
tion of telephony functions, a number of “best answers”
have been claimed. Putting the entire codec on one chip
has obvious face-value attraction, but there are strong
arguments—notably design flexibility and zero cross-
talk —for a two-chip implementation with receiving (de-
coding) and transmitting (encoding) functions on sepa-

rate chips.

Like other codecs, the complementary-M0s S3501

1. Partitioned. In the AMI
codec pair, both the en-
coder (a) and the decoder
(b) have on-board filters.
The chips are packaged
separately to eliminate sys-
tem crosstalk and to altow
the user to purchase only
what is necessary for a par-
ticular application.
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encoder and S3502 decoder together form a subsystem
for encoding analog signals into a pulse-code modulated
(pcM) digital data stream and for decoding received
PCM data, returning it to analog form [Electronics, May
22, 1980, p. 202]. Each chip carries filtering circuitry for
its associated (transmitting or receiving) channel. The
two chips can be used in a central telephone office to
allow more efficient digital signal-switching to be used
(see “A complete central office system,” p. 117); they

can be used in a telephone to put the signal in digital

form before it goes out on the transmission line; and they
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The major elements of a typical line-interface circuit used
in a private branch exchange or central office are a
two-to-four-wire converter, transmit and receive filters,
analog-to-digital and digital-to-analog converters, and cir-
cuitry for line supervision and control. The two-to-four-wire
converter —generally implemented by a transformer-resis-
tor hybrid—provides an interface between the two-wire
subscriber termination and the transmit and receive paths
of the time-division-multiplexed pulse-code-modulated
data highway. It also supplies the battery feed to the
subscriber telephone.

The transmit filter performs the band-limiting function
needed for the 8-kHz-sampling system and the a-d con-
verter encodes the band-limited analog signal into 8-bit
PCM data words at the 8-kHz sampling rate. Typically,
data words from 24 channels are multiplexed to form a
PCM transmit highway.

On the incoming signal side, the d-a converter decodes

A complete central office system

the 8-bit PCM data words from the PCM receive highway
into analog samples at the 8-kHz rate. Then the low-pass
receive filter smoothes these samples to reconstruct the
original analog signal. The line-supervision and control
circuitry provides off-hook and disconnect supervision and
ringing and rotary-dial pulse decoding, as well as sup-
plying signaling bits to the a-d converter for transmission
within the PCM data words.

The S3501 and S3502 provide both the a-d and d-a
conversion with its associated filtering. Programmable
attenuator blocks in the transmit and receive portion are
needed to provide attentuation —typically in increments of
0.1 decibels over the range from 0 to 6.3 ds. This is
required to overcome variations in losses in office wiring.
The codec filters have zero gain, but further gain adjust-
ments can be implemented at the input of the encoder
amplifier stage or at the output of the decoder output-
amplifier stage.

can be used in private branch exchanges to bring the
benefits of digital switching into the office.

Partitioning the codec function into independent
transmitting and receiving sections eliminates any possi-
bility of channel crosstalk due to either sharing of the
conversion circuitry or leakage between on-chip compo-
nents. It also means that the two chips can be operated
either synchronously or asynchronously.

When half is enough

In applications that require either analog-to-digital or
digital-to-analog conversion but not both, such as digital
signal processing or tone receiving, this partitioning low-
ers costs because only the equivalent of half a codec need
be purchased and because certain auxiliary chips that
may be needed to make a full codec perform are made
unnecessary. Two-chip partitioning also permits the use
of 16- or 18-pin packages, which are machine-insertable.

The choice of C-MOS was dictated by the desire to
keep power consumption low —always a consideration in
central telephone offices where many thousands of
codecs are used at once. The C-MOS pair typically dissi-
pates but 125 milliwatts in the active mode.

The choice of C-MOS also means that only two non-
critical and non-tracking power supplies (+5 and —5
volts typical) are needed. The third supply (+12 V)
needed for some circuits made in n-channel MOS is also
eliminated.

For a given supply voltage, C-MOS gives more dynamic
range than n-MOS in the codec’s linear circuit elements,
such as its operational amplifiers. Since these amplifiers
use complimentary symmetry in their output structure,
typical design voltage swings close to the maximum + 5-
and —5-v power supply levels are obtained in typical
designs, making useful the maximum possible dynamic
range of codec input signals.

C-MOS technology has one further advantage. Since a
vertical npn transistor is available, the output amplifier
in the decoder filter can directly drive the 600-ohm
transformer in the subscriber-loop interface circuit con-
nected to the codec. Up to +9 dBm of power is furnished
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for this task, plenty for all applications.

Both the S3501 and S3502 require an externally sup-
plied — 3-v reference voltage for the a-d and d-a conver-
ston circuitry. This shortcoming is not as bad as it seems
at first glance. Due to the high input impedance pre-
sented at the reference input, input current is only 100
nanoamperes, and multiple-chip sets can be supplied by
one voltage reference. In fact, all codec sets in a standard
24-channel PCM system can easily share a single refer-
ence source. Commercial low-cost bipolar references
with the required long-term stability and temperature
coefficient (better than 100 parts per million/°C) are
readily available ancd the cost per 24 channels for this
shared reference is negligible.

On-board filters

The filters that codecs require for the transmitting and
receiving channels have traditionally been implemented
by active circuitry using either discrete components or
hybrids. These filters require component trimming to
achieve their frequency-response characteristic. Recent
design advances in monolithic switched-capacitor filters
have made possible monolithic realizations of these filter
functions with no external components or frequency-
response adjustments. Many manufacturers have made
monolithic filters available, but few have done so on the
same chip as the d-a or a-d converter. AMI and others
have integrated the encoder and its filter on one chip and
the decoder and its filter on another because the
approach has considerable advantages in addition to the
reduction of system chip count.

With an integrated filter, a phase-locked loop can be
used to generate all timing signals for the filter and
conversion circuitry from the system’s 8-kilohertz sam-
pling strobe signal. If this is done, the filter clocks and
the a-d and d-a conversion clocks have an exact harmon-
ic relationship with the 8-kHz strobe signal. This elimi-
nates the need for a smoothing filter between the trans-
mit filter and the a-d converter.

Furthermore, since such a timing scheme means the
sample-and-hold function in the encoder can be elimi-
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2. Central office. The S3501 encoder and S3502 decoder are connected in a central telephone office much as are one-chip codecs;

antialiasing filter is needed if 128-kHz noise is present. Both present and anticipated A/ B signaling formats are taken into account.
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nated, its contribution to the codec group delay is elimi-
nated, improving an important system specification. It is
also important to remember that with this approach the
a-d and d-a conversion rate is based on the 8-kHz strobe
only and is independent of the PCM data rate. So any
arbitrary data rate from 56-kHz to 3.2 megahertz may
be used. This increases the codec’s range of applications.

The use of a phasc-locked loop to derive all timing
signals has one more advantage. A simplified power-
down scheme can be implemented by simply gating off
the 8-kHz strobe signal when the channel is idle. The
phasc-locked loop then detects the unlocked condition
and powers down all the active circuitry. Total power
dissipation is reduced to less than 25 milliwatts in this
mode of operation.

Other system design improvements have been incorpo-
rated in the chip architecture. They can be immediately
used in a typical central-office telephony application
(Fig. 2). For example, to minimize the noise induced in
the codec circuitry by nearby power lines, the low-pass
filter in the encoder is followed by a third-order Cheby-
shev high-pass filter. This filter provides attenuation of
at least 25 decibels below 65 hertz. And, for further
noise immunity in the codec, its operational amplifiers
and comparators have 75- to 85-dB rejection of power-
supply noise. Because of the codec’s good noise rejection,
0.1-microfarad bypass capacitors are sufficient for pow-
er-supply decoupling in most applications. Idle-channel
noise of 14 dBrnC or better has been obtained for the full
channel using the S3501 and S3502.

There is yet another source of noise that is of concern
since the switched-capacitor filters are sampled-data fil-
ters. Any extraneous signal or noise components at the
input of the transmit filter in the vicinity of the filter
sampling frequency (128 kHz) fold back into the filter
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passband. In most cases these components are negligibly
small so that no external filtering at the input is neces-
sary. However, if extraneous signal or noise in the vicini-
ty of 128 kHz is significant, an external two-pole RC
filter (formed by R, R,, R;, C,, and C; in Fig. 2) should
be added. This is used in conjunction with the uncommit-
ted on-chip input amplifier to provide sufficient attenua-
tion for these undesired-frequency components. This sec-
ond-order filter can readily be designed to have negligi-
ble impact on the codec passband characteristics. Trans-
mit-channel gain adjustment can also be accomplished
by changing the gain of this filter.

A similar antialiasing filter is not necessary at the
output of the decoder since the transformer has band-
limiting characteristics and the received signal is sent to
the subscriber connection of the system.

Simplified timing

The internal design of the codec chip set allows for a
simple solution to an ambiguity problem in codec system
timing. Unless the codec is timed with the proper edges
of the clock signal, the user cannot be sure that the
eighth data bit is not shortened or the first data bit is not
lengthened. To ensure that this timing is accomplished
properly, data is shifted out of the encoder on the
positive edges of the shift clock.

At the same time the 8-kHz sampling strobe is syn-
chronized to the negative edges of the shift clock. In the
absence of the strobe signal, the encoder output goes into
a high-impedance state, in coincidence with the positive
edge of the shift clock. With this timing approach, all 8
data bits on the PCM highway must occupy equal time.
This permits the logic to sample data bits (synchronized
with the negative edge of the shift clock) at the center of
the bit “on™ time, avoiding any chance of ambiguity
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In American Telephone & Telegraph Co.’s T1 Carrier PCM
format, A/B signaling is used to convey channel signaling
information. This information varies with the service
requirements and according to whether the application is
subscriber, direct, toll-connecting, tandem, or intertoll. It
might include the on- or off-hook status of the channel,
dial pulsing (10 or 20 pulses per second), loop closure, or
ring ground.

Usually, provision is made to send two signaling condi-
tions— A and B—per channel, giving four possible signal-
ing states per channel repeated every 12 frames. This
requires a sampling period of 1.5 milliseconds per signal-
ing condition. The A signaling condition is sent in bit 8 of

Sending the signal

all 24 channels in frame 6. The B signaling condition is
sent in frame 12. In each frame, bit 193 (called the S bit)
performs the terminal framing function and serves to iden-
tity frames 6 and 12 (see figures).

Use of the bit 8 in the PCM channel word for signaling
causes a slight degradation in the signal-to-quantizing-
distortion ratio and increases idle-channel noise. The D2,
D3, and D4 channel bank formats allow for future use of
common-channel interoffice signaling (CCIS), which multi-
plexes signaling for all 24 voice channels onto a separate
signaling highway. The S3501A/S3502A codec set is
designed to accommodate a separate A/B signaling high-
way and facilitate the CCIS scheme.

o . - |
e - SUPER FRAME >
le“fM52|3|4 5 6 7 8 9 m|n||z||z
8,000 FRAMESYs,
1544 M BIT/s
193 BITS/FRAME CIH 2 n 23 | 2 s
BTl 2 | 3 | o | s | 6| 7 p--o
A
8 BITS/CHANNEL
BT | 2 3 a | s 6 1 F--1

(Fig. 3). The decoder uses a similar scheme for reception
of PCM data.

The S3501 and S3502 are designed to simplify the
signaling interfaces (see “Sending the signal,” p. 120).
For example, the A/B-select input pin is transition-
sensitive: it selects the A signal input on a positive
transition and the B signal input on a negative transition.
A common A/B-select signal can thus be used for all 24
transmit channels in a channel bank instead of two
separate sclect signals.

Encoding signaling data

The AsB-select input is internally synchronized with
the strobe input and thus cach individual encoder in such
a bank is able to derive its own A/B-select input in the
proper time slot. The A/B-select input must go high at
the beginning of frame 5 and low at the beginning of
frame 11. The encoder logic then puts out the A signal-
ing bit at the time slot of bit 8 in frame 6 and the B
signaling bit similarly in frame 12.

A similar scheme is used for receiving the A and B
signaling bits in the decoder. There is, however, one
difference. The A and B signaling bits are latched to the
output in the same frame where the A/B-select input
makes a transition. With this approach, the A/B-select

120

input must go high at the beginning of frame 6 and go
low at the beginning of frame 12.

The received A/B signaling bits are usually used to
control A and B signaling relays. It is common practice to
use 48-v relays that operate from the —48-v supply
available in the central office. The decoder’s signaling-
output logic was designed to facilitate this relay driving
with a pnp transistor interface. In this approach the
decoder logic latches the received A and B signaling bits
and performs a level translation that provides an output
voltage swing from —5 to +5 v dc for the signaling-bit
change from logic 1 to logic O.

Thus, with the received signaling bit equal to a logic 1,
the signaling output is —5 v dc. This supplies sufficient
base drive to the pnp transistor to turn the relay on. At
the same time, when the signaling bit is a logic 0, the
output voltage changes to +5 v dc. This allows reliable
shutdown of the grounded-emitter transistor and turns
the relay off. For relay drive capability, the polarity pin
on the decoder is connected to the V,, or power-supply,
pin. TTL compatibility at the signaling outputs can be
achieved by connecting the polarity pin to digital
ground. In this connection there is no inversion of the
signaling output level with respect to the received bit
polarity. O
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Transformerless
inverter cuts
photovoltaic

system losses

Design eliminates

the iron-core losses

that hurt efficiency during
long low-load periods

by Geert J. Naaijer
Laboratoires d'Electronique et de Physique Appliquée,
Limeil-Brévannes, France

O The eventual viability of photovoltaic power systems
for the home depends on more than the development of
efficient solar cells. Any losses that can be eliminated
from the system reduce solar-cell area requirements,
making the system more competitive.

One place in the power system where significant losses
occur is the dc-to-ac inverter. Iron-core losses in a typi-
cal inverter’s transformer can impair a solar power sys-
tem’s efficiency during the long off-peak hours of a daily
load cycle. Thus a transformerless inverter design was
developed to boost the efficiency of a photovoltaic sys-
tem and reduce its solar-cell area requirements substan-
tially [ Electronics, Dec. 6, 1979, p. 69].

The 2-kilovolt-ampere prototype stepped-sine-wave
inverter described here is the result of approaching the
classic problem of dc-to-ac conversion in a new way. A
2-kvA production version will be marketed this fall by
OMERA (Société d’Optique, de Mécanique, d’Electricité
et de Radio) in Argenteuil, France, a subsidiary of Nv
Philips Gloeilampenfabrieken (as are the Laboratoires
d’Electronique et de Physique Appliquée).

This design yields a conversion efficiency that is high
on the average because its no-load losses are low. The
following example demonstrates the importance of
reducing no-load losses in a photovoltaic system.

A solar-powered house

It is reasonable to assume that with thermal collectors
providing central heating and hot water, a family of four
could live comfortably using about 10 kilowatt-hours of
electrical energy per day. This example also assumes a
sunny climate such as that in the south of France, a
5-kilowatt peak photovoltaic array, and 200 kwh of
backup battery storage.

If inverter losses are considered negligible, 70 square
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2. Switched on. Eight separate battery modules are switched onto
the bridge circuit in a sequence dictated by the control electronics.
Output voltage is determined by the number of modules on line; the
bridge section adds polarity reversals. Part numbers are European.

meters (84 square yards) of silicon photovoltaic panel
are required. A typical commercial photocell module
measures 38 by 102 centimeters (15 by 40 inches) and
generates 33 watts peak at about 16 volts. Each module
contains 36 monocrystalline silicon cells in a clear sili-
cone resin sandwiched between two glass plates.

The 5 kw required would be produced by 150 such
panels. The array of cells would constitute a major part
of the system cost. Yet by using an off-the-shelf inverter
with a 90% full-load efficiency, photovoltaic array
requirements would double.

The reason is that in this application, the inverter will
operate, on the average, at a power level less than
one-tenth of what it is rated to handle. This is similar to
the situation faced by the utility companies, which must
meet peak power demands and then run their generators
underutilized for a large portion of time. As a result the
no-load, or fixed, losses of the inverter become an impor-
tant factor in determining the overall system efficiency,
and hence the cost. For example a 10-kwh daily demand,
an average demand of only 417 watts, would neverthe-
less require a 7.5-kw inverter—large enough to handle
the possible simultaneous load demands from a washing
machine and other heavy equipment. In fact, the inverter
would need to withstand occasional transient demands as
high as 10 kvA.

To determine the losses, recall that efficiency, », is
given as:

7 = Pou/Py = Pou/(Pou + losses)

where P, and P., are input and output power, respective-
ly. If n is 90% and P, is taken as 7.5 kw, losses work out
to 833.3 w, or 11.1% of the nominal output. Assuming
for the example that fixed losses and proportional losses
are equal at full load, then each constitutes 5.5% addi-
tional input power required, and the total input energy
required to supply the 10-kwh demand can be derived.

Continuous 24-hour operation of the inverter is also
assumed, so the daily fixed losses are 24 hours X 417 w,
or about 10 kwh, and daily proportional losses are
0.055% 10 kwh = 0.550 kwh.

The total daily input energy to supply a 10-kwh
demand is then 20.55 kwh, and overall system efficiency
is therefore about 50%. Furthermore, demanding only 10
kwh from an inverter that is designed to supply 180 kwh
per day is wasteful. The total energy could be supplied
only by increasing the number of photovoltaic panels
from 150 to 300, doubling the investment in arrays of
photovoltaic cells.

No-load losses

The major contributors to no-load losses in power
inverters are transformer magnetizing currents, hystere-
sis, and eddy currents. In contrast, proportional losses
are due to semiconductor voltage drops, switching losses,
and IR drops and have relatively little impact on overall
system efficiency; for practical purposes they can be
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neglected. The key to efficient low-power inverter opera-
tion rests, therefore, in the reduction of iron losses.

Before abandoning the transformer-based power in-
verter, however, several solutions that do use the device
should be considered, since the inherent limitations of
these alternatives are the stepped-sine-wave inverter’s

justification in the first place.

To sidestep the imposing fixed losses of conventional
ac power inverters for widely varying loads, a system
designer could:
® Automatically cut off the inverter when there is no
electrical demand.
® Provide two or more inverters of different rated power,
for example, 4, 2, and 1 kvA, and provide an automatic
circuit for selecting the most appropriate combination at
any given time.
® Assign a high-power inverter for high-demand equip-
ment and a smaller one to low-demand appliances.
® Impose a particular time schedule on the use of vari-
ous equipment in order to have the inverter always
operating near its optimum working point.
® Assign an inverter to each piece of equipment.
® Install a mixed ac and dc electrical distribution net-
work, using dc wherever possible.

Each of these alternatives adds expense, and some are
not very effective. It is clear that with a transformerless
inverter design it would be possible to obtain much
higher efficiencies, especially at output power levels well
under the rated maximum.

The stepped-sine-wave inverter differs from more
common designs not only by eliminating the power
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transformer. It also exploits a feature peculiar to photo-
voltaic power plants, that of modularity.

The stepped-sine-wave inverter develops an ac output
from an array of dc sources, in this case batteries,
photocells, or both. The output voltage is varied by
rapidly changing the connections between each source in
the array into different series and parallel circuits. The
output is stepped higher and lower, positive and negative
as the interconnecting switches rearrange the connec-
tions between sources.

Actually the output is not a pure sine wave, but a
staircase function simulating a sine wave. By smoothing
the edges of the staircase with filters and providing a
sufficient number of steps, a sine wave, for all practical
purposes, is produced.

Multiple dc inputs

Unlike conventional transformer-equipped inverters
with two input lines to accept dc and two output lines
supplying single-phase ac, the stepped-sine-wave device
accepts a multisource, reconfigurable arrangement at its
input. This is what most photovoltaic power plants with
stacked solar panels look like.

There are limitations on the stacking of photovoltaic
panels beyond which protective measures should be tak-
en. Protective diodes must be strategically placed in
series and parallel, as shown in Fig. 1, to prevent damage
and breakdown.

Parallel diodes are placed across series-connected pho-
tocell branches because, as the total series voltage accu-
mulates in the string, single cells may become reverse-
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biased, causing excessive local power dissipation. Also, in
parallel-connected photocell branches, sometimes one or
more branches become a load for the others, again
dissipating excessive power. This is prevented by isolat-
ing the interconnected solar panels with series diodes.

Typically, the unprotected array is safe for up to 10
branches connected in parallel, with each branch at a
nominal voltage of 48 v for battery loads. If a higher
voltage is desired, subassemblies of photocells or batter-
ies may be connected in series. For example, 10 36-v
assemblies connected in series are sufficient to drive the
input of a transformerless power inverter capable of
delivering 220 v ac.

Rapid electronic commutation of voltage sources is the
basis of the stepped-sine-wave inverter. However, even
relatively slow, time-dependent commutation of array
interconnections can prove very useful. Being able to
modify the interconnection of separate arrays allows the
system to adapt to changes in photocell output.

Consider as an example the application of six photo-
cell subassemblies to the task of charging a battery. Two
parallel rows of three subassemblies each would be con-
figured in series at high light levels and reconfigured as
three parallel rows of two for low light levels. Note that
judiciously adding steering diodes to the network reduces
the complexity of the array wiring.

Another case of stepwise commutation of a photocell
array is one where its output is defined over a period of
one day. The array might be used, for example, to match
the output variations of a nontracking photocell array to
loads such as pumping and irrigation systems where it is
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3. Many possibilities. A hybrid waveform incorporating staircase
and pulse-width modulation is one of an infinite variety of simulated
waveforms possible with the stepped-output inverter. The 50-hertz
wave shown has peak-to-peak voltage of about 700 volts.

preferable not to use batteries. If, for instance, the pump
is a lift type with a constant torque and the motor a dc
type with a permanent magnet needing constant-current
drive, a commutation scheme could be used to give
near-constant current at optimum power output while
the available light impinging on the cells goes through
daily half-wave sinusoidal variations. In this case, the

output voltage of the photocell array will show daily
variations very close to a half-wave-rectified sine wave.

The concept of varying the wiring configuration of
individual voltage sources is the principle behind the
stepped—sine-wave inverter. By speeding up the commu-
tation and using semiconductor switches, any waveform
can be synthesized, including a 60-hertz sine wave.

Power circuit

Figure 2 illustrates the power section of the inverter.
The contents of a read-only memory within the control
electronics defines the position of the solid-state
switches. This memory is addressed by a clock-driven
counter. The switch positions are changed rapidly, con-
necting the photocell/battery modules to produce the
stepped 60-Hz output.

The ROM stores the code for many cycles of the sine
wave. In this way, the source commutation can be varied
to guarantee equal average discharge of the batteries.
The zener diodes protect the batteries from being over-
charged, the bypass capacitors isolate the photocells
from high frequencies, and a low-pass filter reduces the
radio-frequency content introduced by the switching.
Figure 3 depicts the waveform obtainable with this cir-
cuit. The total harmonic content is slightly over 5%.

Regulation of the voltage is desirable not only from
the standpoint of a changing load, but also because of
the variations in battery voltage, which can swing from
20% above to 10% below its nominal value.

One way to achieve regulation is to modulate the
commutation angles, which will increase slightly the
total harmonic distortion. Another way is to pulse-width-
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4. Commutation schemes. The general form for wiring sources (a) can be simplified, giving fewer combinations of series and parallel
connections (b) but retaining equal discharge rate for each source. Further simplification is possible (c¢), but the equal discharge rate is lost.
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5. Polarity reversal. Bridge circuit operation is depicted here by the load switches (tinted), which alternate to produce the positive and
negative excursions of the sine wave. In the actual circuit, optically coupled silicon switches are driven by the control circuit.

modulate the voltage steps so that particular steps dwell
around the ideal sine curve. Both methods require some
feedback arrangement, but it need not be complex.

In comparison with conventional PWM switched-mode
power supplies, transient amplitude and commutation
frequencies are lower. These lower frequencies ease the
tasks of filtering and of reducing iron losses in the filters.

The basic operation of the inverter in Fig. 2 can be
understood by considering Fig. 4a. A multiple-source
arrangement is shown wherein each battery connects to a
single-pole, double-throw switch and is coupled to adja-
cent batteries by diodes.

Flexible switching

A special simplified case of this general structure was
described in the example of the commutated photocells,
using subarrays with values that are not necessarily
equal and with fewer, simpler switches. With 12 identi-
cal 80-v batteries, the circuit in Fig. 4b allows six
different output voltages through the use of appropriate
switching combinations, namely, 0, 80, 160, 240, 320,
and 480 v. In the configuration shown, batteries are
discharged at an equal rate, obviating the need to keep
track of different levels of charge in each battery. Other
configurations may result in unequal discharge rates.
However, since the circuit is reconfigurable, periodic
changes can be made to balance the overall discharging
of each battery.

The point is that there are numerous ways to configure
an array of voltage sources to make stepped changes in
output voltage. In fact, almost any waveform can be
generated. It is this concept of time-dependent commu-
tation from which the design of the stepped-sine-wave
inverter is drawn.

The circuit of Fig. 4c omits all diodes and uses eight
identical 48-v batteries. This allows output steps of
nX48 v, wheren = 0, 1, 2, 3, ... 8, and is the circuit on
which the 2-kVA prototype stepped-sine-wave inverter is
based. Cyclic commutation of the batteries ensures equal
average discharge of all batteries. Going one step fur-
ther, it is possible to monitor the batteries and electroni-
cally reconfigure them according to need or to isolate
bad cells entirely from the system.

