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With HP's new 339A
Distortion Measurement Set.

Automatic frequency nulling and auto set level features
of the 339A speed your total harmonic distortion measurements ( THD). And true -rrns detection means accurate
measurements as low as 0.0018% ( — 95 dB; from 10 Hz
to 110 kHz. Just select the frequency of the built-in
oscillator and the 339A's "turn signal - indicators show
you how to make the proper range settings. Whether
you're testing transceivers, sophisticated audio equipment
or broadcast performance, here's how the 339A, priced
at $ 1900*, can help you make quick and accurate

a + 2to — 12 dBM ( 60012) meter scale reduce your set-up
time when checking your equipment for compliance with
operating regulations.
For aseparate low-distortion oscillator, investigate
HP's new 239A, priced at $575: Like the built-in oscillator
of the 339A, it provides
less than - 95 dB THD
over the audio range.
For details contact your
local HP field engineer.

measurements.

Transceiver testing. Automatic setting of the 100%
reference level over a 10 dB input range means fewer
criticai adjustments And true - rms detection lets you
accurately determine thermal noise and harmonic components in making SINAD measurements.
Audio testing. In addition to the time- saving convenience of auto set level and auto null, you have the
benefits of a built-in tracking oscillator for testing highquality audio equipment.
Broadcast compliance testing. An AM detector,
30 kHz low-pass filter, switchable VU meter ball'stics, and
Circle 900 on reader service card

Domestic 1..1 S A. price only.
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PACKARD
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Far assistance call Washington ( 3CI) 948-(i370. CnIcago ( 312)
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The Data Link of the future
is available from HP today.
HP's new Fiber Optic System guarantees error free ( E < 10') data transmission from DC to 10Mb/s NRZ over
distances up to 100 metres. This system is immune to electromagnetic interference, radiates no external signal and provides
total electrical isolation between terminals.
TTL compatible, our system includes aPC board mountable transmitter and receiver which operate from asingle 5V power
supply. Our low loss, single fiber connector/cable assemblies are available
in five standard lengths from 10 to 100 metres.
Applications include large computer installations, distributed
processing, power plants, process controls and remote instrumentation.
Prices start at $570 for the HFBR-0010, 10 Metre System.
HEWLETT â
PACKARD
For more information or immediate off-the-shelf delivery, call any franchised
HP distributor. In the U. S. contact Hall-Mark, Harnilton/Avnet,
Pioneer Standard, Schweber, Wilshire or the Wyle Distribution Group
1507 Page Mill Road, Palo Alto, California 94304
(Liberty/Elmar). In Canada, call Hamilton/Avnet or Zentronics, Ltd.
For assistance call Washington ( 3011948-6370, Cheago ( 3121
*U.S. Domestic Price Only.
01806

255-9800. Atlanta ( 404)955-1500, Los Angeles (
213)877-1282

Circle 1 on reader service card

HP's new concept in Divi An'F,
gives you more time to be creative.
Free yourself from time-consuming lab-bench measurements
with HP's new 3467A Logging Multimeter.
It is atotal measurement station, doing jobs that used to require
several instruments. The 3467A combines a 41
2 /
digit DMM,
four-channel scanner, digital thermometer, math functions, and
printer with timer in asingle instrument. It simplifies setups and
measurements and gives you arecord of data in the units you
need (°C, dB, etc.) . . . unattended or manually.
Identify "hot spots." The multi-channel 3467A lets you
measure temperature changes directly in °C or °Fat more than
one location. And, with its built-in math functions, printer and
timer, you can get apermanent record of temperature changes
with respect to time.
Characterize amplifiers and filters directly in dB. The
3467A does the work for you. It combines true RMS measurements to 100 kHz, four inputs, and math functions. The
3467A will give you dB response directly, and print auto-

matically at preset time intervals, or manually when you press
the " Print" button.
Analyze temperature dependent parameters. Use the
3467A's mixed function capability to measure temperature on
channels 1and 2 plus voltage or resistance on the remaining
two channels. Then, using the math functions, you can get direct
printout of such parameters as amplifier gain vs. temperature.
Component selection. Sort resistors to desired tolerance
without a precise reference resistor. Simply select the ohms
function, enter the reference value as a stored constant and
measure your resistors. The 3467A calculates and prints out
tolerance values in à% directly.
Find out how the new HP 3467A Logging Multimeter, priced
at $2200*, can make your R&D measurements easier. Your
local HP field engineer has all the details. Call today.
Circle 2 on reader service card

Domestic U.S.A. price only.
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For the 1- micrometer-wide lines coming
soon in very large-scale integration, X-ray
lithography may win out over the electronbeam and optical processes. It yields the
narrowest lines at reasonable defect densities, throughput rates, and cost.
Cover photographed by John Ashworth.
How close are digital-communications satellites? Well, the talk at the fourth International Conference on Digital Satellite Communications focused on the practical problems
that must be solved.
Bit slice chips boost system throughput, 107

Schottky-coupled logic combines the speed
of ECL and the low power consumption of
TTL in a 4- bit-slice family of chips. They will
make a number of advanced computer
designs possible for the first time.
Putting fiber optic data links to use, 118

Data links are beginning to feel the impact
of fiber optics, and this start of a three-part
series offers guidelines on assessing costs
of optical versus cable links. Coming up:
charts and graphs that will speed design
decisions and a comparison of the do-ityourself data links available.
And in the next issue...

Very large-scale integration: aspecial report
on its status ... a family of intelligent
controllers for computer peripherals . . . part
2of the fiber-optic data- link series.
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Publisher's letter
F iber-optic applications are no longer experimental novelties. In fact
the fiber-optic revolution is here and
now, prompting us to prepare the
three-part series on this subject that
starts in this issue ( p. 118).
Part 1, written by Jay Uradnisheck of Du Pont Co., Wilmington,
Del., is particularly important to
engineers getting ready to use fiber
optics. It presents the economics, or
"value- in- use" calculations, that
make it possible to put a numerical
value on both the tangible and intangible advantages of fiber optics. In
short, the first installment tells how
to decide if fiber optics is for you.
Part 2 of the series, to appear in
the next issue, takes the designer to
the next step. Written by Albert
Bender and Steven Strosum of Irr's
ElectroOptical Products division,
Roanoak, Va., it contains aseries of
design curves that allows apotential
user to make the first pass at a
system design without having a
detailed understanding of fiber-optic
components.
Finally, communications editor
Harvey Hindin will wind up the
series with a special report on the
most common fiber-optic applications— digital and analog data links.
Part 3 will compare and contrast
data links in operation today and
will include an easy- to-use breakdown of all pertinent specifications.
Although the applications are
expanding, to many engineers fiber
optics is still an unknown. This series
is intended to overcome this newproduct inertia. "Some engineers,"
says Harvey, "are resisting fiber
optics because they never studied
optics in school."
November 9. i978

As he points out in the introduction to the series, fiber optics is
coming along not so much as a
breakthrough but as an oozethrough. " Unlike some developments
that never reach the marketplace,
fiber optics offers such advantages
that it is already being widely
applied," Harvey adds.
X

lithography has been a doit-yourself proposition for General
Instrument Corp.'s Microelectronics
division. The Hicksville, N. Y., unit
has not only built its own equipment,
but it has been directly involved with
achemical company to develop more
sensitive resists and has become
involved in making its own masks.
Gregory Hughes, senior X-ray
lithography engineer for GI, has been
through the process first hand. And
his article, starting on page 99, presents the details of this experience.
Actually, Hughes has been involved
with X-ray lithography for only two
years since he left his teaching job at
Lawrence University in Appleton,
Wis. But considering the state of the
technology, this two years makes
him senior in the technique.
His next point of concentration is
already clear. "The major problem
after X-ray lithography is the ability
to etch the fine line details and
ensure reproducibility," Hughes
comments. "This is going to be a
production technique, not an R&D
technique."
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Will your
generator
give you
this?

MS

me

Krohn-Hite's 2200 lin/log
sweep function generator
with frequency marker will!
Krohn-Hite's new generator delivers
more flexibility than any other generator ever
offered, including:
•
•
•
•

•

Choice of sine, square, triangle, ramp and
pulsed waveforms
Ln/log sweep, up and down
Unique frequency marker
Nine operating modes: continuous, gate,
trigger, burst pulse, sweep, triggered sweep,
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
0.1 ms upward, and gives you abright marker
blip at the marked frequency.

9u q q
These plus numerous other
convenience features make the Model 2200 an
ideal choice for amplifier gain/response checks,
network and filter evaluation, communications
equipment testing and many other recurring
requirements. Pushbutton operation shortens
test time in production operations.
Priced at only $ 1295, Model 2200 is
available today.
Circle reader service number or contact

IL.B

MC 0 1=11=e

i=t,d2.-ruo NJ

Avon Industrial Park. Avon, MA 02322 • 16171 580-1660 TWX 710 345 0831

Circle 5

on

reader service card

COL.,

SALES OFFICES: ALA., Huntsville ( 205) 534-9771; ARIZ., Scottsdale ( 602) 994-5461. CAL., San Jose 1408) 292-3220, Inglewood ( 213) 674-6850:
Denver (303) 773-1218; CONN., Canton Center (203)
525-7647; FLA., Orlando (305) 894-4401; GA., Atlanta (404) 455-1206; HAWAII, Honolulu (808) 941-1574; ILL., Arlington Hts. ( 312) 394-3380. IN., Fort Wayne 1219) 485-0845; KS., Lenexa (913) 488-0215;
LA.. Lafayette ( 318) 984-3516; MD., Towson (301) 321-1411, MASS., Wakefield (617) 245-5940; MICH., Southfield (313) 569-4497. MINN., St. Paul (612) 645-5816; MO., St. Louis (314) 731-5400; N.M.,
Albuquerque (505) 255-2330; N.J., Cherry Hill (609) 482-0059; N.Y., Elmont (516) 488-2100. Rochester ( 716) 473-5720. Syracuse (315) 437-6666. Vestal (607) 785-9947: N.C.. Burlington (919) 227-3639;
OHIO, Chesterland (216) 729-2222. Dayton (513) 434-8993; OKLA.. Tulsa ( 918) 299-2636; ORE., Portland (503) 297-2248; TEX., Dallas ( 214) 661-0400. Houton ( 713) 688-1431; UTAH, Sandy (801) 942-2081;
VA.. Falls Church (703) 573-8787; WA., Bellevue (206) 454-3400; CANADA, Montreal. Quebec (514) 341-7630. Ottawa. Ontario (613) 235-5121. Toronto. Ontario (416) 445-9900, Vancouver. BritishxColumbia
(604) 253-5555. Halifax, Nova Scotia (902) 454-8321. St. John's. Newfoundland ( 709) 726-2422.

Readers' comments
Tantalum nitride vs nichrome

HIGH PERFORMANCE LAMPS
STANDARD LAMPS
RESISTOR LAMPS
INFRARED EMITTERS
HYBRID NUMERICS
MATERIALS

Xciton Corporation
L....._

Shaker Park, 5 Hemlock Street
Latham, New York 12110
15181 783-7726, TWX 710-444-4962

Circle 6 on reader service card

PROFESSIONAL
DISCOUNTS
Texas Instruments
electronic calculator

$19.35 SP-an
27.95 ri 55 NEW
12.55 Ii 5/ NEW
NEW mu li 58 NEW
38 .75 1159 NEW
NEW
59.95 PC lono
77.55 MBA
87.95 Bi.' ' • .
15.95 BB - ()macho
28.03 ur" NEW
Ask lot Ti Digital Watches
HEWLETT
HP 10 NEW
$139.95
HP 19C NEW
224.95
HP 29C NEW
144.95
HP 80 ...
235.00
HP 67 • .
370.00

323.75
44.35
49.95
95.79
219.95
147.00
59.95
26.95
NEW 49.95
39.95

h

PACKARD
HP 31E NEW $ 49.95
HP 32E NEW
66.95
HP 33E NEW
89.95
HP 37E NEW
62.95
HP 38E NEW
110.00
HP 92 NEW
399.95
HP9/
615.00
Were MPs authorized franchise dealer - all
accessories are s
ionally discounted.

Also SCRI. Olivetti. Casio Canon. APP. Sharp.
Craig. Sanyo. Record-A-Call. Norelco-Phillips
and more. All at s
prices!
Phillips NT- 1... 9179.95
Sanyo 9908
9299.95
Phillips 186
269.95
Sanyo 80004
249.95
WE WILL BEAT OR MEET ANY COMPETITOR'S PRICE IF HE
HAS MERCHANDISE ON HAND.All units shipped in original
factory cartons with accessories according to manufacturers specification. In Calif. call (714) 549-7373 or
CALL 18001 854-0523 (
other than CA). BankAmericard/
Visa & Master Charge. Send money order. Pers ck
(2 wks to clear). In CA add 6% sales tax. Add $3.50 min.
shipping charges. WE SHIP AIR on request. Subject to
availability. Send mail orders to DEPT. EL-K-9.

tk

WRITE OR CALL FOR FREE CATALOG.

(nterforrists
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OlISICESS PRODuC,.

IS NOW

complique
3211 SOUTH HARBOR BLVD. SANTA ANA. CA 92704

To the Editor: We fully agree with
the conclusion in " Why the design
nod goes to resistors made as thinfilm monolithic networks" [Aug. 3,
p. 99] that monolithic thin-film networks are the best solution to many
design problems, but several points
made in the article about the prevailing thin films are misleading.
For one, tantalum- nitride thin
film was developed by Bell Laboratories after experiments revealed
that nichrome would not survive its
20-year equipment life requirement.
Increasingly, tantalum nitride is
specified in systems where reliability, as well as resistor stability, is
important- for example, the Trident
Imissile and the Defense Satellite
Communications System III.
The best passivation techniques to
date have not eliminated the disappearing nichrome phenomenon
which occurs in the presence of low
moisture levels and low potential
difference across the resistor. The
military still traces system failures to
nichrome corrosion, and this fault
feeds the use of tantalum nitride.
Semi- Films has both thin-film
capabilities. However, we take great
pride in knowing that we have
extended Bell Labs' technology to its
present state of the art and are the
major supplier of reliable, self-passivated tantalum-nitride thin-film resistors and networks to hybrid manufacturers throughout the West.
Frederick R. Maldeis
Semi- Films Division
National Micronetics Inc.
West Hurley, N. Y.
The authors reply: Hybrid Systems
Corp. also has the ability to provide
resistors of either tantalum nitride or
nichrome. Hence, we supply our
customers with what they specify,
which today is usually nichrome.
Present nichrome resistor networks
are reliable. A very large majority of
the resistors we manufacture are used
where high reliability is required, and
after exhaustive testing, virtually all
these applications have specified the
use of nichrome. In fact, a number of
programs that previously employed
tantalum nitride now call for nichrome.
With regard to Bell Labs' original

use of tantalum nitride, it should be
noted that the attraction of this metal
was based on the use of tantalum in a
multjfunctional system. This use included tantalum oxide for capacitors
and tantalum metal for conductors (in
RC filter applications). Also, tantalum
provided the desired compatibility with
beam lead structures.
The long-term stability problems
observed in early uses of nichrome are
insignificant today. Hybrid Systems'
largest volume chip customers are
manufacturers of highly reliable military products. They use nichrome chips
because of the performance benefits
offered, and they consider risks of
moisture contamination very minimal
in awell-run hybrid house. Almost all
current major military programs have
designed in nichrome resistor networks.
Further, after shipping millions of
dollars worth of chips and packaged
networks to this marketplace, we have
not received a single return where the
nichrome has "disappeared."
The growth in thin-film networks
has been substantial, and the growth in
nichrome has been the chief contributor. Elimination of long-term stability
problems, combined with a lower
temperature coefficient, greater tracking stability, and ease of laser trimming, is why, today, nichrome is most
often the material of choice.
For the record
To the Editor: Certain statements
made in your Sept. 28 article, "Silicon growers try to cut cost/watt"
[p. 97], were in error and should be
corrected. The silicon-on-ceramic
process was not developed in the
1960s and dropped, as stated; rather,
work under Government contract
was done in that period which
predicted that a silicon-on-ceramic
technology might be feasible. The
actual silicon-on-ceramic work was
not started, however, until 1975.
Moreover, the article says that,
for the silicon-on-ceramic process to
be cost-effective, Honeywell must
grow at a rate of 1.5 cm/s in a
continuous grower. The number
should be approximately 0.15 cm/s.
Paul W. Chapman
Honeywell Technology Center
Bloomington, Minn.

(714) 549-7373 (
800) 854-0523
6
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You can rent
your electronic equipment..
and save your company thousands [even tens of thousands].

REI makes it easy.

Renting is tremendously
dollar-efficient.
No matter what type of electronic
instrument you need, Rental
Electronics, Inc. ( REI) probably
has it. In stock. And you can rent
it for avery short period. 30 days,
for example. Also, you pay only
for the time you
have the equipment. No
wasted cash.
No bulky,
unused equipment sitting
around taking
up expensive
space. No inventory to tax, because
it isn't yours. You
expense the rental cost
and eliminate worries
about depreciation. And
—more important

—you don't worry about paying as
much as $ 50K or more for apiece
of equipment and watch racehorse technology make it obsolete
before the ink on your check is
dry. Frankly, you let your friendly
neighborhood rental company
take the big money position in
state-of-the-art capital equipment.
And the biggest, friendliest rental
company of them all is us, REI.

You can choose
from almost
14,000 pieces of
rental equipment
.and acouple
of thousand used
instruments for
sale.
From adozen U.S. Rental Centers, three more in Canada, and a
separate sales company, REI has
more than $20million worth
of state-ofthe-art
equipment
on-theshelf.
Instrumentation
recorder's,

analyzers of all e
types, oscilloscopes,
microcomputer development systems, and much
more. And an on-line interactive REI computer
system keeps track of all
of it, all the time. So we're
always ready to bring the
equipment you need off-theshelf quickly to take care of
your needs. Plus we're
adding better than
$1,000,000.00 in the
latest, brand new equipment per month.

CALL TODAY FOR IMMEDIATE ACTION, OR
RETURN THIS COUPON TO REI,
19347 LONDELIUS ST, NORTHRIDGE, CA 91324.
E Send me your Rental Catalog.
E Send me your Used Equipment Sales Catalog.
CI Have someone from your nearest Inventory Center
phone me, please, at
E I'm particularly interested in the following equipment:
GSA #GS-04S-21963 Neg
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Like
REI, our
mascot —
Mandy—
is a
different
breed of cat.

©1978 Rental Electronics,

Inc.

REI is the biggest, fastestgrowing company in the rental
business. We've gotten big, and
grown fast, because we take care
of our customers' needs. Also,
buying as much equipment as we
do gives us purchasing clout, so
manufacturers come to REI first
with their new products. This
means you can get the newest,
just announced equipment from
REI fast. To find out for sure what
adifferent breed we are— in terms
of people, products, prices and
performance— give us acall, or
return the coupon now. We'll
respond. Immediately.

Rental Electronics, Inc.
Another of the

ame•Fucat_ companies

CORPORATE HEADQUARTERS: Palo Alto, CA
(415) 324-8080. U.S. RENTAL FACILITIES:
Northridge, CA ( 213) 993- RENT ( 7368); Anaheim, CA ( 714) 879-0561; Mountain View, CA
(415) 968-8845; Ft. Lauderdale, FL ( 305)
771-3500; Des Plaines, IL ( 312) 827-6670;
Burlington, MA ( 617) 273-2770; Gaithersburg, MD (301) 948-0620; Oakland, N1
(201) 337-3757; Cleveland. OH (216)
442-8080; Dallas, TX ( 214) 661-8082;
Houston, TX ( 713) 780-7219; Seattle,
WA ( 206) 641-6444. CANADIAN
RENTAL FACILITIES: (
Rental
Electronics Ltd.) Rexdale,
Ontano (416) 675-7513; Montreal, Quebec ( 514) 681-9246;
Vancouver, BC (604) 684-6623.
REI SALES COMPANY:
Burlington, MA ( 617) 273-2777,

PLEASE RUSH THE INFORMATION
REQUESTED TO:
Name
Title
Company
Address
City/State/Zip
Phone
Thousands of state-of-the-art instruments...
off-the-shelf, throughout North America
Circle 7 on reader service card
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Actually we have really got a secret ingredient: Seacor. We can't
tell you about all of the wonderful things our film capacitors do that
their film capacitors can't do. There isn't, you see, much one can do
to a film capacitor that has any really important effect on function. One
can use the best materials. We do. One can manufacture carefully and
be extremely fussy in QC. We do and we are. Care can be taken to be
certain that every unit of a type is exactly like every unit of that type.
Such care is taken.
And, even if brands X, Y and Z aren't so meticulously made, it is
hard for you to be sure of that. The bottom line, therefore, is that our
prices and deliveries have to be at least as good and when possible
better.
When you come to buy film capacitors, we hope you will consider
Seacor. Our catalog is yours, free, on request.
Boom Ba Boom Boom.

SEACOR INC.,

598 Broadway, Norwood, N.J. 07648 II
Tel. (201) 768-6070 • Telex 135354

Everything in Film Capacitors
Circle 8 on reader service card

• The first Canadian field trials of
the all- electronic E- phone are under
way in Ontario. A continuation of
earlier technology trials conducted
by Bell Canada [
Electronics, Oct. 28,
1976, p. 113], the two-phase field
trials will ultimately test 1,000
phones over an eight- month period.
In the first phase, 400 phones will
be installed in customers' homes, to
test the technology and how users
react to the instrument, which was
developed by Bell Canada, BellNorthern Research Ltd., and Northern Telecom Ltd. Phase two will
involve an additional 600 installations.
Produced by Northern Telecom,
the E- phone has as its heart an integrated-circuit package, built with
bipolar, integrated injection logic,
that replaces electromechanical
parts such as the ringer, transformer-coupled speech network, and dialpad assembly. Also, the carbon
transmitter found in conventional
telephones is replaced by a linear
transducer. According to a BNR
spokesman, if the results of the field
trials are satisfactory, Bell Canada
will "gradually phase out the use of
electromechanical push-button telephones."
Bruce LeBoss

II The Canadian electronics trade
deficit has grown from $ 336 million
to $ 1,267 million since 1966 and—
despite the formation of the Canadian Advanced Technology Association to help reverse this trend [
Electronics, June 22, p. 52]— it is still an
uphill battle, according to Bell
Canada. Bell has been " effectively
discouraged" from seeking sources
of foreign income by a decision of
the Canadian Radio- Television and
Telecommunications Commission
that $ 165 million of net profit from a
Saudi Arabian project must be
treated as ordinary revenues for
regulatory purposes. Bell Canada
feels that the foreign work was " unconnected with the telephone service
in Canada" and that the commission's attitude was detrimental to
Canada's international prestige and
ability to compete in foreign markets.
Harvey J. Hindin
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Presenting The New 11T05-1;
Featuring
Dual RI,01 Cartridge Disk Drives

I

• Latest 11 / 03-LC® 9slot
backplane.
•

Dual 5.2 Megabyte Disk

• Provides more open slots.
•

Choice of LA36,® VT52,® or VT 100®

• DEC RT-11« ( version 38)
software included.

7.717

• Standard DEC« installation
and on- site warranty.

77

computer is all the

*computer company you'll ever
need to know... .

Standard 11T03

New 11T03- L

4 slot backplane

9 slot backplane

30-60 Days

Delivery

30-60 Days

DEC ''''

Included

Included

... Stocking a complete line of

Installation
On-Site

DEC"

On- Site

parts & labor

90 Day

parts & labor

LSI-11*, LSI-11 /2® and 11/03 ®

Warranty

products for IMMEDIATE DELIVERY.
... Custom configurations available.