But these circuits simulate only positive- or negative-
going waves, not both. To simulate a full sine wave, the
voltage output must go positive and negative, and this
can be accomplished in at least two ways. A complete
sine wave may be synthesized using two sets of batteries
and switches, so that positive and negative battery
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assemblies are switched at 60 Hz. Alternatively, a single
bank of batteries and switches can be switched by an
electronically controlled full-wave bridge circuit (Fig. 5).
The latter technique was selected for the prototype.

Isolation between the prototype inverter’s control elec-
tronics and its power circuitry is achieved with optical
couplers (Fig. 6). The power switch associated with each
battery consists of complementary Darlington power
switches shunted by power diodes that bypass inductive
spikes. The bridge that performs the polarity reversals
has four identical power Darlington transistors, each
shunted by power diodes. All power for the switching
and bridge circuitry is drawn directly from the source
voltage, and no auxiliary power supplies are needed.

Feedback resistors sense the output voltage and cur-
rent. This information is compared with the reference
signal generated in the control electronics and is used for
error correction in the power switches.

The control electronics are very simple and contain
less than 10 common integrated circuits such as .M339
quad comparators, LM 324 quad operational amplifiers,
complementary-MOS gates, one-shots, an up-down
counter, and a 32-byte ROM controlling the optical cou-
plers. The clock frequency applied to the counter is on
the order of several kilohertz. The counter’s output
addresses the ROM, whose output controls the optical
couplers and therefore drives the power circuitry that
determines the output voltage.

Comparison of the actual inverter output voltage with
the reference sine wave generates a control signal that
determines the operating mode of the up-down counter.
The up-down counter is also controlled by feedback from
the output current of the inverter. If the current exceeds
a preset threshold, the counter is made to decrement
rapidly, bringing the output voltage to zero. Regulation
is excellent and the waveform is clean enough to run a
color television receiver.

Efficiency is also excellent. At full load, it exceeds
93%. At a 100-VA output, 5% of rated output, efficiency
still exceeds 90%. No-load power consumption is just
5 w and would not be much higher for a similar 10-kvA
design. Total harmonic distortion is under 15%, typically
12% without any filtering.

Potential for photovoltaics

In a system for providing sun-generated electricity,
the dc photocell array and ac inverter output can be
isolated by splitting the battery assembly into identical
halves, each capable of supplying power for prolonged
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7. Tapping Sol. If the battery modules are separated into two blocks, one may be charged by photovoltaic cells while the other powers the
inverter load. The two halves exchange roles when a block approaches either an upper limit of charge or a lower limit of discharge.

sunless periods. As one half is charged by the photocells,
the other is connected to the load via the inverter. When
either bank is close to its upper limit of charge or to its
lower limit of discharge, the halves are switched. Auto-
matic commutation can be performed at night during
low-load conditions by a motor-driven contact assembly.

Such a twofold battery arrangement (Fig. 7) simpli-
fies battery inspection, maintenance, and replacement.
Since each half will have several days’ capacity, daily
commutation will ensure practically identical states of
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charge for the two banks, and sufficient reserve capacity
is available to bridge maintenance periods. As batteries
are kept at nominal voltage levels (between 1.85 and
2.05 v per cell), regulation is held within * 5% without
additional feedback circuitry.

If necessary the inverter can also operate as a battery
charger supplying power from the main power lines.
Additional flexibility and built-in functions may be
implemented by replacing the ROM in the inverter with a
microprocessor. O
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Designer’s casebook

One-chip DVM displays
two-input logarithmic ratio

by David Watson
Intersil Inc., Reading, Berks., England

The popular ICL7106 series of analog-to-digital convert-
ers that serve so widely nowadays as one-chip digital
voltmeters can be easily converted to display the loga-
rithm of the ratio between two input voltages, making
them useful for chemical densitometry, colorimetry, and
audio-level measurements. Only slight wiring modifica-
tions at the device’s input and integrating ports are
required.

Shown in (a) is the new configuration. The modifica-
tions from the standard a-d converter connection include
the addition of a resistive divider, R,—R,, at the refer-
ence inputs, and the placing of resistor R, in parallel

with the device’s integrating capacitor.

As shown with the aid of the timing diagram in (b),
the time constant of the integrating network is given by
7 = CinR,;, with the asymptotic endpoint voltage of the
integration voltage being V., = R, (V= V3)/Rin, where
V, and V; are the input voltages to be measured. The
final integrator voltage therefore becomes Vi, =
R, (Vi=V2)(1—¢€T7)/Rin, where T is the fixed integra-
tion period.

During the deintegration portion of the cycle, the
exponential decay moves toward the total voltage, V.,
which equals Vin + Vier (Rp/Rin). But Ve = kV,, where
k is set by the resistive divider, so that V,, = R,
(Vi=V2)(1=e™)/Rin+RkV:y/Rin. The integrator
voltage actually crosses zero when the exponential wave-
form reaches Vi = VRp/Rine = Ry kV2/Ri.

As seen, the time needed to reach the zero crossing is
given by Toemnt = ‘rln(Vm/Vﬁ,..l). Makmg k=(1 —C'T/')
and r = T/2.3, it is realized that Toemny = T
logio(V1/V2). For this condition, k = 0.9, which is
achieved by making R, = 1 MQ and R, = 9 MQ.

Theoretically, the system’s full-scale output voltage is

., reached when logo(V,/V;) = 2, but noise will probably
[ o limit the range of the converter. Note also that the
Rir EieCa IO Re accuracy of the system i§ no longer independent of
k=09 we passive component variations. The simplest way to

= R /(R + R ) 28 zs 27 . . * .
LALLM BUFF . AUTO  INT ensure that k = 0.9 is to use a pretrimmed divider. The
o— My ZERO system is calibrated by making V, = 10V, and by
" 3ol \w Lo oL adjusting R, until the display reads 1.000. O

>
v, Ry <:1Mﬂ36 7106/7107/ K EE

A REF HI 7109 . il Log converter. ICL7 106 analog-to-digital converter may be used to
Rz 3I MR o] i measure the logarithmic ratio of two input voltages. Modifying con-
o [ =] R L0 DISPLAY verter's input circuit (a) and integrating network and selecting suit-
cOMM able time constants ensure that its output is proportional to

(a) logo(V1/V2). Timing diagram (b) clarifies circuit operation.
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Digital comparator saves
demultiplexing hardware

by V. L. Patil and Rahul Varma
Central Electronics Engineering Research Institute, Pilani, India

Comparing two m-digit numbers, where each digit com-
prises n bits, by conventional means requires the services
of a demultiplexer for separating the data into two
corresponding sets, 2mn storage elements that convert
the data into bit-parallel, digit-parallel form, and m
magnitude comparators for performing the actual com-
parison. The demultiplexing can be simplified, however,
and the number of storage elements reduced to 3m with
this technique, which utilizes strobed memory elements
in the form of D flip-flops and combinational logic to
ascertain the relationship of the two numbers.

The method is illustrated for an example where two
4-bit, 3-digit numbers are compared. As seen, the corre-
sponding digits of both numbers are simultaneously
introduced to the 7485 4-bit comparator, Ao, with the
least significant bits being introduced first. The result of
the comparison is then strobed into the 7475 quad latch,
A, by digit strobe D,.

Similarly, the second-most significant bits (SSB) and
the most significant bits are then strobed into A; and A;,
respectively, by strobes D, and D;. The combinational
logic that follows then evaluates the three-digit (MSD,
SSD, and LSD) comparison from:

OL = L;+E;L.+E;E.L,
OG = G3+ E3G2 + E;EzG1
OE = E3E2E1

where OL = 1, OE = 1, and OG = 1 signify that

A<B, A = B and A> B, respectively, and L;, E;, and Gi

are the individual corresponding outputs of flip-flops Ai.
The truth table outlines circuit operation.
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Reduction. Circuit performs n-bit, m-digit
MSD ssD LSD OUTPUT comparison of two numbers without a con-
Gs Eq ] 15 Gz E, =5 G €, = oG | OE oL ventional IC demuitiplexer, reduces number
= - of memory elements normally required. Sim-
> | = < > | = < > | = | < > | = < plified decoding technique utilizes combina-
[ tional logic. Truth table outlines circuit oper-
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' | | ‘ ation in comparing most, second-most, and
0 1 0 o | o |1 X X | X 0 | 0 1 least significant digits.
0 ‘ 1 0 0 ‘ 1 0 0 0 1 o | o 1
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Electronics/ August 14, 1980

129



T
- aillan

WHY MORE SMART PEOPLE
THAN ANYWHERE ELSEINAMERICA.

Youd never guess it was there. But,quietly hidden
in the countryside, there is a vast scientigc complex.
Where 28 leading companies maintain manufacturing,
research and development facilities.

The park and neighboring major universities have
attracted more PhDs per capita to the Raleigh-Durham-
Chapel Hill area than anywhere in the country.

But this is North Carolina. Where smart people are
working for smart companies all over the state.

Half of Fortune’s 500 have operations here. They
were wise to see this is alucrative place to do business.

Labor is abundant. More of our labor force works
in manufacturing than any other state in the southeast.
They have the skills high technology demands.

Because respect for the work ethic is so strong,our
work stoppage rate is one of the

————————— e —————— S

i Tell me again why more smart people

i

lowest in the nation. | live in North Carolina. i

Living here is a pleasure.In | s

fact,peoplewho transferhere | «wws |

seldom want to leave. | FDOES |

Wed like your company to | NORTH CAROLINA |
leam more abOth the State Where = NorthCarolina Department of Commerce

I Industrial Development Division Suite N© 1608

smart people live. Praiienip pe e A
Just call 919-733-4151.0r simtply return the coupon.

Doing sowill be a certain sign of your intelligence.
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Tracking filters demodulate
two audio-band fm signals

by Stephen Barnes
Center for Bioengineering, University of Washington, Seattle

Because of the way in which they retrieve recorded data,
many systems designed for monitoring biomedical func-
tions have to demodulate two closely spaced fm carrier
signals in the audio-frequency band. The original data
signals could be recovered with low-pass filters, but they
are an expensive solution since their cutoff must be sharp
to prevent cross modulation, signal blocking, or undue
limiting of the bandwidth needed by one or both signals.
The low-cost solution shown here, however, uses a divid-
ing phase-locked loop to demodulate one signal and to
provide the clock signal for a tracking notch filter that
recovers the other channel of data.

The advantages of the circuit may be seen for a typical
monitoring case in which a 30-hertz electrocardiogram
signal (having a frequency too low to be recorded direct-
ly on cassette tape) is placed on a 9-kilohertz carrier.
This signal is applied to the LF356 amplifier along
with a 0-to-6-kHz signal from an ultrasonic doppler
flowmeter that provides data on blood circulation.

Block A, the dividing phase-locked loop module, oscil-
lates at a free-running frequency equal to 8f.. It is here
that the 9-kHz carrier is directly demodulated. Also
included in block A is a 74C193 divide-by-8 counter in
the PLL’s feedback loop, which provides the driving
signals for the CD4051 multiplexer in block B. This

block contains the sampling filter which passes frequen-
cies equal to 4 the sampling frequency, 8f., and its
harmonics. Thus the doppler data is notched out by the
sampling filter. But signal _fn. is subtracted from the
original input signal f.+ fn. by the differential ampli-
fier in block C. Therefore, only signal f, will appear at
the output.

Resistor Rq, which is in the PLL’s feedback loop,
controls the width of the notch, which is given by B =
1/87% RqoCq, where B is the width defined by the filter’s
upper 3-decibel frequency minus its lower 3-dB frequen-
cy. Potentiometer R is used for balancing the differen-
tial amplifier by nulling the 9-kHz feedthrough signal.

When the circuit is in the locked state, the minimum
attenuation of the fm signal will be approximately 33 dB
for input signals ranging from 540 millivolts to 8 volts
peak to peak. Below signal levels of 540 mv, feedthrough
from the multiplexer will reduce the attenuation.

Because the filter is a sampling device, it is subject to
aliasing if any input-frequency components approach the
Nyquist limit of 4fn, so that precautions should be taken
to prevent this. Spurious output components that are
higher harmonics of the 9-kHz fm signal or the clock
signal can be removed easily.

Phase jitter in the PLL should also be minimized, for it
causes narrow noise sidebands centered about the 9-kHz
fm signal and separated from it by a frequency equal to
the loop bandwidth of the PLL. The amplitude of these
noise sidebands in a properly adjusted circuit should be
down at least 33 dB from the level of the fm signals at
the input.

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circult ideas and solutions to design problems. Explain briefty but thoroughty
the circuit's operating principle and purpose. We'll pay $50 for each item published.
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The same quartz window that lets in the ultraviolet light
Jor erasure also permits the user to see the actual silicon
chip. Maybe this has something to do with the enormous
popularity enjoyed by the E-PROM, or erasable program-
mable read-only memory. But more likely responsible is its
attractive combination of field programmability, high densi-
ty, and low power consumption when compared to bipolar
JSusible-link memories. Many an E-PROM has been shipped in
end equipment because of these desirable features.

The same company that pioneered the E-PROM in the early
1970s wrote this two-part tutorial on its fabrication and
reliability. Part 1 reviews the structure of the E-PROM's
floating-gate memory cell and the mechanisms of its pro-
gramming and erasure. As this section notes, electrons accel-
erated in the channel of the memory transistor gain enough
energy during programming to penetrate an oxide dielectric
and to cling to a floating gate, made attractive with an
overlapping, capacitively coupled control gate. These captive
electrons scatter from the floating gate, however, when hit
with a flood of UV radiation.

The E-PROM structure and operation give rise to some
special reliability considerations (part 2). For example, the
oxide insulator surrounding the floating gate must have the
integrity to hold charge yet be thin enough to pass electrons
and light. Various failure modes of the E-PROM are intro-
duced and discussed in relation to the lifespan of the chip.
Specific reliability data is presented for the 16-x 2716
E-PROM, and screening procedures are outlined that can be
used to weed out bad devices and estimate total failure rate
Sor each batch. -John G. Posa

E-PROM reliability: part 1

An E-PROM’s integrity
starts with its cell structure

A practical understanding of avalanche injection, floating gates,
and UV erasure has led to predictable device behavior

by Murray H. Woods, intel Corp., Santa Clara, Caiit,

OThe ultraviolet-light—erasable programmable read-
only memory has matured, and its processing become
rather routine. This situation was long in arriving. For
years, in fact, the right sequence of fabrication steps was
elusive because of the E-PROM’s many potential failure
modes. Owing to the unique structure of the E-PROM,
these afflictions can strike during programming, erasing,
or reading.

The E-PROM transistor resembles an ordinary MOS
transistor, except for the addition of a floating gate,
buried in the insulator between the substrate and the
ordinary select-gate electrode (Fig. 1). As a result, in an

132

E-PROM, the select-gate voltage must be capacitively
coupled in series with the floating gate rather than
directly to the underlying channel. Charge stored on the
floating gate alters the threshold voltage of the device as
seen by the top or select gate.

Figure 1 also shows why very high densities can be
achieved with E-PROM cells: the floating storage gate and
the select gate are both directly above the transistor’s
channel. Even higher densities are obtained by self-
aligning these two gates and the source and drain
regions. This vertical stacking allows the functions of
storage and reading— which normally require separate
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devices —to reside within the space a single field-effect
transistor occupies.

The cell is programmed by charging the floating gate
via the injection of so-called hot electrons from the
drain’s pinch-off region (Fig. 2a). It is erased through
internal photoemission from the floating gate to the top
gate and substrate. The ultraviolet light gives electrons
on the floating gate enough energy to surmount the
energy barrier between the floating gate and the insula-
tor surrounding it (Fig. 2b).

The charge on the memory cell’s floating storage gate
changes the threshold voltage of the select gate by an
amount AV, = —AQpgs/C, where C is the capacitance
between the floating gate and the select gate and AQgg is
the change in charge on the floating gate. The drain
current versus select-gate voltage transfer characteristics
for the programmed and erased states are parallel to
each other (Fig. 3). The select-gate voltage during read-
ing lies between these two curves and results in a drain
current that reflects the cell’s state, the nonconducting
programmed state (storing a 0), or the conducting erased
state (storing a 1). When the E-PROM cell is pro-
grammed, the negative charge on the floating gate
causes the floating-gate-to-source voltage to be negative.
This turns the cell off, even with a positive reading
voltage applied to the select gate.

Since the floating gate is not tied to a power supply, its
voltage is determined by its charge and by capacitive
coupling to the voltages of the select gate, the drain, the
channel, and the source. The difference between the
floating-gate voltage and the voltages of these other cell
areas can be used to determine the electric fields in the
various oxide regions of the device.

Although the voltage applied to the chip during pro-
gramming is high—25 volts—the fields across the gate
oxide directly above the channel are relatively small,
about 2 megavolts per centimeter at the onset of pro-
gramming and less than 1.5 MV/cm afterward. During
all other operations, even when the floating gate is fully
charged, this field is <0.7 Mv/cm. This is a typical
operating field for a high-performance MOS device.

Programming

The hot electrons get their energy from the voltage
applied to the drain of the E-PROM cell. They are acceler-
ated along the channel into the even higher fields
surrounding the drain depletion region. While traversing
the channel, the electrons enter a region where the
electric field in the substrate is about 10° v/cm or
greater. At this point the rate of energy gained from the
electric field can no longer be described by the tempera-
ture of the silicon; hence the term “hot.” Once these
electrons gain sufficient energy they can surmount the
energy barrier of about 3.2 electronvolts between the
silicon substrate and the silicon dioxide insulator.
Because energy loss due to phonon emission increases at
higher lattice temperatures, it is actually easier to obtain
hot electrons at lower operating temperatures.

In addition to phonon emisson, hot electrons with
energies above about 1.8 ev may give up some of this
energy in another way: through electron-hole pair cre-
ation resulting from impact ionization. This phenomenon

Electronics/ August 14, 1980

is observed in ordinary MOS transistors as the cause of
the onset of substrate current at high drain voltages.
However, in the case of the E-PROM, significant current
multiplication produces substantial substrate current
even before a large enough drain voltage is reached to
produce hot-electron injection into the oxide.

With positive drain and channel voltages, electrons
injected into the oxide of an n-channel E-PROM return to
the substrate unless a high positive select-gate voltage is
applied to pull the electrons toward the floating gate.
Not only does the floating gate have to be positively
biased with respect to the source, it must also be positive
with respect to the point along the channel where hot-
electron injection occurs.

Near the beginning of the injection process, the inver-
sion layer extends almost all the way to the drain, and
the field in the oxide is attractive except for a small
portion very near the drain (see Fig. 4). Current begins
to flow through the oxide at the point where the elec-
trons are their hottest and where the oxide field is most
favorable. As the floating gate charges up, the floating-
gate-to-source voltage drops and the drain’s pinch-off
region moves towards the source. The surface field near
the drain intensifies and more hot electrons are produced
in the substrate.

However, as seen in Fig. 4, in the region where the
electrons are their hottest, the oxide field is least favor-
able for injection and so the injected-electron current
begins to subside. Thus, fortunately, the electron injec-
tion process is self-limiting. The charging of the floating
gate reduces the number of electrons that can be acceler-
ated in the high-field region. As the floating gate
becomes fully charged, the oxide current is reduced
almost to zero because the oxide field is now repulsive to
the electrons injected into the high-field region.

Since the reducing electric field between the floating
gate and channel is responsible for shiitting off the oxide
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1. Vertical. In the erasable programmable read-only memory, a
floating storage gate and a select gate are directly above a MOS
FET's channel. The floating gate assumes the select-gate potential
during writing. The 1-micrometer scale applies to the 27 16.
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2. To and fro. During programming of the E-PROM cell, electrons are injected onto a floating polysilicon gate (a). During erasure the same
electrons receive enough energy from ultraviolet radiation to enter the surrounding silicon dioxide layer (b).
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3. Sensible. An E-PROM cell's threshold voitage determines wheth-
er it is sensed as a logic 0 (the nonconducting programmed state) or
1 (erased). The change in threshold corresponds to the shift shown in
the select-gate voltage to drain current transfer characteristic. This
shift depends on the difference in charge on the floating gate in the
two states (AQrg). as well as the intergate capacitance (C).

current, the saturated threshold-voltage shift of the
floating gate tracks the select-gate voltage during pro-
gramming on a volt-per-volt basis. The floating gate
charges to the same value relative to the source and the
channel. An increase in the select-gate voltage during
programming merely increases the charge on the float-
ing gate necessary to abort the injection of hot electrons.
The drain voltage does not in general have a major effect
on the final programmmed voltage of the floating gate.
However, it does affect the speed at which the device is
programmed, since injection exhibits an exponential
dependence on the electric field in the channel.

The reliability of programming

The high-voltage E-PROM programming process is not
without its reliability problems. A major concern is
electron trapping in the oxide after several programming
cycles. Trapped electrons decrease the rate of program-
ming because the electrons that flow through the oxide
now encounter locally repulsive fields.

* Owing to their small optical cross section, electrons
can easily remain trapped in the oxide even after UV
erasure of the floating gate. Therefore, as a result of the
field around them, trapped electrons also locally raise
the threshold voltage of the channel. Indeed, the erased
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threshold voltage can, through trapping, rise to a point
where cell states are sensed incorrectly. This condition is
avoided by proper growth of the first gate oxide to
reduce the density of electron traps.

Another programming problem may arise when the
select-gate voltage is raised high for a device in a row
that contains another device that has already been pro-
grammed. This produces the highest field in the upper,
or second, gate oxide during any time of operation. The
average electric field in the second oxide is only about |
Mv/cm, but pointed asperities on the first polysilicon
layer can substantially increase the local electric field to
the point where partial erasure of the floating gate
occurs. This field emission effect can be eliminated by
the right combination of process steps, including the
temperature used to form the gate structure.

Another case of erasure through field emission may
occur when a column is raised high to program a device
in another row. The drains of the unselected pro-
grammed cells in that column will rise in voltage to
create a field of approximately 2.5 Mv/cm in the first
gate oxide, that between the drain and the floating gate.
Fortunately, the bottom of the polysilicon floating gate
has a smooth surface so tunneling (Fowler-Nordheim
emission) of electrons from the floating gate to the
substrate is negligible.

Erase conditions

Complete erasure of an E-PROM is required before the
device can be reprogrammed. This is accomplished by
exposing the entire array to UV light. Typical sources for
erasure are quartz-jacketed mercury arc lamps and mer-
cury vapor lamps, which emit strong radiation with a
wavelength of 2,537 angstroms (4.9 ev).

The photons are absorbed by electrons in the conduc-
tion and valence bands of the polysilicon floating gate; at
this wavelength, most are absorbed within 50 A of the
oxide interface. The excited electrons leave the polysili-
con floating gate, enter the oxide, and are swept away to
the select gate or substrate by the local field. During
erasure, the select gate, source, drain, and substrate are
all near ground potential.

With an n-type polysilicon floating gate, electrons can
be excited from either the conduction band or the
valence band into the oxide. Excitation from the conduc-
tion band requires only 3.2 ev, while the barrier height
from the valence band is 4.3 ev. Even for heavily doped
n-type material there are many more electrons available
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4. Injection. With a positive floating gate, electrons leave the drain
and are accelerated along the channel,. They gain enough energy to
hop the thin oxide and cling to the attractive floating gate (as implied
by the fields shown). This avalanche injection is self-limiting.

from the valence band of the polysilicon floating gate
than from the conduction band.

The quantum yield and the erasure rate per incident
photon follows the square-law dependence upon photon
energy shown in Fig. 5. Two distinct threshold energies
are apparent. The first, at 3.2 ev, is associated with the
photo-excitation of electrons from the conduction band.
Its slope is much shallower because of the lower density
of electrons. The 4.3-ev threshold corresponds to the
onset of photoemission from the valence band. The much
steeper slope is indicative of the much higher density of
valence-band electrons.

Unlike earlier p-type floating-gate E-PROMSs, the fact
that there is a significant density of electrons on the
floating gate introduces the potential reliability problem
of spurious erasure. Even with atmospheric filtering,
sunlight photons having energies as high as 4.1 ev can
reach the earth’s surface. Also, fluorescent and incandes-
cent lamps emit a minimum wavelength of about 3,000
A, which corresponds to 4.1 ev. Erasure rates in sunlight
or normal room light are much slower— 1,000 times or
more—than erasure under intense UV exposure because
of the lower intensity of illumination and low density of
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5. Erase rate. Two distinct threshold energies are apparent when
erasing an E-PROM cell. The first, at 3.2 eV, corresponds to
photoemission from the conduction band of the floating gate. The
second point, at 4.3 eV, is associated with the valence band.

electrons in the conduction band of the floating gate.
However, care must still be taken so that programmed
E-PROMs are not subjected to prolonged exposure from
either sunlight or ordinary room lighting.

Ultraviolet rays are so strongly absorbed that they do
not get past the top select gate and the photons can only
make their way to the floating gate from the side. In
modern self-aligned structures, the edge of the floating
gate is directly exposed to the radiation. But in earlier
n-channel structures in which the floating gate complete-
ly overlaps the select gate, erasure is accomplished as the
photons travel through the field oxide, under the select
gate, and to the floating gate where they are absorbed.
This wave-guiding effect is efficient because the reflec-
tivity of silicon to 2,500-A light is roughly 65%.

An interesting exception exists for very energetic X
rays and gamma rays, which can readily penetrate the
select gate and then be absorbed throughout the gate
oxides, the floating gate, or the substrate. However, a
broadband flux on the order of 10' photons per cm from
an X-ray tube operated at 100 kiloelectronvolts with a
tungsten target is necessary to fully erase an E-PROM;
hence X rays are not regarded as a special reliability
concern for E-PROMs.