RT-11

®

plus

Operating

32K bytes

Memory*

64K bytes

open slots
available

for all your

plus

enhancements

Number of

I
TIfirst

®

System

1 Dual

Call M

RT-11

enhancements

... Personalized service.
.To order call 312/920-1050

FCC
$16,265

Price

... Attractive OEM and Educational discounts
for systems and components.

LIST

$17,930

2 Dual or
2 Quad

•Other memory modules available 16K, 32K, and 64K bytes.

DEC" computer needs312/920- 1050

computer corporation
corporate square/825 north cass avenue/westmont, illinois 60559/(312) 9201050
e'Registered trademark of Digital Equipment Corp., Maynard, Mass.
,.Registered

trademark of First Computer Corporation
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GOOD NEWS
TRAVELS FAST.

ADVANCED MICRO DEVICES
ANNOUNCES THE AM2901B.
If you liked our Am2901 and our
Am2901A, you're gonna love our
Am2901B. It does everything the
2901A does. Only 25% faster.
The truest test of speed for abitslice MPU is the system critical path.
And the Am2901B passes with flying
specs. Its worst-case cycle time for a
16-bit add is under 125 nanoseconds
over the commercial operating range,
including external component delays.

7- /Az,
/co
t
--r

40

'1 Aep
pies_

/976

The Am2901B is aplug-in replacement for the 2901 and 2901A. So if
you designed your system using either
one, you can easily speed things up
by plugging in the Am2901B.
More good news:
The Am2901B won't cost you a
penny more. Actual price: $ 9.95 in
100-up quantities. ( As always, you get
MIL-STD-883 for free.)
Start with our data sheet and Price/
Performance brochure. One reading
and you'll want to get the Am2901B
into your system. Fast.

Advanced
Micro Devices
Multiple technologies. One product: excellence.
901 Thompson Place, Sunnyvale, California 94086
Telephone ( 408) 732-2400
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NOW THE NEW M-1

The Industry's First 25- MHz

FROM MACRODATA

Memory Test System
From the company that was first ta introduce
10- MHz LSI test systems comes the industry's first
all-new 25- MHz memory tester— the Macrodata M-1.
With the advent of high-speed MOS Static RAM's
and 16K/64K Dynamic RAM's with complex timing
requirements, the need for anew high-speed
memory tester is obvious and urgent. Looking
ahead, Macrodata foresaw that need and developed
its new 25- MHz M-1 Memory Test System.
But there's more to the new M-1 than just
speed. Here is abrief run-down of some of the
outstanding features:
True 25- MHz Device Testing Speed
Ç'QJ
n
•tests 4K (and larger)
4
fast Static MOS RAM's up to
25-MHz (40 nanosecond period)
speeds
•tests 16K and 64K Dynamic
MOS RAM's up to 20- MHz (50
nanosecond period) speeds
with full split-cycle timing
•tests both bipolar and ECL RAM's at speeds up
to 25- MHz
Unique Device Interface
•special hybrid comparator
packaging allows
measurement and error
processing at end of cable
•small lightweight test head
provides easy interface to
commercial probers and handlers
Full Computer Control
•full stand-alone software
capability based upon
DEC LSI-11 system, providing program generation,
datalog, shmoo plot, edit,
bin summaries, etc.
•standard video terminal
plus hard-copy
print-out

System Timing Accuracy
•skew specification guaranteed
over 20% to 80% of waveforms, not restricted to a
single midpoint measurement
•fully automatic software
calibration without the use of
pots— many times faster than any
other system
Designed for Reliability
•efficiently designed with
advanced IC technology to
reduce hardware complexity
and parts count
•design rule of 10 watts per
double board maximum
allowable power dissipation
to eliminate heat problems
•maintenance by card replacement
with guaranteed interchangeability to eliminate
pots and minimize downtime
Cost Advantages
•provides the highest
performance per dollar
investment, resulting in the
"lowest-cost-per-hertz" in
the industry
•single rack console minimize ,
floor space
•simplicity of design
maximizes system utilization
The new Macrodata M-1 is not only the
industry's fastest memory tester, but it is the
precursor of awhole new generation of test
systems. For more information on this advanced
new system, send for acopy of the M-1 brochure
or call us directly. Also ask about Macrodata's
complete family of memory board and other LSI
device testers.

MACRODATA
A CUTLER- HAMMER COMPANY
Macrodata Corporation, P.0 Box 1900, Woodland Hills, California 91365, Phone (213) 887-5550, Telex

69-8489
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People
Twice Actual Size

Griffith to push Xylogics
beyond disk-drive controllers

FULLY QUALIFIED

JANTX/JANTXV
RATINGS

OPTRON
OPTICALLY COUPLED
ISOLATORS
NEW JAN 4N22A SERIES
OFFERS
HIGHEST RELIABILITY
You can't buy amore reliable optically
coupled isolator than one of OPTRON's new JAN 4N22A series. The
popular JAN 4N22A, 4N23A and
4N24A all feature fully qualified
JANTX and JANTXV ratings.
These new OPTRON isolators
consist of a high efficiency, solution
grown gallium arsenide LED and asilicon N- P- Nphototransistor in ahermetically sealed 6- pin TO- 5 package.
Minimum input- to- output isolation
voltage for the series is 1000 volts and
minimum current transfer ratios range
from 25% for the 4N22A to 100% for
the 4N24A.
New " A" version OPTRON
isolators are asignificant improvement
over the older 4N22 series since the
case is isolated from the sensor and
LED to eliminatethe need for an insulating spacer in many applications.
OPTRON also offers a new
JEDEC registered series of high reliability isolators in a4-pin TO- 18 package. The 3N243 series includes three
devices with the same reliability and
similar characteristics as the JAN
4N22A TO- 5 series, yet in a smaller
package.
In addition, OPTRON's
complete line of optically
coupled isolators includes
other immediately available
standard devices in high-rel
metal cans and low cost DIP
and other plastic configurations for almost every
311243 application.
Detailed technical information on
optically coupled isolators and other
OPTRON optoelectronic products...
chips, discrete components, limit
switches, reflective transducers, and
interrupter assemblies . . . is available
from your nearest OPTRON sales representative or the factory direct.

OPTRON, INC.
(la Carrollton,Texas75006,
1201 Tappan Circle
USA
TWX 9'0-860-5958
e 214/2.1P-6571
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C. Wayne Griffith is abig man with
big plans for acompany that is small
right now. The 6- foot, 4-inch, 240pound Griffith was recently elected
president and chief executive officer
of Xylogics Inc., a Burlington,
Mass., company whose main business is making microprocessor- based
controllers for minicomputer disk
drives, mostly for Digital Equipment
Corp. and Data General Corp.
systems.
"The DEC- and Data Generalrelated market is agood one to be in
because it's growing at 35% or more
per year," Griffith says. His biggest
competitor is System Industries Inc.,
Sunnyvale, Calif., with sales in 1978
of some $ 22 million worth of disk
contAlers and subsystems, a figure
that Griffith envies.
A few years. Xylogics is nowhere
near that size, but it could be in a
few years, if Griffith's plans work
out. The nucleus of the company was
formed in late 1975 and evolved into
Xylogics Inc. ayear later. Revenues
will reach about $ 3.2 million this
year, Griffith says.
He is used to running far larger
operations. " I've run entities as large
as $ 100 million, and Idon't want to
run anything much smaller," he
asserts. While at Burndy Corp., for
example, the 45-year-old Griffith,
who has a bachelor's degree in
economics, handled international operations— manufacturing, engineering, joint ventures, plus acquisitions
in Brazil and Japan. " Itook it from
sales .of $ 18 million to almost $ 70
million in four years," he says.
And earlier, at Leeds & Northrup
Corp., most recently as group vice
president, he took an international
operation that had lost money on
$70 million in sales and made it
profitable. Xylogics has been profitable, but Griffith wants more
growth, through both acquisitions
and an expanded product line.
"We already see other hardware
opportunities," he notes. "Our products do control, communications,
command, and connection functions.

Growth. Xylogics' Griffith looks to acquisitions and expanded lines.

There are interesting segments in
each of these, like factory remote
data-acquisition networks."
One of his first moves was to
restructure Xylogics' board of directors, to give it more expertise. John
W. Poduska, vice president for
research and development at Prime
Computer Inc., is a "superb technologist in the computer field," he
points out. And Bruce E. Elmblad, a
founder of both peripherals manufacturer Inforex Inc. and Prime " has
astrong background of taking small
companies and making them significant, worldwide companies," Griffith says.

Hughes's Walker: pruning
to get more profitable
The reasoning behind the move is
easy to understand. " We weren't
profitable enough," is the way W.
Scott Walker explains why much of
Hughes Aircraft Co.'s microelectronics business is being reorganized.
Walker, a 22- year veteran of
Hughes, was recently named general
manager of the new Solid State
Products division, Newport Beach,
Calif. It is the remnant of Hughes's
Microelectronics Products division,
an organization that had been committed to a hodge-podge of solidstate products, including integrated
and hybrid circuits and discrete

Electronics/November 9, 1978

HOW COULD THE INDUSTRY STANDARD
51/2-DIGIT DMM BE IMPROVED?
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It's specified for one year! You know how much
money you can save by eliminating the time and expense
of shorter re-cal cycles. And this kind of long-term stability
is just what you'd expect from Fluke.
So now, in addition to the industry standard 8800A,
you have your choice of application-oriented and costsaving configurations of the new 8810A, choices you'd
expect only from Fluke.

The problem was, what could be improved? The 8800A
already has made its reputation by providing the accuracy,
stability and resolution usually found only in big, expensive lab instruments. And it has four-terminal ohms,
1000 MODC input resistance, and full guarding thrown
in for good measure.
Combine all this with autoranging, extensive overload
protection, and acost effective price, and it's no wonder
the 8800A is the industry's most popular bench/portable
51
/2
digit DMM.
Field- installable

Now look at the 8810A.
It's modular! You can buy the lab- performance DC
mainframe for only $ 695. Add the six-range ohms converter for $175 any time you wish.
It's got true rms ac! Actually you can choose either
the true RMS converter module for accurate measurements of most waveforms at $275, or the average- responding AC converter module at $150. Both are spec'd
to 100 kHz.
For data recording, there's adata output option.

options snap-in when you need them.

CALL (800) 426-0361*, TOLL FREE. Or, contact one
of the more than 100 Fluke offices or representatives,
worldwide. In the U.S. and all countries outside of Europe,
contact: John Fluke Mfg. Co., Inc., P.O. Box 43210, Mountlake Terrace, WA 98043, U.S.A. Telex: 32-0013.
In Europe, contact: Fluke ( Nederland) B.V., P.O. Box
5053, Tilburg, The Netherlands. Tel.: (013) 673973. Telex:
52237.
Prices U.S. only.
Alaska. Hawaii, Washington residents please call ( 206)774-2481.

COMMAND PERFORMANCE: DEMAND FLUKE DMMs.
2505-8019
Circle 210 for literature
Circle 15 for demonstration

FLUKE

Delevan
Power Chokes

People

Classical. W. Scott Walker hopes he will run
aclassic components company.

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

Delevan
Division

AMERICAN
PRECISION
NOUSTRIES INC.

270 QUAKER RD., EAST AURORA, N.Y. 14052
TELEPHONE 716/652/3600 TELEX 91-293
OTHER DIVISIONS & SUBSIDIARIES INCLUDE
APITRON. BASCO. DUSTEX. AMERICAN PRECISION
INDUSTRIES ( U.K.) LTD.. OUSTEX OF CANADA. INC.
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devices, quartz crystals, electronic
watch modules, audio switching systems for the military, and passenger
entertainment systems for commercial airlines. The total gross seems
healthy enough, although about half
of last year's $60 million in sales
went to other Hughes divisions. But
apparently a clear-cut direction for
the organization was missing.
"We're now giving undivided attention to components," says Walker, who holds a Ph.D. in nuclear
physics and spent most of his time at
Hughes with missiles like Phoenix
and Maverick. He sees his job right
now as "pruning away technologies
rather than launching new ones." No
longer will the group hold to its
original charter— developing stateof-the-art circuits for military and
space systems, then finding commercial customers.
Instead, Walker will keep what he
regards as his best lines, not yet
saying which he will drop. Perhaps
most important will be complementary- metal- oxide- semiconductor
technology and the 1800 microprocessor family, together with c-moson-sapphire technology, licensed
from RCA Corp. Hughes will be
expanding its peripheral chips starting with anew 16- kilobit electrically
programmable read-only memory,
Walker says. And bipolar products
will also have a place, he continues.
Staying, as well, will be the crystal
and custom hybrid businesses and
the watch modules. " If in a year or
so people tell me we have built a
classic components company here,
then I'll feel Ihave been successful,"
Walker says.
1:1
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Data Communications

at 4million

operations/second.
The PC board shown is agood example. Our 8X300 is the heart of this
compact Bell-compatible OEM modem.
It's the first 4800 bps modem in its class
to measure only 100 square inches. And
it wouldn't have been possible without
the 8X300.
Put our 8X300 directly in your data
path. And you'll get real-time data processing—even at T-1 data rates. You'll
also benefit from bit-level control, unmatched programming ease and reduced
parts count.
So if throughput is important to you,
100 square inch, IMO Os Bed compatible mudem ( Universal Data Systems)
it's time you got through to us. We've got
afact-filled, 100-page 8X300 Programming Manual reserved for you. It describes all the
Here's the raw, uncompromising speed
instructions you can easily put to work on your
your datacom design demands: 20 instruc1 next datacom design. For your free copy, contions/byte on aT-1 carrier. Compare the
tact your local Signetics sales office. Or use the
8X300's throughput with MOS devices, and
coupon. Make us prove that fastest is best,
the conclusion is plain: there is no compariand the 8X300 is why.
son. The bipolar 8X300 with its 250ns
instruction time leaves the rest at the
starting gate.

simmties

Whether used in modems, multiplexers
or channel adapters, the 8X300's blazing
speed can get your data—and your sa Ies—
moving. Fast.

asubsidiary of

U.S. Philips Corporation
Sejnetics Corporation
811 East Argues Avenue
Sunnyvale, California 94086
Teleobone 408/739-7700

To: Signetics Information Service
811 East Argues Avenue
P.O. Box 9052
MS 27, Sunnyvale, CA 94086

EL.

Cl Please send me the free 8
Programming Manual.
My Application is

0

Name

Title

Company
Address
City

I %ion
MS
tate

Zip

My needs are urgent. Plea
X300
application specialist phone me at once:

"Now we make 16 wire-to-post
connections as fast as
we used to make one.
That's AMP Kn."
One stroke is all it takes to make up to
16 terminations on . 100" or .
156o centers
with the new AMP MTS—Mass Termination
System. Compare that to ordinary cut,
strip, terminate and hand insert systems
and it's easy to see why MTS saves so much
time, increases quality and reduces rejects.
It's the modern wire-to-post interconnection
system for . 025 and . 045 posts.
MTS works with awide array of wire
sizes and types, ranging from discrete wire
to ribbon cable, and all without wire
stripping. It is compatible with present
pin arrays and headers. And it includes a
full selection of housings, post header
styles and application tooling—from simple
service tools to complete harness board
tooling and cable makers.
This kihi of versatility means MTS can be
used in avariety of applications— on radio
and TV sets, photographic equipment,
copy machines, instruments, appliances,
etc. And with every one you can depend
on AMP technical assistance, even when
you're in the early stages of product
development. In fact, that's when we prefer
to help. Because then our worldwide
product development experience can assist
you the most.

There are many more advantages to MTS,
like the unique pre-loaded, dual beam,
insulation displacement contacts, and a
major advance in application technology
and tooling selection. MTS can bring
significant economies to your operations.
Why not call AMP Customer Service
today at ( 717) 564-0100, circle the reader
service number, or write us directly.
AMP Incorporated, Harrisburg, PA 17105.

AMP has a better way
... Mass Termination
AMP pioneered the concept
and today is the acknowledged
leader with the industry's
widest range of application
experience.
We have mass termination
connectors for virtually any
type of cable, ribbon coaxial,
flat etched, twisted pair, round
conductor, flat flexible and
discrete wire. All have
preassembled contacts, eliminate
costly wire preparation and
offer productivity savings and
benefits never before possible.
If you would like details on
any of our other Mass
Termination ideas,
call Customer Service at
(717) 564-0100.

AMP is a trademark of AMP Incorporated

IVI

INCORPORATED

SEE US AT
BIAS, MILAN

Circle 19 on reader service card

ZILOG gives you
acrosslhe board
coverage.
Zilog's famous
Z80 powers
a growing family
of over a dozen
boards designed
to give you
dramatic savings
in time and
money.
Need a modest memory? Pick the
Z80-MCB, microcomputer board with
4K or 16K bytes of RAM; sockets for
another 4K bytes of PROM.
Two eight-bit parallel I/O ports let
you drive digital display, plotters and
printers. On- board is aserial port with
an RS- 232 or 20 ma. current loop for
interfacing with modems, other
computers or CRT's, plus baud rate

clock and three user- programmable
counter/timer channels.
If 16K is all you need, the Z80-MCB
can easily eliminate the need for a
second, separate, memory board.

Z80-AIB, permit up to 16 differential
input channels ( or 32 single-ended)
with 12 bit resolution, 35 // sec conversion times. The Z80-A10 adds two
D to A channels to this configuration.

Immodest memories too. The
Z80-RMB, RAM memory board, lets
you go from 16K to 64K bytes with
automatically refreshed, dynamic
memory. Add up to 8K bytes of
PROM memory.

The choices go on and on: There's
adrawer full of options to help
complete your system: the Z80-MDC,
acombined memory and disk controller; the Z80-VDB, avideo display
board; the Z80-PPB, apowerful
PROM programmer board; the
Z80-PPB/16, a16K PROM programmer board; and new boards keep
coming.

Need more PROM? The Z80-PMB,
PROM memory board, lets you add
up to 32K bytes.
Input/Output and then some. The
Z80- 10B, aparallel I/O board offers
you 64 programmable I/O lines and
16 handshake lines.
For your serial interface needs,
there's the Z80-SIB. It gives you four
independent, full duplex channels
that can operate in either asynchronous or synchronous modes, as
well as programmable baud rates
independent of the system clock.
Analog flexibility. Two powerful
analog boards, the Z80-A10, and the
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Put the finishing touches on
sooner. Z log's SCE-4enclosure
saves design and engineering time
by combining power supply, fan and
controls in one, handsome, efficient,
off-the-shelf unit. Four card slots
allow for expansion. No need to spend
valuable hours re- inventing the
wheel!
Zilog can also supply you with
matching card cages, awire wrap
prototyping board, an extender
board, connectors and cables.

Proven. Used around the
world in Zilog's phenomenally
successful microcomputer systems, these boards have proven
themselves again and again.

"em
e b
"1'0
nrdp,j0.40
'Ffdp

You are not alone. Zilog gives
you practical support. At your
fingertips are: Zilog's powerful
development systems with text editor,
relocatable assembler, linker and apowerful RIO
operating system— plus in-circuit emulation. Backing
them up is Zilog's powerful PLZ family of programming languages that lets you work interchangeably
with high-level and assembly language commands.
Best of all, available now. Zilog's across the board
coverage is at your distributors today. It's what you'd
expect from the company that's pledged to stay a
generation ahead in microcomputers.
10460 Bubo Road, C;upertino, California 95014
(405

448-4666 • TWX910-338-7621

EASTERN REGION: ( 617) ti67-2179
MIDWESTERN REGION. ( 212) 885-8080
SO WESTERN REGION ( 714) 549-2891
NO WESTERN REGION ( 408) 446-4666
EUROPE ( ENGLAND): ( 06r8) 36131/2/3
WES1 GERMANY. GMBH:

8106)4035

JAPAN: 03-476-3010

An affiliate of
EiK.ON ENTERPRISES INC.

We want you to know more
about microcomputer boards.

.411Fratal
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Zilog

Parallel testing keeps your
memory traffic moving.
Your production line is
probably spewing out
avirtual river of
memory devices:
RAMs, ROMs, EPROMs
up to 65K x8bits. Your test system can't be a
bottleneck. It must pace the flow, not choke it.

device handlers. Thus, the 5581 combines the
throughput of a4- head tester with the mechanical
simplicity of a2-nead system.

Fairchild developed the Xincom 5581 Parallel
Operation Memory Tester specifically to speed
throughput and help reduce the cost of testing.

In its maximum configuration the 5581 will handle:
D 65K x4bit RAMs with multiplexed addresses,
four at atime with two at each test head:
ID 65K x8bit RAMs and 4K x8 bit ROMs two
at atime, one in each test head:
D 65K x8 bit RAMs or 4K x8 bit ROMs time
sequential with adifferent device at each head.

The 5581 is ahigh performance, functional and
parametric memory tester. It can parallel test up to
four 65K x4 bit multiplexed address RAMs.
And it's done with only two heads, each with two
sockets or connectors for wafer probers or

On-the-fly timing edge control provides test
accuracy and reproducibility for production testing
of dynamic MOS and bipolar memories.
The 5581 can be used as astand-alone tester
or as asatellite to the Xincom Ill distributed test

system. As part of the
Xincom Ill test system, it can store, analyze and
process vast amounts of test data or prepare schmoo
plots, wafer maps, or trend graphs. You also get
compiling and test program editing capabilities.
To really appreciate the accuracy and throughput
speed of the 5581 you should see one in action.
Since there are numerous systems already installed
there's probably one close to you. We'll try to set up
an appointment for you to see one. Just give us acall.
Fairchild Test Systems Group, Xincom Division, Fairchild
Camera and Instrument Corp., 1725 Technology Drive,
San Jose, Ca 95110
FA1
4 1Rci-iILD (
/
408) 998-0123
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Editorial

Dealing with electromagnetic pollution
Electromagnetic pollution, some observers
believe, may become one of the top
environmental problems of our time because
of the rapid proliferation of electronic products
worldwide. The scope of the problem has
been increasing steadily for some time, so
that today there are millions of sources of
electromagnetic radiation causing interference
with other electronic devices, as well as with
biological systems.
For starters, consider that there are 4,500
a-m and 4,000 fm radio stations in this
country; 1,000 television stations, point-to-point
microwave communications towers, and
satellite ground stations; 40,000 circuit miles
of overhead extra-high-voltage ( 345-to765-kilovolt) ac electrical transmission lines;
and 30 million citizens' band transceivers.
Add to this list common sources of
electromagnetic energy — electric motors,
arc welders, high-voltage switches, microwave
ovens, and intrusion protection systems among
them — and the potential for electromagnetic
pollution is huge.
What's being done about the situation?
One of the first steps has been the development
of instrumentation for measuring and
monitoring electromagnetic fields and power
levels around the sources most likely to cause
interference. In line with its charter to lead
the coordination of measurement programs
in the U. S., the National Bureau of Standards
has taken ahand in this effort. It recently
sponsored aworkshop on electromagnetic
pollution, aiming it at decision makers, rather
than at laboratory researchers, and in fact
24

bringing together manufacturers, consumer
groups, and Government agencies for a
common dialogue. For its part, the electronics
industries have astake in the development
of consistent and compatible measurement
methods to help determine the interference
characteristics of electromagnetic radiation.
Therefore, the start NBS has made should
be encouraged. Right now it is hard to predict
the levels for various electronic equipment
at which deleterious effects occur, because
the information available on the electromagnetic
environment is limited. The heart of the
problem is that there is an inadequate data
base for measurement techniques to establish
either the total electromagnetic environment
at any point or the susceptibility of aparticular
electronic system to that environment.
The problems caused by electromagnetic
pollution range from merely annoying— TV
picture interference— to dangerous — cardiac
pacemaker disruption. In between, there are
headaches such as computer malfunctions.
In addition, the nonthermal effect of
low-level microwave radiation on living
organisms is now asubject for much debate.
Indeed, the potential biological hazards of
low-frequency radiation from an antenna
system used to communicate with submerged
nuclear submarines led to its cancellation,
leaving the Navy with no viable alternative.
The list of direct and indirect dangers or
suspected dangers is mounting. It is clear
then that more attention has to be paid to
the electromagnetic pollution problem in all
its forms before the situation becomes worse.
Electronics/ November 9, 1978

A32K byte dual floppy microcomputer
system for only $2900*complete.
Standard Features:
•Dual 8 ' floppys store 500,000 characters cn line
•32K bytes of static RAM
•RS- 232 C at 75 to 19,200 baud
•16 line parallel I/O
•Rack or tabletop mounting
•UL- recognized power supplies
•BUS oriented computer architecture
•Four slots used — four slots open for expansion

The C3- OEM is an ultra- high performance microcomputer system.
Its powerful 6502A microprocessor
(now triple sourced) outbenchmarks all 6800- and
8080- based computers in BASIC
and machine code using the
BASIC and assembler provided
standard with this system.
In fact, the C3- OEM executes
standard BASIC language programs at speed comparable to
small 16 bit minicomputers.
Ohio Scientific has avast
library of low cost software for the
high performance 6502A including
an on-line debugger, adisassembler, several specialized disk
operating systems and applications programs such as our word
processor package and adata
base management system. However, the C3- OEM is not just limited
to 6502 based software. This
remarkable machine also has a
6800 and aZ-80 microprocessor.