Finally, single ionizing events due to the passage of a
cosmic ray or an alpha particle cannot cause spurious
erasure because not enough charge is created in the gate
oxides around the floating gate to neutralize the charge
stored there.

Reading and storage

During reading, the E-PROM cell operates like an
ordinary transistor except that the normal gate capaci-
tance is replaced by the series capacitance of the float-
ing-gate structure. Though it might be suspected that
some low-level programming could occur during a read
operation, as read voltages are applied to both the gate

135



and drain, this has not been observed. One reason is that
hot-electron current is an exponential function of drain
voltage and the drain voltage used for reading (approxi-
mately 3 V) is much lower than that used for program-
ming (over 20 V). In addition, the requirement for
electric fields greater than 10° v/cm to generate hot
electrons—and an energy barrier of greater than 3 ev for
injection into the oxide—make spurious programming
nonexistent at normal reading voltages.

The key issue for nonvolatile memories is just how
well they retain their data. For E-PROM, the answer
hinges on how well the charge on the floating gate stays
put over the lifetime of the part. The advantage of
floating-gate memories is that the gates are surrounded
by high-integrity silicon dioxide. This oxide is a nearly
ideal insulator because it has a wide bandgap, a very
high barrier with reference to silicon and aluminum, a
relatively low surface-state density on silicon, low bulk
trapping densities and electron trapping levels, and no
structural polarization.

For ordinary electric fields from the floating gate to

the select gate and substrate encountered during reading
and storage, electron emission is negligible. Therefore
any charge leakage that occurs must be due to oxide
defects. Since this leakage is due to a thermally activated
hopping mechanism having an activation energy of 0.6
eV, its rate can be accelerated under high-temperature
biasing and/or baking conditions. For example, pro-
gramming all bits and then subjecting the device to a
high temperature (150°C) rapidly determines the ability
of each floating gate to maintain charge. Additionally, a
high-temperature biasing of unprogrammed bits screens
out oxide defects that cause current leakage to the
floating gate.

By taking advantage of these high-temperature
and/or voltage accelerating factors, production screens
have been developed that successfully weed out those
parts with defective oxides. These screens are the subject
of part 2 of this article. O
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Annual Proceedings, Reliability Physics Symposiumn (1980).

E-PROM reliability: part 2

Tests and screens
weed out failures,
project rates

of reliability

by Stuart Rosenberg, intel Corp.. Phoenix, Ariz.

O To determine the failure rate of a group of erasable
programmable read-only memories—or any integrated
circuit, for that matter —various short cuts must be
employed or the testing time would become intolerable.
Some E-PROM failure modes only occur after the device
has been working properly for years (proper operation of
an E-PROM is described in part 1 of this article). Obvi-
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ously, production testing cannot afford this kind of time,
so the aging process is accelerated with high tempera-
tures and extreme supply voltages. This form of testing,
called screening, will both pinpoint bad chips and help
determine the overall failure rate that can be expected
for a batch of devices.

The purpose of reliability testing is to quantify the
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expected failure rate of a device at various points in its
life. Fundamental principles of reliability engineering
predict that the failure rate for a group of devices will
follow the bathtub-shaped curve depicted in Fig. 1. This
curve is divided into three regions: infant mortality,
random failures, and wear-out failures. All classes of
failure mechanism can be assigned to one or more of
these regions.

Infant mortality, as the name implies, represents the
earliest failures in a device’s life and is usually associated
with one or more manufacturing defects. After a time,
usually in the high tens to low hundreds of hours, the
failure rate approaches a constant low value where it
remains for a period of hundreds of thousands to millions
of hours (for integrated circuits), depending upon tem-
perature, applied voltages, and other operational and
environmental factors.

This random-failure region of the curve represents the
useful life of the device. During this period there is a
slight decline in the failure rate as potential random
failures are weeded from the general population. Wear-
out failures are characterized by a rapidly rising failure
rate with time as the devices wear out both physically
and electrically.

Characterizing a given device type in the shortest
possible time requires tests that simulate accelerated
aging. To choose the right acceleration factor, it is first
necessary to understand what makes E-PROMs fail in
each region of Fig. 1.

Table 1 lists the common failure mechanisms for
n-channel MOS E-PROMs. The table also shows the region
of the bathtub curve most affected by each mechanism,
as well as the thermal activation energy (E.) of the
mechanism. The thermal activation energy indicates the
effect that increased temperature has on the frequency
of the failure; the higher the activation energy, the
greater the effect. For example, a temperature rise from
70°C to 125°C increases the failure rate resulting from
oxide-hopping conduction (E, = 0.6 electronvolt) by a
factor of 16.5. This same temperature rise causes oxide
rupture failures (E, = 0.3 ev) to increase by only a
factor of 6.

A detailed explanation of each mechanism is beyond
the scope of this article, but charge loss, oxide-hopping
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1. Failure tub. The reliability of an integrated circuit follows a bath-
tub-shaped curve. Infant failures happen right after the chip is made.
Wear-out failures do not start until after 20 years, a time span
representing the useful life of the device.

conduction, and hot-electron injection are responsible for
the majority of failures. A buildup of electrons trapped
in the oxide layer mentioned in part 1 commonly causes
devices to wear out.

Charge loss from the floating gate is due to thermal
emission, It affects most E-PROM cells to some degree
over their 20-year life, and typically amounts to less than
10% of the charge stored on a cell.

Failure modes

Oxide-hopping conduction between the floating gate
and the silicon substrate is typically less than 10-'®
ampere, or about one electron per second. The electrons
flow onto or off the floating gate depending on bias
conditions, so they may cause bit errors on either stored
Os or Is. Oxide-hopping conduction is related to manu-
facturing defects and does not occur in most devices.
Thus, this failure mechanism affects the random and
infant portions of the bathtub curve most strongly.

Undesirable hot-electron injection occurs when an
MOS transistor is in saturation. Accelerated electrons in
the pinch-off region may be scattered or attracted
because the gate field is perpendicular to the silicon-
oxide interface.

As covered in part 1 of this article, cell programming

TABLE 1: E-PROM FAILURE MECHANISMS

Mode | Llfetln(\ienr:gi;é?r‘: )affected The;r:earlgayczlev\?t)lon l Primary detection method
i
Slow trapping ' wear-out 1.0 high-temperature bias
Surface charge wear-out 0.5-1.0 high-temperature bias
Contamination infant/wear-out 1.0-1.4 high-temperature bias
Polarization wear-out 1.0 high-temperature bias
Electromigration wear-out 1.0 | high-temperature operating life
Microcracks random . temperature cycling
Contacts wear-out/infant - high-temperature operating life
Silicon defects infant/random 0.3 high-temperature operating life
Oxide breakdown/leakage | infant/random 0.3 high-temperature operating life
Hot-electron injection wear-out - low-temperature operating life
Fabrication defects infant high-temperature burn-in
Charge loss infant/random/wear-out 14 high-temperature storage
Oxide-hopping conduction infant/random 0.6 high-temperature storage/burn-in
]
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TABLE 2: INFANT MORTALITY EVALUATION FOR THE 2716

Burn-in results

Month (1979) {number failed/number stressed)

January ‘

3/1956
February ‘ 2/964
March 6/4085
April 4/3813
May 9/3602
June 7/3822
July ‘ 9/2995
August ‘ 7/3055
September 3/1893
October 8/5025
November | 2/1726
December 13/3321

73/36,257 = 0.2% failure rate

Failure analysis:

33 charge-lose failures

34 charge-gain failures
3 decoder failures due to oxide breakdown
2 ac failures from slow trapping or contamination
1 dc parametric failure from contamination

of an E-PROM is accomplished through hot-electron
injection. During a programming cycle, as electrons trav-
el to the floating gate, a small percentage of these
carriers may become trapped in the thin gate oxide.
Since ultraviolet radiation is relatively ineffective at
removing these trapped electrons during erasure,
repeated programming and erase cycles may result in a
build-up of charge. These trapped electrons may, in turn,
cause significant degradation in the operating margins of
the device and, ultimately, device wear-out.

Measuring mortality

To measure the infant-mortality failure rate, a 48-
hour dynamic burn-in at 125°C is used. Depending on
the failure mechanism, the test correlates with 240 to
2,000 hours of operation at 55°C. To perform such a test,
E-PROM samples are gathered on a weekly basis, pro-
grammed with a checkerboard pattern, and burned in.
Results of infant mortality tests done on the Intel 2716
E-PROM for 1979 are shown in Table 2. The data reveals
an average infant-mortality failure rate of 0.2% for the
year, with failures heavily dominated by hopping con-
duction (67 of a total of 73 failures).

To best characterize the random portion of the bath-
tub curve, burned-in E-PROMs that no longer exhibit
infant mortality are used. Long-term failures are mea-
sured with 1,000-hour 125°C life tests; results for the
2716 are shown in Table 3, along with the failure analy-
sis. There were 23 failures in 5.2 X 10¢ device hours for a
failure rate of 0.4% per 1,000 hours at 125°C.

With more than one failure mode, and with different
thermal activation energies, the effect of operation at
125°C varies for different devices. It should also be
pointed out that since failures occur at the die level, any
extrapolations must be made from junction, and not
ambient, temperatures. Thus a 125°C to 55°C ambient
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TABLE 3: 2716 DYNAMIC LIFE TEST DATA AND

RANDOM-FAILURE RATE EVALUATION

Results at 125°C
Month started -1 — -1
168 hours 500 hours [ 1,000 hours
8efore 5/79 5/3983 7/3874 1 3/3969
5/79 0/128 1/128 1127
6/79 0/128 2/128 0/126
6/79 0/286 0/286 0/286
6/79 0/29 0/29 0/29
6/79 0/299 0/299 0/299
7/79 0/192 0/192 0/192
8/79 0/64 0/64 | 0/64
8/79 0/99 0/99 | 099
8/79 0/102 0/102 0/102
8/79 0/102 0/102 0/102
8/79 0/100 0/100 0/100
8/79 0/100 0/100 0/100
8/79 0/128 0/128 0/128
9/79 0/64 1/64 0/63
10/79 0/75 0/75 0/75
10/79 0/31 0/31 0/31
Cumulative | 5/5894 12/5065 6/5055
{A) (8) ‘ {C)
|
FAILURE ANALYSIS
{A) 5 single-bit hopping conduction (0.6 eV)
{8) 11 single-bit hopping conduction (0.6 eV)
1 double-bit charge retention (0.6 eV)
{C) 5 single-bit hopping conduction (0.6 eV)
1 single-bit fabrication defect (0.3 eV)
FAILURE RATE CALCULATION
[ [

- Failure rate
F:"’;‘c’,':' Actual Equivalent Number ;tusox
activation device-hours | device-hours | of confidence
energy feV) | 2 125°C at 55°C failures level (% per

1,000 hours)
03 5.2 x 108 2.7 x107 1 0.007
06 | 52x10% | 22x10® [ 2 | oon
— i —— 4 — i — —
Total failure rate: 0.018% per 1,000 hours

derating corresponds to a derating of junction tempera-
tures from 130°C to 65°C for a 2716.

Although there are many ways to compute a 55°C
failure rate, only one is realistic: by simply calculating
the rate due to each mechanism and then adding them
up. In another method, one that yields overly optimistic
results, a single thermal activation energy is chosen to
represent all failures in the population, A common
choice is 0.7 eV since this value is used in military testing
procedures. Based upon the number of device-hours in
Table 3 (5.2 10°) and this activation energy, the accel-
eration factor from 130° to 65°C corresponds to 48:1.
This acceleration factor was read off an Arrhenius plot
(Fig. 2).

For this scheme the equivalent number of device hours
at 55°C works out to 2.5 X 108, At a 60% confidence level
with the tabulated number of failures (23), the 55°C
failure rate becomes 0.01% per 1,000 hours. The pitfall
of this method is that the acceleration factor is deter-
mined independently of the failure types and their corre-
sponding activation energies. Unless all the failures are
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0.7 ev, which is not generally the case, the extrapolation
has little meaning.

Accurate results are given at the bottom of Table 3,
where a 55°C failure rate of 0.018% for 1,000 hours is
calculated. The first method’s failure rate, 0.01%, is two
times too optimistic.

Testing for wear-out

There are two failure mechanisms by which E-PROMs
wear out that significantly affect reliability. These are
charge loss and stress from program-erase cycling.

Since charge loss has a high thermal activation energy
(1.4 ev), a test involving storage at a very high tempera-
ture (250°C) can determine where on the bathtub curve
devices begin to wear out. So units with a high percent-
age of programmed bits (typically more than 90%) are
placed in storage at 250°C for up to 1,000 hours. Inter-
mediate data is taken to determine the shape of the
failure-rate curve.

Figure 3 illustrates the cumulative percentage of fail-
ures versus time for the 2716 after a storage test at
250°C. This graph is based on data from more than
1,000 units, taken over a period of more than six months.
This curve shows no sign of an increase in failure rate,
indicating that the failures are defect-related and symp-
tomatic of the infant and random failure regions. No
indication of wear-out resulting from intrinsic charge
loss is seen at 1,000 hours at 250°C. This corresponds to
1,950 years at 125°C or 1.3 million years at 70°C.

To evaluate the effect of program-erase cycling on
device wear-out, supply voltage maximum and minimum
measurements (Vcems and Veemin, respectively) are made
after subjecting an E-PROM to multiple programming
and erasing cycles. Vcema is the greatest supply voltage
that will support proper operation, and Vccmin is the
lowest value. Each cycle comprises programming of the
E-PROM with more than 90% Os; measuring Vccmax; €ra-
sure via UV light with an intensity of 10 watt-
seconds/square centimeter; programming to a pattern
with more than 90% ls; measuring Vccmin; and erasure.

The results of 225 program-erase cycles on 48 2716s
showed only one failure, which occurred after 56 cycles.
The cause of the failure was determined to be partial
oxide breakdown due to high field stressing during pro-
gramming. Figures 4a and 4b show the 10%, 50%, and
90% points for program and erase margins (the cell’s
threshold voltage after programming and erasing) versus
the number of program and erase cycles for the remain-
der of the sample. No appreciable shift can be seen in
either the program or the erase margin and, for the
2716, degradation of operating margins due to hor elec-
tron injection did not occur.

Achieving acceptable reliability

To produce reliable E-PROMs, it is necessary to know
the types of failures that may afflict the device and then
devise tests to weed out those parts with latent defects.
These tests are called failure-mode screens because they
are effective only on those E-PROMs with latent defects
due to a particular failure mechamism or mode. Figure 1
shows that infant mortality and wear-out failures each
have an order of magnitude greater effect on reliability
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2. After Arrhenius. The Arrhenius plot shows the extent that an
increase in temperature will accelerate a failure mechanism. Using
the thermal activation energy for the failure mode of interest—see
Table 1—a device's life is deduced from a temperature differential.

CUMULATIVE
FAILURE (%)

100 200 300 400 500
TIME AT 250°C (HOURS)

3. In sum. The cumulative percentage of failures is charted against
time after storage tests done at 70°, 100°, and 250°C. The data was
gathered from more than 1,000 units over a period of more than six
months. Charge loss is not seen for an extended period of time.

than do random failures. For this reason, failure-mode
screens are designed to isolate mechanisms that strike in
these two regions of the bathtub curve.

Screens are also region-specific, so two different
screens are needed to reduce failures during both the
infant mortality and wear-out periods. Although the
infant-mortality screen does not lower the random-
failure rate, it does reduce the cumulative failure rate,
thereby improving overall reliability.

Infant-mortality screens reduce a population’s early-
life failure rate by prematurely aging each part just
beyond the first change in slope of the bathtub curve. If
the manufacturer can eliminate most parts with latent
defects before they leave the factory, the balance of each
shipment should be error-free until the parts begin to
wear out. Wear-out screens attempt to extend the ran-
dom-failure portion of the curve further to the right,
extending useful device life. Infant-mortality screens
have a negligible impact on the wear-out failure rate
because of the relative time scales; premature aging of a
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5. Charge-loss screen. A lot of 10,000 27 16s was screened for 72
hours at 150°C, then burned in for 48 hours to check for charge-loss
failures. The optimum duration for such a screen corresponds to the
curve’s leveling out; this happens after 72 hours.

part —even by two months —means little after 20 years.
When faced with a raw population of E-PROMs whose
reliability is to be improved by screening, the first step is
thorough reliability life testing, followed by a detailed
analysis of the failures. Once the dominant failure mech-
anisms have been identified and a failure rate computed,
the number of screens and their types must be settled on.

Avoiding screen overkill

Screens cost money, though, because of the time and
equipment needed to implement them. Overkill is a
measure of the number of parts that fail a screen but
that would never have failed in the field. A good screen
has little overkill yet still lowers the failure rate. Ideally,
screens should be part of a normal test program and
should take less than a second to perform. A screen may
be put into production to combat a new failure mode
with little regard to overkill or complexity. Once the
failure rate is under control, the screen can be modified
to optimize its cost with respect to its effectiveness in
improving reliability.

Two infant-mortality screens—one for defect-related
charge loss and another for charge gain (both are mani-
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festations of oxide-hopping conduction) —were devel-
oped for the 2716. The combined objective of those
screens was to reduce the total early-life failure rate to
less than 0.2% of the population. To measure the effec-
tiveness of the screens, it was decided to follow each with
a dynamic burn-in at 125°C for 48 hours—a typical
infant-mortality period.

Charge-loss screen

The charge-loss screen was devised only after an anal-
ysis of indicators of latent manufacturing defects, as
these are most responsible for charge-loss failures.
Though indicative of the number of electrons on the
floating gate, ease of programming and erasure and
programming margin were evaluated —but without suc-
cess, in this case.

The next step was to examine the effect on charge loss
of bias voltage and temperature. Earlier work with E-
PROMs showed charge loss to be more than two orders of
magnitude greater at 150°C than at 55°C, so a high-
temperature bake was selected as the basic screen. To
determine whether bias voltage affected the charge loss,
programmed cells with and without bias were compared,
but found to be similar. Therefore, it was decided to
make the screen an unbiased high-temperature bake, for
reasons of simplicity.

The final step was to determine how high in tempera-
ture and how long in duration the screen should be.
Since it was intended for production runs of 2716s in
tin-plated ceramic packages, temperatures were
limited to 150°C to prevent severe lead oxidation. To
determine the optimum bake time, the screen was
applied to known charge-loss rejects with pass/fail tests
every 20 hours. The results (Fig. 5) indicate that about
72 hours would be sufficient to weed out the majority of
charge-loss rejects.

To confirm this time estimate, a 10,000-piece lot of
2716s was first screened for 72 hours at 150°C and then
dynamically burned in for 48 hours. Approximately
0.1% of the parts that passed the charge-loss screen
failed the burn-in. This percentage of charge-loss fail-
ures compared favorably with an overall infant-mortality
failure rate of 0.27%.

Unlike charge loss, a well-known failure mechanism in
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8. Wear-out. Wear-out screening should guarantee at least 99% of
all parts wilt not fail during a specified lifetime. Both elevated temper-
ature and maximum Vcc were used to screen for charge-loss wear-
out. For a 1% failure rate, Vec had to be increased 0.7 V.

older designs, charge gain seemed unique to advanced
E-PROMs. Earlier work at Intel hinted at a relationship
between supply voltage and charge gain, so a biased,
dynamic burn-in for 48 hours at 125°C became the first
screen attempted.

The temperature was later raised to 150°C when it
was decided to run the screen on 2716s in their power-
down mode. During power-down, all select gates are
driven to Vcc and are stressed more effectively. By
running the screen in power-down, the burn-in tempera-
ture could be safely raised to 150°C.

The supply voltage was the final parameter to be
determined. Since the failure rate increases linearly with
the stress voltage for charge gain, a Vcc level greater
than 5 volts was desirable for the screens. But a conflict
arose because the power-down mode at an elevated Vcc
supply is also the programming mode. Fortunately, com-
puter simulations of the 2716 revealed that 7.5 v could
be used without going into the programing mode.
Because of the increased voltage, temperature (150°C),
and duty cycle, the screening time was reduced to six
hours. The final result: a charge-gain screen done at
150°C for six hours at 7.5 V in the power-down mode.

With screens devised for both charge gain and charge
loss, data was collected and measured against the 0.2%
infant-mortality goal. Samples pulled weekly from an
inventory awaiting shipment were subjected to a dynam-
ic 48-hour burn-in at 125°C. Results for 1979 showed 72
failures out of 35,783 units stressed, or an infant mortali-
ty rate of 0.2%.

Wear-out can have a dramatic impact on reliability if
it occurs in an operating piece of equipment. To mini-
mize wear-out resulting from intrinsic charge loss,
another type of screen was called for. As opposed to
infant-mortality screening— where a small freak popula-
tion must be eliminated —wear-out screening should
insure that at least 99% of all parts will not fail during a
specified lifetime.

It was known that temperature aggravates charge loss
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TABLE 4: RESULTS OF DATA-RETENTION MONITOR

Month ‘, N‘(’g’?gsm ] rfeﬁ?ﬁgn % fail

1/78 293 14 4.7%

278 | 200 0 0%

378 | 300 4 1.3%

4/78 ‘ 100 3 3.0%

5/78 ‘ 300 1 0.3%

7/78 165 1 0.6%

8/78 260 3 1.1%

9/78 323 1 3.4%

10/78 176 4 2.2%

11/78 323 ‘ 1 3.4%

12/78 535 9 1.6%
f— This test was run for 168 hours at 250°C

and that no external bias is necessary to induce charge
loss in programmed cells. A good method for identifying
charge-loss wear-out was found to be a 168-hour bake at
250°C. Using known acceleration factors from Arrhenius
plots, this correlates with more than 220,000 years at
70°C. The acceptable percentage of failures for this test
is 5%, which corresponds with 2 X 10% failures due to
charge loss in 10 years. If this rate is not exceeded, then
wear-out has not yet begun.

Monitoring margins

Through the logging of cell programming margins
(based on Vcemas) at the beginning and end of the 168-
hour bake at 250°C, an average degradation was deter-
mined. This was fed into the standard manufacturing
test sequence —where cell programmability is checked —
to insure that all parts have sufficient margin to weather
a normal lifetime.

To determine a value for Vccma, €xperiments were
conducted to discover the change in Vecma for 99% of the
2716s tested. Although the target for failures was 5%, a
1% ceiling was considered more appropriate to account
for normal statistical variations in the small 50-piece
sample.

The changes in Vccms for the 168-hour 250°C bake are
plotted in Fig. 6 against the probability of seeing a given
change in Vcc. From this plot, a AVcc of 0.7 v corre-
sponds to the 99% pass criterion. Thus, to insure that all
2716s have sufficient margin to withstand normal life,
the standard manufacturing testing sequence includes a
test with AV¢c set to +0.7 V.

By incorporating the screen in the normal product
flow there is a minimum of disruption and no increase in
testing time (the screen takes less than 1 millisecond to
perform). The final test of this wear-out screen is its
effectiveness. Results through the first 11 months of
1979 pinpointed 100 failures in 3,800 devices stressed.
This works out to a failure rate of 2.5%, well below the
target of 5% (see Table 4). O
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Peripheral controller chip
ties into 8- and 16-bit systems

Based on one-chip-microcomputer architecture, universal peripheral controller
comes with either multiplexed or nonmultiplexed address and data lines,
provides ROM-less and prototyping packages for product development

by John Banning and Pat Lin, Ziog inc.. Cupertino, Cali.

0O The growing power of high-end microprocessors and
the complexity of peripheral devices attached to them
has given rise to a need for general-purpose distributed
processors to handle increasingly complicated input/out-
put activities. As such, these devices must themselves
have respectable processing and I/0-manipulation abili-
ties while being able to interact efficiently with high-end
microprocessors, Ideally, they would also communicate
with 8-bit midrange microprocessors and be low in cost.
Just such a processor has been based on the Z8
single-chip microcomputer. The Z-UPC universal periph-
eral controller combines the instruction and 170 capabili-
ty of the Z8 with two versions of bus interfacing: the
z-UpC offers the z-BUS interface found on the Z8000,
and the z-UPC/U provides a Z80-compatible interface.
The z-BUS interface allows flexible connection to larger

microprocessor systems and control of distributed 170
peripheral functions by means of a multiplexed address
and data bus. The Z80-bus interface provides easy inter-
facing with 8-bit microprocessors and others that employ
nonmultiplexed address and data buses.

A logical organization

The UPC is partitioned into two functional blocks: the
logic for interfacing with the host-processors, and the
core microcomputer (Fig. 1). In the multiplexed (z-BUS)
version, communication between the host and the UPC
takes place over the z-BUS, which provides an 8-bit
bidirectional address and data port (AD—AD-) and a set
UPC program control, an optional daisy-chain interrupt
structure —using request (INT), acknowledge (INTACK),

HOST CPU INTERFACE MICROCOMPUTER
PROGRAM -
/— 'NTE.g.f,égg 2K-BY-8-BIT COUNTER >
ADg-AD, 4l "PART OF CONTROL R o PORT 1 INPUT/
REGISTER FILE) UNIT CONTROL > QUTPUT
INTERFACE <
REGISTERS - -
E
- INTERNAL INSTRUCTION 8US z
= AS a
& == z =
= o i REGISTER F| | PoRT2 - 110
- Riw — "AND POINTER -
s s CONTROL 70
o REGISTER -
= p— TWD
9 Uy TIMERS
: e
~N
LN SHAKE
)
HALF » (OPTIONAL
iNT -l INTERNAL DATA BUS PORT 3 (F:sz?%m
INTACK —
2-BUS ARITHMETIC
1B — INTERRUPT AND LOGIC UNIT S
= LOGIC AND FLAGS

1. Microcomputer plus. The Z-UPC universal peripheral controller bases much of its architecture on the Z8 chip, to which it adds circuits at
left tor intertacing with a host processor. Shown is the Z-BUS-compatible version with multiplexed address and data lines.
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ADORESS OF
AWORKING
REGISTER
T =TT R P T T i e el i GROUP}
16 CONTIGUOUS
WORKING REGISTERS
MOD 16 | P S e e e e A S s
o e e e
16 DATA/STATUS/
COMMAND INTERFACE
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BLOCK TRANSFER BUFFER (POINTS TO
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INTERFACE oo o s e e BLOCK
REGISTER TRANSFER
. . " BUFFER)
2, File in. Of the UPC's 256-byte register file,
234 are general-purpose and can function as 5 DATA INDIRECTION AND LIMIT COUNT
accumulators, buffers, pointers, or stack or THREE /0 PORT-REGISTERS
index registers. The other 22 are specific 0| /0 REGISTER POINTER/DATA TRANSFER CONTROL

pointers and registers, as well as status and
control registers for the UPC's |/ O facilities.

enable input (IEI), and enable output (1EO) lines—can be
implemented. The microcomputer portion is based on
the Z8 microcomputer architecture, whose central pro-
cessing unit executes instructions averaging 2.2 micro-
seconds each using a 4-megahertz clock source. The
CPU’s memory comprises 256 bytes of register-file ran-
dom-access memory (which can be accessed directly by
the host processor and the UPC), plus 2,048 bytes of
read-only memory for program storage; other features
include three 1/0 ports for device control, two
timer/counters, and six vectored interrupts.

In addition to the standard 40-pin version (with 2-K
bytes of ROM), there are two 64-pin versions of the
Z-UPC: a ROM-less version and a RAM version, both of
which have the program address, data, and control lines
buffered and brought to external pins. The version with
no program ROM on chip is intended as a development
tool. The RAM version, which has 36 bytes of vestigial
bootstrap ROM on chip, is intended as a controller whose
program is downloaded from the host processor,

All three of these configurations are available with
either the nonmultiplexed bus or the multiplexed z-BUS
interface to meet the needs of 8-, 16-, or even future
32-bit systems.

The UPC processor is organized around a 256-byte
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register file (shown in Fig. 2). Besides storing data and
control and 1/0 functions for the processor, the register
file serves as buffer storage for communication between
the UPC and the host CPU.

In addition to 234 general-purpose registers, the regis-
ter file contains 19 control registers for configuring and
controlling the z.UPC’s 1/0 facilities and three parallel
170 ports. The control registers both specify how the
hardware is configured and should function and provide
status information for it as well.

A multipurpose register file

All of the general-purpose registers can function as
accumulators, data buffers, address pointers, and stack
or index registers. All ports and control registers can be
accessed by UPC instructions like any other register.
Instructions can access the registers directly or indirectly
with an 8-bit address field. However, a 4-bit addressing
scheme, which makes use of a register pointer, can save
memory and execution time, In this scheme the register
file is divided into 16 register groups, each containing 16
contiguous locations. The register pointer determines
which group is being accessed, and a 4-bit address field
specifies the register within the group. This capability is
especially useful to speed context switching.
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Z-upC
UNIVERSAL REGISTER FILE
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PORT 2 3. Control. The 20 control registers in the
o BLOCK 0 UPC are divided into three groups: 3 for the
Ag:oC;TSS {RP/QTC interface status and control; 16 for data,
l status, and control (mapped by the I/0 reg-
ister pointer); and 1 block-access register for

the transfer of data to or from a buffer file
that is set up by the UPC.

Programs running on the UPC may communicate with
those running on the master processor in a number of
ways: under interrupt control (either by the UPC or
master); by transfer of byte data through data, status,
and command registers; and by transfer of blocks of data
to and from the UPC’s register file.

Three groups

The host CPU can directly access the 19 interface
registers through the z-BUS interface. As illustrated in
Fig. 3, the registers are separated from the UPC’s inter-
nal registers and divided into three groups:

8 Those for interface status and control, which the mas-
ter processor can access to control UPC—generated Z-BUS
interrupts, to interrupt the UPC, and to control message
transfer over the Z-BUS.

® Those for data, status, and control, which are mapped
into 16 registers by the 1/0 register pointer, controlled by
the UPC. That arrangement gives the master processor
direct access to 16 registers and allows transfer of data,
status information, or control commands between the
UPC and master processor.

® Those for block access, used by the master to transfer
blocks of data into or out of a buffer in the UPC’s register
file. The UPC has complete control over the placement
and size of the buffer in its register file.

Each of the three types can be read or written by the
master processor. Because the UPC software has com-
plete control over how these register groups are mapped
into the register space, the layout of data in the registers
is independent of the host processor’s software and pro-
tected from it.

The UPC and the master processor can operate com-
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pletely independently of each other. The UPC can ignore
the data transfer request from the master by setting a bit
in its master-processor interrupt control register. Any
attempt to transfer data from the master when this bit is
set causes an error flag, which will cause an interrupt to
the UPC (if interrupts are enabled).

170 lines by the dozen

The UPC has 24 lines dedicated to input and output
that are grouped into three 8-bit ports. Since the ports
are mapped into the register file, 170 data can be directly
manipulated by any instruction. Each port has a mode-
control register, which allows the port functions to be
changed during program execution; for example, each
line of port 1 and port 2 can be individually configured
as input or output under program control. Each port can
have its output lines defined as push-pull or as open-
drain drivers.

Port 3 is a multifunction port. It has four input and
four output lines that can be used for 170 or control
functions. The control functions available through this
port include interlocked handshake lines for ports 1 and
2, interrupt request inputs, timer input and output,’and
Z-BUS interrupt control.

Timing and counting

To support timing and counting requirements of soft-
ware routines, the UPC provides two 14-bit timer/count-
ers, To and T,. Among the timer/counter functions that
are easily implemented by the UPC are; interval delay
timer, time-of-day clock, watchdog timer (as for refresh-
ing dynamic memory), external event counting, variable
pulse-train output, duration measurement for external
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4. Disk jockey. The UPC makes a controller for a floppy-disk drive that actually stores the file system on chip. The host has only to specify the
file name and the function to be performed. The 74LS299 shift register converts serial into parallet data, which enters port 1 on the UPC.

events, and automatic delay after an external event.

Each timer/counter is divided into a 6-bit prescaler
and an 8-bit counter and is driven by the internal UpPC
clock, divided by four. The internal clock for T, may be
set up for gating or triggering by an external event, or it
may be replaced by an external clock input. Each
timer/counter may operate in either a single-pass or a
continuous mode, so that after the last count either
counting stops or the counter reloads and continues
counting. The counter and prescaler registers may be
altered individually while the timer/counter is running;
software controls whether the new values are loaded
immediately or when the end of count (EOC) is reached.
The two timer/counters may be cascaded using the
timer-input lines on port 3.

Interrupting the controller

To serve host or 1/0-device requests quickly, the UPC
provides six interrupts from eight different sources: three
from ports, two from timer/counters, and three from the
host-processor interface. All six interrupts may be indi-
vidually or globally disabled. The interrupts are priori-
tized, with the interrupt-priority control register provid-
ing 48 different priority schemes for handling concurrent
interrupts. What’s more, the masking and prioritizing of
the interrupts may be dynamically modified under pro-
gram control.

The UPC’s interrupts are vectored. When an interrupt
occurs, the program counter and flags are pushed onto
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the stack, and control passes to one of six predetermined
interrupt-handling routines. The routine is pointed to by
an address that has been stored in the first 12 bytes of
program memory. All of the interrupts are disabled after
an interrupt is accepted. Interrupts can be nested by
enabling them during the interrupt service routine; they
are automatically enabled during the return from the
routine.

The Z-UPC instruction set is compatible with the Z8
microcomputer instruction set (though the UPC’s load-
external-memory instruction is only available in the 64-
pin RAM version of the Z8). This instruction set, com-
prising 129 instructions of 43 basic types and using six
main addressing modes, speeds program execution and
achieves byte efficiency. The types of data that it allows
to be used include bits, binary-coded decimal digits,
bytes, and 16-bit words.

Z-BUS support

The UPC can support the full z-BUS interrupt struc-
ture, including daisy-chained priority resolution and vec-
tored interrupt acknowledge. Using the interface control
and status ports, the master processor has the full range
of z-BUS mechanisms for enabling or disabling z-upc
interrupts, marking interrupts as being under service,
clearing interrupts, setting interrupt vectors, and dis-
abling interrupts from lower-priority devices.

A program running on the UPC can start the normal
Z-BUS interrupt sequence (assuming interrupts are
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enabled) by setting the interrupt-pending bit in its mas-
ter-processor interrupt-control register. Once that is
done, the UPC hardware automatically handles the z-BUS
interrupt protocol —including output of the interrupt
vector, which is held in a separate control register.

The master can generate an interrupt to the UPC by
setting the end-of-message flag in the master-processor
interrupt-control port. In addition, UPC interrupts are
generated from the master when an error condition, such
as transferring a block of data that is too long, occurs.

Block transfer within limits

The UPC’s block-access port is ideally matched to the
block-1/0 instructions of the Z8000 microprocessor.
With a single block-1/0 instruction the Z8000 can
address the block-access port and transfer a string of
bytes into or out of the UPC. Each access by the Z8000 to
the block-access port causes a series of actions in the UPC
involving its data-indirection register and limit-count
control register. The data-indirection register points to
the UPC register that is read or written when the master
reads or writes the block-access port. After each such
read or write, the data-indirection register is incre-
mented and the limit-count register decremented. When
the limit count reaches zero, any further transfers
through the block-access port will abort and cause a
length-error interrupt in the UPC.

Ideas for application

The intelligence and flexibility of the UPC make it
suitable for a wide variety of applications and allow it to
offload the host computer in several ways. The UPC is
capable of doing intensive off-line calculations, for
example, such as those for data encryption. Also, it can
perform the various code conversions and data format-
ting that are usually required in processor-to-device and
device-to-device communications. Furthermore, it can
buffer the data and generate controls for 1/0 devices
such as printers and keyboards.

Figure 4 illustrates the UPC’s application as a disk
controller. Here, a file system can actually be imple-
mented in the controller itself. The host processor has
only to specify the file name and the function to be
performed on the file. Depending on the sector size,
either the register file or the external RAM in the 64-pin
RAM version can be used as for data buffering. The
serial-to-parallel conversion is done by a 74L.S299 shift
register, and the data is transferred using handshake
logic in and out of port 1. Also, cyclic-redundancy error
checking can be done by the UPC.

A UPC software package is available for Zilog’s
PDS8000 development system that includes an assem-
bler (PLZ/ASM), a linker, and an imager. PLZ/ASM is a
free-format assembler that generates relocatable and
absolute object-code modules. It makes provision for
external symbolic references and global symbol defini-
tions. Data declarations, control structures, and DO loops
between them supply a structured approach to the task
of assembly language programming.

A development board, similar to the one that is now
available for the Z8, will also be available. It uses the
64-pin version of the UPC to prototype a UPC-based
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5. Prototyping. The ROM-less version of the Z-UPC, called a Proto-
pack, is available in a special 40-pin package with a 24-pin socket on
its back. Suitable for prototyping and preproduction use, it accepts a
2716 E-PROM for its first 2-K bytes of program memory.

system. The code thus developed can later be transferred
to the ROM in the mask-programmable 40-pin version of
the UPC, or it can be made available in image form for
downloading to the RAM version.

Two serial RS-232-C interfaces will allow the 11-
by-14-inch board to be used alone with a cathode-ray-
tube terminal or to be connected to one of Zilog’s PDS or
ZDS-1 series development systems. Cable cannection to
such a host system will permit the transfer of software
from the host —where it is developed—to the board for
testing. Included on the board is a 64-pin Z8, which
serves as a program monitor for the UPC.

The board also contains 4-K bytes of 2716 erasable
programmable ROM (for the monitor/debugger pro-
gram) and 4-K bytes of 2114 static RAM. For the user
who wishes to test a ROM-based version of his code, it
also offers a socket for 4-k bytes of 2716 E-PROM that
may be used in place of the RAM. The monitor/debugger
software, comprising a terminal handler, a debugger,
command interpreter, and an upload/download handler,
provides the various commands necessary for control,
170, and debugging.

A wrapped-wire area of 40 square inches accommo-
dates additional customer interfaces or special applica-
tion circuits. This arrangement allows for wide range of
user applications.

Aid in prototyping

The z-uPC Protopack—the ROM-less version of the
standard Z-UPC, housed in a pin-compatible 40-pin pack-
age (Fig. 5) that carries a 24-pin socket to accommodate
a 2716 E-PROM—is used for prototype development and
preproduction of mask-programmed UPC-based applica-
tions. The 24-pin socket is equipped with 12 ROM
address lines, 8 ROM data lines, and the necessary con-
trol lines for interfacing with the E-PROM for the first
2-K bytes of program memory.

Pin compatibility allows the user to design the printed-
circuit board for a final 40-pin mask-programmed UPC
and, at the same time, allows the use of UPC Protopack
to build prototype and pilot-production units. When the
final program is established, the user can then switch
over to the 40-pin mask-programmed UPC for large-
volume production. The Protopack is also useful in appli-
cations where masked ROM setup time and mask charges
are prohibitive and program flexibility is desired. O
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Engineer’s notebook

Sequencer plus PROM step
three motors independently

by Vikram Karmarkar
Hindustan Computers Ltd., New Delhi, India

Using a 4-bit bipolar microprogram sequencer and a
32-word-by-8-bit programmable read-only memory as a
storage element, this processor easily meets the frequent
requirement for multiple, independent stepping of up to
three motors in either open-loop or servo-type control
systems. The software approach makes possible the
building of a compact and extremely flexible position
controller.

The Am2911 program sequencer provides dynamic
control for each motor, which in turn is dependent upon
the information residing in the 6311 PROM. Here, for-
ward- and reverse-step sequences are stored (that is, the
sequence to be taken for a specified direction), as well as
the individual motor selection/disable codes and a 3-
bit-wide instruction field for the sequencer. Note that
each motor has separate step-sequence codes in PROM so
that it is not necessary for all three stepping motors to be
of the same type.

Information for setting the actual direction of each
motor is introduced to the program sequencer through
lines FWD1-FWD3 of the 74LS153 multiplexer, with FWD
= 1 specifying the forward condition. The active state of
each motor is determined by the MOT1-MOT3 lines, with
MOT = 0 denoting the on condition. The system is
clocked at a rate dependent upon system requirements
and the capability of the stepping motors.

As for the software (see table), the main control loop,
which occupies locations 00 to 04, handles all vectored
subroutine calls. After each individual step sequence,
program control returns to this main loop. Three no-
operation instructions separate the control loop from the
body of the program that samples each motor’s status.
Sampling of the MOT line of each motor determines
whether the program control will branch or bypass a
particular motor’s subroutine. It may be observed from
the notational shorthand that BR specifies an uncondi-
tional jump to the address presented to the Am2911 and
that BRC is a branch to a given subroutine if its MOT line
is at logic 0. PC specifies a step to the next address, and
RTN commands return to the main program.

A typical sequence map for three motors is shown,
where the forward sequence for any motor is 011, 101,
110 (3, 5, 6 in decimal). The reverse-direction modes are
110, 101, and 011 (6, 5, 3 in decimal). O

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, meast and test techniques, and other ideas for

saving engineering time or cost. We'll pay $50 for each item published.
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TYPICAL SEQUENCE MAP IN PROM

‘ Motor code | Step output

|

| Next address ‘

Address (:;(;irr:\eal P(ﬁd'ef:i‘r;\alz 'F','s";c“g" :oedxe
| equivalent) equivalent) 2."1. Vo
00 0 0 PC 07
01 L 0 BRC 40 |
02 2 0 BRC BO
03 3 0 BRC 0
04 0 0 BR 04
05 X | X X 1ox
06 X X | X
07 X [ X X ,x
08 1 [ 6 PC 77
1 ! I 5 PC 6F
oA | 1 ‘ 3 PC 5F |
0B 0 | 0 RTN 05
oc 1 3 PC 5F
- -
0D 1 5 PC 6F
OE 1 6 | PC | 7
OF 0 0 ‘ RTN ‘ 05 |
10 T 2 | 6 ‘ PC | 87
n 2 | 5 PC AF
12 2 ' 3 | PC | OF
13 0 | 0 | RN | 05
14 2| 3 PC ‘ oF |
15 2 | 5 PC AF |
16 2 6 PC 87 |
2 2 0 RTIN | 05
18 3 6 _PC_ | F7 |
0.3 5 Pc_ | EF |
=t} 3 3 PC DF
1B 0 0 _RTN 05
1C 3 | 3 | PC OF
L) 3 l 5 | PC | EF |
L 3 1 6 | PC 77% F7
e | o | o | wm | o

BR:  unconditional jump to address at D, of Am2911

BRC: branch to subroutine if MOT = 0

PC: continue to next address
RTN: return from subroutine
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Simultaneous stepping. A microprogram sequencer and 32-word-by-8-bit PROM control the individual directions and stepping sequences
of up to three servo motors. Its software approach gives the position controller great flexibility, as stepping sequences are ordered in PROM to
suit particular applications. The servo-control system provides direction information through FWD1-FWD3 lines.

Positive and negative glitches are easily detected by this

Synchronous pulse catcher pulse catcher, which costs less than $5. It is especially
.e useful in synchronous data systems, since it is capable of

shares narrow gIItChes indicating if the glitch has been detected on the positive
or negative level of the system clock. As a consequence

by Marian Stofka of using clocked flip-flops, the unit snares pulses as
Bratislava, Czechoslovakia narrow as 7 nanoseconds—a tenth of the width caught

by conventional low-cost units built with monostable
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Glitch grabber. Synchronous pulse catcher detects narrow positive- or negative-going glitches on either 0-to-1 or 1-to-0 transition of system
clock. Width of shortest pulse detected is determined by minimum width of clock needed to drive flip-flop F,—in this case, 7 ns, which is well
beyond the capabilities of conventional pulse catchers. LED serves as the output indicator. Timing diagram details circuit operation.

multivibrators and rudimentary logic.

Circuit operation is based on the principle that true
data signals create only one input transition for a 0-to-1
or 1-to-0 system clock cycle; more than one data-input
transition constitutes a glitch. Generally, data is stored
in the 74S74 flip-flop, F\, as shown, and compared with
the input signal already stored at NAND gate G,. If these
data signals differ, flip-flop F. is triggered and the
light-emitting diode at the output is turned on, indicat-
ing a glitch has been detected.

The operation of the circuit is subdivided into the
search (C = 0) and prepare phases, which alternate with
the logic state of the clock. The search and prepare
phases can be inverted by selecting the initiating clock
cycle’s edge polarity that is desired (switch S.). Similar-
ly, a search for either positive or negative glitches can be
selected (switch Sp).

As seen with the aid of the timing diagrams, whenever
a positive data transition occurs during a O-to-1 clock
cycle, the Q output of F, is set high. Slightly before this
time, the output of inverter G, has gone low, however,
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and so there is no logic-race condition at comparator G,.

During the search phase, the set input of F, is released
because G; is disabled by C = 0. The input data, once
high (H = 1) must remain so within the present search
phase. Otherwise the output of inverter G, will go high
and the comparator G, will produce a pulse that triggers
glitch-memory F,. Selection of a search for positive and
negative glitches by simple inversion of the input data is
made possible by the fact that F, is edge-triggered. Gate
G, connected to the clock input of F,, prohibits loss of
information once a glitch is detected. The LED will then
light and remain on until the circuit is manually cleared.

During the preparatory phase, the ability to catch
glitches is lost, but F, is set for next search because it is
cleared during this time. F, clears itself through G,
rather than directly. Thus there is no dead time during
which a glitch might slip through. Short false-pulse
indications may still appear if input-data transitions
immediately follow the clock signal, however. To ignore
these indications, the D input of F, is driven by Gs,
which serves as a buffer for the clock.
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Engineer’s newsletter

Interface book covers Bridging the information gap between electronic measurement system
designers and the growing number of engineers engaged in monitoring
transducer uses temperature, pressure, force, level, and flow, Analog Devices’ new Trans-
and connections ducer Interfacing Handbook describes the most popular kinds of transduc-
ers available for such measurements and the components used with them,
as well as how to connect these devices. Covered are such subjects as
transducers as circuit elements, using bridges, eliminating interference,
using amplifiers and ways to implement signal translation, and offsetting
and linearizing. Eight of the fifteen chapters are devoted to applications,
including discussions of thermoswitches, thermocouples, resistance temper-
ature detectors, and semiconductor temperature transducers, and separate
chapters on interfacing pressure, force, and level transducers, as well as
flowmeters.

Edited by Dan Sheingold, manager of technical marketing, the 266-page
hardbound text costs $14.50. Copies may be ordered from Analog Devices

Inc., P. O. Box 796, Norwood, Mass. 02062.

Fiber-optics exchange A little-known source, the Navy’s low-profile Fiber Optics Information

lights the way Exchange serves as a major bibliographical reference for highlighting the

latest happenings in light-wave communications and technology. The

organization’s aperiodic listings are available free of charge to the general

public, representing, for the most part, little-known work of a highly

diverse nature done for various governmental agencies. The latest listing

is a healthy 39 pages. Contact the Commander, Fiber Optics Information

Exchange, Code 825, Naval Ocean Systems Center, San Diego, Calif.
92152, for more information.

Thermal seminar A concentrated one-day course, “Thermal Characterization and Evalua-
puts heat on tion of .Semiconductor Devices,” sponsored by the Upiversity of Califorpia
Extension, Berkeley, will be presented at three locations across the nation
semiconductors in October. The sites and dates are: Scottsdale, Ariz., Oct. 13; Cambridge,
Mass., Oct. 15; and Dallas, Texas, Oct. 17. Intended for engineers and
engineering managers involved in the manufacture and use of semiconduc-
tors, the course will cover thermal impact on performance, heat-flow
concepts, thermal analysis, and measurement techniques and associated
problem areas. Almost all types of semiconductor devices—among them
low- and high-power transistors; field-effect transistors; rectifier, optical,
and microwave diodes; integrated circuits, including logic arrays and
microprocessors; and digital and analog hybrids — will be discussed.

The course instructors, Bernard S. Siegal and David A. McGreenery,
are president and marketing applications manager, respectively, at Sage
Enterprises, Mountain View, Calif. Their firm specializes in the manufac-
ture of semiconductor measurement and test systems.

The price of registration at any of the three locations is $150, including
lecture notes and lunch. Enrollment is limited and advance registration is
mandatory. For a brochure containing a detailed program description and
registration information, write to Continuing Education in Engineering,
University of California Extension, Berkeley, Calif. 94720, or call (415)
642-4151. -Vincent Biancomano
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Protect expensive electronic circuitry.

The new AIRPAX SBAPAK circuit
breakers look and oper ate like
switches, but their performance
doesn’t stop there. They are also
snap-acting magnetic circuit
breakers that can protect your
product and its components from
damaging power surges and faulits.

For products that never had
circuit protection before, the
SNAPAK breakers are a great idea—
they feature easy, single-hole
mounting, they’re available in a wide
range of delay characteristics and
current ratings, plus they come in
a choice of baton or paddle handles
in six attractive colors.

For products that previously used
fuses and thermal devices, they’re a
better alternative —they eliminate
extra stocking and assembly of
multiple components, they save
space and they reduce product
wiring requirements.

You can order SNAPAK circuit
breakers in SPST and DPST
configurations (they’re the only
snap-action DPST circuit breakers
around). There are shunt and relay
versions available. And you can
choose from a complete selection
of mounting hardware to match
your product’s panel aesthetics.

All the facts about AIRPAX
SNAPAK circuit breakers are
contained in our new brochure. To
get your free copy, contact us at:
AIRPAX, Cambridge Division,
Woods Road, Cambridge, MD 21613.
Telephone: (301) 228-4600. Or circle
our reader service number.

AIRPAX

| NORTH AMERICAN PHILIPS CONTROLS CORP |

Cambridge Division

FOR IMMEDIATE NEED, CIACLE 152
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64K EPROMs
from Texas Instruments.

Defining the future.
Ready today:

EPROMs regularly double in den-
sity — 128K devices are inevitable.
By factoring TI's new 64K EPROM
into your plans today, you can pave
the way for these greater densities
and minimize system redesign.
Because the new TMS2564 comes
in a 600-mil, 28-pin, dual-in-line
package. Plug compatible with that
anticipated for the 128K EPROMs
. and ROMs. When the time
comes to upgrade, you'll be able to
substitute one for the other.
Outstanding compatibility
In the meantime, the TMS2564
EPROM allows you a great deal of
latitude. For maximum compati-
bility with present devices, its
JEDEC-approved pinout is derived

from the industry-standard 24-pin
64K ROM supplied by eight sources.

On the new TMS2564, pins 26 and
28 are reserved for the 5-V supply.
With a supply trace to pin 26, both
24- and 28-pin devices can be used

PACESETTING EPROMs FROM TI

Power Typical Power (0°C) Access
Device Description Supply Dperating Standby Time

TMS2564 64K 5V 400 mW 50 mW 450 ns
TMS25L32 32K 5V 325 mw 50 mw 450 ns
TMS2532 32K 5V 400 mwW 50 mW 450 ns
TMS2516-35 16K 5V 285 mw 50 mW 350 ns
TMS2516 16K 5V 285 mW 50 mw 450 ns
TMS2508-25 8K 5V 250 mwW 50 mW 250 ns
TMS2508-30 8K 5V 250 mw 50 mw 300 ns
TMS2716 16K +12, 5V 315 mw - 450 ns
TMS27L08 8K +12, =5V 245 mW - 450 ns
TMS2708 8K +12, 5V 690 mw — 450 ns
TMS2708-35 8K +12, £5V 690 mwW — 350 ns

with no jumpering. If you choose,
you can even use smaller EPROMs
without compatibility problems.
And upgrading from the TMS2532
32K EPROM is a snap.