•Comes complete with disk BASIC
•Includes Interactive Assembler! Editor
•Main processor is an ultra- fast 6502A
•Has auxiliary Z•80 and 6800 micros which allow
execution of virtually all 6502, 6800, 8080 and
Z•80 code!
•User programmable interrupt vectors on all three micros

The system includes asoftware
switch so that machine operation
can De switched from one processor to another under software
control!
So, one can start with existing
6800, 8080 or Z-80 programs while
developing new software for the
ultra- high performance 6502A.
The C3-OEM isn't cheap. It's a
quality product with mechanical
features like UL- recognized power
supplies, athree- stage baked-on
enamel finish and totally modular
construction.
11 is the product of Ohio
Scientific's thousands of microcomputer systems experience. In
fact, all the electronics of the
C3-CEM have been in production
for nearly ayear and have field
proven reliability. And, best of all,
this machine is available now in
quantity for immediate delivery!

A full spectrum of add-ons are now
available including more memory,
up to 16 serial ports, 96 pa ,- aliel I/O
lines, avideo display, aparallel line
printer interface and a74 million
byte Winchester disk drive.
*25-49 unit price
1-4 $3590.
5-9 $3300.
10-24 $3100.
Phone (216) 562-3101
or write for more information
and the C3- OEM representative
in your area.

OHIO SCIE11111111

1333 S. Chillicothe Rd.
Aurora, OH 44202
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Meetings
International Congress on
Microelectronics, IEEE, Fairgrounds
Congress Hall, Munich, Nov. 13-15.
Eighth

CompSac 78— Second International
Computer Software and Applications
Conference, IEEE, The Palmer
House, Chicago, Nov. 13-16.
A long time ago we found out that by starting with design excellence and innovative engineering, we could end up with a
power supply that would be better. So that's what we did. And
that's what we are still doing today.
In aword: ingenuity. In another word: skill.

Gomac.-78 — Government Microcircuit Applications Conference, U. S.
Department of Defense ( for information, contact Robert D. Larson,
Wright- Patterson Air Force Base,
Ohio), Del Monte Hyatt House,
Monterey, Calif., Nov. 14-16.
24th Conference on Magnetism and
Magnetic Materials, IEEE, Stouffer's
Inn, Cleveland, Nov. 14-17.
Annual Assembly, Radio Technical
Commission for Aeronautics, Sheraton National Motor Hotel, Arlington, Va., Nov. 16-17.
Symposium on Computer-Aided Design of Digital Electronic Circuits
and Systems, The Commission of the
European Communities ( for information, contact Keness Belgium
Congress SA, Brussels), Hilton Hotel, Brussels, Nov. 27-29.
Digital Equipment Computer Users'
Society ( Decus), U. S. Fall Symposium, Digital Equipment Corp.
(Maynard, Mass.), San Francisco
Hilton, San Francisco, Nov. 27-30.
Autotestcon 78, International Automatic Testing Conference, IEEE, Hilton Mission Bay Hotel, San Diego,
Calif., Nov. 28-30.

One- and three-phase rack- mounted power supplies from 500
to 10,000 watts. Call TOLL FREE 800 631 4298* for complete
information and prices, or write for our catalog.
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Specialists in Power Conversion Equipment
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10th Annual Precise Time and Time
Interval Applications and Planning
Meeting, Naval Electronic Systems
Command ( Washington, D. C.) at
the Naval Research Laboratory,
Washington, D. C., Nov. 28-30.
Annual Convention of the Association of Computing Machinery
(Mountvale, N. J.), Sheraton Park
Hotel, Washington, D. C., Dec. 4-6.
International Electron Devices Meeting, IEEE, Washington Hilton Hotel;
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Mostekb 32K RAM.
Double up
for system density.
Mostek's 32K RAM
doubles system denVBEI
sity without increasing
DIN 2
package count. By
WE 3
utilizing the industry
RAS 1 4
standard 4116 in adual
device package configAO
uration, Mostek now
A2 6
offers a32K X 1Random
A2
7
Access Memory module
VDD 8
that's pin- compatible
with 16- pin 4K, 16K and
RAS 2 9
next- generation
64K dynamic RAMs.
The MK4332D is manufactured by
mounting two MK4116 RAMs in leadless
chip carriers onto astandard 18- pin DIP
mother board. The assembled module
has the same package dimensions as an
18- pin cerdip package, permitting the
module to be used with standard automated handling and test equipment.
The two chips share common Address, Data In, Data Out, Write Enable,
and Power pins. Separate RAS and CAS
clocks for each MK4116 are provided for

easy device selection
and control.
The MK4332D-3
17 CAS 1
features an access
16 DOUT
time of 200ns with a
cycle time of 375ns.
15 A6
And operating power
14 A3
is just 482 mW active
13 A4
and 40 mW standby
12 A5
(max),It requires a ±- -10%
11
VCC
tolerance on all power
supplies (+12V, ±-5V).
10 CAS 2
The MK4332 offers 4116
performance and ease
of use but allows greater memory
density. Samples of the MK4332 are
available now. Full production is scheduled for the 4th quarter, with optional
pin configurations available.
18

VSS

For more information on Mostek's
32K RAM, contact Mostek, 1215 West
Crosby Road, Carrollton, Texas 75006;
Telephone 214/242-0444. In Europe,
contact Mostek Brussels; Telephone (49)
(0711) 701045.

N1OSTEK

IBM
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Meetings
Washington, D. C., Dec. 4-6.
National Telecommunications Conference, IEEE, Hyatt Hotel, Birmingham, Ala., Dec. 4-6.

deileleed

t • eel . ' reee
tas
Nonblinking four-digit readouts
with automatic location of
decimal points.

operator •
Even an inex Perienced
can
set this
instrument
up l
oPimPle line
plug-in,
two
sim
P
pie input and output
connections, pin connectors supplied.

Midcon 78 Show and Convention,
Electronic Conventions Inc. ( El Segundo, Calif.), Dallas Convention
Center, Dallas, Dec. 12-14.

,_,„•0gam.
AMPERES

!ODD

VOLTS

/
506

1500

Pushbutton range selection with
protection from overload or
incorrect selection.

Portable all- in-one unit
only 15" wide,
goes anywhere, needs
no hard wiring.

Computer Networking Symposium,
IEEE, the National Bureau of Standards, Gaithersburg, Md., Dec. 13.
Third Biennial University/Industry/Government Microelectronics
Symposium, IEEE, Texas Tech University, Lubbock, Texas, Jan. 3-4.
Illuminated pushbutton
display hold for three-function
manual recording at aglance.

Here is a rugged, versatile instrument that easily and accurately performs countless test
and analysis operations on anything that uses electrical power: motors, transformers,
appliances, resistance units, even light bulbs.
By simultaneously displaying amps, volts, and watts, it does the work of three conventional power- measuring units; and with its easy-to-read digits and pushbutton display
hold it minimizes chances for operator error — almost anyone can handle its simple
setup and equally simple operation.
True RMS readouts, high surge capability, no need for burden compensation or other
correction, many other advanced features. Ranges 0-50 amps, 0-600 volts, 030,000 watts.
Typical accuracy better than . 5percent. Analog and digital outputs optionally available.
The unit can also be used as asecondary standard for testing other instruments.
Request information today.

1

sae our catalog

MAGTROL, INC.

70 ( , AR DENVILLE PARKWAY WEST

Winter Simulation Conference, IEEE,
Deauville Hotel, Miami Beach, Fla.,
Dec. 4-6.

BUFFALO, NEW YORK 14224

or call us toll-trea at
800-828-7844
loacept Now York Star.)

716-668-5555

Winter Consumer Electronics Show,
Electronic Industries Association,
Las Vegas Convention Center, Las
Vegas, Nev., Jan. 6-9.
17th Conference on Decision and
Control, IEEE, Islandia Hyatt House,
San Diego, Calif., Jan. 10-12.
Conference on Reliability and Maintainability, IEEE, Shoreham Americana Hotel, Washington, D. C., Jan.
23-25.
Communication Networks Conference & Exposition, The Conference
Co. ( Newton, Mass.), Sheraton Park
Hotel, Washington, D. C., Jan.
30—Feb. 1.
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HOPE

Wincon—Aerospace & Electronic
Systems Winter Conference, IEEE,
Sheraton Universal Hotel, Los Angeles, Feb. 6-8.

The project
aship launched.

International Solid-State Circuits
Conference, IEEE, Sheraton Hotel,
Philadelphia, Feb. 15-17.

First there was the hospital ship S.S. HOPE, now retired.
Today HOPE is on established project which has carried

ICE

its goal of improving heolth through education to 24
developing countries of the world and the United States.
Give to:

pRojEcy

Deportment R
11111111111f Washington, D.C. 20007

79— International Computer
Expo, Marcom International Inc.
(Tokyo) and Golden Gate Enterprises Inc. (Sunnyvale, Calif.), Tokyo Harumi Fairgrounds, Tokyo,
Feb. 28—March 2.

Enable function ( 50%
Double your system
of address access)
density by replacing two
allows easy control of
2114s with Mostek's new
Access
Cycle
the data bus in all bus
MK 4118 8K static RAM.
configurations.
Time
Time
In addition, you gain sigAll inputs and outnificant improvements
MK 4118-1
120 ns
120 ns
puts are TTL compatiin speed, power. and deMK 4118-2
150 ns
150 ns
ble, and the MK 4118 is
sign flexibility over older
MK 4118-3
200 ns
200 ns
pin compatible with
generation 2102 and
MK 4118-4
250 ns
250 ns
standard 24- pin ROMs,
2114 static RAMs.
PROMs, and EPROMs,
Organized as 1K X 8
such as the MK 2716.
bits, the MK 4118 is designed to interface
Advanced circuit design and Mostek's
directly with all present and future generaPoly RIM process technology are combined
tion microprocessors. A Chip Select conto pack 8K bits of static RAM on achip comtrol is provided for easy memory expansion
parable in size to 4K static RAMs. Perforand decoding, and internal latches are
mance, reliability, flexibility, compatibility.
available to latch the Address and Chip
The 4118 is the obvious choice. For informaSelect inputs, further simplifying system
tion contact Mostek,1215WestCrosby Road,
design. If the Latch function is not needed,
Carrollton, TX. 75006. Telephone 214/242it can be bypassed by connecting the Latch
0444. In Europe. contact Mostek, Brussels;
control input to - 5V ( the only Dower supply
Telephone ( 32) 02/660.25.68.66013.
needed for the MK 4118). A fast Output

MK4118 Family

MOSTEK
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System 45:
Our friendly computer
could speed through your tough
technical problems...
if the boss would just get
finished with his.
He has problems, too. The versatile System 45, along with
HP-created management programs, can help him with forecasting,
project management, basic statistics —even payroll and
inventory control. He can also create and access departmental
data bases for administrative chores. But you won't wait but acouple of
minutes because the System 45 is aspeedy workhorse. When
it's your turn, you, too, can take advantage of HP
programs for applications as diverse and as valuable as
differential equations, waveform analysis,
eigenvalues and eigenvectors, regression analysis, linear
equations and numerical integration to name afew.
You'll get answers fast. System 45 will display
a20 variable, 20 constraint linear programming
solution in under five minutes. And tackle
aFast Fourier Transform of aset of a 1,024
full precision data points in less than aminute.
Anyone in your department can
easily create and run their own special
programs using System 45's enhanced
BASIC language.
You can generate charts and
graphs, interface with your
instruments, add peripherals
for extra storage, input and output. You can
solve problems needing up to 62K bytes of

Waveform Analysis

Regression Analysis

Bar Chart

memory. Stated simply, System 45 is powerful, versatile and friendly: a
productive, cost-effective tool for practically everyone in your
department, even the boss. For brochures describing System 45
and the HP programs of interest to you, call the
HP Literature Center toll-free day or night. The
number is 1-800-821-7700, extension 302.
(In Missouri, call 1-800-892-7655, extension 302.)
(
HEWLETTdi
k PACKARD
3400 E Harmony Road, Fort Collins, Colorado 80521

For assatanos call Washmgton ( 301) 948-8370. Clecago (312)
255-9800. Atlanta (404) 955-1500, Los Angeles ( 213) 877-1282
Ask for Desktop Computer Sales Department.

eais

Andrews Plot

Active Filter Design

RIA QC Plot
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Ours: MR equals ±35 PPM/°C typical.
Theirs: Extra cost or unavailable.
New cermet resistive element gives A- B trimmers a standard TCR of ±
-35 PPM/°C typical.
Plus a typical 1% CRV. Easy " set-and-forget" adjustability and unmatched stability over a
wide temperature range. 6 trimmers, 10 ohms to 2.5 megs., 41 terminal options, variety
of sizes, shapes and enclosures. Satisfies the majority of your trimmer applications.
We have what you need. Our distributors have them when your need is now.
Ask for Publications listed below.
TCR
LESS THAN
500 OHMS

TYPE

OPERATING
RESISTANCE RANGE
AND TOLERANCE

A

D

RATINGS
POWER

1 TEMPERATURE
RANGE

2.510megs
ohms
-±-to
10%
I-0

0 5 W g 85°C

I

10 ohms to
z.b megs z2U%

0.5 W @ 70°C

I

10 ohms to
2.5 megs ±-10%

—5
-1
55
°C°C
to

PUBLICATION
NUMBER
5238

—55°C to
+125.0

5240

0.5 W @ 70°C

—55°C to
+125°C

5219A

50 ohms to
1 meg I
-10%

0.5 W @ 85°C

—65°C to
+150°C

5208

*MT

100 ohms to
2.5 megs ±- 20%

0.5 W @ 70°C

55°C to
+125°C

5241

•RT

10 ohms to
2.5 megs ±-10%

1.0 W @ 40°C

—55°C to
+125°C

5237

E

ALL
±
-35PPM/°C
TYPICAL

—

*20 turns nominal All others single turn
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Quality in the best tradition.
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Electronics newsletter
Eyes of 64-K
RAM world
are on Texas

IC equipment
makers cautioned
on cost in 1980s

Standard modem
due in January
from Rockwell

Fairchild readies
8- bit- slice
ECL family

Millennium adds
8085 to analyzer's
emulation list

One- chip micros
with built-in
E-PROMs coming
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In terms of dynamic mos random-access memories at least, it looks like
Silicon Valley may take a back seat to Texas. Next to join Texas
Instruments Inc.'s 64-K dynamic RAM may well be two competing Texasbred products. Motorola's mos integrated-circuit operation in Austin is
planning introduction of its 64-x part next month, with Carrollton-based
Mostek Corp.'s MK4164 expected in early 1979. The Motorola contribution to the budding Texas triumvirate is scheduled in sample quantities in
the first quarter next year, offering access times of 150 ns and asingle 5-v
supply requirement.

Alarmed by projections of spiraling production costs for very large-scale
integrated circuits in the 1980s, semiconductor manufacturer Intel Corp.
is admonishing process-equipment makers to hold down prices. "There will
be an upper limit to even the largest visi company's capital budget," Will
Kauffman, director of component production, told arecent dinner meeting
of the Semiconductor Equipment and Materials Institute in Palo Alto,
Calif. He pointed out that the cost of an average wafer-fabrication module
has increased five times since 1972 to $ 10 million and could jump to $ 50
million by the mid- 1980s.

Jumping into the standard, off-the-shelf modem market, Rockwell International Corp. will have samples of a2,400-b/s unit ready in January. An
entry from the Microelectronic Devices division in Anaheim, Calif., it
consists of three modules— two receivers and a transmitter— and occupies only 25 in. 2 It is aimed directly at remote terminals.

Calling them the most advanced microprocessor building blocks, Fairchild
Camera and Instrument Corp., Mountain View, Calif., is preparing a
family of 8-bit-slice, emitter-coupled-logic integrated circuits for a mid1979 introduction. All four family members— the address and data interface unit, multifunction network, dual-access stack, and programmable
interface unit— are bipolar, ECL chips ranging in density from 800 to 1,200
gates on chips approximately 47,000 mil', the company says.

With interest growing in its Microsystem Analyzer field-service tool as a
test instrument for original-equipment manufacturers, Millennium
Systems Inc. of Cupertino, Calif., has broadened the analyzer's capabilities
to include emulation of Intel's 8085 at both 3and 5MHZ. In addition to
the recently announced deal with Motorola Inc.'s Semiconductor Group,
Millennium says it is negotiating with three other semiconductor makers.

As semiconductor manufacturers gain confidence in processes for making
ultraviolet-light—erasable programmable read-only memories, one-chip
microcomputers with built-in E- PROM are appearing. Look for first-of-the
year samples of E- PROM versions of Texas Instruments Inc.'s 16-bit 9940
and Mostek Corp.'s 3870. Fairchild, whose F8 chip set was turned into the
one-chip 3870 by Mostek, will build an E- PROM 3870 as well, the F38E70,
to be available in spring of next year. Mostek's own route is different: it
will take the ROM off the chip and use an off-board E- PROM.
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Mostek to serve
as second source
for Intel 8086

Flat panels use
one-on-one
drive circuits

AMD joins
the crowd in
2147 market

IBM building
new chips on
automated line

Addenda
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Mostek Corp. has dropped the other shoe: the Carrollton, Texas, company,
which second-sources Zilog Inc.'s Z80 microprocessor but won't be able to
build the Z8000 because Advanced Micro Devices Inc. signed acontract
with Zilog, will instead second-source Intel Corp.'s 8086. Rather than
masks, Mostek will receive all the necessary logic specifications it needs to
engineer its own functionally compatible version of the 16-bit chip. All
Santa Clara, Calif.—based Intel will gain at this time is greater market
acceptance; additional portions of the agreement, however, will be
announced next month.

A new company using flat-panel-display technology developed for Westinghouse Electric Corp. plans to have its first product ready within ayear.
Called Panel Vision Inc., the firm is headed by T. P. Brody, who developed
the electroluminescent technology for Westinghouse that he is taking with
him with the company's blessings. The display in effect has individual
drive circuits lined up behind each of the 25,000 display elements to
eliminate time-multiplexing schemes. Now Panel Vision will use that technique to build a190-column-by- 128-row liquid-crystal display.

After having its own way in the market for high-speed 4,096-by- 1 -bit
static random-access memories, Intel Corp., Santa Clara, Calif., is starting
to draw competitors for its proprietary 2147 design. Advanced Micro
Devices Inc., in nearby Sunnyvale, plans to have samples ready early in
1979 of its 9147, an edge-triggered device with equivalent 55-to-70-ns
access times and comparable power-supply currents of 180 MA in the
active mode and less than 30 MA in standby. Made on AMD'S scaled-down
n-channel mos technology featuring 3-µm geometries, arsenic source
drains, and projection printing, the 9147 measures less than 17,000 mil',
or a third smaller than the 2147. Others reported readying parts are
American Microsystems Inc., Fujitsu, Hitachi, Mostek, Motorola, and
Texas Instruments. TI also is developing avertical mos version to check
out that process.

As interesting as IBM Corp.'s new chip technologies ( see p. 39) is its highly
automated production line. Air tracks move the serially processed wafers
from one operation to the next under computer control. Because each
wafer has a serial number, those containing 18-K, 32-K, and 64-K parts
can be intermixed. Instead of quartz boats used to process batches of
wafers, trays carry individual wafers through continuous diffusion furnaces
whose parameters can be modified while in use.

Look for General Telephone Co. of Indiana to install a GTE Lenkurt
fiber-optics system to interconnect two switching centers that provide
regular service to Fort Wayne customers. To be installed in 1979, this
Indiana first will also be one of the few working optical telephone systems
in the world
McGraw-Hill Inc.'s annual survey of American industry's capital spending plans shows an increase of 10% above the anticipated
1978 figure. However, an 8% rise in the price of equipment will hold real
growth to amodest 2%.
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Memory retention at 2.5 volts Vcc
—the 2114LV. 125mW stand-by
vs. 350mW operating. Think of
the power you save. And think
of the complete 2114 family
from Synertek. All fully static.
No clocks or triggers using
valuable system time. 200,
300 and 45Onsec versions. The
low power 2114L series— plus power down.

And Mil versions soonto come. The broadest
family of 4K static RAMs
available. From Synertek,
now. For specs, samples
and complete information, contact Larry Hester,
Synertek, 3001 Stender Way,
Santa Clara, California 95051.
(408) 988-5600. TWX: 910-338-0135.

-a

Synertek
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202 minus 220
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60% savings.
PART
NUMBER

FIXED
POSITIVE

FIXED
NEGATIVE

5A

LM341P

LM320MP

.25A

LM342P

LM320MLP

1A

LM340LAZ

LM32OLZ

ADJUSTABLE ADJUSTABLE
POSITIVE
NEGATIVE
LM317MP

LM337 MP

Contrary to popular belief, aTO-220 voltage
regulator package isn't the only thing that will do
the job in the less than 1amp requirement. It may
even be the least cost-effective.
Because if you're plugging in more amperage
capability than you're using, it's overkill.
That's why we invented the TO-202. It increases
efficiencies and decreases costs in low current electrical systems. And it's pin-compatible with TO. 220
sockets.
By substituting the TO-202 for aTO-220 package, you can save up to 60%. And that kind of
savings comes in both a .5A and a .25A output
version. But only from National.
In the .10 amp capacity, we've got aTO-92
package that's also very economical.
In fact, since we invented the first 3-terminal
regulator 10 years ago, we've developed awhole
range of cost-effective voltage regulators. Today,
National has the broadest line in the business.
For full details, send in the coupon.
National Semiconductor Corporation
E 11/9
2900 Semiconductor Drive, M/S 520
Santa Clara, CA 95051
Sounds very interesting. Please send me your free data sheets and
Voltage Regulator Guide. I've enclosed a $4check for the Voltage
Regulator Handbook.
Name
Title
Company
Address
City

State

Zip

M National Semiconductor
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Introducing the SMALLEST

IROADBAN. MIXERS
available!