Low power

The TMS2564 offers you the lowest
power per bit in the industry ...
only 13 W max active. A must for
high reliability and low system
operating costs.

Widest choice

Adding the TMS2564 to our fast-
growing EPROM family gives you a
choice unmatched in the market-
place. All members are available in
600-mil packages with industry-
compatible pinouts. All share the
reliable production-proven TI
EPROM technology.

Here now

TI's TMS2564 has been in produc-
tion since mid-1979. No need to wait
— place your order today for the
industry’s first 64K EPROM, from
the industry’s first supplier of 16K
and 32K EPROMs. Check your
nearby TI sales office
or authorized distribu- of
tor. Or write Texas |nnovation
Instruments, P.O. Box

o]
1443 , M/S 6965, e@

Houston, Texas 77001. e~

Fifty Years

TEXAS INSTRUMENTS

© 1980 Texas Instruments Incorporated

INCORPORATED

85135A
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or you dont.

We’ve got the
broadest line

of mass termination
connectors, flat cable
and too

Industry standard BLUE MACS®
connectors for input-output
applications. Connectors that can
be soldered to boards. Back panel
connectors for boards or cabinets.
Connectors for dual in-line plug
configurations. Connectors for
board-to-board applications.
Daisy chain applications.

And many more!

A complete line of standard and
jacketed BLUE MACS® cables for
intra or inter cabinet wiring, cables
for high flex life application, and a
variety of cable structures for EMI
and RFI protection requirements.

The industry’s largest package

of IDC mass termination hand
tools, some with interchangeable
dies, manual bench presses and
pneumatic tooling.

So give us a call for complete
information. Or send for our
FREE 116-page catalog.

When your needs involve any
kind of mass-assembled flat cable/
connector system, contact the
company that has it all.

=B /Ansley

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
TWX 910-321-3938

Stocked and wold through
authorized T&B/Anslev distnibutors,
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" Quality plus versatility.

CTS Series 206 DIP switches
for communication, data processing, instrumentation and consumer applications
...priced right at your Distributor now!
Choose the configuration you need: cover seal to eliminate contact con-

service and complete catalog, con-
SPST, SPDT, DPST, DPDT, 4PST. tamination during flow solder and tact your CTS Distributor...or
You'll get the extra reliability of cleaning processes. SPST switches CTS KEENE, INC., 3230 Riverside
gold-plated contacts, locked into

offer choice of low profile or ex- Avenue, Paso Robles, CA 93446.
thermoset base rails. All switches tended actuators with crisp, positive, Phone: (805) 238-0350.
can be supplied with epoxy sealed visible slide action. MIL qualified.
bases and/or disposable-tape top Get the facts! For prices, fast

CTS corpORATION

ELKHART, INDIANA
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New products

6/>~digit DMM is priced at under $1,000

For bench or systems, a new design offers programmability
and direct connection through separately controlled inputs

High-performance, smart digital
multimeters that are equally at
home on the work bench or installed
in a system normally cost a few
thousand dollars. But Keithley In-
struments is now introducing one
that sells for less than $1,000.

In a nutshell, the model 192 pro-
grammable DMM provides a number
of features not often found in instru-
ments in this price range. These
include:

B Display of 5 digits (62 with
extended resolution).

B Accuracy to within 0.0005%.

® Up to 35 readings per second on
the IEEE-488 bus.

B Sensitivity of 1 uv with autozero-
ing and automatic calibration for
stability.

B Input impedance of 10 GQ up to
20 v with a 120-dB common-mode
rejection ratio.

® Math functions and data storage.

Behind the unit’s low cost and
high performance is a careful mix-
ture of clever digital and analog
design. For example, an intelligent
digital filter is used in place of a
costly RC filter to minimize input
noise. The filter tracks slowly
varying inputs but switches itself out
when a large signal change is sensed.
The result is a settling time to within
6 digits of only 250 ms for a step
change.

On the analog side of the design,
the company uses a novel input cir-
cuit that provides the high input
impedance and CMRR needed for
many industrial and lab applications.
A bootstrap circuit, it permits the
input amplifier’s power supply to
float with the input. The resultant
10-GQ is 100 times larger than that
found in other DMMs.

Electronics/ August 14, 1980

by Alan Serchuk, New Products Editor

Also, Keithley incorporated low-
leakage junction field-effect transis-
tors as input multiplexers. Because
they exhibit less than 1 pA of leak-
age current, it was possible to con-
nect nine of the components to the
input amplifier, resulting in simpler
and lower-cost switching circuits
compared with the relay and ganged
FET switches usually used. And to
improve the instrument’s perform-
ance in making microvolt-level mea-
surements, the J-FETs have copper
leads to minimize thermal offsets.

Storage. The 192 stores up to 100
readings; speed ranges from a high
of 35 per second to 1 per hour, mak-
ing possible data accumulation over

a four-day period. Front-panel con-
trols permit selection of 10 reading
intervals; data may be read back
through the unit’s display or trans-
mitted over the IEEE bus using an
optional interface. (The transmission
rate over the bus depends primarily
on the speed of the system control-
ler.)

The integrating analog-to-digital
converter of the 192 combines high
normal-mode rejection (60 dB at 50
and 60 Hz) for a 5'%- or 6'~-digit
display with 4'/-digit reading rates
of up to 35/s. At 52 digits the 60-Hz
reading rate slows to 10/s; addition-
al filtering provides 6'/-digit resolu-
tion at the same conversion rate.
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LooKwhats

on display at

interface technology

More Technology Optel — pioneer and leader in LCD technology — can give
you all the support you need to bring your ideas to light. We can provide you
with electronic interface information for driving your Optel numerics: parallel
or serial BCD, bit serial or from a microprocessor data bus. For our alpha-
numerics we offer electronic hardware to generate the complete 64-character
ASCII set or any digital code.

More Displays Optel offers you low-power, long-life LCDs with the annunciator
and character size you need, Plus special-purpose displays such as bar
graphs and alphanumerics.

Send now for free Optel LCD technical literature package.

A ui A Optel Division

4 assmmis REFAL electronics corporation
A 4 P.0. BOX 2215« PRINCE TON, NJ 08540 » 609-452-9250

REFAC Manufactures PINLITE®, WILD ROVER®, OPTEL® and OPCOA® products.
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New products

Brochure describes Electronics
editorial reprints, services, books...!

* More than 70 article reprints in 15 subject
categories

* Handy wall charrs

* Custom-made reprint services

* Books especially for Electronics’ readers
» Convenient postage-paid order cards

For your free copy,
circle #275 on the
reader service card.
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Operating in the triggered mode, the
first byte for a 5'4-digit display is
available 39 ms after a trigger. That
means, for example, triggered 5'2-
digit conversions may be made at the
rate of 25/s.

Separate input ports allow direct
cabling from test points to the 192.
This permits additional flexibility
not obtainable with single-input in-
struments. For example, dc measure-
ments can be made while waiting for
a new input to the ac terminals to
settle. Switching costs may also be
significantly reduced, since indepen-
dent switching may be used for dc
and ac voltage and resistance. Often,
this means that switching for one or
more functions can be eliminated.
However, if an application requires a
single-port input, an optional rear-
panel port is available.

The ranges. Five dc voltage ranges
(200 mv and 2, 20, 200, and
1,200 V) allow measurement from
1 uv to 1,200 v. For an additional
$175, those same ranges will cover
ac voltages in an averaging mode;
the option can be added at the facto-
ry or installed later by the user.
There are also six ranges from 200 Q
to 200 MQ to cover resistance mea-
surements.

Several math programs are also
part of the 192 DMM, These include
scale factor and offset modifications
according to the formula y =
mx +b. Other programs cover per-
centage deviation from an entered
nominal value, storage of minimum
and maximum readings, and high-
and low-pass limits.

Full control of range, function,
and zero controls can be transferred
to a remote location through the
IEEE bus using the optional inter-
face, which is priced at $395. The
same arrangement provides remote
access to stored data and permits
remote programming of trigger
mode, data terminators, and reading
rate.

The model 192 programmable
digital multimeter is priced at $995
and is available with 60-day deliv-
ery.

Keithley Instruments Inc., 28775 Aurora Rd.,
Cleveland, Ohio 44139. Phone (216) 248-
0400 [338])
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Published by Electronics magazine...

Books of special interest

to our readers

Applying Microprocessors
Reprinted from Electronics, com-
pletes the EE’s transition from the
old methods of electronic design to
microprocessor engineering. Pub.
1977,191 pp. Order #R-701, $9.95

Basics of Data
Communications

This compilation of essential arti-
cles from Data Communications
magazine includes chapters on
terminals, acoustic couplers and
modems, communications pro-
cessors, networking, channel per-
formance, data link controls, net-
work diagnostics, interfaces, and
regulations and policy. Pub. 1976,
303 pp. Order #R-603, $12.95

Circuits for Electronics
Engineers

Almost 350 circuits arranged by 51
of the most useful functions for
designers. Taken from the popular
“Designer's Casebook” of Elec-
tronics, these circuits have been
designed by engineers for the
achievement of specific engineer-
ing objectives. Pub. 1977, 396 pp.
Order #R-711, $15.95

Design Techniques for
Electronics Engineers

Expert guidance at every pointin
the development of an engineering
project—making measurements,
interpreting data, making calcula-
tions, choosing materials, control-
ling environment, faying out and
purchasing components, and in-
terconnecting them swiftly and
accurately. Nearly 300 articles
from Electronics’ “Engineer's
Notebook.” Pub. 1977, 370 pp.
Order #R-726, $15.95

Microelectronics
Interconnection and Packaging

Up-to-date articles from Elec-
tronics include sections on
lithography and processing for
integrated circuits, thick- and
thin-film hybrids, printed-circuit-
board technology, automatic wiring
technology, IC packages and con-
nectors, environmental factors af-
fecting interconnections and pack-
ages, computer-aided design, and
automatic testing. Pub. 1980,

320 pp. Order #R-927, $12.95

== FREE

Brochure describes Electronics’

editorial reprints, services, books. For
free copy, check the coupon in this ad or
circle #275 onthereader service card.
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McGraw-Hill Publications Co.

Large Scale Integration

As published in Electronics, covers
the entire range of design applica-
tions in sections on bipolar LS|,
MOS LS, new devices, system
design, computer-aided design,
testing, and applications. Pub.
1976, 208 pp.Order #R-602, $9.95

Memory Design:
Microcomputers to
Mainframes
v,r;.w;-« Yy The technology, devices, and ap-
ey plications that link memory com-
design ponents and system design. How

to apply the new technology to
meet specific design goals. Edited
fromthe pages of Electronics. Pub.
1978, 180 pp.Order #R-732, $12.95

MICROCOMPUTERS
™ MAINFRAMES

Microprocessors

The basic book on microprocessor
technology for the design engineer.
Published in 1975, articles are
drawn from Electronics. 150 pp.
Order #R-520, $8.95

Personal Computing:
Hardware and Software Basics

More than 50 articles from leading
publications give you up-to-datein-
formation on personal computing
hardware, software, theory, and
applications. Pub. 1979, 266 pp.
Order #R-903, $11.95

Practical Applications of
Data Communications:
A User’s Guide

Articles from Data Communica-
tions magazine cover architecture
and protocols, data-link perform-
ance, distributed data processing,
software, data security, testing and
diagnostics, communications pro-
cessors, and digitized-voice and
data-plus-voice. Pub. 1980,

424 pp.Order #R-005, $13.95

McGrawHill Publications co. wr @ 1

European Circulation Center
McGraw-Hill House
Maidenhead. Berks. SL62QL

England
Order # Qty.

I
I
I
I
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Price

$

$

Name

Title
Company
Street/P.O. address

City/ country

O Payment enclosed (payment must accompany orders unoer $25)
0O Bill my company (or attach company Purchase Order) 0O Bili me
O Send a free copy of the Electronics Editorial Reprints brochure.

Ten-day money-back guarantee applies on all books. EL



An easier way to use computers...from
a pioneer in computing technology.
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The computer printout in the picture above contains the
instructions and input needed for the UNIX system to
format and produce the text on the opposite page.
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Our widely accepted UNIX™
operating system is simplifying the
use of computers. Designed to handle
a variety of applications, it is being
used to manage and maintain the
telecommunications network, control
experiments, develop software,
process text, prepare documents,
and teach computer science.

The UNIX system allows users
to take small programs and assemble
them like building blocks to perform
complex tasks. In text processing, for
example, the command “Spell Bell Labs
Ad"” tells a computer to proofread this
ad against a dictionary filed in its
memory. The program that performs
the task was created by simply combin-
ing several smaller UNIX programs.

Another useful feature of our UNIX
operating system is its ease in type-
setting mathematical expressions.

To typeset an equation like
= 1
T
i=1
someone need only type: “Sum from
i=1 to infinity 1 over x sub i =pi.”
The computer does everything else.

Since 1969 the Bell System has
installed more than 1100 UNIX
systems. Along with other Bell Labs
innovations in computing technology,
these systems are enhancing the way
the nation’s telecommunications
network is planned, designed, built,
and operated. Through licensing
agreements with Western Electric,
universities have installed over 800
UNIX systems, and government and

Electronics/ August 14, 1980

industrial facilities are using over 400.
The UNIX operating system can
be used with computers of different
manufacturers because it is small,
cleanly designed, and written in
a general-purpose programming
language. Such portability ina
computer operating system saves
time and money.

Building on the past

The UNIX system is just one of
many Bell Labs advances in comput-
ing science and technology over the
years. Among our innovations:

» Application of telephone switching
concepts and technology to
early computers

» First demonstration of remote
computer terminal and data link

» Conception of electronic
analog computer

* First design of AND and OR gates
for diode circuitry

* Formulation of Information Theory

* Invention of error-detecting and
error-correcting codes

* Demonstration of first
general-purpose transistorized
digital computer

* Development of computer
operating systems

¢ Design of computer languages,

including ALTRAN, SNOBOL,

L6,and C

Creation of computer graphics

techniques for storing,

manipulating, and presenting
information

» Development of Fast Fourier
Transform

 Design of central processors for
switching systems having virtually
no downtime

Looking ahead

Computing technology is having
a major impact on the telecommuni-
cations business. It’s increasing the
Bell System’s ability to provide new
services and handle existing ones
more efficiently. Today, for example,
the nationwide telecommunications
network links thousands of software-
controlled electronic systems, making
it by far the world’s largest distrib-
uted processing network. We and
our partners—Western Electric and
the telephone companies of the
Bell System—are putting technology
to work so that the network will
continue to evolve and expand its
information-handling capabilities.
The object, of course, is to meet the
fast-growing and changing needs of
Bell System customers.

For information about
employment, write:

Bell Laboratories, Room 3C-303,
600 Mountain Avenue,
Murray Hill, N.J. 0797}

Please include a resume.
An equal opportunity employer.

@ Bell Laboratories

From Science: Service
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New products

Rf sources suit design and production

Two microprocessor-controlled signal generators bring the performance
once limited to design-quality instruments to production testing

by Bruce LeBoss, San Francisco regional bureau manager

Signal generators suited to receiver
design have been inappropriate for
production testing because they were
too expensive, too slow, or could not
be programmed for system automa-
tion. Conversely, inexpensive genera-
tors suited for production testing
generally do not have spectral purity
adequate for design work. Two new
microprocessor-controlled synthe-
sized rf signal generators from John
Fluke Manufacturing Co. now make
possible receiver testing and design
using the same instrument.
Designated the 6070A and 6071A,
the new units differ only in frequen-
cy range: 200 kHz to 520 MHz and
200 kHz to 1,040 MHz, respectively.
Bob Hightower, product marketing
manager at Fluke’s Precision Instru-
ments division, says that the instru-
ments’ spectral purity *“equals that
of most cavity-tuned generators.”
According to Hightower, the in-
struments make it easier for engi-
neering and production to produce
data of the same high quality. They
allow off-channel tests (of adjacent
channels, for example) to be done
during production, improving the
receiver’s performance and reliabili-

ty and cutting the warranty costs
resulting from rejected and returned
products. “What’s more,” he notes,
“engineering and production instru-
ments can be interchanged as neces-
sary.”

Synthesis techniques. To achieve
their broad frequency coverage while
limiting spurious output levels to
about 90 to 100 dB below the carrier
(dBc), Fluke engineers developed
several cost-effective synthesis tech-
niques, among them the use of a
Fluke-designed and -built surface-
acoustic-wave (SAW) device, and a
delay-line discriminator, or interfe-
rometer, explains Fred Telewski, an
engineering manager. In addition,
the designs include the use of
advanced phase-locked synthesis
techniques and sealed rf compart-
ments, he points out.

In their noise performance, the
two new units “are comparable to
the best generators available today,”
claims Telewski. For example, the
broadband noise floor is —150
dBc/Hz, and single-sideband phase
noise is typically — 140 dBc/Hz at 20
kHz offset. By contrast, the perform-
ance of on-channel-only signal gen-
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erators is typically — 50 to —70 dBc,
with SSB noise at —80 to — 110 dBc
at 20 kHz offset. Off-channel-type
signal generators typically limit spu-
rious output levels to —90 to —110
dBc, and phase noise to —130 to
— 150 dBc. Typical flatness of the
6070A/6071A output is *0.2 dB
from 0.2 to 520 MHz and 0.3 dB
from 520 to 1,040 MHz for the
6071A only. Resolution is 1 Hz
below 520 MHz; 2 Hz above.

Each of the two new instruments
relies on a 16-bit microprocessor,
Texas Instruments Inc.’s TMS 9900,
to provide special instrument func-
tions, including control via an IEEE-
488 bus interface, and perform a
variety of self-tests. Among the com-
plex functions that can be executed
from simple commands—a stroke of
a “shift” key followed by two numer-
ics—are dcfm (dc mode frequency
modulation), high deviation, fixed
range, sweep speed and sweep sym-
metry, narrowband-wideband refer-
ence, modulator oscillator output,
and amplitude correction.

When the new instruments are
turned on, the microprocessor in
each enables them to automatically
perform a functional self-check, then
go to programmed safe power-up
settings. A nonvolatile memory op-
tion also enables the instruments to
turn on at power-down settings. Oth-
er special functions, under control of
the 9900, allow the user to test the
instrument’s displays and annuncia-
tors and do a pattern-sensitivity ran-
dom-access memory check, as well
as run a check of the nonvolatile
memory and set or reset the status-
request line.

Furthermore, the internal self-check
mode is provided with a variety
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Buy now and get FREE Solid State Software Libraries.

s40

or more value

1 FREE module#

with purchase
of a TI-58C

APPLIED RE/
STATISTICS

MOOULE MODULE

BUSINESS
DECISIONS

SECURITIES
ANALYSIS |
MODULE

MODULE

TI Programmables lead the field
in performance, quality and value.
When you're choosing a program-
mable calculator consider: Power.
Total software support. Flexibility.
And price/performance. You'll dis-
cover a clear-cut answer. A TI Pro-
grammable 58C or 59.

The TI-59 has up to 960 program
steps or up to 100 memories. Mag-
netic card read/write capability lets
you record your own custom pro-
grams or those received from
PPX (Professional Program
Exchange).

The TI-58C features up to 480
program steps or 60 memories. And
it has TI's Constant Memory ™ fea-
ture that retains data and program
information even when the calcula-

\
e | '
INVESTMENT | SURVENNG |

MARINE |
NAVIGATION

MODULE MODULE

FARMING

MODULE MODULE MODULE

1 T
MATH! ELECTRICAL
UTILITIES | ENGINEERING

tor is turned off.

And now free modules give you
that added productivity you need.
From August 15 to October 31, 1980
is your special opportunity to pur-
chase one of the world’s most ad-
vanced programmable calculators.
And get a minimum of $40 worth of
free software modules with a TI-
58C. Or, when you buy a TI-59, get
a minimum of $80 worth of software
modules and an $18 one-year mem-
bership in PPX. This will allow you
to select up to 3 programs (from
over 2,500) written by professionals
in your field.

Visit your TI retailer for more in-
formation, and let him help you se-
lect the TI Programmable and free
software that’s right for you.

AVIAIIDN
MODULE

TI Programmable 59 — $300*

or more value

2 FREE modulest&
PPX Membership
with purchase
of a TI-59

: LEISURE
I LIBRARY
MODULE

PoOL
WATER
ANALYSIS
MODULE

RPN
SIMULATOR
MODULE

r ]1've bought a TI-58C, send me my free module Here |ﬂ
| md first choice and an alternate
I've bought a TI-59. send me my two free modules and |
| my membership (which entities me 1o select three pro |
grams from the source catalog at no charge) Here are my
r‘nodule choices and an alternaée |

I
3 —
| Send to: Tl Library Offer, P.0. Box 1984, Lubbock, l
| TX 79408.
Return this coupon. (1) with customer information card
| (packed in box). (2) a dated copy of proof of purchase, |
between Aug 15 and Oct 3 -ftems must be post
| marked by Nov 7. 1980
I
I
I
I
I

Texas Instruments technology — bringing affordable electronics to your fingertips.

TEXAS INSTRUMENTS

*US suggested retail price.
© 1980 Texas Instruments Incorporated

INCORPORATED

Name I
Address I
City State Zip |
ty p EL |
Calculator Serial Number (from back of unit) |
Please allow 30 days for delivery Offer void
where prohibited Offer good in U S only [ Fafty Years
l_nm_ mengmusbstvemodves | Innovation
1U.S. suggested retail for all Li- [
braries is $40, except Farming, \ {r
$55, and Pool Water Analysis, $45 \
**For use with T[-59 only
45735
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GONTROL
KNOBS

=
wit COIO0L -
The PKJ Family of knobs are molded of high impact plastic

PKJ Series
material with vertical serrations. To contrast the black body is a
subtle pointer with a white lacquered hairline. A brass insert pro-
vides added strength for setscrew mounting. Choice of 1/8" or
1/4" shaft. Three basic dia. sizes: .50’", .60’’, .70’". Choice of
aluminum spin plates, natural aluminum caps or a variety of
decorative color-ident tops (not shown). PKJ knobs contempor-
ary design has an appeal in instrumentation, programmers,
medical and other industrial application. Call Customer Service
today and ask for free sample, descriptive literature and catalog
information on our wide
range of industrial rated AL:D KNOB ®
knob products.
ALCO ELECTRONIC PRODUCTS, INC. a subsidlary of Augat ®
1551 Osgood St., No. Andover, MA. 01845 USA

\ Tel: (617) 685-4371 TWX: 710 342-0552)
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New products

of diagnostics and error codes. If a
user incorrectly programs the instru-
ment, the entry is rejected and an
interrogate button can be pushed to
display the appropriate error. Codes
with explanations and other operat-
ing instructions are found on a pull-
out card located beneath the front
panel.

The 6070A and 6071A each con-
tain a built-in memory that allows
up to nine (50 with the nonvolatile
memory option) commonly used
front-panel setups and test sequences
to be stored and recalled. Test
sequences may be stepped through
one memory location at a time, and
editing features allow the insertion
or deletion of program steps during
development. In all, each instrument
contains 32 kilobytes of program
read-only memory, 2 kilobytes of
scratch-pad RAM, and a like amount
of calibration memory stored in eras-
able programmable ROM,

The new signal generators have
three display sections: a three-digit
display that indicates modulation
frequency, a-m depth, and a-m or
phase deviation; a 9'/-digit display
of carrier frequency, shifted function
parameters, status information, and
frequency error messages; and a 4'%-
digit display of dB, dBm, volts, mv,
and uv, as well as amplitude error
codes.

According to Hightower, the new
instruments “retain all the popular
features of manual signal genera-
tors,” like the analog tuning knob,
which uses a long-life magnetic
detent and an optoelectronic phase-
sensing rotation detector. This com-
bination, he explains, “eliminates
mechanical drag” and “gives a
smooth analog-like feel with digital
precision for adjusting frequency,
amplitude, or modulation.”

To be introduced domestically at
next month’s Wescon 80 in Ana-
heim, Calif., as well as at the subse-
quent Automatic Test Equipment
Conference in Paris, the 6070A and
6071A are priced at $15,000 and
$17,000, respectively. Availability is
90 days after receipt of order.

John Fluke Manufacturing Co. Inc., P.O. Box
4310, Mountlake Terrace, Wash. 98043.
Phone (206) 774-2211 (339]
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Reduce costly solder

bridging with VACREL
Solder Mask.

- . DuPont’s photopolymer
No Solder Bridging with \./'ACREL Solder Mask dry film solder mask
vt ! cuts board assembly

problems, too. Result:
you get fewer rejects.

VACREL dry film solder mask
provides increased protection to
fine line circuitry, down to 5 mil
tolerances between lines and pads.
Result—reduced solder bridging
less touch-up and fewer rejects.

With conventional screened
solder mask you can get adequate
circuitry protection on boards where
distances between pads or between
lines and pads are greater than 15
mils. But with tighter circuitry design
and tolerances of less than 15 mils,
solder bridging becomes an expensive

> ] problem. As these distances decrease
Solder Bridging with Screened Solder Mask below 15 mils, the cost of achieving
. N : boards free of solder bridging be
comes increasingly expensive.

VACREL helps in other ways,
too. It gives you circuit protection.

Its uniform thick coating can give
you added circuit protection on both
the solder side and the component
side of the board.

Find out how else VACREL
photopolymer solder mask can help
you. Write VACREL Solder Mask,
RISTON" Products, DuPont Co.,
Rm. 37884, Wilmington, DE 19898.

Innovations for Electronics

- BEG U par @ TM OFF
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New products

Microcomputers & systems
4-bit controllers
dissipate 50 uW

C-MOS technology results in
low standby rating; active
power dissipation is 4 mW

National Semiconductor Corp. may
have hit a new “low” in the 4-bit
microcomputer marketplace. The
four latest units of its COP (control-
oriented processor) family of single-
chip microcontrollers are the first
members to be fabricated using com-
plementary-MOS technology [Elec-
tronics, July 31, p. 34]. One result is
what is believed to be the lowest
power dissipation available for 4-bit
microcomputers.

Designated the COP420C, COP-

421C, COP320C, and COP321C,
the additions are complete micro-
computers containing all system tim-
ing, internal logic, read-only mem-
ory (8-K bits organized as 1,024 by 8
bits), random-access memory (256
bits organized as 4 by 64 bits), and
the input/output facility necessary
for dedicated control functions.

Except for having 4 fewer 1/0
lines (19 instead of 23), the 421C is
identical to the 420C. Both operate
over the 0°-to-+70°C temperature
range. The 320C and 321C are
extended-temperature-range (—40°
to +85°C) versions of the 420C and
421C, respectively.

Typical power dissipation of the
four microcontrollers when idle is 50
uW (with a 32-kHz clock and a 2.4-v
supply). In the operating state, dissi-
pation rises to 4 mw typically (500-
kHz clock and 5-v supply). In com-
parison, the earlier, n-channel MOS
members of the COP family typically
dissipate 3 mA at 3.3 v.

In addition to the power-saving
idle state, the new units also include
software control of power-up and
power-down, notes product market-
ing manager Tom Harper. In a pow-
er-loss situation, he adds, the devices
can turn off, then turn back on,
“taking up where they left off,”
using a backup battery.

The vectored interrupt, plus re-
start, and three-level subroutine
stack featured in the new devices,
Harper claims, “allow the user to
achieve program efficiency unattain-
able in other microcontrollers.” The
C-MOS units employ the same
instruction set, pinout, and architec-
ture as other members in the COP,
family, he says, “enabling users to
incorporate them into systems with-
out the need for extensive retraining.
Also, the programmability of the 170
ports, featured in the entire COP
family, reduces the amount of exter-
nal hardware required and provides
drive characteristics compatible with
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Microcontroller in C-MOS. The C-MOS versions of National's family of control-oriented processors include two (the COP420C and the
extended-temperature-range 320C) with four extra pins that form a 4-bit input port (left). Two of the lines carry signals to a latch register.
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Multiwire
Optimizes

These traces tell the story.

WIREWRAPPED

Wirewrapped and multilayer circuit
boards can handle the high speeds of
emitter-coupled logic. But Multiwire
does it better. With Multiwire, board
impedance is precisely controlled to
meet circuit specs and is consistent
from signal to signal and board to
board. The problem of signal reflections with
wirewrapped and multilayer requires the use
of discrete series-damping and terminating
resistors. Multiwire reduces design problems,

*Multiwire is a U.S. registered trademark for the
Kolimorgen Corporation discrete wired circuit boards.

Electronics / August 14, 1980

A typical example of the circuit
density achievable with Multiwire
circuit boards.

provides consistent electrical
characteristics, and results in lower
cost and better circuit performance.
Add to that other Multiwire advantages:
less design time, shorter lead times,
easy circuit changes, reduced in-
spection costs, and higher production
yields. The choice is obvious. Multiwire is the
way to go. Write or call today for details.

Multiwire, 31 Sea Cliff Avenue, Glen Cove, NY
11542. Phone (516) 448-1307

A A MuLTiwire

V VDIVISION

KOLLMORGEN CORPORATION
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DIAGNOSTIC
EMULATOR"

Address Data

CPU Status

Machine Cycle

6800, 6802, 6808
68A00, 68BO0O

EM-186 $2895

2-80*, Z-80A*
MK3880, MK3880-4

EM-184 §2495

8085A, 8085A-2
8080A, 8080A-1

EM-188 $2895

«Real time emulation with 250 cycle Trace Memory
-Hardware Breakpoints-Regional/Relational™

« Automatic RAM test and signature analysis stimuli
«EPROM socket for user diagnostics

»RS-232 serial interface and optional 8K RAM Overlay

APPLIED MICROSYSTEMS

TNIOO3 - N8th Pl N.E., Kirkland, WA 98033 e Tel: 206/823-9911

*Registered Trademark of Zilog, Inc.
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Looking for a CUSTOM LSI?
Let HOLT solve your problem.

HOLT'S CUSTOM IC DESIGN SERVICES PROVIDE

O A cost effective approach to Custom LSI O Wide design experience
in analog/digital circuits and CMOS ICs [J Fast turnaround time from
design to prototypes [J In-house CALMA System (J Digitizing and Plot-
ting Service J Computerized Design Rules Checks (0 WE ARE SPE-
CIALISTS IN TELECOMMUNICATIONS, TIMEKEEPING, MEDICAL,
INDUSTRIAL, CONSUMER AND SECURITY SYSTEM ICs O CONTACT
GARY RAWLINGS —(714) 754-1844 (J HOLT, INC., 3303 D-5 HARBOR
BLVD., COSTA MESA, CA. 92626.
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New products

the user’s external circuitry.”

As with other COP members, the
new devices are Microbus-compati-
ble, allowing them to be used as
peripheral microprocessor devices,
receiving and transmitting data and
commands from and to a host micro-
processor in less than 1 us. They are
also compatible with Microwire, Na-
tional’s standard three-wire bus in-
terface, he notes, a feature that
enables the end-user to add several
peripheral devices.

Tailored for applications in tele-
communications, automotive, and
security systems, among others, the
four microcontrollers operate from a
single power supply (2.4 to 6.0 V),
and contain an internal time-base
counter for real-time processing.

The COP420C and 320C are
housed in 28-pin dual in-line pack-
ages, and the 421C and 321C come
in 24-pin DIPs. Available nine weeks
after receipt of customer program-
ming, the four are priced in the $20
range in 1,000-piece quantities and
in the $5 range in high volume
(about 100,000 pieces).

National Semiconductor Corp., 2900 Semi-
conductor Dr., Santa Clara, Calif. 95051.
Phone (408) 737-5000 [371]

Timesharing system compiles
PL/M languages for 8086s

The National CSS timesharing ser-
vice is offering a PL/M software
development system for the Intel
8086. The PLM/S86 compiler ac-
cepts 8086 mnemonics and produces
relocatable object modules that take
advantage of the power and address
space of the 8086. It also provides
syntactic debugging facilities by
detecting errors and producing mes-
sages as well as variable cross-refer-
ence lists. Error messages include
statement, line number, and diagnos-
tic information. The modules may be
linked and down-loaded into the
user’s system over the National cSS
telecommunications network.

Charges are determined by usage,
and average less than $30 per hour.
National CSS Inc., 187 Danbury Rd., Wilton,
Conn. 06850 [373]
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AMALZINGLY SIMPLE R&D EFFORT

YIELDS UP TO 20 PERCENT

EXTRA MOLDED DIP PRODUCTION.

The amazingly simple
research works like this.

You pick up the
telephone.

You call Hysol and ask
for facts on our state-of-the-
art semiconductor transfer
molding compounds.

These advanced epoxy
compounds are formulated
for optimum production
characteristics as well as
superior device performance.

For example, Hysol
epoxies develop a higher
hot hardness than
conventional epoxy
compounds. So instead of

Circle 171 on reader service card

VR

O

an average three minute
mold cycle, the same mold
press can produce a finished
shot in two.

Hysol epoxies can also
significantly reduce the need
for deflashing. Or eliminate
it completely.

They can help reduce
post-cure time by a hefty
60 to 70 percent.

And because they leave
your molds clean more than

twice as long, they can reduce

cleaning maintenance from
once per shift to just once
every two shifts or three.

Result?

You get five, ten—up to
20 percent extra molded DIP
production per shift. With no
exira investment.

Along with better
productivity, of course, you
get the extra assurance of
Hysol quality.

Plus all the advantages
of Hysol performance.

Like improved moisture
resistance, better thermal
cycling characteristics and
increased thermal stability
for better reliability.

Hysol is the leader
in semiconductor epoxy
technology. And to prove it,
we'll supply the Hysol epoxy
and qualified field support
for a full productivity and
performance comparison
on your test line.

So if you're looking for

Incrementa!l Hysol
Molded DIP
Produclivity

Typical Moided
DIP Productivity

a major breakthrough in
molded DIP production, just
call Hysol.

The best discoveries are
always simple.
HYSOL DIVISION

THE DEXTER REORATION

15051 East Don Julian Road,
Industry, CA 91749.
Telephone (213) 968-6511.

e
Hysol




New products

Communications
500-W amplifier
works to 35 MHz

Completely solid-state circuit
shows gain of 60 1 dB
across all load impedances

High gain-bandwidth product in an
all-solid-state class A amplifier op-
erating up to 35 MHz seems unlikely
given the properties of radio-fre-
quency transistors. Therefore the
model A500 amplifier, which gener-
ates 500 w between 30 kHz and 35
MHz, is a notable accomplishment.
The problem with rf transistors is

that they must use relatively small
junction areas to achieve their fre-
quency response. The smaller the
junction area, the lower the thermal-
power-handling capability. As a
result, high bandwidth and gain are
generally incompatible in the same
device.

This dilemma can be resolved by
combining the outputs of low-power
transistors. However, parallel con-
nections are usually impractical,
since the transistors are often differ-
ent from one another and their out-
puts do not combine in phase proper-
ly. Series adding circuits and push-
pull designs generally suffer the
same limitations.

The classic hybrid circuit—a 3-dB
divider with phase quadrature on the
outputs, often used in telephone
repeater coils and microwave signal

A A

172

combiners—offers a solution to this
dilemma. Electronic Navigation In-
dustries has used this four-port
device to electrically isolate the indi-
vidual transistors in its AS00 power
amplifier so that the outputs add
properly.

Many applications. According to
Leonard M. Salmen, vice president
of ENI, the AS500 is especially suit-
able for use in high-frequency trans-
mitters and electronic-countermea-
sure equipment. Other applications
include driving linear accelerators,
plasma and sputtering equipment,
ultrasonic systems, and nuclear mag-
netic resonance gear and in general
laboratory use.

The unit has an extremely flat
gain of 60% 1 dB, making it compati-
ble with any commercial synthesizer
and signal or sweep generator. The
wide frequency range and linear
phase response of the A500 enable it
to amplify amplitude- or frequency-
modulated, single-sideband, or
pulse-code-modulated signals with
harmonic distortion held 25 dB
below the fundamental frequency at
a 400-w output. Furthermore, the
unit delivers its rated power to any
load impedance. In fact, it with-
stands 100% reflected power contin-
uously without suffering damage or
shutdown due to reactive loads or
short circuits.

An output meter indicates the
average output voltage (calibrated in
root-mean-square values) and the
output power when connected to a
50-Q load. A power supply and a
ducted forced-air cooling system are
built in.

Designed for ease of maintenance,
the A500 consists of modular assem-
blies, subassemblies, and printed-cir-
cuit cards. All major subassemblies
are easily accessible for replacement
or testing without the need for spe-
cial tools.

The amplifier is suitable for
mounting in a 19-in. rack or cabinet.
Rack-mounting adapter units and
slides are available as options.

The AS00 is priced at $8,950.
Delivery takes 60 to 90 days.
Electronic Navigation Industries Inc., 3000
Winton Rd. South, Rochester, N. Y. 14623.
Phone (7 16) 473-6900 [401]
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Switches combine waveguide
and coaxial assemblies

The WR-137 dual-waveguide
switches for the 5.925-10-6.425-GHz
band were made to help designers
use the least number of components
within satellite communications sys-
tems. The dual switches offer a
1.05:1 maximum voltage standing-
wave ratio, a maximum insertion loss
of 0.025 dB, and minimum isolation
of 90 dB. The waveguide portion of

the switch can handle a maximum of
10 kw clockwise and has a 1.25:1
maximum VSWR. The coaxial por-
tion has a 0.3-dB maximum insertion
loss and 60-dB minimum isolation.
The switches range in price from
$850 to $1,100 in small quantities.
Delivery is from two to eight weeks.
Logus Mfg. Corp., 22 Connor Lane, Deer
Park, N.Y. 11729. Phone (516) 242-5970
(403]

Fiber-optic units handle
290-nm to 2.5-um sources

The A-5000 and A-5100 series of
input and output assemblies for use
with optical fibers can handle wave-
lengths ranging from 290 nm
through 2.5 um at continuous power
levels exceeding 100 w. The A-5000
input assemblies may be used with

14
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virtually any light source. Light
input over a narrow angle gets con-
verted into a converging beam that
matches most fibers having a numer-
ical aperture of 0.22 or more. The
A-5100 output assemblies produce a
collimated, converging, or diverging
beam. Efficiencies for both types of
assembly may reach over 90% when
they are used properly.

Prices range between $135 and
$275, depending on which unit is
chosen. Both series are available
from stock to three weeks.

Math Associates Inc., 6 Manhasset Ave.,
Port Washington, N. Y. 11050. Phone (516)
944-7050 [404]

Termination-insensitive
mixer covers 1to 7 GHz

A biasable termination-insensitive
mixer operates at 0-dBm local-oscil-
lator drive and covers the 1-to-7-GHz
region of the spectrum. The model
MD-163 exhibits a conversion loss of
7 dB typically, 9.5 dB maximum. The
mixer also has a 1-dB compression
point of —2 dBm and a third-order
intercept of +8 dBm.

The MD-163 is available with
flatpack or SMA connectors for
$550 or $630, respectively. It is
delivered from stock.

Anzac Div., Adams-Russell Inc., 80 Cam-
bridge St., Burlington, Mass. 01803. Phone
(617) 273-3333 [405]

Electro-optical set transmits,
receives at 150 megabytes/s

Without using repeaters, the 5100
series of emitter-coupled-logic—com-
patible electro-optical transmitter-
receiver sets communicate data at
150 megabytes/second over 5-km-
long standard fiber-optic cables.
What’s more, they do so with bit-
error rates that are better than | in
10°. The solid-state devices operate
over 12 km at 50 megabytes/second
at the same error rates, and even
further if a higher error rate is toler-
able. The 150-megabyte/second
rate, made possible by the use of

semiconductor lasers, is compatible
with the maximum required output
rate of most data-concentrating and
-formatting computers used in dis-
tributed-processing networks.

The transmitter’s modulated opti-
cal power is greater than 1 mw peak
to peak, with rise and fall times of
less than 1.5 ns. The receiver comes
in two versions, with sensitivities of
either ~21 or — 35 dBm at the max-
imum data rate. A complete set sells
for $2,500, and delivery is from
stock to five weeks.

Optical Information Systems, Exxon Enter-
prises Inc., 350 Executive Bivd., Elmsford,
N. Y. 10523 [406]

GaAs FET amps limit
output to £1.00 dB

Designed for signal-processing appli-
cations in the 1-to-2-GHz band, the
AML-2000 series of gallium arse-
nide field-effect-transistor amplifiers
are output-limited devices whose
output power can be centered any-
where between +6 and +12 dBm
and remain constant to within 1.0
dB over a 35- or 43-dBm range of
input signal levels. The pulse rise
time is 25 ns.

Designated AML-2004 and
AML-2005, respectively, these de-
vices’ limited-output power capabili-
ty ensures the correct drive level to
virtually any instantaneous-frequen-
cy measurement discriminator or
other signal-processing subsystem.
Both amplifiers offer a maximum
signal-to-noise figure of 4.0 dB and
+ 1.0 dB flatness. They sell for under
$1,500 in small quantities. Delivery
takes 120 days after receipt of order.
Avantek Inc., 3175 Bowers Ave., Santa
Clara, Calif. 95051 [407]
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The foremost solution
to monolithic capacitor performance with disc economy. ..

Ultra-Kap Ceramic
Disc Capacitors
from

CENTRALAB

-

i era
d you'll find that
the performance
:{téhic. but your
ter stability than a
ceramic disc, the
swer. It will provide
d ceramic reliability
a reasonable price.

quency characteristics

all package size. You get

ind of ceramic reliability

been proven in many types
evere environmental and other
demanding applications.

They're available in a wide variety of lead
configurations and are offered with your
choice of tape and reel packaging for
automatic insertion. Standard sizes and
values are stocked for off-the-shelf delivery
by over 200 Centralab Industrial Distributors.

Discover the foremost source for your ceramic
capacitor requirements. Call your Centralab
Representative, Industrial Distributor or write
Centralab, Inc., a North American Philips
Company, 5855 N. Glen Park Road, PO. Box
2032, Milwaukee, Wisconsin 53201.
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FL

CENTRALAB

Huntsville
CARTWRIGHT & BEAN
& (205) 533-3509

Phoenix
CLEMICK-NEENAN
= (602) 279-7649

Palo

BROOKS TECH GROUP
& (415) 328-3232

San Oiego

CLEMICK-NEENAN

& (714) 268-8540

Sherman Oaks

CLEMICK-NEENAN

= (213) 990-3150

ustin
CLEMICK-NEENAN
B (714) 547-0966

Evergreen
CENTRALAB

& (303) 674-1092
Meriden

CENTRALAB

= (203) 235-0766

Ft Lauderdale
CARTWRIGHT & BEAN
& (305) 735-4900

Orlando
CARTWRIGHT & BEAN
& (305) 422-4531

GA Atlanta

H

|
CARTWRIGHT & BEAN
B (404) 233-2939

Honolulu
OOUGHERTY ENT
& (808) 847-4144

Cedar Rapids
JERRY VRBIK CO
7 (319) 366-8733

Qes Plamnes
CENTRALAB
7 (312) B27-4487

Indianapohis
LES M. OeVOE CO
& (317) B42-3245

Shawnee Mission
LOWELL-KANGAS
= (913) 631-3515

Metaine
CARTWRIGHT & BEAN
& (504) 835-6220

MA Needham

CENTRALAB
= (617) 444-4781

Columbia
BRESSON ASSOC
& (215) 664-6460

Lathrup Village
CENTRALAB

& (313) 559-9095
St. Joseph

CENTRALAB
= (616) 983-0233

MN aneaxolls
CENTRALAB

= (612) 831-5212

MO St Louis

LOWELL-KANGAS
= (314) 821-4050

MS Jack

ckson
CARTWRIGHT & BEAN
= (601) 981-1368

NY Alban
REAGAN‘COMPAR
2 (518) 489-7408
Endwel!
REAGAN/COMPAR
& (607) 723-8743
Fairport
REAGAN COMPAR
= (716) 271-2230
Great Neck
CENTRALAB
® (516) 466-6570
New Hartlord
REAGAN COMPAR
B (315) 732-3775

NC Charlo

tte
CARTWRIGHT & BEAN

= (704) 377-5673
Raler

CAR RIGHT & BEAN

= (919) 781-6560

OH Breckswille
CENTRALAB
® (216) 526-1205
WonhmTon
CENTRALAB
& (614) 888-2150

OR Beaverton
CENTRALAB
& (503) 643-5516

PA Narberth
BRESSON ASSOC
B (215) 664-6460

TN Knoxville

CARTWRIGHT & BEAN

& (615) 693-7450
Memphis

[
CARTWRIGHT & BEAN

& (901) 276-4442

X Austin
CENTRALAB
B (512) 454-9529
El Paso
CENTRALAB
= (915) 779-3961
Farmers Branch
CENTRALAB
B (214) 243-8791

VA Lynchburg
B ESSON ASSOC
B (215) 664-6460

WA Bellevue
CENTRALAB
= (206) 454-7754

Wi Miiwaukee
CENTRALAB
& (414) 228-2122

PUERTO RICO
Hato-Re!
M AND!RSON 4]
2 (809) 751-2026

CANADA
B.C. North Vancouver

ARWIN TECH SALES

@ (604) 980-4346

ONT Ajax
McHUGH ELEC
® (416) 683-1540

QUE Ste Dorothee Laval
HARNETT ENT
7 (514) 689-4184
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New products

Packaging & production
Chip-carriers meet
new Jedec spec

Broad range of devices
available in volume should
bring cost down rapidly

By the end of the decade, leadless
chip-carriers are expected to replace
today’s standard dual in-line pack-
age as the dominant packaging form
for integrated circuits [Electronics,
July 3, p.45]). The driving forces
include smaller size, less weight, and
potential cost savings associated with
chip-carriers. Smoothing the road is
the growing unwieldiness of DIPs as
very large-scale integration carries
pin counts beyond the 40 to 68
required for today’s most complex
devices. And to add impetus, last
April the Joint Electron Device
Engineering Council approved a

standard footprint for chip-carriers
with input/output terminal-pad
counts ranging from 16 to 156.

Among the first of the IC manu-
facturers to make a broad product
offering in the new Jedec-approved
package is Texas Instruments. The
company, a major participant in Jed-
ec activities aimed at establishing
the chip-carrier standards, now of-
fers its Schottky, low-power Schott-
ky, advanced Schottky, and ad-
vanced low-power Schottky product
lines in Jedec-standard ceramic chip-
carriers.

In all, some 2,000 products are
offered mounted in either the 20- or
the 28-terminal-pad version of the
Jedec leadless type C ceramic chip-
carrier, says Dennis Gaetano, field
sales marketing manager in TI’s mili-
tary products department. Com-
pared with equivalent DIPs, the chip-
carriers save space and weight. For
example, a 24-pin DIP measures 1.25
by 0.6 in., occupies a 0.75-in.2 board
area, and weighs 1.37 grams. The
28-pin chip-carrier that houses 24-
pin circuits measures 0.45 by 0.45
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in., takes up 0.203 in.2 on a board,
and weighs only 0.13 g.

Savings. Whereas a DIP contains
two parallel rows of pins that have
centers 100 mils apart for socketing
into standard printed-circuit boards,
TI's chip-carrier is leadless and
square, with terminal contacts on all
four sides that are designed for

direct attachment via reflow solder-
ing. The type C version offered by
the company is one of four leadless
Jedec carrier types that have 50-mil-
center contact spacing with a foot-
print aimed at compatibility with
100-mil-center pc boards. The Jedec
standard also covers some leaded 50-
mil-center chip-carriers, as well as a

The new Precision 616 cuts
clean with programmable
ease. 80 dB/octave attenua-
tion slopes and time domain
filters superior to Bessel
Up to 16 filter channels,
programmable for gain
and cutoff frequency
Interfaces with mini
micro or GPIB. Typical

phase match is %°,
with worst case of 2°

You get performance that
used to require a custom
instrument, without paying
a custom price.

Call Don Chandler,
607-277-3550,

or write for complete
specs and a demonstration

@ PRECISION FILTERS INC.

303 W. Lincoln, Ithaca, N.Y. 14850
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family of 40-mil-center packages
intended to meet the military’s need
for the highest possible packing den-
sity. The 40-mil-center chip-carrier
designs, however, are not suited for
easy use with conventional 100-mil-
center board applications.

Though leadless chip-carriers are
designed for direct surface mount-
ing, the differing thermal expansion
coefficients between .the ceramic
used in the package and the epoxy
surface of today’s conventional pc
boards could cause stress on solder
joints. This difference could result in
unreliable connections or, in the
extreme, soldered packages popping
off the board.

Other materials. A number of
firms are looking for more cost-
effective board materials having a
closer thermal match that would
allow direct soldering of ceramic
carriers. But in the meantime, Gae-
tano expects that most users initially
will attach chip-carriers to a small
ceramic motherboard, which will in
turn plug into a pc board in single or
dual in-line fashion.

As a new, still low-volume packag-
ing technology, ceramic chip-carri-
ers are significantly higher-priced
than equivalent DIP circuits. Current
TI carrier pricing on gate and flip-
flop devices is typically eight times
higher than the same circuit in DIPs,
says Gaetano; simple and complex
medium-scale integrated circuits are
lower, but still about three times
more costly.

However, company officials are
quick to predict that ceramic chip-
carrier costs will fall rapidly as
demand increases. Pricing should
reach parity with Cerdips by 1985,
they feel, with savings at the system
level coming much sooner than that
as a result of reductions in the num-
ber of boards required. For applica-
tions not requiring a hermetic seal,
the expected introduction of plastic
carriers conforming to the Jedec
footprint will likely further cut costs.

About 65 types of Schottky and
low-power Schottky circuits are
available in chip-carriers off the
shelf from TI. In 100-piece quantities
with standard — 55°-to-+ 125°C her-
metic levels, these products are
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priced at $5.65 each for gates, $7.06
for flip-flops, $8.19 for simple MSI
designs, and $9.10 for complex MSI
units.