40 kHz - 3ton
$11 .95
ACT NOW TO IMPROVE YOUR SYSTEM DE
Increase your packaging density, and lower your costs...
specify Mini- Circuits new microminiature TFM series. These tiny units,
x 0.21" x 0.25" the smallest off- the- shelf Double Balanced Mixers
available today, cover the 40 kHz - 3 GHz range and offer
isolation greater than 45 dB and conversion loss of 6 dB.
0.5

Each unit carries with It a 1- year guarantee by MCL. Upgrade
your new system designs with the TFM, rapidly becoming the
new industry standard for high performance at low cost.

Ae

Model TFM-2

1-1000 MHz

511 95

Model TFM-3

0.04-400 MHz

$19.95

Model TFM-4

5-1250 MHz

$19.95

Model TFM-11

1-2000 MHz

$39.95

el sze

Model TFM-12

800-1250 MHz

$39.95

Model TFM-15

10 - 3000 MHz

$59.95

I

1MHz

10 MHz

100 MHz

1GHz

3GHz

Simple mounting options offer optimum circuit layout.
Use the TFM series to solve your tight space problems. Take
advantage of the mounting versatility—plug it upright on a PC

Model

Frequency. MHz

'%•*

1.0

TFM-2

t-lix*

Isolation. dB

lyp Man

lyp Mai

tower Rare Edge
la Oat
Decade Meier
LOAF
1.9IF
lyp Min Iyo lita

1-1D30 DC- 1000 60 75

70 85

50 45

45 40

40 25

35 25

30 25

board or mount it sideways as a flatpack.
Model Mo

Cony, loss. dB
One Octave
f
rom
fatal
Rand Lem
Range

IF

IF

taxl Range
tO-RF
to- IF
lyp Ma Iyp Min

Uppe Rand [ age
T
O
Were tower
LORF
LOAF
lyp Min Ira tila

Cost

Quantity

°Ku

25 20

6-49

5'1 95

TFM-3

04-400

04-400

DC- 400 53 70

6080

60 50

55 40

53 35

45 30

35 25

35 25

5-49

81995

TFM-4

5-1250

5-1250 DC- 1250 6.0 75

7.5 8.5

50 45

45 40

40 30

35 25

30 25

25 20

5-49

5*9.95

TFM-11

1-2000

1-2000

5-600

7085 75 90

50 45

45 40

35 25

27 20

25 20

25 20

1-24

S39 95

50-90

— —

35 25

30 20

35 25

30 20

35 25

30 20

1-24

5395

TFM-12 800-1250 800-1250

6.0 7.5

•TFM-15 10-3000 10-3000

10-800 63 75 6590 30 20 30 20
30 20 30 20
30 20 30 20
1-9
559 95
Signal 1dB compression lever r1aBrn Impedance. all ports 50 ohms Total input power 50 mW Total Input current
Peak 40 mA OperatIng and storage temperature 55°C to * 100°C Pin ternperature 510°F ( 10 sec)
•LO pomo • 10OBrn nos compmsamn •
5oBrn

2625 East 14th Street Brooklyn, New York 11235 ( 212) 769-0200
Domestic and International Telex 125460
International Telex 620156
International Representatives: 0 AFRICA: Atara ( PTV) Ltd P 0 Boo 9813, Johannesburg 2000. S
Africa 0 AUSTRALIA: General Electronic Services, 99 Alexander Street. New South Wales,
Australia 2065 0 ENGLAND: Dale Electromcs. Dale House. Wharf Road, Frrmley Green.
Camberley Surrey 0 EASTERN CANADA: BD Hummel, 2224 Maynard Avenue. Utrca, NY 13502
(315) 736-7821 CI FRANCE' SCIE
DIMES 31 Rue George - Sand 91120 Palaiseau,
France 0 GERMANY. AUSTRIA. SWITZERLAND, DENMARK: Industnal Electronics GMBH6000
Frankl un/Main Kluberstrasse 14 West Germany 0 INDIA* Gaekwar Enterprise, Kama Mahal. M L
Dananukar Marg Bombay 400 026 India 0 ISRAEL: Vectronics. Ltd . 69 Gordon Street, Tel-Aviv,
Israel O NETHERLANDS. BELGIUM, LUXEMBOURG: Cormex Veldweg II Hatter,. Holland

Circle 38 on reader service card

Mini- Circuits

MINI- CIRCUITS LABORATORY
u, Scler11,11c Lunlponents Corp

0 NORWAY, Datamatok AS. Ostenstoveien 62, Oseo 6. Norway 13 SINGAPORE 8 MALAYSIA:
EleLtrontcs Trading Co IPTE) Ltd . 87 Burnt Tartan Road. Singapore 9. Malay Peninsula
0 SWEDEN: Integerad Electronrk AB, Box 43, S-18251, Citursholm. Sweden
U.S. Distributors: 0 NORTHERN CALIFORNIA: PENN-STOCK CO F0015,11 Office Center 105
Fremont Avenue, Los Altos. CA 94022 1415) 948-6533 0 SOUTHERN CALIFORNIA. ARIZONA:
Crown Electronics. 11440 Collms Street No Hollywood. CA 91601 ( 2131 877-3550
NEW YORK: MICROWAVE DISTRIBUTORS COMPANY
61 Mali Drive. Commack. N Y 11725 516 543-4771
R32/Rev B

Electronics review
Significant developments in technology and business

IBM shows off an
unusual new family of
dynamic RAMs
Computer maker takes own
route: chips use double- metal
nitride process, redundant bits
in 64-, 32-, and 18-K parts.
From the first use of metal-oxidesemiconductor random-access memories in its mainframe computers in
late 1972, International Business
Machines Corp. has been content
with 2,048- bit chips— even in the
face of semiconductor industry progress to 4-K and 16-K devices. Now
the computer giant has clambered to
the head of the class with a new
memory family that contains 18-K,
32-K, and 64-K versions.
But IBM's designs break all the
rules that semiconductor makers
adhere to: they are large, slow, and
power-hungry, and they use uncommon multiple power supplies. What's
more, they have redundant storage
cells and a built-in programmable
read-only memory for masking out
bad bits.
The new chips were announced
earlier last month as part of the 8100
[Electronics, Oct. 26, p. 88] and
System/38 (see p. 81) computers,
but IBM'S General Technology division, Burlington, Vt., which builds
the chips it began developing in
1976, delayed for a while before
talking about them. Then, at apress
conference held on Oct. 31 at its
1.3- million-square- foot semiconductor manufacturing facility, it divulged its unusual n-channel metalgate technology.
Different. According to James K.
Picciano, manager of advanced
memory products engineering, the
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chips are made by optical projection
printing and use 2.5- micrometer
design rules. But that is where the
similarity to the approaches of highdensity memory makers ends.
For one, IBM is using a doublemetal process— its transistors have
metal gates, with a second layer of
metal laid down over a polyimide
insulating layer to form the interconnecting column lines. Most semiconductor manufacturers use two layers
of polysilicon instead. The doublemetal structure yields slower speed
and larger cells: IBM'S 64- K-by- 1 -bit
device, at more than 63,000 miP, for
example, is about twice the size of
Texas Instruments' TMS 4164, and
its worst-case access time of 440
nanoseconds is three times longer.
(Also, its power consumption is 360
milliwatts, versus Ti's 200 mw.)
As for the other chips, the 18-K

RAM (
its odd size is due to a
2- K- by- 9- bit organization) is a
40,000-miP chip that is faster than
the 64-K part— its worst-case access
time is 140 ns — but dissipates a
whopping 690 mw. It has 500 redundant bits. The 32-K chip is 60,000
mil' and is organized as 8-K by 4
bits. Dissipating 612 mw, the part
has an access time of 190 ns and
packs 2,000 redundant bits.
Edward M. Davis, vice president
for development and manufacturing,
says that to IBM the design is not as
unorthodox as it might appear. "The
chips are not designed to compete in
the semiconductor industry, but
rather to meet IBM'S systems needs,"
he explains. For example, the three
voltage supplies on the 64-K and 18K chips (+ 8.5, + 3.5 to 4.0, and
—2.2 v) were chosen, he says, "because they are commonly used in
IBM computers."
The new memory-cell structure
(shown in partial cross section
below) uses a combined insulating
layer of oxide and silicon nitride, a
first for RAMS. The double insulator,
says IBM, buys greater reliability and
improved yields, since device defects
are often attributable to pinholes in
insulating layers.
Yield. Apparently, the driving
force in tioit's approach has been
yield: incorporated into each of its

Odd cell. IBM's 64-K RAM uses n-channel metal-gate transistors. Nitride-oxide sandwich for
gate insulator and capacitor dielectric adds to the 63,000-mil 2 chip's reliability. Not shown is
the second metal layer, which forms the column or bit interconnections.
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three new chips are redundant bit
cells to get more good die per 31/4_
inch wafer. Putting in such extra bits
to serve in place of bad ones is not
even being considered by semiconductor makers for their 256- kilobit
designs.
IBM's 64-K chip, for example, has
about 2,500 extra memory cells.
Fusible links, much like those in
programmable ROMs, mask out the
bad bits in the final testing stage of
production. IBM blows the fuses in
order to produce a fully functional
65,536- bit RAM.
Not even in the package has IBM
striven for compatibility with standard semiconductors. Instead, it is
using amodular scheme to put four
chips or more into a 1-in. 2,51- pin
ceramic package containing 256
kilobits.
Ism uses aflip-chip technique that
allows connections to the middle of
each chip. It can also use partial
chips— a 64-K RAM with only half
that many good bits, for example.
Two ceramic carriers, each with four
such chips, can be piggybacked to

make a51- pin, 256-K package.
What happens when 64-K parts
from the semiconductor manufacturers drop in price? " We're not
concerned about the uniqueness of
our design cutting us off from
outside procurement," says Thomas
M. Liptak, president of the division.
"We can always build a board with
others' 64-K chips that will be
compatible," he explains.
IBM also has some unusual plans
for its new chips. According to
Picciano, the 64-K device is only 30%
memory — the large nonmemory area
in the chip's center contains a bidirectional data bus and an 8- bit
buffer register that is independent of
the 64-K array, plus "other functions
we can't disclose, since they're not
yet used in Ism products."
Other computer vendors, primarily in the minicomputer area, are
studying 64-K RAMs. However, since
many have just started using 16-K
parts, it is likely they will hold off
switching. Mainframe vendors will
wait for faster speeds before going to
denser devices.

Semiconductors

V-MOS makes gains in power devices at
General Electric, in frequency at Tektronix
Ever since Siliconix Inc. introduced
its first commercial vertical-groove
metal- oxide- semiconductor power
FET in 1976, v-mos has been hailed
as the process of choice for power
devices. Now these field-effect transistors are proving their worth in
applications that exploit their fast
switching rate and low turn-on
resistance— mainly in switching
power supplies.
At this year's International Electron Devices Meeting in December,
researchers will reveal how they have
extended the operating voltage and
frequency of developmental v-mos
power devices in the laboratory.
Power semiconductor manufacturer
General Electric Co. and component
user Tektronix Inc. have come up
with some novel ways to get more
out of v-mos.
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Using what they call an ionimplant junction termination extension (ilE) technique, engineers at
GE's corporate research and development center in Schenectady, N. Y.,
have extended v-mos power FETs to a
600-volt breakdown level. This unusual ion- implant technique has enabled GE to attain from 85% to 95% of
the ideal breakdown voltage at the
block junction compared to the 50%
to 80% possible with other passivation technologies. GE implants p-type
material laterally into the device,
thereby extending the pn junction
area for 2 to 3 mils needed for the
high breakdown voltage (see part a
of figure).
Balancing specs. As if that were
not enough, GE has attained 7-ohm
turn-on resistance from the transistor, amajor accomplishment consid-

ering that for a device with a fixed
breakdown electric field the ideal onresistance is the square of the ideal
breakdown voltage of the drain
region. By extending the electric
field through the JTE technique, GE
was able to strike abalance to obtain
an optimum on- resistance for a
desired breakdown voltage. Another
technique to reduce on- resistance
was to have the gate region overlap
the drain region so the gate current
spreads from a larger area to the
drain. The amount of overlap was
determined by the desired cut-off
frequency for this device- 15 to 20
megahertz.
GE's research engineer, V. A. K.
Temple, wants "to be able to stretch
the breakdown to a 700-v level, a
comfortable margin for products
powered off a220-v ac line."
Elsewhere in the GE research
center, Jayant Baliga is working on
another kind of FET; this one a
surface-gate JFET for signal circuits
that have breakdown voltages exceeding 200 yand differential blocking gains greater than 30. That is six
times higher than previously attained blocking gains for surfacegate devices.
Extensions. The superior gain, a
ratio of drain-source voltage to gatesource voltage at breakdown, is
accomplished by extending the gate
walls vertically into the p-type material instead of using a conventional
V-groove structure (part b of figure).
The vertical walls provide better
depletion- layer punch-through in the
pchannel because the channel walls
are further apart than at the bottom
of aV groove. The rectangular structure retards the penetration of the
drain potential into the channel
region, as well, to maximize switching control of the device.
Also, the rectangular gate structure eliminates serious current- loss
problems associated with metal discontinuities occurring at the edges of
similar devices with V grooves. All
of this, however, is at the expense of
increased on- resistance. At atypical
gate bias voltage of 4 v, the onresistance is 16 ohms.
Meanwhile, Tektronix Inc. of
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ION IMPLANT FOR
HIGH VOLTAGE

SOURCE

GATE

OXIDE

1,0,0 n EPITAXIAL LAYER

1,0,0 n+ SUBSTRATE

DRAIN

GATE

SOURCE

GATE

highly doped n+ 1, 0, 0 substrate
(part c of figure). After a short
initial oxidation and silicon nitride
deposition, the channel is implanted
with boron. In asequential masking
step, the source is implanted with
arsenic and annealed.
The fine-line V groove openings
are etched anisotropically and an
oxide layer is deposited in a pattern
that results in lower gate capacitance. The breakdown voltage of 100
at a 0.5-A drain current was
reached by using gold contacts for
wire bonding to the pads.
Lasers

Lasers link computer
and traffic lights
The digital computer in a trafficlight control system is usually coupled to the lights by leased telephone
ri + SUBSTRATE
lines or dedicated city-owned cables.
Either system is costly, disrupts traffic when it is being installed, and is
DRAIN
often an eyesore.
Now the first free-space—transmisSOURCE
GATE
SOURCE
sion laser link between the computer
and the traffic signals is being
installed at several intersections in
Atlanta, Ga. Though it is difficult to
make direct cost comparisions, the
laser links will be far less expensive
than buried cable at $ 15 afoot.
"The system transmits informaEPITAXIAL LAYER
tion over an extremely low- intensity
laser beam whose power is about
that of a normal flashlight beam,"
says Ralph Mancuso, research section head of traffic and transportation systems at the Sperry Systems
DRAIN
Management operation in Great
Neck, N. Y.
V-MOS power. Extending the pn junction by implanting ions 2to 3gm laterally along the nSimple. Furthermore, he says, the
epitaxial region produces breakdown voltages that reach 85% to 95% of the ideal breakdown
system is conceptually simple: "A
for GE power FET ( a). A high blocking gain is achieved in GE surface-gate junction FET ( b) by
master computer sends commands
the p* rectangular-walled gate region, 25 gm deep, formed in the n- epitaxial layer. The
via the laser beams to the intersecnonplanar structure permits the interconnection of large-area devices with little parasitic
tion controllers that govern the trafcapacitance in the Tektronix V-MOS transistor ( c). Microwave frequency operation is
fic signals. It is programmed to
achieved by producing devices with submicrometer gate lengths.
respond to changing traffic flow data
achieved this frequency by ion- received over wires from vehicle
Beaverton, Ore., which produces
many of its own components for its implanting the submicrometer chan- detectors buried in the roadway."
The laser system can control trafnel structure with boron and arsenic.
instruments product line, is developOn a 30-by- 35- mil die, a 6-ohm- fic in urban grids ranging from 2 to
ing av-mos device that can work at
cm epitaxial layer is grown on a 500 intersections. In Atlanta, four
1.5 gigahertz frequencies. Tektronix
EPITAXIAL LAYER
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Duplexing is accomplished by
combining each of the fiber-optic
bundles separately connected to the
transmitter and receiver diodes into
a single bundle whose tip is at the
focal plane of the lens. This eliminates the need for the two separate
LIGHT
LIGHT
optics systems usually employed.
OPTICAL HEAD 2
OPTICAL HEAD 1
FIBER OPTIC
Why lasers? The Sperry system
ASSEMBLY
operates in the near infrared light
range, which humans cannot see — a
psychological advantage. But the
main reasons for using the laser,
rather than noncoherent light, are
range and signal-to-noise ratio.
According to Mancuso, these capabilities result from the laser transRECEIVER
TRANSMITTER
CIRCUIT
CIRCUIT
mitter's being able to produce relatively high pulsed output power
RECEIVER CONTROL AND
compared with fairly low average
TRANSMITTER LOGIC
power input ( watts versus milli watts). In addition, the narrow
TRANSCEIVER ELECTRONICS
beamwidths of lasers allow simple
O
o
lens optics and filters matched to the
DATA
DATA
OUTPUT
INPUT
laser's wavelength. Such a filter
rejects background light due to
Duplexing. Laser head at each intersection is connected to transceiver by a single
sunshine or artificial sources and
duplexed fiber-optic bundle, eliminating need for two separate optic systems.
contributes to the system bit error
rate of 1part in 10 6.
lights at intersections outside the with a microcomputer located in a
"The system is designed to be flexNorth Georgia Regional Postal Cen- cabinet at the intersection. The ible," says Mancuso, pointing out
ter will be supervised.
microcomputer processes data from
that a segment of the link between
Extensive tests of this installathe roadway traffic sensors, sending two intersections may be connected
tion's system have already answered
it to the control computer via the with two-wire lines if the line of
the obvious questions of what haplaser path.
sight is obstructed.
pens to the laser light transmission
The source for each transmitted
when there is fog and whether the beam is agallium-arsenide injection
Health
laser radiation is dangerous to laser diode having a typical peak
humans or animals.
power output of 10 watts at a pulse
It turns out that the system will
repetition rate of 2,000 pulses per
send messages with adequate signalsecond. A silicon avalanche photodito-noise ratios up to 10 miles in clear ode is the receiver.
visibility and 2,000 feet in heavy
Moving along. At each controlled
fog— more than adequate for this
intersection, the pulsed laser energy
It took a week's worth of investigaapplication. Moreover, the Bureau of from an adjacent intersection's
tion before a mysterious illness
Radiological Health Standards has transmitter is sensed by the avalplaguing National Semiconductor
certified it as safe for eyes. In addianche diode, and the resulting elecCorp.'s Danbury, Conn., plant was
tion, the narrow beam width ( 1to 5 trical output is amplified and sent to diagnosed. Diborane, ap-type boron
milliradians) of the transmitted rathe laser driver circuits for retransdopant used in making integrated
diation and the mounting of the mission to the next intersection. It circuits, had been leaking into the
transceiving heads high up on poles also goes to the microcomputer,
wafer- fabrication area of the plant
make it,unlikely that passersby will
which communicates with the traffic causing nausea, dizziness, and headget any exposure.
light's control system.
aches among National's employees.
At each intersection there is an
A fiber-optic link ( for simplicity The gas, an irritant to the central
optical transceiver (single- or multiand reliability) is used to couple
nervous system, can be lethal.
ple- head) that faces another one at
plastic Fresnel lenses in the optical
The problem surfaced on Tuesday,
an adjacent intersection (see figure).
heads to the transceivers. These Oct. 17, when seven employees
Each transceiver not only acts as a lenses transmit and receive in a became ill and were rushed to
data repeater but also communicates duplexed mode for each head.
Danbury Hospital. A search by the
,FOCUSING LENS

FOCUSING LENS

Illness at National

traced to gas leak
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Come to the specialist.
We started out pretty small back in ' 61. But we were big on product quality
and reliability. Had to be. Uncle Sam was our only customer. Over the
years we stuck with our own technology. We grew. Became specialists.
And we kept on improving our power supplies.
It all paid off. Just look at Abbott today.
Militarized Power Supplies — Our early bread-and-butter line has grown
to over 1500 versions. Some we stock. Yet we're equipped to provide
fast delivery on any number of high efficiency, hermetically sealed, single
or dual output power supplies and switcher modules. That includes our
popular 60 and 400Hz and DC versions with outputs from 3VDC to
740VDC, 1to 250 Watts. And prices go as low as $ 174 for 2-4 units.
For Catalog Circle Card Number 100
Industrial Power Supplies — Ours isn't a big line yet — only 279 models.
But you won't find a better quality of OEM power modules anywhere.
(It's just our hi-rel way of thinking.) We provide covered/open frame,
AC to DC single, dual and triple output versions, with outputs of 5to
36VDC, 0.5 to 320 Watts. Plus DC to AC converters with 50 to 60Hz outputs.
Competitively priced? You bet. As ow as $35 for up to 24 units.
For Catalog Circle Card Number 101
Transformers — For the do-it-yourself power supply designer who wants
our kind of quality for his own military, industrial and pcb application. If
you're one of them, we offer over 800 standard transformers, with
instructions on how to specify for your custom units. Included are 60 and
400Hz, single phase input versions. Prices start as low as $5.10 for up
to 9pieces.
For Catalog Circle Card Number 102

See Power Supply Section 4000, and Transformer Section 5600, Vol. 2, of your EEM
catalog; or Power Supply Section 4500, and Transformer Section 0400, Vol. 2, of your
GOLD BOOK for complete information on Abbott products.

abbott

transistor

LABORATORIES.

INCORPORATED

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

Eastern Office
1224 Anderson Ave., Fort Lee, N.J. 07024
(201) 224-6900 Telex: 13-5332
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Occupational Safety and Health Administration and the local fire
department uncovered no cause, but
the plant was evacuated the next day
when 13 more employees complained
of similar symptoms.
Initially, ateam of health, safety,
and industrial experts were confused
about the source of the problem. In
fact, suggestions were made that the
problem was " psychogenic illness" —
amass hysteria phenomenon with no
health- related cause. A few assembly- line workers may complain of
labored breathing and nausea and
the illness spreads through the plant
simply by the power of suggestion.
Uh uh. Dr. Samuel Epstein, an
expert on occupational medicine
from the University of Illinois who
was brought in to check the Danbury
situation, nixed this possibility.
"Every time there isn't a clear
answer to a problem, management
figures that it couldn't be their fault,
so they label it psychogenic illness
and blame it on the workers.
"National made tentative suggestions to that effect, but our results
showed that the problem was caused
by a leaking gas cylinder, which,
coupled with poor ventilation, seems
to be the logical cause of the illness."
An unusual occurrence? Not really, says Dr. Epstein. " It could
happen, and is happening, in industries all over the country. Generally,
these incidents are a reflection of
poor ventilation, gas leaks, and bad
handling of toxic chemicals."
Problems such as this have arisen
elsewhere, from Litton Industries
Inc. in Grant's Pass, Ore., where a
leaking valve caused episodes of
illness, to Essex International Co.,
Kittanning, Pa., where increasing
the ventilation was enough to cure
workers' ailments.
"It occurs more often than not,"
says Ken Gerecke, an industrial
hygienist for the Occupational Safety and Health Administration, "but
generally there's no publicity— the
company brings in a maintenance
man to fix that particular problem,
and work continues."
National Semiconductor is, however, taking strong remedial steps.
On Dr. Epstein's recommendations,
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it plans to improve the ventilation
system, put extra enclosures around
furnaces, install an automated monitoring system, and also hire a
company nurse.
"I'm very pleased with the company's reaction to my suggestions,"
says Dr. Epstein. "They're going to a
significant expense to make working
conditions safer."
Thus National employees, none of
whom remains hospitalized, can expect to find better conditions at work
and asmaller chance of being hit by
a " mysterious illness." Employees at
other electronics plants across the
country may have to wait until such
an incident occurs before they are
accorded the same safety, says Dr.
Epstein. "Companies need to develop anticipatory approaches— to
practice basic industrial hygiene." E

Broadcasting

Station's customers
to get antennas
Though common enough in other
areas of communications, particularly fm radio, the transmission of
circularly polarized signals has been
approved by the Federal Communications Commission for television
broadcasting only since May 1977.
Because it boosts signal strength,
more than 10 Tv stations have been
quick to adopt the approach, and the
latest to do so — WQTV, Channel 68,
in Boston— is equipping its pay-Tv
subscribers with circularly polarized
receiving antennas as well.
The first station in the ultrahighfrequency band to go on the air,
WQTV is new and will combine traditional programming with an overthe-air pay-Tv service. It will outfit
each subscriber with a decoder and
the special antenna.
Why the double-ended interest?
When aTV transmission is restricted
to the horizontal plane, some of it
misses indoor or rooftop receiving
antennas not aligned with the horizontal, so that the viewer may see a
weak or "snowy" picture. A circularly polarized signal, in contrast,

Up in the air. Helicopter lifts final section of
circularly polarized transmitting antenna built
by Jampro divisron of Cetec Corp. to its
perch atop the Prudential Center in Boston.

contains equally strong vertical and
horizontal components, so that more
signal is intercepted by an antenna,
regardless of its orientation.
Ghost-free. When the receiving
antenna is also circularly polarized,
picture quality improves still further
because of the reduction in multipath distortion, or "ghosts." These
occur when aTV set receives two or
more identical but out-of- phase signals. The strongest comes directly
from the source, but the others—
reflections from obstacles like tall
buildings or hills— can combine to
degrade picture quality. Conventional, single- plane receiving antennas
pick up all these signals.
Circularly polarized receiving antennas, on the other hand, are selective— they accept only signals with a
polarization pattern that matches
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GI EAROM,
the reliable
non-volatile memory.