Texas Instruments Inc., P. O. Box 225012,
Mail Station 911, Dallas, Texas 75265.
Phone (214) 995-4553 {391)

Wrapped-wire panel
accepts most DIPs

The model 347 universal wrapped-
wire panel can hold nearly any dual
in-line package in use, according to
the manufacturer. Up to 469 devices
can fit on a panel area measuring
15.85 by 14.90 in. The panel handles
devices with leads on 0.300-, 0.400-,
0.500-, 0.600-, 0.700-, and 0.900-in.
centers. It has two voltage planes
plus ground and uses five 108-pin
connectors for high-density input
and output. The version with gold-
plated pins sells for $1,193.83; with
tin plating, it sells for $984.61. Both
prices are for from one to nine units.
Delivery is from stock to two weeks.
Mupac Corp. 646 Summer St., Brockton,
Mass. 02402 {393)

System expands capabilities
for LSl in-circuit testing

The Data Director is intended for
tests of complex large-scale inte-
grated devices that require sequen-
tial stimuli of enable, clock, and oth-
er control lines, as well as manipula-
tion of data and address buses. The
tester is designed to be used in con-
junction with the Troubleshooter
800 in-circuit inspection system.
Testing flexibility is attained
through a high-level language that
allows the programmer to talk to a
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device with its own mnemonic
instructions. The programmer uses
the Data Director to design and
implement tests at a level under-
standable to the user.

The Data Director consists of a
controller and an operating system,
plus one or more driver-receiver
cards. Each card supports eight data

lines and eight control lines to allow
the Director to segregate control and
data functions. The basic price of the
Data Director is $10,000 plus $2,000
per 16 pins (8 for data, 8 for proto-
col). Delivery is scheduled to begin
in early 1981.

Plantronics/Zehntel, 2625 Shadelands Dr.,
Walnut Creek, Calif. 94598. [394)

digit option p
Either way, yc
16 programma

nels with convenient key
board address and LED

)

URMOST
RESOLUTE

il displays. Time delay filters
superior to Bessel. Elliptics
| with 80 dB/octave attenu-
8l ation. Phase match within
| 2° Interface with mini
Bl micro or GPIB

| Call Don Chandler,
| 607-277-3550, or write for
specs on all Precision
anti-alias filters.

PRECISION FILTERS, INC.

303 W. Lincoln, Ithaca, N Y 14850
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New products

Components

1,400-V SCR unit
switches at 50 kHz

10-us turn-off time and
200-A peak current should
benefit power inverters

The 20-kw switching power supplies
used by industry for a variety of
applications such as resistance weld-
ing, ultrasonic equipment, and 400-
Hz uninterruptible power supplies
might be far more efficient and eco-
nomical if they could be connected
directly to the 220- or 480-V ac line,
through a semiconductor inverter.
By doing away with the usual bulky
step-down transformer, the size and
weight of the supply would be great-
ly reduced, along with its cost.

Unfortunately, inverters fast
enough to work with high-power
switching supplies have not been
available. The best components, typ-
ically silicon controlled rectifiers,
have the 1,200-v reverse-breakdown
rating needed, but their generally
slow turn-off times of 10 seconds or
longer do not make them compatible
with the needs of high-frequency
switching power supplies.
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General Electric seems to have
licked this problem with an SCR that
operates asymmetrically to achieve
turn-off times of 10 us. A gate-
assisted turn-off device, the CA386
operates between 10 and 50 kHz.
Capable of passing 200-A peak cur-
rents when switching at 20 kHz (at a
50% duty cycle and 85°C case tem-
perature), it is intended for use with
switching power supplies that oper-
ate at 20 to 50 kHz.

Specs. Seven versions are avail-
able, each with a different blocking-
voltage rating. The highest-rated
device is the CA386PD, with a
blocking voltage of 1,400 v; the low-
est is the CA386N, with an 800-v
rating. Between are five others with
blocking voltage ratings in 100-v
increments. All have repetitive peak
reverse ratings of 10 v.

Turning on the SCR requires a 5-v
(peak) source having a l-us rise
time. When switched at a 20-kHz
rate, the CA386 dissipates a maxi-
mum of 400 W, assuming the use of
an RC snubber network of 5 Q in
series with a 0.05-uF capacitor.

Other parameters include a di/dt
rating of 800 A/us (nonrepetitive)
and 500 A/us (repetitive) and gate
power dissipation of 25 w. Further,
the unit operates over the tempera-
ture range of —40°to +125°C.

Like most SCRs, the CA386
should be coupled with a diode in an

antiparallel arrangement when ap-
plied as an inverter. The diode han-
dles reactive load currents and limits
voltage ringing. The A393 fast-
recovery diode is supplied for those
purposes as a companion component.
The CA386, with the A393 diode
and a mounting hardware kit, sells
for $200. A mounting force of 800 Ib
is required to heat-sink the Hockey
Puk-type device properly. Availabil-
ity is from stock.
General Electric Co., Semiconductor Prod-
ucts Department, Electronics Park, Syra-
cuse, N. Y. 13221 [341]

Charged particle preamp
has 1-ns rise time

Measuring only 2 in. in diameter by
1 in. high, the H242 charged-parti-
cle preamplifier has a rise time of
1 ns. The manufacturer says the unit
is about one third the size of previ-
ous models and its rise time is about
five times faster than that of conven-
tional preamps. It is intended for
silicon surface-barrier detectors and
sells for $660. Delivery time is 60
days, though this time is expected to
shorten in the future.

EG&G Ortec, 100 Midland Rd., Oak Ridge,
Tenn. 37830 [344]

Optocoupler unit operates
from —55° to + 100°C

The HI11G is an optoelectronic
device that consists of an epitaxial
gallium arsenide infrared-
light-emitting diode optically cou-
pled to a Darlington-connected pho-
totransistor. Operating over the tem-
perature range from —55° to
+100°C, it has a breakdown collec-
tor-to-emitter voltage of up to 100 v
with a 2,500-v root-mean-square iso-
lation capability. Ten mA of the IR
diode current will switch a load of
100 mA in the Darlington. The
H11G can switch solenoid loads
from low-level inputs. It sells for 77¢
each for 1,000 units.

General Electric Co., West Genesee St., MD-
14, Auburn, N. Y. 13021 [345]
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New prodtTcts_

Instruments

System DVM is
complete in itself

6'/2-digit unit has
store for multiple
measurement routines

The term ‘*‘system DVM” usually
applies to a high-accuracy digital
voltmeter intended for use in a larger
system. While the latest DVM from
Guildline Instruments Inc.—the
Datastore 9576 A —fits that descrip-
tion very well, it also is a complete
measurement system in itself. On its
own, it can perform preprogrammed
measurement manipulations for
which other units require a separate
controller. “With all the data-pro-
cessing capability we've put into the
unit,” says Ed Nemeroff, Guildline
vice president of sales, ‘“the user
doesn’t need anything else.”

The 6'%-digit unit is the next step
up from Guildline model 9576. Like
the earlier model, it has 26 preset
routines that the user can call at the
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press of a button—routines that do
statistical analysis, offset subtrac-
tion, thermocouple linearization and
temperature conversion, and various
common ratios such as power, to
name a few. And like the 9576, the
9576A has a basic dc voltage accura-
cy of £0.0004% of reading on the
three lowest of its six ranges (10 and
100 mv and 1, 10, 100, and 1,000 v)
and it can take ac voltage and resist-
ance readings as well.

What gives a big boost to the pow-
er of the new unit is a memory facili-
ty and a new preset routine. The
memory facility stores the latest 50
displayed readings automatically,
gives an extra 25 locations for use as
a scratchpad, and provides 5 more
locations for program store. The new
preset routine, polynomial evalua-
tion, permits selection of four con-
stants for a standard third-order
polynomial (cox*®+cix2+crx+¢3)
and each of those constants can be
the output of one of the preset rou-
tines or a user-entered number.

A measured value or constant can
be stored in any of the 25 scratchpad
locations. For example, the offset of
a strain gage can be measured and
stored in the scratchpad. Later,
when strain readings are taken, this

value can be applied to the measure-
ments by the offset routine.

The DVM can be set to automati-
cally take, for example, 10 readings
at 1-second intervals and apply to
them a program string of up to three
preset routines with stored constants.
Once initiated, the meter will take
and manipulate the readings and
store them in one of the five program
locations that the user has selected.
A separate program or program
string can be used to enter data into
each of the five locations, and the
results can be recalled and examined
later. “Effectively,” notes Nemeroff,
“you have five different instrument
systems in one.”

The basic unit, which sells for
$4,995, can also be equipped with a
$995 interface option that provides
both RS-232-C and IEEE-488 ports.
Using either of those ports, the unit
can be attached to a dumb printer so
that all the displayed readings are
automatically recorded.

For building even more sophisti-
cated systems, a scanner—the Mi-
nate 7010 is also offered. The $2,195
unit has 16 analog input channels,
each consisting of four terminals
plus a guard, which can be selected
individually by the operator or
scanned sequentially.

Deliveries can be made from stock
to 30 days.

Guildline Instruments Inc., 2 Westchester
Plaza, Elmsford, N.Y. 10523. Phone (914)
5§92-9101 [351)

Active low-pass filter
is versatile, costs $299

A $299 active low-pass filter for lab-
oratory and field applications offers
a comprehensive choice of functions
that can be selected from the front
panel. The model 901F, an active
eight-pole Butterworth filter, has
corner frequencies variable from 0.1
Hz to 29.9 kHz. Three rotary dials
set the first three digits of the fre-
quency, and a fourth dial multiplies
by a scale factor of 0.1, 1, 10, or 100.
One unusual feature of the unit is a
differential input amplifier to elimi-
nate long-line ground-loop problems.
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WITHOUT A DOUBT THE UNPARALLELED SOURCE FOR THE
COMPREHENSIVE, UP-TO-DATE AND PERTINENT
COMPILATION OF ANALYZED DATA REFLECTING THE
RELIABILITY EXPERIENCE OF MICROELECTRONICS, IS
RAC'S MICROCIRCUIT DEVICE RELIABILITY (MDR) SERIES
OF DATABOOKS.

HERE IS THE LATEST (IE, THIRD EDITION) VOLUME ISSUED
BY RAC ON HYBRID CIRCUITS:

HYBRID CIRCUIT
DATA, 1980

Failure rates, screens, burn-in
operating stresses, failure modes
and mechanisms.

e Malfunction distributions; screening
fall-out.

o Data on TTL, CMOS, PMOS & NMOS
devices; discrete semiconductors,
inductors and resistors

e More than 260 million part-hours of field operation.
¢ Recorded failure rates versus MIL-HBK-217C predictions.
e Ordering No. MDR-14. $60 per copy ($70 non-U.S.).

RAC

ﬂ Reliability Analysis Center

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

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

The instrument is available in a
line-powered version, but a battery
option with an internal charger that
provides uninterruptible power is
also available for an additional $100.
The 901F is available within eight
weeks after the receipt of an order.
Frequency Devices Inc., 25 Locust St., Hav-
erhill, Mass. 01830. Phone (617) 374-0761
[354]
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CUSTOMIZED CABINETRY AT PRODUCTION LINE PRICES

TEN-TEC’s OEM cabinet line gives you affordable customizing freedom. 51 different sizes.
Two construction styles: all-aluminum or aluminum and molded Cycolac. Two color styles:
beige with walnut-grain end panels or gray with black pebble-grain (or choose your own).
Custom chassis punching. Custom silk-screening. Your cabinets arrive ready for your
product. For less than you think. Ask for a quotation.

Write or call: -ll-.-l TEN-TEC, INC.

Hiway 411 E., Sevierville, TN 37862
(615) 453-7172
180 Circle 181 on reader service card

Hand-held DMM selects
range automatically

Using its microcomputer to provide
autoranging, the 3'%-digit model
2845 multimeter offers a basic accu-
racy of within 0.1% on its four dc
measurement ranges— 1, *10,
+100, and * 1,000 v, with automat-
ic polarity indication— * 1 least sig-
nificant digit. On the ac ranges,
accuracy varies depending on volt-
age and frequency. In the 1-to-100-v
range it is to within £0.5% between
50 and 500 Hz, to within *+1.0%
between 500 Hz and 1 kHz, and to
within £12% between 1 and 5 kHz.
For measurements in the 1,000-v
range and between 50 and 500 Hz,
accuracy is within *1%. For ac, res-
olution is * 3 least significant digits.

The input impedance on ac and dc
ranges is 10 M. Resistance mea-
surements cover five ranges—1 k%,
10 k@, 100 k2, 1,000 k©?, and 10
MQ—accurate to £0.3% % 1 least
significant digit for the 1-kQ through
1,000-/kQ ranges and *0.6% * 1
LSD on the 10-MQ range. Circuit
protection is 1,000 v to —450 v dc
or 300 v ac.

Delivery is from stock at $175
each.
B&K-Precision, Sales Department, 6460 W.
Cortland St., Chicago, Ill. 60635. Phone
(312) 889-9087 (358]
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Prceon promises
controller for 5%-in.
hard-disk drive

AMi readies C-MOS
uncommitted logic arrays

Report lifts veil
on Hitachi’s
4-K C-MOS RAM

Ti offers TMS 9900
in 15% cheaper
plastic DIP

Honeyweli raises
computer sales, rent,
and service prices

Electronics/August 14, 1980

A low-cost single-board controller for 5-in. hard-disk Winchester drives
is in the final stages of development at Pwceon Inc.’s OEM Computer
Products division in San Jose, Calif. Designated the D-100, the controller
board is expected to be available in the first quarter of 1981 and have the
flexibility for controlling both 8-in. and 5Y-in. drives. The board will
interface the drives via the S-100 bus with Z80, 8080, 8086 and Z8000
microprocessors for about half the price of the drive, which sells in the
$700-t0-$750 range.

American Microsystems Inc., Santa Clara, Calif., has almost completed
development of a line of complementary-MOS uncommitted logic arrays,
the first of which may be brought to market by the end of this quarter or
early next quarter. The ULA family will be offered in six configurations,
with circuit complexities equivalent to as few as 300 and as many as 1,260
two-input gates. The C-MOS process used for these devices is AMI’s 5-um
oxide-isolated, silicon-gate approach [ Electronics, Sept. 13, 1979, p. 116],
which offers dense circuits with high performance, in addition to all the
other conventional advantages of C-MOS.

Well-known for its analytical reports on n-MOS random-access memories,
Mosaid Inc. has expanded its services to include advanced complementary-
MOS parts. Its latest report, on Hitachi’s HM6147, contains a complete
circuit diagram of the 4-K-by-1-bit C-MOS static RAM with transistor
dimensions pointed out, a process analysis, and a commentary on the
validity of the circuit concepts used. Copies of the report are available
from the Ottawa, Canada, company for $3,000 each or as part of an
annual subscription service that costs $15,000.

Texas Instruments Inc. has begun selling its 16-bit TMS 9900 micropro-
cessor in a plastic 64-pin dual in-line package, offering a 15.8% savings
over the Dallas company’s standard 64-in. ceramic DIP. The standard
3-MHz machine, designated TMS 9900NL, is housed in plastic and sells
for $26.30 in 100-unit quantities. The 4-MHz part, designated TMS
9900NL-40, is priced at $42.10 in plastic. Cerdip versions go for $31.25
and $50, respectively, at the 100-unit level. Ti already offers the 8-bit
data-bus version of the 9900 —the TMS 9980 —in a plastic package.

Price increases ranging from 5% to as much as 19% have been posted by
Honeywell Information Systems Inc., Waltham, Mass. The firm is imple-
menting 5% increases on its level 62 and 64 and series 60 large computers
and related equipment, as well as on most of its data-net front-end
processors. Leases and rentals for DPS 8 add-on memory subsystems will
rise by 10%, as will monthly costs for maintenance of peripherals for these
systems and system engineering for all Honeywell computer products.
On-call field engineering services will cost from 12% to 19% more. Finally,
some software package prices have been upped by 10%.
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Wire-guide bars for printing
heads

All kinds of material have been
tried out for the manufacture of
wire-guide bars. The corundum in
single crystal structure (AI? 0% still
remains the best one. Seitz knows
it and uses it in an economic and
intelligent way.

The form: a cylindrical bar, which
means reduction of friction, impro-
vement 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 mostimpor-
tant manufacturer of this product.
Seitz has created and fixed its
norms.

Seitz wire-guide bars: A technical
and economic solution.

Design Borel

Seitz SA, CH-2416 Les Brenets, Tél. 039/32 1112, Télex CH 35505 SEITZ _] Teremone 058/ 75 00 1 T S 566 2o0" Brenne
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Abqaiq, Saudi Arabia

No baseball, no morning paper,
no pizza, no autumn leaves.

But here’s the great life that makes
Aramco people stay on and on.

sidered working

bia because you
+ think it’s all sand

consider this.

3,900 Americans like you work for
Aramco in Saudi Arabia now. Ask
them why they stay and they’ll tell
you that, besides money, it’s the
casual lifestyle, American-style
hometowns, top-notch schools, and
vacation travel they used to only
daydream about.

Where on earth is Abqaiq?

Located close to the world’s largest oil-

field (Ghawar), Abgaiq is the center of a
giant oil-gathering and processing system
that handles 60% of all the oil produced
by Aramco, the world’s largest producer.

Does Aramco’s paycheck justify
living in a desert kingdom?
Yes! You get a base salary competitive
with top U.S. oil firms. We compensate
you for overseas cost-of-living differences.

On top of that, Aramco pays an incen-
tive of up to 40% for overseas employ-
ment, and you are reimbursed for any
foreign or U.S. Federal income tax on
the premium. So your premium is tax-
protected.

Another benefit: employees overseas
participate in Aramco’s Retirement In-
come Plan on an accelerated basis.

With this financial package, no won-
der 3,900 Americans like you work for
Aramco in Saudi Arabia today.

What can you do with all that
money stuck out in the desert?
Aramco people use 40-day paid vacations

Electronics / August 14, 1980

If you never con-

in Saudi Ara-

and hardships,

Aramcons vacation in Asia, Africa,
the Middle East and Europe

(every 12¥2 months)and 12 paid holidays
(average) to visit fabulous places like the
Pyramids, Greek Islands, Mt. Everest,
the Serengeti Plain, Hong Kong.

Doesn’t a child’s education
suffer so far away?

No! Aramco has a modern American
school system. Teachers are primarily
American and more than 75% of them
have master’s degrees. The teacher-
student ratiois 1 to 15 in grades 1 to 6; 1
to 20 in grades 7 t0 9.

Where do you go
if you get seriously ill,
or need dental surgery?
Aramco’s Dhahran Health Center is one
of three hospital systems outside the

CHALLENGE BY CHOICE

ARAMCO

SERVICES COMPANY

U.S. accredited by the Joint Commis-

sion on Accreditation of Hospitals.
The Dental Clinic is as fine as any in
the States. Better than most.

» Aramco recruiting ads
‘mention ‘“‘comfortable
housing.”’ Is that
on the level?
At first, you'll live approximately 18
months in adequate but not terribly
attractive off-camp temporary hous-
ing. Next, it’son to comfortable on-
camp temporary housing. Then,
based on a housing priority-point
system using job level and length
of service, you’ll get your permanent
residence. Many of these are like homes
you’d want to live in, in the States.

What jobs are open today?

Can a person advance?
Aramco’s operations are so big that our
job opportunities are probably undupli-
cated anywhere. Challenging jobs are
open in administration, refineries, gas
plants, support facilities, everywhere.

We need accountants, medical person-
nel, technicians, teachers, vocational
trainers, communications specialists
and materials forecasting specialists.
And scores of engineers: in construc-
tion, project management, operations
and maintenance—for operations in oil,
gas, petrochemicals, EDP, computers,
transportation, utilities, name it.

You’ll have challenges, responsibilities,
and management advancement oppor-
tunities,

Interested? Send your résumeé in confi-
dence to: Aramco Services Company,
Department ELTO081480GENA, 1100
Milam Building, Houston, Texas 77002.
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CIaSSIerd seCtlon FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

Engineers

* Design

. De\{elopment
THE NAVAL RESEARCH LABORATORY : gg;{sgre
ELECTRONICS TECHNOLOGY DIVISION $20,000-S50,000

is seeking a

CHEMIST

GS-9 or 11, $17,035 to $28,855 per annum
(Salary dependent on qualifications and experience)

Riddick Associates Engineering
Division specializes in placement of
electricaland electronics engineers
with top companies in the Southeast
and throughout the U S. We provide
adwvice on careers, resumes and inter-
views for a position tailored to your
skills. Clientcompanies pay all fees
For details call or send resume in
strict confidence to Phil Riddick
President

Riddick

Assoclates, Ltd.
9 Koger Executive Center
Norfolk, VA 23502

\eew  Area 804-461-3994

Develops new photolithographic processing techniques for semiconductor
devices for use as research vehicles and as evaluation sampies. Major

processing steps in fabrication include photolithography, wet chemical
processes and/or dry chemical reactions diffusion, growth or deposition of
thin film, assembly and photomask preparation. Knowledge of micro-
electronics photolithography or electrochemistry required.

This position is in the Federal Career Service with all Civil Service benefits.
Interested applicants should submit a Personal Qualifications Statement,
(SF-171) or detailed resume, prior to August 21, 1980 to:

ENGINEERS

Our clients are seekinﬁ_engineers for
ortunities in__ DIGITAL, ANALOG,
ICROCOMPUTER, HARD/SOFTWARE.
COMPUTER SYS., & and other high
tecvr;nology areas

e p

NAVAL RESEARCH LABORATORY
CIVILIAN PERSONNEL OFFICE R N
Attentlon: 68-024.-13 E 0 NIC_ and  COMPUTER
4555 Overlook Avenue, S.W. e ey s ond fees pai.

Washington, D.C. 20375 AT
UNLIMITEQ

6797 N. High St., Suite 130-E
Worthington, Ohio 43085

FREE

Your dream jobh.

We hope you're happy in your current position,

An Equal Opportunity Employer U.S. Citizenship Required

The Institute of Technology of the University of Minnesota is soliciting ap-
plications for the position of

DIRECTOR
of the recently established

CENTER FOR MICROELECTRONIC
AND INFORMATION SCIENCES

The purpose of the Center is to concentrate academic, industrial, and
government resources on an interdisciplinary approach to the development
of the microelectronic and information sciences and their applications.

In addition to managing the operations of the Center, the Director will work
with a Board of Directors and a Technical Advisory Committee in identify-
ing suitable areas of research, in developing priorities in the allocation of
resources, and in broadening the base of funding and institutional coopera-
tion of the Center.

Applicants must have a Ph.D. or its equivalent and a strong international
scholarly reputation in at least one field pertinent to the aims of the Center
as well as proven management ability. The scholarly achievements must be
sufficient to justify tenure in one of the academic departments of the
University of Minnesota.

Salary will be commensurate with qualifications.

Please send a curriculum vitae and list of references to Professor H. Wein-
berger, Chairman, Search Committee or Professor W. Franta, Acting Co-Di-
rector, Center for Microelectronic and Information Sciences, 143 Space
Science Center, University of Minnesota, Minneapolis, Minnesota 55455
{[612} 376-9122) by September 15, 1980.

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 Eiectronics Manpower
Register, a computerized data bank containing
the qualifications of career-conscious
ELECTRONICS readers just like yourself.

You'il 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
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ELECTRONICS )
ENGINEERS

INTERESTED OR WITH EXPERIENCE IN
ANALOG/DIGITAL DESIGN
ENGINEERING

SOFTWARE DEVELOPMENT

SYSTEMS ANALYSIS

DATA ENGINEERING

DESIGN TO UNIT PRODUCTION
COST PROJECT ENGINEERING

RELIABILITY ENGINEERING
PARTS ENGINEERING
RADAR SYSTEMS ENGINEERING

INERTIAL DEVELOPMENT
ENGINEERING

Immediate and challenging positions now available
in our 4-season location in Western New York State.
Attractive area housing costs and a generous
company relocation policy warrant investigation.

Please send resumes, in confidence, to
Edwatd Weiser, Employment Supervisor,
Bell Aerospace Textron, PO Box 1,
Buffalo, NY 14240

Bell Aerospace LIFALTT]

Division of Textron Inc
An Equol Opportunity Employer M/F/He

IC DESIGN
ENGINEER

CP!, a leader In pacemaker design and development is setting up a
new IC division to design and develop its own IC circuits.

We have a unique opportunity for an experienced devetopment
engineer to design 1°L integrated circults. Would prefer 17L
experience but would accept digital bipolar experience. This exciting
new position wiil have responsibilities for project leadership and will
provide state-of-the-art challenges.

It you are Interested in this ground floor opportunity, please send
resume in confidence to Roy Prigge.

CPI offers an excellent benefit package including profit sharing,
dental insurance and 100% pald tuition program.

CARDIAC PACEMAKERS, INC.

4100 North Hamline Ave.
P. 0. Box 43079
St. Paul, Minnesota 55165

We Are An Equal Opportunity Employer

Cardiac Pacemakers, Inc
4100 North Hamline Avenue
P O Box 3079

St Paul. Minnesota 55165
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Government
‘Microcircuit
Applications
Conference-80

Wed—Thurs—Fri 19-20-21 November 1980
Shamrock Hilton/Houston, Texas

DEPT. OF DEFENSE, NASA, NSA
Participants: DOE, USPS, DOT, DLA, NBS

DEPT. OF HEALTH & HUMAN SERVICES

If you have anything at all to do with modern electronic rechnol-
ogy. you really can't afford to miss this one! This year, GOMAC's
central theme will be “The Directions of Government Electronics for
the 1980's”, with emphasis on Signal Processing —including the first
major conference coverage of the mulnmillion dollar VHSIC Program.