Interface our EAROM
with your microprocessor
for alow-cost memory that
doesn't need batteries.
Why bother with RAMs and standby batteries to
preserve data in your microprocessoi based system? In
appliance timers. metering pumps. controlliers. calculators.
data terminals and many other applications GI's EAROM
family gives you abetter choice: anon-volatile, electrically
alterable ROM with plenty of reliab;lity. And there are
millions of GI EAROMs in use to prove it!
Our ER1400, lets you erase and reprogiam individual
words electrically. And data is stored reliably for 10 years
regardless of how many times the power goes off. Organized
as 100 14- bit words its serial address/data makes it ideal for
MPU's. You can access all 1400 data bits with only five I/O
ports. This means a savings of nine ports over a 256 x4

configuration. With the
ER1400 you have more than a
memory; you have a low-cost peripheral.
And the best part is that we've worked out the application details ( ask for Bulletin 1207) for interfacing the ER1400
with several popular 4- bit and 8- bit microprocessors and
microcomputers, i.e. 8048, 6800, PPS 4/1 and PIC 1650.
We also have an application note ( ask for Bulletin 1208)
on an 8K byte EAROM module using our
ER3400. GI has afull line of EAROMs
with bit densities from 512 to 8192.
To find out how GI EAROMs can
put your product in aclass by itself,
write or call General Instrument
Microelectronics, 600 West John
Street, Hicksville, New York
11802. Telephone
(516) 733-3107
We help you compete.

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS
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their own. This pattern is clockwise
or counterclockwise, referring to the
direction of rotation of the signal's
electric- field vector. When such a
signal bounces off an obstacle, its
polarization pattern reverses. A
clockwise signal, for example, becomes counterclockwise, so it is
rejected by a clockwise receiving
antenna. Ghosts are reduced; thus
picture quality improves.
WQTV'S general manager, Fred
Horowitz, believes that the $4to $ 6
the station expects to spend for each
receiving antenna is money well
spent. " We feel we owe our subscribers the full benefit of this newly
available technology," he says. Also,
he realizes, abetter picture, especially in fringe areas, should mean more
subscribers.
Horowitz is considering three suppliers for the antennas, which will be
installed with the decoder for ahefty
$90 installation fee. Exactly what
the antenna, which goes on the
customer's roof, will look like is
uncertain because the technology is
so new and no such devices are yet
available generally. The antenna
could, however, be taller than a
conventional Tv rooftop receiving
unit, with tuned, spirally shaped
elements attached to acentral mast.
Boon to uhf. The supplier of the
transmitting antenna, which is a
three- section, 63- foot- high, omnidirectional unit, is equally enthusiastic
about the future of circular polarization. " It can make uhf competitive
with vhf, especially in troublesome
receiving areas like cities and mountainous regions," says Robert A.
Nelson, president of Cetec Corp.,
whose Jampro division in Sacramento, Calif., is installing atransmitting
antenna with 1.2 megawatts of effective radiated power for WQTV.
About the only drawback of the
approach from abroadcaster's viewpoint is its higher power requirements. Since the signal has avertical
as well as a horizontal component,
transmitter output power must be
doubled. The additional radiated
power is all in the vertical plane, so it
does not interfere with horizontally
polarized signals on the same or
adjacent channels.
LI
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Senate hears of
industries' needs
Looking for suggestions on how
U. S. high-technology companies
can maintain market dominance,
increase overseas trade, and invest in
the equipment necessary to keep up,
Sen. Howard Cannon ( D., Nev.)
chairman of the Commerce, Science
and Transportation Committee, got
an earful recently from several key
computer and semiconductor industry executives.
But what may have been new for
Cannon at the Oct. 30 hearing in
San Francisco was what the electronics industries have been promoting for some time: that the Government encourage investment through
lower taxes, enforce trade agreements to lower international market
barriers, and create an environment
for technological innovation.
Specifically, Wilfred J. Corrigan,
chairman and president of Fairchild
Camera and Instrument Corp.,
Mountain View, Calif., said that the
U. S. semiconductor industry generally recommends that the Govern-

ment negotiate removal of the " most
onerous barriers," such as the 17%
tariff on integrated circuits entering
the Common Market and exclusion
of non-Japanese components from
contracts with Nippon Telegraph
and Telephone Public Corp. He also
called on the Government to enforce
antidumping laws more vigorously,
pressure Japan to import more U. S.
products, and consistently promote
export programs.
mist subsidies. On the investment
side, Corrigan called for special
credits for a fast write-off of hightechnology equipment used to manufacture ics and for Government
subsidies of very large-scale integration research by private industry,
"but without restricting covenants."
He also urged President Carter to
sign the Revenue Act of 1978 lowering the maximum capital gains from
49.1% to about 25%, which Carter
says he will do.
Agreeing that barriers to free
trade should be minimized, IBM
Corp.'s Eric Bloch, vice president,
Data Systems division, Hopewell
Junction, N. Y., pointed out that
"today more than 40 countries
impose tariff rates on imported
computer products that are at least
double the U. S. rate." Furthermore,

Motorola losing Heikes
Motorola Semiconductor's year- long push toward an aggressive worldwide
marketing stance has caused a major internal casualty. Vice president and
assistant general manager Robert R. Heikes, the No. 2 figure in the Phoenixbased Semiconductor Group headquarters, is leaving. "The divisions are
becoming more independent, by my own decision, but there was less and
less use for me in [ my) role," he says.
Big winner in a recently announced realignment is vice president Pasquale
A. Pistorio, who assumes the additional title of general manager of a new
international division with total responsibility for technical development,
manufacturing, and marketing in the international arena, says a company
statement. Pistorio's former second in command, Charles E. Thompson, will
move up to his old position, director of world marketing. The foreign
marketing managers will report to Pistorio, and Thompson will be responsible
for domestic marketing and strategic planning for worldwide marketing.
Both report to John Welty, Semiconductor Group general manager. A source
says there were disagreements between Heikes and Motorola chairman
Robert W. Galvin and other top executives. The differences focused on the
realignment. Says an industry observer: " Heikes didn't think that Pistorio
should have authority over manufacturing and technical development."
Kidder Peabody analyst Sal Accardo believes the departure of the 53year-old Heikes " is a big loss to the company. He was a great talent, a
conceptual strategic thinker the company sorely needs."
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measurements?

No Problem.
AILTECH has the box that can

Measure
The AILTECH 75 Precision
Automatic Noise Figure Indicator
(PANFI) is a problem solver. It
measures amplifier and receiver
noise figures with accuracy (± 0.15 dB)

and precision (
0.05
dB resolution) without
compromising the convenience
and ease of operation of a
direct- reading noise figure
indicator.

I

re' rim

Monitor

For repeated measurements, there are the 7300 System
Noise Monitors. These small, easy-to- use instruments come in
a variety of analog and digital configurations and are
ideal for amplifier production tests — including
simultaneous gain measurements, on-line receiver noise
monitoring — radars too, periodic earth-station
performance checks — with full manual Yfactor capability,
and automatic test systems requiring IEEE-STD-488
compatability.

Generate
AILTECH's comprehensive line of noise sources include:
broadband solid-state and gas-discharge devices for
typical laboratory measurements; high-level narrow band
units for systems monitoring applications; and, for those very
high accuracy requirements, the 7009 Hot/Cold Standard
Noise Generator.

i
I

or Calibrate it.
designed specifically for the
calibration of RF and microwave
noise sources. AILTECH also offers
a low-cost calibration service
for noise generators utilizing
our own in-house 82 system.

The accuracy of a noise figure
measurement can be only as
good as the noise generator
accuracy. AILTECH's 82 Noise
Calibration System is the only
commercially offered equipment

Ailtech knows noise — we pioneered the field of low-noise
receivers. And today, Ailtech is still the leader in noiseparameter technology, with the widest range of
instrumentation and accessories, and trained personnel to
help solve your noise problem.
Write or call us today.

AILTECH

II

A CUTLER- HAMMER COMPANY

WEST COAST • CITY OF INDUSTRY, CA. 91748 • ( 213) 965-4911
EAST COAST • FARMINGDALE, NEW YORK 11735 • (516) 595-6471
FRANCE • LA GARENNE- COLOMBES • TELEPHONE [ 01] 780-73-73
UNITED KINGDOM • CROWTHORNE • TELEPHONE 5777
GERMANY • MUNICH • TELEPHONE (089) 5233023
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he declared, " the Government can
contribute even further by becoming
a well-informed and sophisticated
user of computers, as this would spur
new endeavors and applications."
No final exam. But "we don't need
R&D for R&D'S sake alone," cautioned George H. Heilmeier, vice
president of corporate research, development, and engineering at Texas
Instruments Inc., Dallas. Before
joining TI, he directed the Defense
Advanced Research Projects Agency. Defense Department research
and development programs are generally successful because they are
user- oriented, he said, but " few
Government technical establishments have this incentive or ' final
exam.' "
Sen. Cannon said his committee
also wants to find ways to counter
some disturbing trends, among them
that "basic research funds, the U. S.
market share, and our favorable
trade balance in components and
computers all declined in recent
years. The future of semiconductors
and computers has ... profound implications for our economic future."
He also said that before his committee considers new investment tax
breaks it would like to wait six
months to see how the Revenue Act
affects new investment.
D

Solid state

Multitechnology chip
is counter base
If there were a single integratedcircuit technology that is fast and
dense and uses little power, HewlettPackard Co.'s multiple- register
counter chip for its recently announced 100- megahertz counter
would have been a trivial design
project. However, fast technologies
are typically not very dense, and
dense technologies are not very fast,
so HP'S IC development team at its
Santa Clara ( Calif.) division had to
combine technologies.
Mixing technologies is not a new
idea. After all, there are operational
amplifiers built with bipolar and
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field-effect transistors, and National
Semiconductor Corp. makes a4- bitslice microprocessor, the 2901, of
emitter-coupled and integrated injection logic. But combining fast,
dense digital logic with analog
circuits on the same slice of silicon is
like "trying to put several different
species of animals into one cage
harmoniously," says Bosco Wong,
project leader for the counter chip. It
was a full-fledged battle trying to
deal with interfacing the various
technologies while maintaining good
noise control and balanced power
allocation, he says.
EFL -I- I
2L. Wong's team spent a
year and a half alone just experimenting with 1
21 circuits before it
undertook the actual design effort,
which lasted two years. To gain high
speed, the least-significant-digit, or
front-end, portion, of the counter's
register chains was laid out in emitter- function logic— a more dense
offshoot of the fast emitter-coupled
logic. The higher-order chain portions, needing density more than
speed, were done in A, which is
three times denser than EFL.
Whereas the majority of the
circuitry is made up of these two
bipolar digital technologies, the remaining portions of the chip are a
miscellany of conventional bipolar
analog processes. During the chip's
mask design, the team spent much
effort to minimize "cross-coupling
among the EFL signals, uneven power
distribution for different areas of the
chip, propagation delays in critical
signal paths, and bias- line IR drops
in the PI.. circuit blocks," Wong says.
Fast and versatile. The chip, which
is 116 mils on a side, gains even
greater density by the use of dual layer metalization. Although its
maximum frequency specification is
125 MHz, Wong says the front-end
circuits can work at speeds up to 1
gigahertz. Though designed for HP's
5315A counter [
Electronics, Sept. 28,
p. 174], the chip's range and versatility strongly imply that it will be
used in other applications.
For one thing, in its 40-pin package the chip directly interfaces with
an 8- bit microprocessor— a Mostek
3870 designed into the HP counter.

On the bus, it performs like a standard random-access memory. Furthermore, its multiplicity of counting
functions, low power consumption
(600 milliwatts, typically), and selfcalibration feature make it a likely
candidate for use in future counters.
Wong confirms this, adding, " It is
too time-consuming and expensive to
develop a custom t_st chip for a
single product."

Automotive

Cheap sensors
coming from TI
When it comes to the new electronics
systems for automobiles, not all the
big bucks will be going for microprocessors, says Klaus C. Wiemer. The
discrete products development manager at Texas Instruments Inc.'s
Electronic Devices division in Dallas,
Wiemer is leading TI'S effort to
capture discrete circuit sales in the
huge automotive field.
"The big gap today is in the lack
of low-cost, mass- producible sensors,
switches, and other components
needed for automotive systems, as
well as for other microprocessor
applications," he says. Actually, only
$1 out of every $ 10 to be spent on
the new automotive systems goes
toward the microprocessor itself, he
notes.
Sights set. Accordingly, Wiemer
has his sights set on sensors—
discrete components that provide the
inputs to the complex electronic
control systems being designed for
the automobile. And things are
already happening. During the first
quarter of next year, Ti plans to be in
production of a planar silicon temperature sensor designed for use with
automotive exhaust-gas recirculation
systems, Wiemer says. With a
1-second response time in air that
compares to 30 seconds for some
exhaust-gas sensors now in use, the
Minitherm device will use the same
tiny, 15-by- 15- mil chip employed in
the company's TSP102 temperature
sensor, introduced in April last year.
But it will have ascaled-down plastic
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"For the
Price of This
Handler, You
çan't Afford
oTest ICs
Manually!"

It's MCT's Series 2604
Why test ICs manually when we make efficient, reliable automatic DIP
handling available at such a reasonable price?
Our MOT Series 2604 is the DIP handler designed and priced for users
cycling a moderate volume of devices. Its 5000 DPH speed and fourtrack output assure efficient throughput for normal operation as well as
peak load conditions. Its low price generates afast return on investment
even if your work load only requires that you run your handler part time.

Series 2608M
8,500 DPH
Expanded Input
Ambieri Handler

Series 2608
10,000 DPH
Ambient
Temperature
Handler

Series 2608E
7,000 DPH
Elevated Temperature Ilandler
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The Series 2604 offers the ruggedness of more expensive handlers at a
reasonable price. Its quality components, wear- resistant materials, long
contact life, and ' leads up' handling of devices reduce downtime and
insure trouble- free operation. The Series 2604's proven reliability
means that it will be earning its keep long after other handlers are down
for repair.
The Series 2604 is just one of our many fine IC handlers. It is fully
supported with installation, service and operator training programs. Find
out for yourself why we're the leader in IC handling equipment.
Contact MOT, Inc., P.O. Box
43013, St. Paul, MN 55164 or call
(612) 482-5170.
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package to permit its quicker
response time.
The Minitherm sensor employs
the spreading- resistance function of
silicon, used by the industry for
years for materials characterization,
but never to build a precision
temperature sensor, Wiemer points
out. The resistivity of the silicon is
primarily a function of the diameter
of a single metal contact placed on
top of the chip. Since the contact
diameter can be precisely controlled
through photolithographic techniques, Wiemer explains, a much
more accurate device is possible than
with conventional methods of producing nonplanar silicon sensors, in
which accuracy depends on controlling the physical dimensions of each
silicon bar sawed from a crystal.
Under the old approach, tolerance
variations from target resistivity can
be limited to ± 20% at best, Wiemer
says. By contrast, the Minitherm,
like its larger relatives, will be available with tolerances of ± 1, ± 2, ± 5,
and ± 10%.
Such selectivity is possible because of high-volume automated
testing techniques, Wiemer says.
Each 3- inch-diameter slice of silicon
contains some 25,000 of the tiny
sensor chips, which vary in resistivity
because of small lateral variations in
the original crystal itself. Through a
computer-controlled technique perfected by Ti, the raw chips are automatically probed at arate of 10,000
per hour and sorted into bins according to tolerance prior to device
assembly.
Parts such as the TSP102 and
metal-packaged TSM102 are currently price-competitive with other
types of temperature sensors that sell
for 50 cents to $ 1, Wiemer indicates.
But as yields improve and volume
picks up, prices on the new spreading- resistance planar parts are expected to drop to as low as 10 cents
each.
Possibilities. " If you look at the
fairly elaborate automobile that will
be produced by 1985, you can come
up with about 16 different functions
to be performed by sensors," Wiemer figures. About half of those 16 are
temperature sensors, while the oth-

50

News briefs
Tandem concept goes nationwide
Tandem Computers Inc. of Cupertino, Calif., has extended its concept of
operating computers in tandem for extra system reliability so that it can be
applied to geographically dispersed systems. A new Guardian/Expand operating system available next March allows up to 255 Tandem model 16
computer systems to be interconnected over standard communications
links. And a new programming language, called Enform, permits each
network element to access data at other points. The operating system also
includes software that automatically routes messages over the fastest path.
Communications in the network use Tandem's packet-switching end-to-end
protocol, which is compatible with the international X.25 standard.
Australians show ultrasound system
Ausonics Pty of Sydney, Australia, unveiled its new Octoson diagnostic
ultrasound imaging system at the conference held last month in San Diego,
Calif., by the American Institute of Ultrasound in Medicine. The programmable Octoson is the first commercially available system to scan and
position the patient fully automatically. The patient lies on a membrane
above a tank of warm water in which an array of eight transducers is
immersed, so that he or she can be scanned from various positions instead
of only from above. Octoson will be sold in the U. S. by the firm's New Berlin,
Wis., subsidiary, Ausonics Corp.
Amdahl, ltel add new mainframes
Buttressing their plug-compatible product lines against IBM mainframe
computers, two California companies plan to ship new higher-performing
additions in 1979. Amdahl Corp. of Sunnyvale is to add a new top-end
machine, the 470V/8, which has a 26-nanosecond machine cycle time, a
new high-speed buffer, and a "prefetching" technique that predicts what is
logically the most consecutive data likely to be called into the buffer. Lower
down, Amdahl adds a -II version that performs 10% better than the 470V/5.
ltel Corp. of San Francisco also adds a second model to its AS/6 computer
that has 10% to 25% better performance.
U. S. Awacs heading toward NATO buy
The West German defense ministry has come out in favor of the Boeing Co.'s
E-3A Airborne Warning and Control System, raising hopes that the year-long
guessing game over whether European members of the North Atlantic Treaty
Organization will opt for the U. S.-developed aircraft may soon end. At stake
is a $2- billion-plus purchase of 17 Awacs. What reportedly helped overcome
the Bonn defense minister's earlier coolness is the promise of substantial
subcontracts to West German firms. The contracts, extracted during negotiations with officials in Washington, D. C., are valued at about $260 million
and are primarily for airborne electronic equipment.
Nipper given broader role at RCA
The famous trademark of the little fox terrier, Nipper, listening raptly to his
master's voice on an old phonograph is being rejuvenated by RCA Corp.
Nipper joined RCA in 1929 when it acquired the Victor Talking Machine Co.,
which had been using the trademark on phonographs and records since
1901. The company will now use it on a much wider range of products, as
well as on its vehicles, advertising, and sales literature.

ers handle functions such as flow,
position, and fluid- level detection, he
says.
The new Ti temperature sensors
are currently in the design- in stage
at several automotive houses. As the

next step, Wiemer plans a similar
high-volume approach to production
of a low-priced planar silicon flow
sensor, for replacement of the relatively expensive mechanical devices
currently in use. He also foresees the
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Units of time and memory required are averages provided by
microFORTH users, based on actual application experience and/or
specification estimates.

Find it hard to believe that FORTH software tools
can short-cut microsystem development that much? Or
that you don't have to give in to those old time/
memory trade-offs which bog down so many microprocessor projects?
Skeptics, take note: microFORTH software has
turned the corner in microsystem implementation, for
the likes of AT&T, G.E., Monsanto, RCA and Hughes
as well as the U.S. Army and Navy (and more).
Fully user-proven, microFORTH provides much
more than an interactive multi-level language: adiskbased operating system, plus assembler, compiler,
interpreters, text editor ( and your entire program)
are all concurrently resident. The more we could put
in the package, the less you're put out.
Less program development time. Save 60-90%
in manhours, to get from drawing board to working
prototype. microFORTH permits you to go directly
to the point — instruct machines on your own terms —
because it's fundamentally an extensible dictionary
including avocabulary you define for your specific
application. And you debug interactively as you go,
without the need for breakpoints and software traces.
Less memory required: half the bite of assembler
code; 60-80% less than other high-level languages.
microFORTH's dictionary structure provides modularity of coding and uses precompiled definitions
via indirect threaded code.
Less overhead. microFORTH run time is not only
faster than other high-level languages, it's controllable
too — with full machine-speed capability available

when you need it. Intersperse machine-code subroutines without calling sequence expense.
And more transportable programs. microFORTH
provides aconsistent software interface between you
and abroad range of different manufacturers' hardware. Application programs are easy to transfer to
avariety of nP systems.
But no matter whose microprocessor is in place,
microFORTH minimizes your hardware investment,
since it requires less memory capacity, permits
simpler hardware logic.
In short, FORTH softens your total investment.
Off-the-shelf microFORTH is package-priced at
$2500, plus options. ( Contract application programming
services are also available.)
Get more to go on. For full details on microFORTH
benefits and savings, send the coupon below.
And let us know, in the space indicated, if you'd
like to participate in amicroFORTH Seminar in
your locale. In the next few months we'll be conducting
in-depth discussions and demonstrations of these new
software tools nationwide — without cost or obligation to those attending.
Minicomputer project managers:
you can count on our miniFORTH tools for the same
development savings and flexibility.
Ok, I'm interested!
D Please rush full details for
microFORTH for tP applications
miniFORTH for minicomputers
D Contact us for immediate requirements
Tel: (
CI Send dates and locations for your microFORTH
Seminars.
Name
Title
Attach coupon to company letterhead, and return to:
FORTH Inc, 815 Manhattan Avenue, Manhattan Beach,
CA 90266. Or call: ( 213) 372-8493.

FORTH, Inc
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day when advances in discrete technology will lead to low-cost solidstate switches that will be used in
conjunction with a single fiber-optic
cable to replace an automotive
wiring harness and its associated
electromechanical relays.