Major sessions will be devoted to:
@® Digital Signal Processing

@ Anaqlog Signal Processing

@ Gigabit Logic

® Microwave Devices & Systems
@ Electro-Optics Technology

® Semi-Custom Device Design
@ Fault Tolerance/Built-in Test
@ Reliabiliry & Maintainability
@ Radiation Hardening

@ Testing Technology

@ Direct Energy Conversion @ Packaging & Assembly

Keynote and other invited speakers will include Senator Harrison
Schmirt, Member of the Senate Appropriations Commirtee; Dr.
William Pemy, Under Secretary of Defense for Research and En-
gineenng; and Mr. Jack S. Kilby, co-inventor of the integrated
circuit. Senator Schmift, in his address “Technology Options for the
80s,” will provide valuable insights into the relationship between
politics, government spending and technology advance. Dr. Perry,
in his keynore address entitled "VHSIC in Perspective, will discuss
the implicotions of the VHSIC program ro the defense effor. Mr.
Kilby will chair the eagery anticipated “Spotlight on VHSIC” forum
scheduled for the full afternoon of the first day. The inauguration of
the "Jack Kilby Lecture Senes” will be another highlight, as will the
welcoming address of Mr. Lamy W. Sumney, Director of the VHSIC
Program and General Charrman of GOMAC-80.

A Poster Session will be held Thursday evening 1o help accom-
modate the large number of papers expected—over 100. All
papers will be published in the Conference Digest. A separate
session on Thursday evening will be devoted to classified papers. A
social hour and banquet, featuring guest speaker Mark Russell, will
be held on Wednesday evening.

50, make it a point to make it to Houston this November. Bring
the family if you like —there’ll be a diverse and engrossing "Com-
panion’s Program” featuring rours and lectures. For further informa-
tion, use the coupon below or phone Miss Hilda Hammond ar

(212) 620-3388
1 1 1 I 1 ] ]

' Palisades Institute for Research Services, Inc.

GOMAC Secretariat
201 Varick Street
New York, NY 10014

SOUTH & SOUTHWEST POSITIONS GREATER TEXAS POSITIONS Please send program and regisirahion nformanon for GOMAC-80.
Engineering and Management posi- Name Tie
tions throughout the South. Engineering and related management open-
Southwest and U.S. Employers pay ings throughout the Southwest. Top clients Organizaton
all fees. Send resume in confidence paying all fees and relocation expenses.
to: Bob Hogue, P.E. Send resume n confidence to: Alan Myler, Address
Technical KEY SEARCH W Cry Stare Zp
P.0. Box 33070, P.0. Box 38271
San Antonio, Texas 78233 Dallas, TX 75238 1 1 ¥ 1 ¥ 1 |
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Software

Engineers.

You wind you up.
We turn you on.

Coulter Electronicsis a world leader
in medical electronics and instru-
mentation. An innovator in precision
products related to health care and
hematological functions.

The technology involved —and the
diversified application problems —
require constant upgrading in software
design and engineering.

Obviously, we can't rely on yester-
day’s technology.

We need engineers with a grasp on
tomorrow. Professionals who care about
contributing to a project totally — from
concept through implementation.

Which is why from day one at
Coulter Electronics, you're highly
visible. Youre contributing. Youre
recognized.

We turn you loose. We turn you on.
Expecting excellence because we have
a tradition of engineering excellence.

Right now, we need Software
Engineers with micro-processor/
mini-computer experience for our
top-down design, structured pro-
gramming environment.

This is your chance to utilize your
degree in Math, Computer Science,
or Electrical Engineering—and your
process control experience.

This is your chance to grow.

Send in your resume and salary
history to: Mr. Pete Chylko, Em-
ployment Manager, Dept. E, P.O.
Box 5-2794, Miami, Florida 33152.

COULTER ELECTRONICS, INC.
INNOVATING A VITAL TECHNOLOGY.

An Equal Opportunity Employer M/F

... It's Great!

gas and oil field operations

energy.

¢ Project Engineers
¢ Mechanical Engineers
¢ Designers

ITT Barton Instruments
Employment EL
900 S. Turnbull Canyon

Affirmative Action Employer

N

OUR ENERGY ISNT M
HARD TO MEASURE

AtITT Barton, we know we have a measurable effect on the
energy industry. The instruments our talented engineers
devise make a big difference to the efficiency of our nation’s

We're a leading manutacturer of monitoring, analysis,
reporting and measuring hardware used in the petroleum/
petrochemical industries. Aimost any one of our components
contribute to the saving or recovery of awesome amounts of

If you're an engineer who wants a job to fit your abilities and
your ideals, we'd like to talk to you about a career where your
contributions are measurable. We're always searching for
engineers for the following areas:

o Electronic Engineers
¢ Application Engineers
¢ Drafting Techniclans

Related experience is required for all the above positions

We can offer a high salary, a pleasant location, complete
benefits including dental and tuition reimbursement plans and
projects that are their own reward. For immediate
consideration, please send your resume to:

City of Industry, CA 91749

ITT

NEW
OSITION

INSTRUMENTATION SPECIALIST. Purdue
Magnetic Resonance Laboratory has a
Protessional staff opening. A unique op-
portunity for an experienced electronics
engineer or scientist to work on instru-
mentation and/or software development of
200 MHz wide bore and 470 MHz multiny-
clear NMR spectrometers and on applica-
tions to Dbi dical experi t:
Experience with either analog, RF, and
digital electronics or software is essential
Current areas of interest include NMR
probs design, CIONP, and novel pulse se-
quences. Primary responsibility is to main-
tain and enhance the capability of the NMR
Facility; routine responsibilities include
maintenance, repairs, experimental set-up,
and teaching or assisting users. Possi-
bilities for ad and independent
work. Competitive salary. Applicants with
experience in other areas of scientific
instrumentation will be given full considera-
tion. Dr. R, E. Santini, Department of
Chemistry, Purdue University, West La-
fayette, IN 47907 ((317) 494-8671/
494-8528]. Purdue University is an Equat
Ovportunity/Affirmative Action Employ

TEXAS
SALES ENGINEER

POSITIONS
EE'S, CHEM E'S, ME'S

Fees and expenses paid. Our
speciality is technical sales.
Excellent positions now avail-
able. Send resume/goals to:
Sherman Stone, RECRUITERS
OF TEXAS, Personnel Recruit-
ers, 4000 Medical Parkway,
Suite 131, Austin, TX 78756
(512) 454-9546.
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ELECTRONICS ENGINEERS,
$60,000, Choice entry level to
management positions imme-
diately available in Pennsyl-
vania & national locations.
Reply in strict confidence to
J. G, Weir, President, WEIR
PERSONNEL SERVICES, 535
Court St., Reading, PA 19603

215/376-8486).

LECTRONICS ENGINEERS,
$18,000-$40,000. Nationwide
positions in digital, analog,
microprocessor, microwave
instrumentation technology.
For immediate confidential
response, send resume w/
salary history to Glenn Eng-
lish, President, GLENN ENG-
LISH AGENCY, 7840 Mission
Center Ct., San Diego, CA
92108 (714/291-9220).
DESIGN ENGINEERS to $38K.
Central Penna, & nationwide.
Design connectors/terminals,
microprocessors & controls.
Reply in confidence to Z. A.
Gonglewski, MECK ASSOC.
PERSONNEL, 1517 Cedar Cliff,
Camp Hill, PA 17011 (717/
761-4777),

NATIONAL
PEASONNEL
CONSULTANTS

S.W. & SUNBELT

* System EE's ¢ Software
« Design EE's o Design ME's
® Product EE's ¢ Communications

$20.000 to $50,000
100% Fee Paid

Speclalizing in placing technical people
with data acquisition and peripheral
equipment manufacturers located
across southem US. Send complets
resume, salary history and geographk
preferences to:

J. robert Thompson companies. Inc

R Management 8 Employment Consultants

. 2200 West Loop South. Suite B0O
Houston. Texas 77027 713/627 1940
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RF POWER ENGINEERING
CAREER OPPORTUNITY
IN THE COLORADO ROCKIES

We have an immediate opening
for a project engineer to design
advanced high power HF/VHF
equipment and systems for
medical, scientific, and com-
munications applications. Must
have proven capability including
relevant rf experience and the
initiative to carry projects thru to
successful production. BSEE/
MSEE and some solid state
power, digital, and control ex-
perience is desirable. Openings
also for rf technicians.

ETO is a respected and growing
small company where true
"ground floor” opportunity still
exists. Our 5500 foot elevation at
the mouth of the “"Royal Gorge of
the Arkansas” affords one of the
world’'s most attractive year-
round living and recreational
environments.

PLEASE SEND RESUME WITH
SALARY REQUIREMENTS TO
PRESIDENTY, ETO, BOX 708,
CANON CITY, CO 81212,

An equal opportunity employer.

ENGINEERS
TECHNICIANS

You've put in the time and effort
to be the best at what you know.
Now is the time to be rewarded.
Major corporations throughout
Florida are currently seeking
engineering professionals at all
levels. Client companies pay all
fees. Send resume in confidence
to:

Lionel Parthner
Marc Todd Career Consultants
Gateway Building
Suite 811
1150 N. Federal Highway
Ft. Lauderdale, FL 33304
305-462-8603

POSITIONS VACANT

The Department of Electrical
Engineering of Gonzaga Universit

invites applications for a tenure trac

I)osition at the Assistant Professor
evel. Desired areas of expertise are:
electromagnetic fields, communica-
tions and solid state electronics. A
Ph.D. and some practical experience
are desirable. Send resume to: W.P.
ligen, Dean, School of Engineering,
Gonzaga University, Spokane, W.

99258. An equal opportunity/affir-
mative action emplover.

EMPLOYMENT SERVICES

Electronic engineering growth posi-
tions with clients located nationally
Our service is enhanced by the fact
that | am an EE with 20 years in in-
dustry and over 10 years in placing
professionals on an employer fee
?ald basis. Send your resume to Joe
orcassi, Director, J. Anthony &
Associates, PO Drawer AD,
%é%%hburg. OH 45142, 513/364-

Electronics/August 14, 1980

Have questions about
Allen-Bradley’s
opportunity for

Engineers?

We have answers...
Just call toll free

1-800-321-6980

(in Ohio Call 1-B00-362-6120)

Talk to Tom O'Brien about your skills and
background. Our continuing growth creates openings §
for many engineering disciplines including.. .

Software Engineers Capitalize on your Comp.
Sci. or related degree and apply your software ex-
erience —assem \l)l languages, PASCAL, FOR-
RAN. Utilize our VAX11/780, DEC11/34 or
TEKTRONIX Development Systems to support
your designs.

Hardware/Firmware Design Engi-
neers Design NC and PC systems employing
advanced digital techniques. Degree and 2 +
years experience desired. Your involvement
would include design verification using
VAX11/78B0, DEC11/34 or TEKTRONIX
Development Systems.

Ap?llcatlon Engineers
Define customer control system
requirements, prepare propo-
sals and assist new product
planning.

Product/Marketing
Engineers Research and identify product
opportunities based on industry requirements utilizing
your degree and 2 + years of electronics or industrial
experience.

We are a dynamic part of an international corporation
employing over 17,000 people. Our products apply “leading '
edge" computer and microprocessor technology that in-
creases productivity for all types of industry.

Our careers are chlllonring and rewarding...
Let's Talk About It —Call Today!

or if you prefer, send your resume to:

392) ALLEN-BRADLEY
747 Alpha Drive, Highland Heights, Ohio 44143

An Equal Opportunity Employar M/F

—
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ADAC 6 John Fluke Manufacturing Co. 101, 103 RCA Corporation Lancaster 64
Airpsx Div. North American Philips Corp. 153 Foundation Electronic Instr inc. 150 Refec Electronic Corp. 160
®  Alco Electronic Products 166 = Qenrad, Inc. 54 Rockwell Mi b ics Devi 108, 109
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Seminar Development Corporation 76
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Advertising Sales Statf

Advertisin
3200 Wilshire Bivd., South Tower
Los Angeles Calif. 90010 [213) 487-1160

Market managers:

Components: William Boyle, Rochester, N.Y.
Computers & Peripherals: Frank Mitchell, Boston
Test & Measurement: Don Farris, San Francisco
Semiconductors: Norman Rosen, Los Angeles

Atlanta, Ga. 30309: Peter Stien

100 Colony Square, 1175 Peachtree St., N.E.
[404) 892-2868

Boston, Maes. 02118: Frank Mitchel!

607 Boyiston St., [617) 262-1160
Cleveland, Ohlo 44113: Wiliiam J. Boyle
[716) 248-5620

Fort Lauderdale, Fia. 33308: Peter Stien
3000 N.E. 30th Place, Suite #400

[305) 563-9111

New York, N.Y. 10020

1221 Avenue of the Americas

John Gallie [212) 997-36 16

Matthew T. Reseska [212) 997-3617
Philadeiphis, Pa. 19102: Matthew T. Reseska
Three Parkway, [212) 997-3617

Pittsburgh, Pa. 15222: Matthew T. Reseska
4 Gateway Center, [212) 997-3617
Rochester, N.Y. 14534: Wiliam J. Boyle

sales managor. Norman Rosgn

LARGEST RADAR INVENTORY IN THE WORLD

SYSTEMS &
SPARES
AN/ALT-6-7-8

AN-APG-33
AN/APG-51
AN/APN-69
AN/APN-102
AN/APN-169
AN/APQ-50
AN/APQ-55
AN/APS-20
AN/APS-31A
AN/APS-42-45
AN/APS-64
AN/ASB-4/9
AN/CPS-68
AN/CPS-9
AN/DPN-32
AN/FPS-6-8
AN/FPS-14-18
AN/FPS-20-75
AN/FRC-39
AN/FRT-15
AN/GPA-30
AN/GPA-126
AN/MPQ-4A-10
AN/MPQ-29

AUTOTRACK ANTENNA SCR-

RADAR SYSTEM
360 deg AZ 210 deg EL. 1 mil.
racy. Missile vel. accel. and slew
Amplidyne control, Handle up to

584

accu-
rates.
20 1.

dish. Compl. control chassis. ALSO in
stock 10 cm. van mounted rad. system,
Conical scan. PPIl. 6 fi. dish, 300 pg.

instr. bk. on radar. $50.

RF SOURCES
17-27 KHz 200 W CW
125-450 KHz 4 KW CW
2-30 MHz 3 KW CW
4-21 MHz 40 KW CW
24-350 MHz 100 W CW
80-240 MHz 500 W 2-5 uS
175-225 MHz 300 KW 1, 20 uS
200-2000 MHz 40 W CW
210-225 MHz 1 MW 5 uS
385-575 MHz 1.5 KW CW
400-700 MHz 1 KW .03 DC
950-1500 MHz 1 KW .06 DC

900-1040 MHz 5-10 KW 006 DC

35 GHz 500 KW 2 uS
GHz 150 W CW

Hz 10 KW .002 OC
z1MW1uS

TRACKING SYSTEMS
K BAND MONOPULSE 40 KW E-34
X BAND NIKE AJAX/HERCULES
X BAND HI-RES MONOPULSE MOD IV
X BAND GCA PAR Il
X BAND FIRE CONTROL 250 KW M-33
X BAND MOBILE 40 KW AN MPQ-29
X BAND BEACON 100 W AN/DPN-62
S BAND 10’ DISH 500 KW AN/MPQ-18
S BAND 250 KW AN/MPQ-10A
S BAND 250 KW AN/MPS-9
X BAND HAWK MPQ-34
X BAND HAWK MPQ-33
C BAND 1.5 MW MPS-18(C)
S BAND 14’ DISH PRELORT

SEARCH SYSTEMS

KU BAND AIRBORNE 135 KW B-58
X BAND WEATHER 250 KW AN/CPS-9
X BAND WEATHER 40 KW AN/SPN-5
X BAND 7 KW AN/TPS-21
X BAND CW DOPPLER AN/PPS-98/12
C BAND HGT FDR 1 MW TPS-37
C BAND 285 KW AN/SPS-5B/D
S BAND HGT FINDER 5 MW AN/FPS-6
S BAND COHERENT 1 MW AN/FPS-18
S BAND 1 MW NIKE AJAX/HERC
L BAND 40’ ANT 500 KW AN/FPS-75

AN/MPS-18
AN/NPX-7
AN/MSQ-1A
AN/SPA-4A
AN/SPA-8
AN/SPN-5
AN/SPS-58B
AN/SPS-6C
AN/SRW-4C
AN/TPN-12/17
AN/TPS-1D.E
AN/TPS-10D
AN/TPS-28
AN/TPS-34B
AN/TPS-37
AN/TPX-21

L BAND 500 KW AN/TPS-1D/GSS-1

Powder Mill Office Park, 1163 Pittsford-Victor Rd.. ; UHF 1 MW HELIHUT TPS-28
1
5

Pittsford, N.Y. 14534 [716) 248-5620
Chicago, lll. 80811

645 North Michigan Avenue

Jack Anderson (312] 751-3739

Robert M. Denmead [312) 751-3738
Detroit, Michigan 48202: Jack Anderson
1400 Fisher Bldg., [313) 873-7410
Coets Mesa, Calif. 92628: Edward E. Callahan

3001 Red Hili Ave. Bldg. #1 Sulte 222 ]
(714) 557-6292

Dallas, Texas 75201: John J. Uphues
2001 Bryan Tower, Suite 1070

[214) 742-1747

Denver, Colo. 80203: Harry B. Doyle, Jr.

C BAND TRACKER
Pwr: 1.5 MW Range: 250 miles
Recv: paramp Display 5” “A" scopes.
10’ dish w/linear or circ, polarization,

(]
GH
GHz
GHz
GHz
GHz
G MW 1 uS

GHz 200 KW .37 uS
-11 GHz 200 W CW
75 GM: 40 KW .5-1-2 uS
.5-9.6 GHz 250 KW .0013 DC
5.5-17.5 GHz 135 KW ,33-1-3 uS
24 GHz 40 KW .15 uS
35 GHz 50 KW .1 uS

MODULATORS

25 KW 5.5 KV 4.5 A; .0025 DC
144 KW 12 KV 12

2-1.
5-9.0
2-3.3
7-2.9
.1-3.5
.7-2.9
A4-5.0
.4-5.9
Hz
.2-6.6
.5
3

NIKE HERCULES
SPARES/MAINTENANCE
Over 10,000 major components in stock
w/repairs and overhaul facilities Iincl:
SHOP 1 & 2 MAINTENANCE VANS.

SEND FOR FREE 24 PAGE CATALOG

QOOGOWDNUNU-‘“

-

655 Broadway, Suite 325 AN/UPA-25-35 -
250 KW 16 KV 16 ,
[303] B26-6731 ' AN/UPX-4-8 oS LW 20 KV 2g A Radio
Nouo'on, Texas 77002: John J. Uphues AN/UPX-14 500 KW 22 KV 28 A: .001 Research
[7,3] b b AUl RWAR 1 MW 25 KV 40 A; .002 DC AT R/| Instrument
Los Angeles, Calit. 90010: Chuck Crowe Nike Ajax A AN B L L o+ A L Co., Inc.

3200 Wiishire Bivd., South Tower

[213] 487-1160

San Francisco, Callf. 94111: Don Farris,
Larry Goldstein, 425 Battery Street,
[415) 362-4600 |

Nike Hercules

SCR-584 66 MW 160 KV 400 A; .00

2 Lake Avenue Ext., Danbury, CT 06810
{203) 792-6666 + Telex 962444

Paris: Michael Sales

17 Rue-Georges Bizet. 75116 Paris, France

Tel: 720-16-80 .

United Kingdom: Simon Smith \

34 Dover Street, London W1

Tel: 01-493-1451 \

Scandinavia: Andrew Karnig and Assoc.

'a<nd Simon Smith \
ungsholmsgatan 10

1 12%7 Stockholm, Sweden

Tel: 08-51-68-70 Telex: 179 51

Milan: Ferruccio Silvera

1 via Baracchini, Italy

Tel: 86-90-656

Brussels:

23 Chaussee de Wavre

Brussels 1040, Belgium

Tel: 513-73-95

Frankfurt/Main: Fritz Krusebecker

Liebigstrasse 27¢c, Germany

FREE

Tel: 72-01-81 \
Tokyo: Akio Sal}o and Hirokazu Nakamura ==l
McGraw-Hil Pub O poration, /
Kasumigaseki Building 2-5, &cnome. Brochure

Kasumigaseki, Chiyoda-Ku, Tokyo, Japan
1
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B ans Department describes Electronics editorial

Pl fa, reprints, services, books...

il * More than 70 article reprints in 15 subject

T iy el categories

mggg?mmw Domestic * Handy wall charts

Thomas Kazich « Custom-made reprint services

Production Manager Related Products a o

(a0t * Books especially for Electronics’ readers
ren Wal

fz'.?‘z’i‘%'s‘?'.'zﬁi’s's""' + Convenient postage-paid order cards

Frances Vallone .

Reader Service Manager For your free copy, circle #275 on

[212] 997-6057

Electronics Buyers’ Guide

H.T. Howland, General Manager

[212) 997-6642

Regina Hera, Directory Manager

[212) 997-2544

Classified and Employment Advertising

Frank Eberle, Ma
[212) 997-2557

the reader service card.

For faster response, write directly ro
Electronics Reprints, PO. Box 669,
Hightstown, NJ 08520, or call
(609) 448-1700, ext. 5494,
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In Celebration of the 50t Anniversary
of Electronics Magazine. ..

The most exhilarating, comprehensible look
at past and future developments

in electronics that has
ever been published.

AN AGE OF 1
INNOVATION |

The World of Electronics
1930-2000

by the Editors of Electronics
300 illustrations, many in full color. 274 pages, $18.50

Order today!

I Electronics Magazine Books | /X l
P.O. Box 669 eﬁ. |
Hightstown, N} 08520 s

Tel. (609) 448-1700, ext. 5494

Please send me copies of AN AGE OF INNOVATION @ $18.50

I
I
| Name ) o l
| Eompan); ' - :
I
I

' Address
I City/ state/ zip

I McGraw-Hill pays regular shipping and handling on pre-paid orders.
I Ten-day money-back guarantee on all books. EHnQ

Solar cells, panels,
arrays, systems, /
throughout the
world.

SOLAREX CORPORATION | |

industrial Prod. Div. — Dept. 100 EG
1335 Piccard Drive, Rockville, Maryland 20850
301-948-0202 TWX: 710-828-9709 Cable: Solarex

?
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“When are you
going to get yours?”

When are you going to get your very
owry, personal subscription to Electronics?

It could be very important to yow
And we're not just referring to your status in the
office hierarchy.

You (and we) are in a quick-moving
business. News breaks frequently. Change is the
name of the game. Awareness is the way to win.

You've got to follow what's going on
beyond your specialty. Your career may have to
last longer than your specialty.

If change is the game, obsolescence is
the penalty for losing. Obsolescence of products,
of technology and, unfortunately, of people. We
can't change this fact. But we can help you cope
with it.

Give us one hour of reading time every
two weeks and we will keep you aware of what's
going on around you and around the changing
world of electronics technology.

Move up, Fill out one of the subscrip-
tion postecards in this issue.

Electronics Magazine.
The one worth paying for.
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Now...

the only RF power amplifier
you may ever need.

k=N 3 ~
This single unit is so incredibly The 550L represents the pinnacle™
© versatile it can replace several in RF power versatility. There’s'
you may be using now. And you o nothing like it commercially avail-
may never need another. It's an able anywhere! And it may be
extremely broadband high the only RF power amplifier you
power, solid state, Class A linear ever need
amplifier. It's rated at 50W from For more information, a demon-
1.5-400 MHz. But it can provide . 3 ' stration, or a full line catalog,
100 Watts from 1.5-220 MHz. All please contact us at ENI, 3000
you need with the 550L is any Winton Road South, Rochester,
standard signal or sweep gener- RF Transmission, ultrasonics NY14623. Call 716/473-6900,
ator and you've got the ultimate and more or telex 97-8283 ENI ROC.
in linear power for such applica- And, like all ENI power ampli-

tions as RFI/EMI testing, NMR,  fiers, the 550L features uncon-
ditional stability, instantaneous
failsafe provisions, and absolute

protection from overloads
and transients.

The advanced design line of power amplifiers

Circle 901 on reader service card




New, Standard
Resistor Network Interfaces
Between Logic and Memory...

Saves you time and money.

Now, there’s no need to order custom or special networks for your logic/memory

applications. Bourns new DIP networks interface with any of these RAMS:
21L02-1 #p2102  S2114 21172 4116 TMS4416
2102 AM2102  2116-2 P2141 MC4116 MBB8116
2102N UA2102 MK2116  2690-2 MCM4116 F16K2

These new standard networks save you time because they're available now. And they
save you money, too . . . customs and specials are expensive.

Bourns Model 4114R-064 and 4116R-064 networks meet your high volume circuit
requirements where operating speed is a major consideration. Available in 14 and 16
pin configurations, the networks contain either 12 or 14 thick film resistors paired in
series. Input terminals are connected to the center points of the resistor pairs.

Each resistor pair consists of a 1K ohm pull-up resistor for maintenance of the proper
logic level from your open collector or wired “OR” circuitry and a 30 ohm pass-
through resistor for elimination of noise problems at high frequencies.

What's custom for others is standard for Bourns. And, what's standard for Bourns

is available off-the-shelf from your local Bourns distributor. Call your local Bourns
representative or distributor for more information on the complete line of Bourns
resistor networks and for your new 24-page RN-2 Resistor Networks catalog. For a
free sample, write to Networks Application Department on your company
letterhead.

NETWORKS DIVISION, BOURNS, INC., 12155 Magnolia Avenue, Riverside, CA 92503.
Phone: 714 781-5415. TWX: 910 332-6134.

European Headquarters: Boums AG, Zugerstrasse 74 6340 Baar, Switzerland.
Phone: 042 33 33 33. Telex: 78722.

- - The last word in resistive components
8 s TR &
N\ [ Y] NURRURR Wt
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For Immediate Application—Circle 120 For Future Application— Circle 220