MITEL
CMOS/LSI
UQUID-CRYSTAL:
DISPLAY
DRIVER/LATCHES
MD4330 • MD4331 • MD4332
30 & 32- BIT REGISTER DRIVERS

DRIVES UP TO FOUR 7-SEGMENT OR TWO
16-SEGMENT LCD READOUTS DIRECTLY.
THE LATCHED DATA CAN BE CHANGED BY
SERIALLY SHIFTING NEW DATA INTO THE
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"SYNCHRONOUS OR ASYNCHRONOUS RESET
'INPUTS WAVE-SHAPED ON-CHIP
*FULL PARALLEL TRUE/COMPLEMENT
OUTPUTS
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Military

Spending on space to
lift off in next decade
A steady 1.5% annual growth pace
projected for U. S. military electronics neither surprises nor much
excites suppliers. But for one equipment category, military space, indications are much rosier, according to
the 10-year forecast for the Government electronics market unveiled by
the Electronic Industries Association late last month in Los Angeles.
Using constant 1979 dollars, the
Eli% projects the electronic content of
space activities to grow from $ 1.2
billion in fiscal 1979 to $ 3billion in
fiscal 1987. "This represents an
average annual increase of 11.6%,"
reports Wesley S. Sherman, coordinator of the requirements committee
that put together the forecast. He is
special assistant to the vice president
of Government relations at GTE
Sylvania Inc.
Just last year, the EIA forecast put
1987 space funding at $ 2.7 billion.
"The increase [ to $ 3 billion] not
only represents abetter understanding of what lies ahead in space
programs, but was areal eye-opener
to us as well," Sherman says.
Looking up. Why this unexpected
upswing? Keen military interest in
satellites for reconnaissance and
defense is pushing the prospects,
says Frank Forthoffer, an official
with Lockheed Missile & Space Co.
and the person mainly responsible
for the projections.
He points out that the increase
over the next 10 years surfaced when
the Department of Defense asked for
more funds for space in the fiscal
1979 budget. The increase will go
toward many projects at various
stages of completion, says a spokes-

man for the Air Force's Space and
Missile Systems Organization, El
Segundo, Calif., which oversees
space activities for the U. S. military.
Included in these plans are DOD
space payloads, slated to go into
orbit on NASA'S space shuttle from
Cape Canaveral, Fla., beginning in
1980. These launches will peak in
1983-84, with Vandenberg Air
Force Base, Calif., starting up in
1983. Also in sight are the global
positioning system ( Naystar) and
the defense satellite communications
system phase two and three. Communications projects may also include laser communications satellites
and adedicated Air Force system for
nuclear command and control, in
addition to highly classified reconnaissance birds.
Cheaper launchings, made possible by the shuttle, could spur space
work, sources say. Though these
opportunities look good, Forthoffer
cautions: " Because space starts at a
lower dollar base than some other
categories, the percentage increases
seem more dramatic."
Overall, the total electronic market for military equipment will grow
from $ 17.3 billion in fiscal 1979 to
$20.6 billion in 1983 and $ 25.1
billion through 1988, according to
the EIA. Equipment categories in the
forecast include electronics and communications, which will continue to
account for about one fourth of total
spending as military services push to
add new communications systems.
Missiles, too, will experience
steady growth through 1985 when
either a new missile or a variant of
an existing one will be developed.
The EIA also thinks the MX missile
will go into full development in fiscal
1980.
On the other hand, spending for
aircraft electronics will drop from
$3.8 billion in 1979 to $ 3.7 billion in
1988 owing in part to the B-1 cancellation and also because no new
generation of aircraft is being proposed, Sherman notes. Ships, too,
will have a low growth rate because
of the lack of ashipbuilding program
on which the Navy, the President
and Congress can agree.
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TL081 Learning Curve

New low prices and low noise.
TL081 Series BIFET op amps.
With the second price reduction in
less than a year, Texas Instruments offers high performance
BIFET op amps at close to the
cost of µA741s.
In addition, recent improvements have further lowered the
noise level to 22 nV/Vre.
The TL081 family of op amps
combine high-impedance JFET inputs with low-distortion bipolar
outputs. And, what's more, prices
are now lower than ever.

'mom

now 29e each
in 100's.

This single, 8-pin plastic DIP compensated op amp is pin-equivalent
to µA741 and others. Cost is very
close. Yet it offers performance
like this:
• Input resistance _ 1012 fl typical
• Input bias current- 0.4 nA max

crete or hybrid amplifiers in precision instrumentation. Only $3.93
in 100 piece quantities, it features
low noise- 18 nV/N.IIz— as well as
extremely low input offset voltage.
Texas Instruments now offers
the most complete selection of
BIFET op amps in the industry. In
addition to the TL081 series, TI
has developed a low power TL061
series and alow noise TL071 series.
All families offer duals and quads
as well as singles.

• Input offset voltage — 15 mV max
• Unity gain bandwidth — 3MHz
typical
• Slew rate- 13 V/µs typical
• Supply current- 2.8 mA max
Just think how outstanding performance like this can upgrade
your present and planned products
without cost penalty.

Duals and Quads
You can save more in many instances, by using duals or quads.
In addition to single op amps, the
TL081 family has two duals and
two quads in aselection of pinouts.
Price per op amp is even lower.
System costs are reduced.

Send for data sheet

New TL087 with
0.5 mV offset
This new monolithic op amp is designed to replace expensive dis-

Want more information? Ask for
data sheets on TL081 op amps.
Call your nearest TI distributor or write Texas
Instruments Incorporated, P.O. Box 225012,
M/S 308, Dallas, Texas
75265.

qop

TEXAS I
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1978 Texas Instruments incoraoralec
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TWELVE REASONS
WHY THE 1.135 IS THE
MOST PRODUCTIVE
151 BOARD TEST SYSTEM
YOU CAN OWN.
To compare productivity in LSI board testers, take
their three common operations: diagnosing, testing, and
programming. Now, to each operation apply the basic
measures of productivity: cost, throughput, and quality
of testing.

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

1. The L135 finds bad LSI devices
on long buses.
The Electronic Knife does it. It takes just afew more
probes after regular guided probing finds the failing bus.
Without the Electronic Knife, you're faced with trial and
error replacement of LSI chips. Or skilled technicians
tying up the system for an hour or more per bad IC.
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2. The L135 makes fewer diagnostic
probes — by an order of magnitude.
State-sensitive trace does it. Most LSI boards are loaded
with multi-input LSI chips linked through "wired-and"
bidirectional buses. These often require hundreds of
diagnostic probes per fault. State-sensitive trace cuts the
number dramatically.

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

4. The L135 mechanizes probing.
The M150 Automatic Prober does it. Seven to ten times
faster than ahuman operator, the M150 speeds up board
diagnosis even more because its operation is both errorfree and fatigue-free.
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The L135 delivers the highest quality of
testing, thereby slashing costs for diagnosis
later at systems test and service out in the field.

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

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

7. The L135 tests and diagnoses
analog circuits.

10. The L135 cuts total
programming time.
The P400 Automatic Test Generation System does it.
The P.400 automatically generates all the dc patterns and
diagnostic data for the toughest part of most LSI boards:
the jungle of random digital logic, as well as those portions containing modeled LSI devices. Total programming time is shorter. The best of the so-called "automated test generation" techniques offered by other
systems still require manual pattern-writing. That takes
longer and costs much more.

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

Integrated ac-dc-parametric capability does it. The L135
offers many analog force-and-measure functions through
matrix connections, all completely integrated into system 11. The L135 cuts system time
hardware and software. If these capabilities aren't intefor debugging.
grated into the test system, they must often be added to
accommodate the increasing analog content of LSI boards. Immediate-response debug software does it. During testThat prolongs test time and slows diagnosis considerably. plan debugging, the L135 responds to the test engineer's
commands and displays results immediately. Total
8. The L135 tests at dc and clock- rate debugging time is cut to afraction because the test
engineer is not distracted by system delays; he can conon the same channel.
centrate on his circuit and his test plan.
All-speed pin compatibility does it. In clock-rate testing,
high-speed tests are usually applied on the same pins
tested earlier with dc. The L135 allows you to apply both 12. The L135 readily assembles
the many parts of LSI test plans.
types of tests at the same system channel, eliminating
the need for awkward switching or extra channel capacity. Structure- merge programming does it. Test plans originate in many places: manual patterns and circuit models,
9. The L135 has enough clock-rate
learned data from known good boards, circuit and device
simulators, automatic pattern generators, etc. The
channel capacity for the big jobs.
L135's structure-merge software and its straightforward
444 I/0 pins does it. Big LSI boards have upwards of
250 edge-connector pins, all active. In addition, you need protocol assembles them all into acoherent package,
saving your engineers hours of tedious and costly work.
simultaneous access to dozens of internal test points and
For more information on these and other L135 features,
devices invisible to the edge connector. The L135 offers
write Teradyne, Inc., 183 Essex Street, Boston,
the highest dock-rate channel capacity, enough for all
Massachusetts 02111.
foreseeable LSI boards.
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THE
PERFECT
DATA
DUO

Your data acquisition tasks can be done quicker, easier
and more efficiently with the TEAC R-61 and R-80 cassette
data recorders. For field work take the R-61. It is extremely
portable, easy to handle, and at the same time provides four
channels of precision recording capability even under
difficult conditions. In addition to the standard FM recording
system, two of the R-61 'schannels are switchable for DR
(Direct Recording) operation for high-frequency applications.
Back at the lab you'll want to have an R-80. The R-80 is
100% compatible wth the R-61 ( FM mode), so it's perfect for
processing recorded tapes for analysis. And four selectable
speeds make time base conversion a snap.
The R-61 and R-80 are a great team.
Convenience, economy, flexibility and top
performance make data recording better
than ever before.

TEAC

R-61

TEAC.
_

TEAC

R-80 CASSETTE DATA RECORDER
MONITOR

TEAC CORPORATION: 3-7,1 Naka-cho. Musashino, Tokyo Japan
U.S.A.: B J Wolfe Enterprises Inc, 10760 Burbank Blvd North Hollywood, Calif . 91610 England: International Instruments Ltd

Cross Lances Rd, Hounslow, Middy W. Germany: nbn Eiektronik

Starnberg, 813 Sternberg, Max-Emanuel-Str . 8 France: Tekelec Airtroruc S A . Cite des Bruyeres, Rue Carle Vernet 92 Serves Holland: SIMAC Electronics. Veenstraat 20. Veldhoven
Italy: A.E. S & E. all L., Cors Lodi, 47 20139 Milano Norway: Rodland & Rellsmo AS Gladengveien 3A, Oslo 6 Sweden: Telernstrument ab, Maltesholmsvagen 138, Vallingby Denmark:
Danbit, Plantagevei 23, 2680 Scolrod Strand Switzerland: Wenger Datentechruk. Bruderholzstrasse 45, 4053 Basel

Australia: Jacoby, Mitchell Ltd

P.O.Box 70, Kingsgrove. N SW 2208
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Washington newsletter
Controversy rises
over FCC docket
on land- mobile radio

Ti setting up
D
allas—London
satellite link

Cubic Corp. hit
by Washington subway
on fare system

DOE negotiating
45 photovoltaic awards
totaling $8 million
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The Federal Communications Commission docket on domestic public
land- mobile radio service is being called " a prescription for multiple
litigation" by 31 radio common-carrier companies. They say that Docket
No. 18262's provision that only one system using cellular technology will
be licensed in any local market represents " acertain death warrant for RCC
[radio common-carrier] two-way business in that market," since Bell
System companies are developing that technology and expect to apply for
its exclusive use. "Every Bell cellular application will have to be opposed
vigorously by the local RCCS, who cannot be expected to simply fold up
their businesses," the carriers contend.

Texas Instruments Inc. will become the first U. S. company to establish a
high-speed digital data link using communications satellites to an overseas
location. To begin operation next spring are two duplex 56-kb/s channels
between TI'S offices in Dallas and London. American Satellite Corp., the
Germantown, Md., domestic satellite operator, will provide Ti with a10-m
earth station in Dallas for communications with an Etam, W. Va., earth
station linked directly to an Intelsat station for the overseas hop.
For domestic service, ASC says it has signed contracts to provide
additional 5-m earth stations to Boeing Computer Services Inc. and Sperry
Univac. Boeing's fourth station in the Washington suburb of Vienna, Va.,
will provide one 56-kb/s duplex channel to corporate headquarters in
Kent, Wash., in addition to stations already on line in Philadelphia and
Wichita, Kans. Univac's third station will link Salt Lake City with stations
that began operation in September at its Minneapolis headquarters and
Blue Bell, Pa.

Malfunctioning automated fare-collection systems are driving riders and
revenues away from Metro, Washington's new $ 5 billion metropolitan
subway system, and the system's board is weighing legal action against its
contractor, Cubic Western Data, asubsidiary of Cubic Corp., San Diego,
Calif. Fare-card vending machines, which sell tickets in denominations
ranging from 25¢ to $ 20, are out of order 15% of the time, Metro reports,
and entrance and exit gates activated by the tickets malfunction about 10%
of the time. Cubic says its system is meeting contractual requirements, but
it is being challenged on that claim by the transit authority. The company
is scheduled to deliver $ 53 million in electronic hardware by the time
Metro is completed in 1983.

The Department of Energy is negotiating contracts with five companies
and eight universities to investigate the photovoltaic potential of thin-film
"emerging materials" for solar cells. The awards are part of a new DOE
package of 45 awards totaling more than $ 8 million. Materials include
boron arsenide, polyacetylene, copper selenide, indium phosphide,
cuprous oxide, cadmium telluride, and arsenides of zinc and silicon and of
cadmium and silicon. Thirteen other contracts cover thin-film amorphous
semiconductor materials with the potential of making very low-cost solar
cells because of inexpensive processing; 9awards expand on current efforts
to increase the conversion efficiency of thin-film polycrystalline silicon;
and the remaining 10 studies deal with photovoltaic- mechanism theories
and experiments.
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Washington commentary
Teletext: getting America into the competition
There is no final agreement yet on a generic
name for what shapes up as the world's next big
telecommunications market, although industry
specialists seem to be settling on "teletext."
Teletext services use the vertical blanking interval of a television broadcast signal to carry
digitally encoded data to subscribers. Similar
services using telephone lines or iv cables are
being dubbed "videodata" for now, although it
is widely believed that teletext will ultimately
prevail as asingle name for both techniques.
Regardless of what they may be called, there
is widespread agreement in the United States
that it has fallen behind Great Britain, France,
and Canada in developing consumer and
commercial applications of such services. They
embrace everything from electronic mail, shopping, and funds transfers to entertainment,
education, home security, and appliance control.

does the U. S. postal service or the Federal
Communications Commission have jurisdiction?
Are videodata services properly defined as "data
processing"? If so, should FCC rules be amended
to permit telephone companies like AT&T that
have the lines to offer such services? The FCC
has scheduled its first serious look at teletext
technology and the questions of policy it raises
for Nov. 8.
A telecommunications industry lawyer at the
meeting, John Bartlett of Washington's Kirkland and Ellis, proposed a refreshingly novel
approach that would speed up the resolution of
these questions. The FCC, the postal service, and
the Justice Department should begin working
together to permit widespread competitive
development of teletext services before industry
lawyers become heavily involved and slow down
the process. Besides limiting legal participation,
Bartlett told the NAS symposium, the GovernThe leaders in Europe
ment should permit the services to develop withNeither the concept nor the technology is
in as loose a framework as possible in order to
new, of course, even though the U. S. is only let technical standards evolve competitively.
beginning to explore applications at the consumNAS panelist Al Curll from Texas Instruments
er level. Britain, on the other hand, has had a Inc. in Dallas said his company is promoting a
one-way broadcast system called Ceefax in
broadcast standard of two iv lines using 20 rows
operation for two years and is hard at work on of teletext with 32 characters each. TI is providtwo others. One is atwo-way videodata system
ing decoders for the British Oracle system, but
that the Government originally called Viewdata
its proposal stems from its work in the field with
before renaming it Prestel; the other is an indeSalt Lake City's KSL-TV.
pendent, two-way teletext system called Oracle.
The world marketplace
As for France, it is ready to inaugurate teletext experiments with a system called Antiope.
Lawyer Bartlett's cautious approach to stanIts goal is to make its digital signals compatible dards sounded eminently sensible to one French
with both broadcast and wire transmission
representative of the Antiope system in the NAS
systems. Canada's Department of Communicaaudience. He also called for work on a world
tions said in August that it will develop a telestandard so that automated language translators
text system having graphics it believes superior
might be developed to facilitate worldwide data
to those used in Britain and France. Moreover,
exchange and produce a truly international
the department's John Madden says technology
marketplace.
developed in Ontario field trials next year will
But however the world market evolves, the
be transferred to industry as quickly as possible certainty is that U. S. broadcasters and teleto accelerate market growth.
phone companies, as offerers of teletext services,
American concern for the nation's failure to must accelerate their programs if they expect
apply much in the way of teletext technology
U. S. technology to have an impact in that
got official recognition in late October during a marketplace. This time the U. S. communicaday- long symposium at the National Academy tions industry cannot blame bureaucratic ineffiof Sciences. The meeting, sponsored by the ciency for the country's failure to move quickly
National Research Council's board of telecominto adeveloping market. After the NAS sympomunications-computer applications, featured 10 sium, one member of the audience likened
U. S. experts in teletext but drew fewer than
America's slow progress in teletext to earlier
100 registrants, a good many of whom were
horror stories of lost markets in transistor radios
from foreign companies and governments.
and video tape recorders. But those disasters
There are many, many questions and unreneed not be repeated. The U. S. telecommunicasolved issues for the U. S., said the teletext tions industry still has time to recoup— if it
advocates. Over electronic mail, for example,
wants to.
Ray Connolly
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EMI ACE IN THE
INTERFACE RACE
SPRAGUE SERIES ULN-2300A
HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAYS

Now...8 drivers in one package switch up to
4amps at 50 volts or 3.2 amps at 95 volts
Designed for interfacing between low level
digital logic circuitry and high- power peripheral
loads, Sprague Series ULN-2800A Darlington
transistor arrays feature peak load current
ratings of 600 mA for each of the eight drivers
in every device. Typical loads include relays,
solenoids, stepping motors, and multiplexed LED
and incandescent displays.
For application engineering assistance on these or other
interface circuits, standard or custom, write or call George
Tully or Paul Emerald, Semiconductor Division, Sprague
Electric Co., 115 Northeast Cutoff, Worcester, Mass. 01606.
Telephone 617/853-5000.
For Engineering Bulletin 29304.3 and a ' Quick Guide to
Interface Circuits', write to: Technical Literature Service,
Sprague Electric Co., 35 Marshall St., North Adams, Mass.
01247.
For the name of your nearest Sprague Semiconductor
Distributor, write or call Roger Lernere, Sprague Products
Co., North Adams, Mass. 01247. Telephone 413/664-4481.

All devices have open collector outputs and integral dicdes for inductive load transient suppression. Outputs rray be paralleled for higher
load current capabili.y. Furnished in 18- pin dual
in- line plostic packages, similar Darlington transistor arrays can also be supplied in a hermetic
or ceramic DIP for use in military and industrial
applications.
15 DIFFERENT DEVICES TO MEET YOUR EXACT NEEDS
50 V
500 mA

VCE(MAX) =
I
C(MAX) =

50 V
600 mA

95 V
500 mA

Type Number
General Purpose
PMOS, CMOS

ULN-2801A

ULN-2811A

ULN-2821A

14-25 V
PMOS

ULN-2802A

ULN-2812A

ULN-2822A

5V
UL, CMOS

ULN-2803A

ULN-2813A

ULN-2823A

6-15 V
CMOS, PMOS

ULN-2804A

ULN-2814A

ULN-2824A

High Output
TTL

ULN-2805A

ULN-2815A

ULN-2825A

408 8124

F
ORFAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE:
ALABAMA, Sprague Eiectuc :0 205 883 0520 • ARIZONA, Sgi ague Eect
ou2 2 ,S 5435 • CALIFORNIA, Sprague fleeing Co 211 6402600
Woe J PIA. Co 4153347 7701 KCE COM 714278.7640 • COLORADO, WM
PlAY Co
303 ,777 1411 • CONNECTICUT, Sprague Electpc Co
203/261'255 1 • OIST. OF COLUMBIA, Sprague Electro Co Grot saks only. 202 ,337 7820 • FLORIDA, Sprague Electro Co 305 831.3636 • ILLINOIS,
Sprague Elecue Co. 312 ,2gr 6620 D Dolan Sales 312/286'6200 • INDIANA, Sprague Electro Co 317 ,253 4247 • MASSACHUSETTS, Spgague
E «He Co 617 8990103 Sprague Eteam Co. 413;664 4401 • MICHIGAN, Sprague Electro Co 517. 787 3934 • MINNESOTA, WAR Inc 612/9208200 • MISSOURI, Sprague Electro Co. 314 ,781-2420 • NEW JERSEt, Sprague Electre Co 101 696 8200 Sprague Elmore Co 609/795'2299
1,,,gde sales Inc 609 ;195.42w . NEW MEXICO, Wm J Purdy Co 505/266'7959 • NEW YORK, Sprague Electro Co 516 549-4141 eem Run, Inc
914 698 8600 Sprague Eleant Co 315 437 7311 MarCorn assocktes 315 437 2843 • NORTH CAROLINA, Elecnone Maiseong Assocrates 919
7225151 rrowo, Sprague ( Skew Co . 513/866-2170. Electronic Salesmastiks Inc 800'362 2616 . PENNSYLVANIA. Were Electro Co . 215/467-5252
2.8114
10080e Sates Inc . 210922'2080 • TEXAS, Sprague Electro Co. 214'2301;56 • VERMONT,
Felton CO . 411148726.
1111 • *VIRGINIA,
CANADA, 501198e
Sptague
Fettle Co. 703/4630 161 , WASITINGTON, Sprague Fleck( Co. 206/632-7761 • WISCONSIN, D Dolan Sales,
Electro of Canada Ito 416. 7606123 or 613138-2542
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SPRAGUE
THE MARK OF RELIABILITY

General
ableÇi
SUPsdary

... and you thought we only make great capacitors.
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Is your advertising
more important when it runs
in Electronics Magazine?
Or does it just seem
that way?
The ability of amagazine
to impart qualities like credibility and importance to advertising
is one of the most neglected yet
significant factors in advertising productivity.
While this qiiality may
seem subjective to the advertiser, it is very real to the
electronics engineer.
Item: When asked to rate
the credibility of magazines in
the field, electronics engineers
rate Electronics the highest by
alarge margin.
Item: When asked in which
magazine they would prefer to
see their own technical article
published, electronics engineers
choose Electronics.
Item: When offered all the
other magazines in the field free,
electronics engineers choose to
pay to read Electronics.
Editorial and advertising
do not compete in Electronics.
One complements the other. The
advertising adds to the interest
and the service of the magazine
—while the editorial imparts
credibility and importance to
the advertising.

Electronics Magazine
1221 Avenue of the Americas
NewYork, N.Y. 10020

'eve
gem

Editorial importance.
Another reason your ad sells best in Electronics.
60
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Learn MICROPROCESSOR OPERATION, INTERFACING
and PROGRAMMING faster, easier and at less cost
with the HEATHKIT
MICROPROCESSOR
SELF-INSTRUCTION
PROGRAM and DIGITAL
COMPUTER TRAINER
Here's the newest, easiest and lowest- cost self- instruction
microprocessor course ever! What's more, it's the fastest way
to really learn about this fascinating field with applications in
every phase of our everyday lives. From automotive diagnostics
to the microwave oven in the kitchen to the computers that are
taking on more jobs in the home, schools, government, business and industry every day!
Working with the popular 6800 microprocessor, you'll explore this exciting field using proven self- instruction text materials. You'll learn about micro- computer basics, number systems and codes, computer arithmetic. programming, 6800
capabilities and interfacing and more. With the aid of audio
visuals included, you'll go deeper into programming, designing
with microprocessors and semiconductor memories. And you'll
actually perform a whole series of " hands on" experiments
with the optional trainer designed to reinforce the theory you've
mastered to that point!
The ET-3400 Trainer kit, designed to accompany your course,
features the popular 6800 microprocessor. It is actually a miniature digital computer in itself, complete with a: 1K ROM monitor program; 6 digit LED display for address and data readout;
17- key hexadecimal keyboard for entering programs, data and
control; 256 bytes of RAM ( expandable to 512 bytes with the
chips supplied in the course); breadboarding socket; 8 buffered
LED's for display of logic states; 8 SPST switches for binary input plus an on- board power supply with + 5, + 12 and — 12
volt outputs.
The Course comes complete with 62 electronic components,
including a 6820 PIA, two 2112 RAM's, a 1406 digital- to- analog
converter, 741 and 301 op amps and more. Includes audio visual aids such as an audio cassette, colorful flip charts and
programmed learning text material in two deluxe permanent
binders.
Complete the optional exam and receive a Certificate of
Achievement and 8.0 Continuing Education Units ( CEU's) — a
nationally accepted means of recognizing participation in noncredit adult education. ( Note: Microprocessor Course requires
completion of D.gital Techniques Course or equivalent knowledge.)
ORDER ETS 3400
(Course and Trainer kit)

SAVE r
TIME
HEATH

Schlumberger

$269 95

(Add $3.06 shipping and handling)

ORDER BY PHONE!
Call (616)982-3411

anytime day or nightTODAY!

IMONEY.. BACK GUARANTEE! e
PrererffliegjeReerirenffle

If you are not 100% satisfied with your Heathkit
Course, we will refund the full purchase price oí
the course text material, less trainer.

_Q_KM 9_0 90 NI Q_U Q0QQl)l) Mseueneueunne2_

FOR THOSE wHO NEED
DIGITAL TECHNIQUES TRAINING...
Comprehensive Digital Techniques Course — the bac ,tground you
need to understand computer and modern electronics technology!
Digital fundamentals, semiconductor devices for digital applications,
Boolean algebra, flip-flops and registers, sequential and combinational logic circuits, digital design and an introduction to computers
and more! The course includes programmed instruction text, audiovisual aids, parts for experiments and more. Digital Design Experimenter/Trainer lets you perform all the experiments in your course,
then develop and test your own projects. Features solderless breadboard sockets, 4 binary data switches, 2 " no bounce" switches to
pulse logic circuits, 3- frequency pulse clock generators. 4 LED's for
visual indication of logic states plus 3 regulated power supplies.
Upon completion of the optional final exam, you receive a Certificate
of Achievement and 4.0 Continuing Education Units.
929 95
ORDER EES-3201 ( Course and Trainer Kit)
(Add $3.64 shipping and handling)

ORDER YOUR PROGRAM WITHIN THE
NEXT 30 DAYS AND GET THIS BONUS

FREE

SOLDERING
IRON!

A Comparable $ 7.95 Value!

OR, MAIL COUPON

F

Heath Company, Dept. 510-470
Benton Harbor, Michigan 49022
check D money order for
$
; OR,
(Michigan residents, add 4% sales tax)
CHARGE to my 12 VISA/BankAmericard 12 Master Charge
Ienclose

Gentlemen: P:ease send me the item(s) checked below and include my FREE Soldering Iron.

D Microprocessor Course and Trainer Kit ( ETS 3400) ...$ 269.95
( +$ 3.06 shipping & handling)

Li

Account e
-

Exp. Date

Master Charge Code #

12 Microprocessor Course only ( EE-340')
$ 89.95
(+$2.23 shipping & handling)

Signature

Prices and specifications subject to change without notice.

ADDRESS

(Necessary to send merchandise)
D Digital Techniques Course and Trainer kit ( EES-3201) ..$ 129.95
NAME
(+$3.64 shipping & handling)
( Please print)
Prices are mail order net F.O.B. Benton Harbor, Michigan.
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Opening new frontiers with electro optics
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RCA data links help you move quickly
into fiber-optic communications. In fact, we can do the
whole job, point-to-point.
With fiber-optic data transmission becoming more attractive every day,
RCA just made it even more so. We're
introducing prepackaged digital
data links with a built-in shortcut: engineering and assembly work have already been done.
Behind these ready-made systems
is a unique package of experience.
RCA made LEDs, injection lasers,
photodiodes and avalanche photodiodes practical for optical communications. Now, using our coupling
know-how, we've integrated components into compact, efficient transmitters and receivers. A choice of three

GROOVED
BLOCK

Circle 62 on reader service card

systems lets you select the right one for
the particular task, whether it be secure data transmission, high-voltage
optically isolated systems, computer
interface, or process control systems.
Complete, compact modules.
Inside the 3.5 cubic inch transmitter
module is an RCA high speed GaAlAs
LED and assorted electronics for the
drive circuit. We've coupled the chip's
emitting region to a DuPont PFXS120
fiber optic cable. With modification,
the transmitter module will accept
other fibers.
The equally compact receiver contains a silicon pi
nphotodiode with
amplifier and threshold drive circuits
to reproduce standard UL signals.
From components to systems.
RCA can modify these data links to
meet almost any special requirement.
Or we can go even further and engineer your system. We have the
components— proven- reliable LEDs,
injection lasers, pi
ndetectors, and
silicon avalanche photodiodes. Add
to that our systems expertise, and we
can provide everything you need for

an efficient, compact, cost-effective
data transmission system.
Typical performance characteristios.
C86003E C86004E 086005E
Transmitter Module
Input digital signals
NW coding
RZ coding
Min peak optical output
Receiver Module
Input optical sensitivity
Output digital signals NR? coding
RC coding

20
10
100

5
25
100

2
I
100

050

025

010

20
10

5
25

2
1

Mb/s
Mb/s
pAN
mW
Mb/s
Mb/s

Calculated bit error rate 10 - 9

If electro optics can solve your problem, remember: EO and RCA cre
practically synonymous. No one offers
a broader product spectrum. Or more
success in meeting special needs.
Call on us for design help or product
information. RCA Electro Optics Lancaster, Pennsylvania 17604. Telephone
717-397-7661. 1130 Brussels, Belgium;
Sunbury-On- Thames, Middlesex TW16
7HW, England; Ste.-Anne-de-Beilevue,
Quebec, Canada; Belo Horizonte,
Brazil; Hong Kong.

RCA

International newsletter
Philips manufactures
test microcircuits
with E- beam projector

Siemens plans
new models
to chase IBM

Optical fibers
may appear in
array radars

NEC launches
easy- to- operate
office computer

Free- trade zone
in India grows;
new firms come
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An experimental English electron-beam projector for VLSI lithography has
produced its first microcircuits at the Philips Research Laboratories,
Redhill. Philips believes the system can be developed to achieve 1-µm line
widths and 0.2-µm mask alignment accuracies on the wafer. A flood
electron beam projected onto a target wafer for 30 shas produced both
bipolar circuits and precision bubble-memory masks. The circuit masks are
fabricated by Philips' fast electron-beam pattern generator ( see p. 68).

With two families of large computers to be ready for delivery next year,
Siemens AG is taking dead aim at IBM'S markets. One family is the
four-model 7700 series with central processing units that cover the
computing-power range of up to 4 million operations per second. These
CPUS will have 64-x memory chips from an as-yet-unnamed U. S. firm, as
well as from Siemens, which is developing its own version. The other entry
is the four-model mm-compatible 7800 large-computer family. Its CPUS
cover arange from 2.4 million to well over 9million operations per second.
With these processors from Fujitsu Ltd., the 7800 series is the first major
result of the product and know-how exchange [
Electronics, May 11, p. 63]
that Siemens has with the Tokyo-based firm.

For improved tuning, linearity, and efficiency in phased-array radars,
scientists at the Microwave Research Unit of University College in
London plan to synchronize the microwave Impatt diode source in each
array element with a common laser array-reference signal. This setup
would replace complex synchronizing circuitry. Microwave-modulated
illumination carried by an optical-fiber bundle would connect the arrays
to the directly modulated semiconductor laser. It also appears that highly
desirable electronic steering of the beam may be possible by selective delay
of the signals along each fiber.

Aiming at users wanting office computers for unskilled operators, Nippon
Electric Co. is launching its updated System 100 line with what is called
an integrated tutorial operating system. As many as 16 work stations may
be connected to the multitasking central processing unit. The system uses
anewly developed 16-bit mos microprocessor and comes in three models
with amain semiconductor memory capacity up to 192 kilobytes. Among
peripherals available are two 64-megabyte fixed disks with 48.3-ms average access times and a 1.2-megabyte/s transfer rate and four 1-megabyte
double-sided, double-density floppy disks with 209- ms average access
times and a62.5-kilobyte/s transfer rate. Basic costs in Japan for the three
models range from $ 36,000 to $66,000, with more extensive exports
planned than with the version introduced five years ago.

After four years of operation, Bombay's Santacruz Electronics Export
Processing Zone ( Seepz) has exported over $ 12.5 million of various
electronics components, including integrated circuits, says the Indian
Commerce Ministry's Department of Export Production. Most of the
products from the free-trade zone [
Electronics, Sept. 16, 1976, p. 89] go to
U. S. Exports are growing at an annual rate of 22%, with new ventures
crowding in to join the 26 there now, says P. A. Bhat, head of the
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Electronic Component Industries Association. Starting soon is a document-printer assembly operation, Tata Burroughs Ltd., ajoint venture of
the U. S. computer firm and the Tata conglomerate of India. A firm
already established in Seepz, International Power Semiconductors Ltd.,
will be manufacturing sophisticated epitaxial power transistors for International Rectifier Corp. of Los Angeles.

Philips unveils
optical disks
for mass storage

Hughes develops
technique for
nonvolatile memories

Addenda
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Optical disks will eventually slash the cost per bit for mass data storage so
drastically that computer makers will have to rethink their storage
concepts. That is the conviction at Philips Data Systems, which is developing alaser-diode optical recording system. Based on techniques devised for
video long-play hardware, the new system packs 10'° bits on a doublesided, grooved, 12-in, transparent disk, equivalent to some 500,000
typewritten pages and 10 times more than magnetic disk packs, Philips
maintains. Bits written into the disk can be read out directly afterward;
despite the high capacity, the mean access time for any address on the disk
is 250 ms.

Add to the list of nonvolatile memory technologies alow-power complementary-mos variant from Hughes Microelectronics Ltd., called Novram.
The Glenrothes, Scotland, company is using its electron-tunneling floatinggate process in asix-digit car odometer that can store data indefinitely and
can be read in the nonvolatile mode for up to 10 7 operations without data
degradation at a ± 5-v supply voltage. The device behaves like anormal
random-access memory until a 12-v pulse freezes data permanently. In
this mode, the odometer consumes as little as 50 µw, and even less in the
RAM mode. In the U. S., Hughes Aircraft Co.'s microelectronics operation
is developing an equivalent n-mos process for high-density data-storage
applications.

Siemens AG, which owns 80% of the California-based optoelectronic
components maker Litronix, is bidding for the remaining 20% of the
shares. . . . Olivetti is celebrating its first deal with China. It will sell
some $500,000 of communications-terminal concentrators to unspecified
Chinese buyers through the Hong Kong—based trading company, China's
Resources. . . . Sweden will pay $ 6.75 million toward the $ 175 million
total cost of France's earth-observation satellite, SPOT. After the satellite is
launched in 1983, Sweden will have the right to limited use for civil
purposes. . . . The British Post Office is expected to order trunk and
short-haul fiber-optic telephone systems within the next few months. It
has issued specifications for three types, including a 140-mb/s trunk
system with 10-km repeaters. . . . ITT says amerger of its UK subsidiary
STL with Plessey Telecommunications [
Electronics, Oct. 26, p. 63] is not in
the cards now. . . . The West German glass maker Schott will start
mass-producing communications optical fibers early next year. The range
will extend from standard types to high-quality gigabit versions that can
simultaneously handle more than 15,000 telephone channels or 30 color TV
programs.
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For cost effective capacitance measurement
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One C-meter
stands out of the darkness
the $130 B&K-PRECISION 820
For about one-third the cost of the most popular digital
capacitance meter, you can own five times more measurement capability. The new B&K-PRECISION 820 reads from
0.1pF all the way to 1Farad, in ten ranges. With 0.5%
accuracy, the 820 resolves to 0.1pF for a maximum count
of 9999.
The 820 retains its high accuracy in freezing cold to blistering 100 degree heat, making it ideal for field use. The bright
LED display is easily readable under all lighting conditions.
It has the versatility needed for any applicator' and the durability to stay on the job. The 820 can be powered by disposable batteries or optional rechargeable batteries.
You can start discovering
your own applications today by seeing
your local distributor for immediate delivery.

Unlike many specialized instruments, the 820 has almost
unlimited applica:ions in engineering, production line work,
QC, education and field service. First time users are quIckly
discovering that the number of time-saving applicators
exceed their original expectations. For example, you can
measure unmarked capacitors.. Verify capacitor to erance
...Measure cable capacitance.. Select and match capacitors for critical circuit applications... Sample production
components for quality assurance... Measure capacitance
of complex series-parallel capacitor networks.. Set trimmer
capacitors to specific amounts of capacity...Check capacitance in switches and other components.

DYNASCAN
417
KPRECISION CORPORATION
6460 W. Cortland Street • Chicago, EL 60635 • 312/839-9087
In Canada Atlas Electroolts Ontario
Internattortat Sales: Empire Ezporters. Inc
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DESIGN BECKMAN DISPLAYS IN.
DESIGN PROBLEMS OUT.

Screened Image Displays are available now as custom designs or as
standard products. Either way, it's the best, most flexible concept in display
history for communicating your message in asingle-package information display that's both reliable and cost-effective! How do we know? Our customers
have told us so, repeatedly, about the literally hundreds of custom designs
we've produced during the past three years. May we build one for you?

Beckman Displays.
The Visible Edge.
66
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This 7-segment numeric Screened Image Display
is designed for use in applications requiring display
of four digits ( or, end-stackable multiples of four)
at viewing distances up to 100 feet. The SP-431 can
be used in either the Pulsed DC or multiplexed
mode. Readability is assured by the 2.0-inch digit
height and by 180 footlamberts of neon- orange
brightness. Further application of the SP-431 is
enhanced by a plus and minus symbol in the most
significant digit; and, a colon between the second
and third digits.

The SP- 491 is a standard Screened Image
Display that is ideally suited for point- of- sale
equipment, instrumentation and electronic games.
Readability is assured at distances up to 50 feet by
the 0.7-inch height of the six digits and 210 footlamberts of brightness. The SP-491 is a 7- segment
display that is designed for multiplexed operation.
It offers a wide, 130° angle of visibility; and, has
a decimal point and comma in five digit positions.
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Here's a vivid demonstration of the suitability of the Screened Image
Technology for producing large fields of versatile, 14-segment characters. The
SP-452 provides 16 characters, each with its own decimal point and comma.
The half-inch size is ideal for point-of-sale equipment and in other applications where large field, alphanumeric capability is needed. The 14-segment,
format makes possible adisplay set of the ten numerals and the alphabet plus
special symbols — providing a character set that can be as versatile as you
want to make it.

Screened Image Displays.
The Medium That FitsYour Message.
For complete details and technical literature about Screened Image Displays, off- the-shelf standards or custom designs,
write: Beckman Information Displays Operations, P.O. Box 3579, Scottsdale, AZ. 85257. Or, call ( 602) 947-8371.

BECKMAN'
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Vector-scan Ebeam
aims for wafers
as well as masks
Electron-beam machine
intended for production line
achieves higher throughput
with vector scanning
Launching itself into the market for
electron- beam lithography systems
with a bang, Philips Gloeilampenfabrieken is beginning manufacture of
systems that are much faster than
most of those offered for sale by
others. The Dutch- based firm's vector-scanning EBPG-3 can both make
masks and generate patterns directly
on the wafer.
Philips appears to be somewhat
ahead of its rivals in getting to
market a vector-scanning system
intended for writing patterns on
chips. Most other production- line
systems available for purchase are
raster-scanning units, such as the
new Toshiba EBM-105 [
Electronics,
Aug. 17, p. 70].
There are at least two other
vector-scanning machines on the
market. Japan's Jeol Ltd. is offering
its JBX-6A, successor to an earlier,
slower unit. The Tokyo company
says it can expose wafers directly,
but probably will be used primarily
for mask making. The UK-based
firm, Cambridge Scientific Instruments Ltd., offers its EBMF-2,
which it says is suited for development work.
Two prototypes are now going
through their test paces at the Philips Research Laboratories in the
Fast

scanning.

lithography

unit

Philips electron-beam

UK, where the design was conceived.
The first commercial version is being
readied for use on the production
line at Valvo, the componentsmaking Philips subsidiary in Hamburg, West Germany.
Performance. Under typical conditions, the EBPG-3 can produce
lines with a minimum width of 0.4
micrometer with an accuracy determined by the alignment error
between successive exposures, which
is typically within ± 2 µm. Under

ideal laboratory conditions, the machine is capable of writing lines
down to 0.1 gm, says Ronald A.
Beelard, lithographic project leader
in the Eindhoven, Netherlands,
Science and Industry division, which
is manufacturing the machine.
The Philips machine can operate
as much as three times faster than
rasterscanning systems. The system
throughput is 20 minutes for a 3inchdiameter wafer with 2-µm lines
in amediumcomplexity pattern and
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uses vector scanning for

higher throughput on production lines.
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with 30% of the area exposed to the
beam. With 0.8-µm lines, the time is
about 65 min.
Such a speed is a bit faster than
the JBX-6A, but slower than that of
Ism Corp.'s vector-scanning EL- 1
[Electronics, Nov. 10, 1977, p. 96],
which, however, is not for sale.
Coming soon from Electron Beam
Microfabrication Corp., San Diego,
Calif., is avector-scanning unit with
athroughput that will at least equal
that of the EBPG-3.
Why vector? It is the choice of the
vector- scanning method over the
more common raster-scanning that
boosts throughput. The beam scans
only those areas requiring pattern
exposure (see diagram), whereas the
raster-scanning machines must scan

the whole mask or wafer with the
beam being switched on and off
according to the desired pattern.
However, the vector technique needs
more elaborate control and deflection electronics to steer the beam.
Another major advantage of vector-scanning machines is easy correction for proximity effects of electron scattering.
The system can accommodate wafers or masks up to 6by 6in. with a
maximum patterned area of 5 by 5
in., or 127 by 127 millimeters. That
capacity is more than enough for the
semiconductor industry's current requirements, points out Gary A. M.
Janssen, marketing manager for
lithography equipment. The price for
the EBPG-3 is nearly $ 2million. D

Europe

Electronic mail service is poised
for takeoff, consultants' study predicts

replace the electronic typewriter in
offices: a secretary might type the
letter and send it from her desk.
The Bundespost is looking for
draft Teletex standards from the
international telecommunications
consultative body, CCITT, by 1980,
but it might go ahead with the
service even though the lack of an
international agreement could cut
off a major share of business. Still,
the new service could open up
markets for the makers of semiconductor, bubble and floppy-disk memories. Equipment companies like Ism
and Siemens are readying machines
for intracompany use that will send
both text and graphics.
The study points out there is
considerable work going on with
facsimile systems. Mackintosh says
Europe has 25,000 fax systems,
compared with 150,000 in the U. S.,
most of them Group 1 analog
systems that transmit one page of
2,000 characters in 6minutes.
However, interest is rising in
Group 2 analog systems, which
transmit apage in 3minutes. Moreover, the cctrr has developed astandard for Group 2that presages easy
international message exchange.
The West German telephone network will begin Group 2 fax transmission next year. Other postal and
telephone authorities are planning

with word-processing capabilities,
European electronic mail service,
now a drop in the mail bag, will and it can communicate with the
250,000 European Telexes in place.
boom in the 1980s, say two British
Compared to facsimile systems or
consulting firms. About 50% of the
mail may well be delivered by EMS video delivery systems, Telefex has
higher speed and lower transmission
within adecade, they predict.
costs, and it may be able to combine
The postal services' study from
characters and graphics. It could
Mackintosh Consultants Ltd., Luton, Beds., and Communications
Studies and Planning Ltd., London,
estimates that the 1987 installed
Will European post offices go electronic?
base of EMS terminals could hit $4
The course of electronic mail service in Europe will be greatly influenced by
billion, compared with $ 5 billion in
the role of the postal-telephone administrations, says the consultants' study.
North America then. A key factor
While it could mean increased telephone business, it probably would cause
will be sharply decreased equipment
considerable job loss on the post-office side— and the postal unions are
costs, says Mackintosh, while postal
strong. Moreover, the government agencies are wary about committing
service costs rise.
themselves to untried electronic systems with unclear cost trends.
Cheaper. In fact, the consultants'
However, the study notes that there is a high concentration of mail: in
break-even analyses suggest that by
France and the UK, for example, some 30% of the mail flows between just
5,000 businesses and government units. Should these users shift to EMS, the
1982 a good bit of Europe's correimpact on the postal authorities would be dramatic.
spondence could be mailed electroniThus the post offices have two choices, the consultants say: they must
cally more cheaply than by standard
develop their own EMS, or else they must streamline carrier service.
delivery systems. Major new market
With the first option, what the study envisions for various European
segments will unfold for electronics
countries is athree-stage development through the 1980s. The first, involving
equipment makers, they say.
about 6% of total mail flow, would be terminal-to-terminal communications
The consultants believe it is still
between business and government organizations. Next the governments
unclear what types of electronic
would offer post-office—based EMS transmission with carrier delivery, adding
delivery systems will prevail, but in
another 19% of total mail flow. Finally, adding public input terminals with
the long run they are giving the edge
delivery to individual receive-only facilities or by carrier would insure that half
of the total mail flow would go by EMS.
to Teletex, a new German development. It is ahigh-speed digital Telex
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similar systems, including France.
Moreover, planning is already
under way in Europe for Group 3
digital fax systems (a page in a
minute). Service could begin by
1982, if ccrrr standardization goes
smoothly. U. S. Group 3 equipment
is already on the market.
Video impact. A key question
beyond the 10-year period covered
by the study is the impact of video
systems, such as Viewdata, which is
undergoing market trials. The British Post Office plans to extend Viewdata so that it will serve as a
message service as well as for information retrieval and will also connect to Telex machines or line printers. Moreover, the Dutch and West
German post offices have bought
Viewdata know-how; France is
working on arival system.
The immediate EMS market — the
mail that flows between a relative
handful of business and government
units— will also open up new possibilities for equipment makers. For
example, the value of the installed
base of EMS terminals in the UK is
expected to reach $200 million by
1982 and $ 800 million by 1987.
However, Mackintosh says that
for any market to develop, there
must be terminal compatibility. Two
solutions are possible, the firm says:
conversion at the terminal, the
private branch exchange, or in the
phone network is one; or standards
such as those under development for
TeletexTelex compatibility.
D

Japan

Structure reconciles
power parameters
Many switching applications require
both a high collector- to- emitter
breakdown voltage and a high gainbandwidth product, a combination
that often defeats bipolar power
transistors. But these conflicting
requirements are reconciled in anew
structure devised by solid-state designers at Mitsubishi Electric Corp.
They have grafted a field-effecttransistor gate structure onto the
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Together. A FET gate and a bipolar base
give a power transistor that combines high
breakdown

voltage and gain- bandwidth

product. The emitter-to-collector voltage at
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second breakdown increases substantially.

base of astandard bipolar transistor.
The gate extends into the collector
region and pinches off at a lower
voltage than that at which the base
punches through. Thus most of the
supply voltage appears as a drop
across the depletion region rather
than extending into the base.
Applications. The new structure
will be especially useful in switching
regulators and class D amplifiers
where high voltage ratings and good
pulse response are needed, says
Yoshinori Yukimoto, development
group leader at the company's semiconductor laboratory in Itami. Mitsubishi hopes to have a commercial
device available in six months or so
and says it has even better- performing devices in development.
To form the gate of the device
shown in the figure, two p+ diffused
regions extend about 4 micrometers
into the collector, with a center-tocenter spacing of about 10 inn. In
addition to preventing punchthrough of the base, the extra diffusion reduces extrinsic base resistance
and so improves the high- frequency
and switching performance of the
transistor.
The new transistor has a higher
breakdown voltage than the conventional transistor when both have the
same base width: for example, 200
volts versus 20 ywith abase width of

0.2 gm. Conversely, for the same
breakdown voltage, the base width is
thinner: 1eim vs 10 1£111 for a 500-v
breakdown voltage.
The new structure increases the
gain- bandwidth product to four
times that of the conventional transistor: to 80 megahertz for the same
500-v breakdown voltage. The thinner base and the carrier lifetime
control in the base decrease storage
time from 2.6 to 0.24 microsecond.
Fall time decreases from 0.34 to 0.07
microsecond because of the high
gain-bandwidth product; similarly
rise time drops. Also, de current gain
increases because a larger percentage of electrons injected from the
emitter is transported across the
thinner base region.
Lifetime control. The de current
gain is only slightly larger for the
new transistor: 36 vs 30. But this is
because the control of carrier lifetime was used to obtain maximum
reduction in base-charge storage,
says Yukimoto. Without such control, the gain for the new device is
about 100. The transistors under
development are for switching circuits, but devices without the controlling process will be developed for
linear circuits.
Another feature of the new transistor is the increased emitter- tocollector voltage at second break-
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Many
PDP-11 users
prefer our I/O
single board
systems.

Still others
choose our
front end system.
Here are two economical approaches to PDP-11
data acquisition systems.
If you prefer I/O single board systems that plug
directly into the computer mainframe, our cards
have the best specs around. High-speed 12 bit A/D
converters include configurations with up to 64 channels of MUX, high-speed S&H, 35 or 100 KHz throughput rate. The 12 bit D/A systems have settling time
of 5microseconds, and capability for remote sensing.
All at the lowest prices available.
But maybe you would prefer our incredibly
versatile System 1000. This remarkable front end
system communicates in high speed parallel fashion
directly to the UNIBUS and can provide up to 700
high level analog input channels or 128 analog low
level input channels, or 700 digital I/O functions. For
even greater capacity, abus repeater card allows
Electronics/November 9, 1978

additicnal 1000 Systems to accommodate as many
of the individual I/O modules as desired.
So if you want PDP-11 compatible analog or
digital I/O modules or acomplete data acquisition
system, come to ADAC— where you get the widest
choice anywhere.
Sales offices throughout the world.
GSA Contract Group 66
15 Cummings Park
Woburn, MA 01801
(617) 935-6668
Telex 949 329

corporation
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down when an inductive load is
turned off (see graph). With an onstate collector current of about 2.4
amperes, the new transistor with a
1-gm- wide base and a conventional
10-gm transistor would be destroyed
at slightly over 550 y, whereas a
1-i.tm-wide transistor would be destroyed at about 450 Y.
The Mitsubishi device has the
same low input and high output
impedance as a standard bipolar
transistor. One of its attractions will
be that acircuit engineer can use it
in the same manner as a bipolar
device with the same voltage rating
and gain-bandwidth product.

Great Britain

Software house seeks
Viewdata expansion
Small-business systems and domestic
microcomputers are the targets of
programs in a variant on the Cobol
computer business language devised
by the British software company,
CAP- Microsoft Ltd. However, the
firm seeks a novel delivery system:
Viewdata, the British Post Office's
computerized information service,
going on line in 1979.
What CAP- Microsoft has in mind
is much easier use of Viewdata's
encyclopedic volume of data, plus
the addition of several businessoriented data- retrieval and dataprocessing programs to the BPO's
computer store. However, the post
office has not yet endorsed the
concept, although the firm says it is
showing interest.
The London member of the CAPCPP group of companies has devised
Viewdata Terminal Programming,
an extension of its Microcobol [
Electronics, May 25, p. 33]. This highlevel programming language was
designed for microprocessor- based
systems having limited memory and
processing power.
Thus, VTP programs distributed
via Viewdata's telephone links can
run on any microprocessor- based
terminal— with the aid of a resident
interpreter program. The terminals
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could be Viewdata-equipped television sets with abuilt-in microprocessor or business minicomputer systems to which afull Viewdata interface is attached.
The company has demonstrated
the feasibility of its concept using a
Zilog Z80- based terminal tied to a
conventional Viewdata TV receiver.
One byte of program replaces two
hexadecimal characters of a standard Viewdata transmission. Error
checks are performed and programs
in intermediate code are loaded into
astore for subsequent processing by
the resident interpreter.
The concept is similar to that
devised by the rival Teletext information service for transmitting computer programs [
Electronics, Sept.
28, p. 74]. A universal programming
language such as Microcobol could
be used in both applications.
Easy access. With a properly
equipped Viewdata terminal and VTP
system, the user could much more
easily gain access to the data he
seeks. Present subscribers must work
through a tree-structure index or
else refer to adirectory and call up
the desired pages for viewing. However, CAP- Microsoft proposes to add
VTP retrieval programs to Viewdata.
"We have avery simple and useful

key- word program that pulls out all
the relevant pages," says project
manager Edward C. Sedman. "You
could call up British Rail timetables,
type in Birmingham and London,
and the computer program would
pick up all the relevant pages."
Own data bases. Businesses also
could establish their own protected
data bases within the BP0 data bank.
Both the firm's central operations
and its offices around the country
could feed information into the
protected base. Moreover, processing
programs could be distributed to the
branches and could be updated or
changed at will.
Sedman says his company is
collaborating with the Hirst Research Laboratories of the General
Electric Co. Ltd., where an integrated terminal for business applications is under development [
Electronics, Sept. 14, p. 63].
Further down the line, he says, a
major software industry will open up
to serve a new generation of microprocessor-based small-office computer systems. The vendors will use
Viewdata because it provides lowcost program distribution and permits easy program updating. They
will use VIL because it permits semiskilled operators to use the system.D

Information please. For Britain's fully interactive Viewdata information service, a software
house is proposing modifications that could increase its versatility and ease of use.

Electronics/November 9, 1978

Which CRT family
now includes asimple,
character-mode terminal with
bright, high-resolution display, two full
pages of continuously scrolling memory,
familiar typewriter-like keyboard with
embedded numeric keypad, comprehensive
character and line editing, eight
preprogrammed function keys,
self-test and optional built-in
120 cps hard copy?

Circle 73 on reader service card

HP introduc
We took along, hard look at how you use asimple
CRT terminal. We applied 10 years of experience producing
sophisticated, high-performance computer products, so the
newest member of HP's terminal family is engineered from
just one point of view: yours.
If you used aCRT all day, you'd demand the brightest,
sharpest display made. So we didn't take any shortcuts on the
2621's display. It's the same display with enhanced 9X15
character cell you see on every HP CRT terminal, even our
top-of-the-line models.
Interactive sessions go faster if you can look back at
what you've already done. So we designed two full pages (48
80-character lines) of continuously scrolling memory into
the 2621.
Recognize the 2621's keyboard? It's alot like the familiar typewriter almost everyone's used to. Which makes the
2621 easier to learn, faster to use. And to accelerate keying in
numbers, we put the numeric keypad right in the middle of
the keyboard.
Then we increased the capability of the 2621's simple
keyboard with eight special keys. In regular use, they control
the cursor, rolling and scrolling. But they're also labelled on the
screen with preprogrammed functions which, with atouch of
the shift key, control self-testing, terminal configuration, display functions and editing.
Editing? On a simple CRT? Sure, because editing
gets more work done faster. The 2621's comprehensive editing
includes character and line insert and delete, clear line and
clear display. What's more, the 2621 keeps your input separate
from your CPU's so you can edit data before sending it to your
CPU. And all without rewriting aline of your system's software.
And the 2621 is Bell 103A compatible and communicates with your CPU at 110 to 9600 baud through an RS232C
interface. Which makes interfacing asnap.
That's the 2621A.
But we've gone astep further. How many times have
you wanted just to hit akey and get hard copy of your CRT
display without making abig project out of it? Now you can
with the 2621P Its built-in 120 cps thermal printer zips out a
El I'd like to know more about HP's new 2621A and 2621P with
built-in hard copy.
El I'd like to see HP'S new 2621A and 2621P with built-in
hard copy.
0 I'd like to know more about HP'S complete family of terminals.
Name

page of hard copy in seconds. With asingle keystroke.
And here's more good news: the 2621A costs only
$1450; the 2621P with built-in hard copy costs only $2550.
Surprised by all these features in asimple, inexpensive, character-mode CRT? We don't think simple has to mean
unsophisticated. To prove it, we're turning HP'S advanced
technology and 40 years of manufacturing experience into
products you need.
Like the 2621: the simple CRT you'd expect from
Hewlett-Packard.

Try this on your favorite CRT: With the 2621E you just hit
akey and walk away in seconds with hard copy of your CRT
display. The built-in thermal printer prints upper and lower case
at up to 120 cps.
The 2621's bright, high-resolution CRT displays the full
128-character ASCII character set, including upper and lower
case, control codes, and character-by-character underline, in 24
80-character lines.
Eight screen-labeled preprogrammed function keys magnify the power of the 2621's keyboard. Preprogrammed functions include editing, terminal configuration, printer control
and self-test.
To make numeric data entry faster and easier, we put
the 2621's numeric keypad right in the middle of the keyboard,
instead of at one side.
The 2621's familiar 68-key keyboard is almost as easy to
use as atypewriter.

HEWLETT ilk PACKARD

Title
Company
Address
Phone
Mail to Hewlett-Packard, Attn: Ed Hayes,
Marketing Manager, Data Terminals Division, Dept. 639,
19400 Homestead Road, Cupertino CA 95014.

US. List Price
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COMPLETE TEMPERATURE
OUR NEW TWOIERMINAL
'EWER/Ma
TRANSDUCER BEATS
EVERYTHING ELSE IN THE
-55C TO +150C RANGE.
Our new AD590 IC Temperature Transducer is
complete anc self-contained. It offers you
unparalleled absolute accuracy over a — 55°C
to + 150°C sensing range. It's only $1.95/100E
in the TO- 52 can. Where size is amajor factor,
aminiature ceramic flat pack is available at
$3.50 /100s.
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The AD590 is the first two- terminal integrated circuit temperature sensor that's lase
trimmed at wafer level to produce an output of 298.2 t
uA at 298.2°K ( 25°C) and you get
1µA/°K up and down the entire range.
Nothing could be simpler. Or cost less when
you're all done.

20 7:

▪ •»••••
••

60
wow—
is&

10

10

« NM

•1.1.

40

30

Min

30

«WI

••••
41••••
••

50
70

SENSING TWO BUCKS.
FORGET LINEARIZATION
AND SUPPORT CIRCUITRY
THE AD590
IS ALLYOU NEED.

Exclusive laser trimming and 100% final
testing guarantee complete intercnangeability without the need for circuit recalibration.
In remote applications, the AD590's current
output makes multiplexing easy.

AT THIS PRICE,
IT'S IN ACLASS 13Y ITSELF.
Thermistors, thermocouples or expensive
RTD's just can't compete with the AD590.
Price alone is the biggest factor, only $1.95
in 100s for the TO- 52 can, $3.50 in 100s for
the miniature ceramic flat pack. But when
you consider the things you get like absolute
accuracy, ± 0.5°C maximum non-linearity,
easy interchangeability, versatility, and the
fact that those costly " extras" are not
needed, there's no comparison. The AD590
is in aclass by itself. For specs and information, call Doug Grant at (617) 935-5565
Analog Devices, Inc., PO. Box 280, Norwood,
MA 02062.

The hot news is that you can forget linearization, trimming and amplification circuitry.
You know the " extras" that always end up
adding $7or $8to the cost of implementation with other devices. Costly transmitters,
filters, lead wire compensation and support
circuitry are all unnecessary.

ANALOG
DEVICES

WAY OUT IN FRONT
l

•:ialog Device) irc , Box 280, Norwood. MA e)2062; East Coast. (517) 329-4700. Midwest ( 312)894-3300. West Coast ( 213) 595-1783; Texas. (214)231-5094, Belgium:
1....V 48C1; Denmark:
..D2'"384580C; Engfand 111410 46 6, France 686-7760, Germany 0895303 19. Japan. 0326 3t. 8.! 6, Netherlands 076 ,379 251. Switzerland. 022/319704; and represerCAtivesanaLnd the wcrld
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The longest in our
long line of laser firsts...

Bell Laboratories
Murray Hill, New Jersey 07974

Bell Labs scientists Roger Stolen and Chinlon Lin work
with afiber Raman laser, one of anew class of light sources
that use optical fibers— up to a kilometer long— to produce
tunable laser light. At left, the laser's output— which contains
multiple Raman-shifted wavelengths— is taken off a beam
splitter and dispersed by an external grating to show the broad
range cf wavelengths that can be tuned.
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Bell Labs has developed some of
Looking back
the world's most transparent glass
These long lasers come from
fibers to carry light for communialong line of Bell Labs firsts:
cations. We've also devised away to
1957: The basic principles of the laser,
make these highly transparent glass
conceived by Charles Townes, aBell
fibers generate light. In fact, they are
Labs consultant, and Bell Labs
the basis for anew class of tunable
light sources called fiber Raman lasers. scientist Arthur Schawlow. ( They
later received the basic laser patent. )
They're among the latest, and by far
the longest, of many lasers invented at
1960: A laser capable of emitting a
Bell Labs, beginning in 1957 with the
continuous beam of coherent light—
conception of the laser itself.
using helium-neon gas; followed in
Since the new fiber lasers work
1962 by the basic visible light heliumbest at wavelengths at which they are
neon laser. ( More than 200,000 such
most transparent, we can make them
lasers are now in use worldwide.)
very long. The longest active lasing
Also, aproposal for asemiconductor
laser involving injection across ap-n
medium ever built, in fact, was afiber
junction to generate coherent light
Raman laser over akilometer in
emitted parallel to the junction.
length. Studying the ways light and
glass interact over such distances is
1961: The continuous wave
part of our research in lightwave
solid-state laser ( neodymium-doped
communications.
calcium tungstate ).
In these new light sources, aglass
1964: The carbon dioxide laser
fiber with high transparency and an
(highest continuous wave power
extremely thin light-guiding region, or
output system known to date) ; the
core, is excited by apump laser. The
neodymium-doped yttrium aluminum
pump light, interacting with the glass,
garnet laser; the continuously
amplifies light at different wavelengths
operating argon ion laser; the tunable
through aphenomenon known as
optical parametric oscillator; and the
stimulated Raman scattering. This
synchronous mode-locking technique,
light is fed back into the fiber by a
abasic means for generating short and
reflecting mirror. If gain exceeds loss,
ultrashort pulses.
the repetitively amplified light builds
up and " lasing" occurs.
1967: The continuous wave heliumcadmium laser ( utilizing the Penning
Fiber Raman lasers have
ionization effect for high efficiency) ;
conversion efficiencies of about 50%,
operate in pulsed and continuous wave such lasers are now used in high-speed
graphics, biological and medical
modes, and are easily tunable over a
applications.
broad wavelength range in the visible
and near infrared regions of the
spectrum.
We've used these lasers to measure
the properties of fibers and devices for
optical communications; and studies
of the lasers themselves have revealed
awealth of information on frequency
conversion, optical gain, and other
phenomena. Such knowledge could
lead to anew class of optoelectronic
devices made from fibers, and better
fibers for communications.

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

Looking ahead

Today, besides our work with
tunable fiber Raman lasers, we're
using other lasers to unlock new
regions of the spectrum in the near
infrared ( including tunable light
sources for communications), the
infrared, and the ultraviolet.
We're also looking to extend the
tuning range of the free electron laser
into the far infrared region—where no
convenient sources of tunable
radiation exist.
We're working on integrated
optics—combinations of lightwave
functions on asingle chip.
Lasers are helping us understand
ultrafast chemical and biological
phenomena, such as the initial events
in the process of human vision. By
shedding new light on chemical
reactions, atmospheric impurities, and
microscopic defects in solids, lasers
are helping us explore materials and
processes useful for tomorrow's
communications.
Also under investigation is the
use of intense laser irradiation in the
fabrication of semiconductor devices.
The laser light can be used to heat
1969: The magnetically tunable spinflip Raman infrared laser, used in high- selective areas of the semiconductor
and anneal out defects or produce
resolution spectroscopy, and in
epitaxial crystalline growth. Laser
pollution detection in both the
annealing coupled with ion
atmosphere and the stratosphere.
implantation may provide aunique
1970: Semiconductor heterostructure
tool for semiconductor processing.
lasers capable of continuous operation
We've played an important part in
at room temperature.
the discovery and development of the
laser—an invention making dramatic
1971: The distributed feedback
improvements in the way our nation
laser, amirror-free laser structure
lives, works and communicates.
compatible with integrated optics.

Bell Laboratories
From Science : Service

Electronics/November 9, 1978

79

o

Close encounters
fthe best kind *

With Spectrol Special Pots!
Anyone who has had first-hand experience with
Spectrol special potentiometers knows that he has encountered
a component of the best kind. Best in design, construction, and performance.
That's why a jet engine manufacturer asked Spectrol to design and build the
industry's first 1000° pot. That's why a Spectrol pot helped our Astronauts control their
Moon Rover. That's why a Spectrol special was there when Viking explored Mars.
Whether you're building a luxury car or weighing a truck on earth, measuring the
wind on the sea, or shooting for the moon- bring your special pot problems to
Spectrol. We'll design, build and package a special to meet your toughest
applications. At Spectrol, our special capability is- in factspecial! Send for our " Special Designs" brochure.

SPECTROL ELECTRONICS GROUP
UNITED STATES

Spectrol Electronics Corporation

UNITED KINGDOM
ITALY
GERMANY

P a Box 1220, City of Industry, Calif. 91745, U.S.A. • ( 213) 964-6565 • TWX (910) 584-1314

Spectrol Reliance Ltd.

SP Elettronica SpA

Spectrol Electronics GmbH
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Drakes Way, Swindon, Wiltshire, England • Swindon 21351 • TELEX: 44692

Via Carlo Piscane 7, 20016 Pero ( Milan) Italy • 35 30 241 • TELEX: 36091
Oberauerstrasse 15.

8000

Munich 70 West Germany • (089) 7145096 • TELEX:
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Probing the news
Analysts of technology and business developments

New IBM architecture bows
System/38, succeeding System/3, has two types of microcode
and adata- base management of 280 trillion bytes
by Anthony Durniak, Computers Editor

International Business Machines
Corp. has moved to adramatic new
architecture and operating system—
its first in almost 10 years— with the
introduction late last month of the
System/38 small-business line.
Moreover, its introduction serves
notice that IBM'S General Systems
divison, which will make and market
the new series, will not be outdone
by its big mainframe marketing
brother, the Data Processing division, which raised eyebrows earlier
in October with the distributedprocessing abilities of its new 8100
[Electronics, Oct. 26, p. 88].
Although the new architecture is
shrouded in the corporate wrap of
mystery, evidence of its existence is
found in the 38's two types of microcode, both stored in random-access
memories, and asophisticated database management scheme estimated

to control some 280 trillion bytes of new system astrong contender in the
increasingly competitive businesslogical address space.
computer market, especially against
At its heart is a new programmachines from such companies as
mable transistor-transistor- logic arDigital Equipment Corp., Hewlettray (see " IBM marches farther into
Packard Co., and Prime Computer
Lst"). The use of the 65,536-bit
Co.
memories introduced with the 8100
Although William Becklean, the
last month [
Electronics, Oct. 12,
IBM watcher at brokerage house
p. 33] and a new 36,768-bit RAM
Bache Halsey Stuart Shields Inc. in
bring the price of its memory to new
lows (see p. 39). With the power of a Boston, says that the new machine is
"underwhelming" when compared
small mainframe computer, the Syson a price basis, he admits it offers
tem/38 also serves to increase the
striking new functions. "IBM has
overlap between the two IBM dividecided to use technology to get an
sions.
easier-to-use computer. As such, the
Blueblood. As expected, the System/38 is taking over for the nearly System/38 is not particularly ag10-year-old System/3 — with more gressive in the traditional priceperformance comparison, But its key
than 40,000 installed, one of the
features are buried in its increased
most successful and widely used
operational functionality."
computers in the industry's history.
According to Donald H. Brown,
Such healthy family bloodlines, inresearch vice president at another
dustry observers say, will make the

IBM marches farther into LSI
IBM Corp. is plunging deeper into the realm of large-scale integration with
the introduction of the programmable transistor-transistor-logic array ( right)
used in the new System/38. Switching speed of these chips is between 3
and 5 nanoseconds, says Iry Abzug, manager of logic product programs at
the Data Systems division in East Fishkill, N. Y. Measuring 179 mils on aside,
the chip contains more than 7,000 transistors, diodes, and resistors arranged
into 704 Schottky TTL circuits, Abzug says. An advantage of the technique is
its open part number set, he adds. The 704 logic cells can be linked in an
almost infinite variety of ways.
IBM achieves 134 pinouts using its flip-chip packaging technique. This
method allows connections to be made to the middle of achip with asolder
dot that is reflowed after the chip is flipped over into its package.The chip is
packaged on aceramic carrier with 116 pins. It uses — 1.5- and — 4.25-volt
power supplies and dissipates 1watt.
To design the interconnections between the 704 logic cells, IBM has
developed a computer-controlled electron- beam pattern generator that
writes directly onto the chip the pattern for the last two layers of metal and
their interconnections. Then, when the design is finally set, the same computer data is used to produce aconventional optical mask for mass production
of the chips.
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broker, Dean Witter Reynolds Inc.,
New York, this approach is what
makes the System/38 " the second
major machine to define acomputer
architecture and functionality for
the 1980s. It and the DEC VAX
11/780 [
Electronics, Nov. 10, 1977,
p. 36] are the first machines to capitalize on recent components advances and make major new definitions."
The feature that provides most of
the increased functionality in the
System/38 is the single- level memory management scheme. According
to an Ism spokesman, the machine
has avirtual address 6bytes long. At
8 bits per byte, that equals a 48- bit
address— or enough for 280 trillion
bytes of virtual storage.
The company says that with the
single-level memory, data is referenced by symbolic names, freeing
the user from worrying about
addresses, transient areas, program
overlays, partitions, volume labels,
or other storage- management considerations. Main and disk storage
are managed by the System/38 to
appear as a single virtually addressed storage space.
Separation. Under the same unbundled software policy as the 8100,
the new operating systems and software needed to manage the singlelevel memory are separately priced.
The Control Program Facility operating system has a license fee of
$400 a month, while the RPG III
programming language, the only one
supported on the System/38, has a
fee of $60 a month. The data base
utility fee is $ 30 amonth.
For users wishing to move programs and data files from their
System/3s to System/38s, aconversion and recompilation is necessary;
aconversion utility program to assist
in the job is available for aone-time
charge of $ 1,300. A spokesman says
once the data is converted, tape,
cards, or diskettes can be used to
transfer it to the System/38.
Although IBM will not discuss the
bus size, or structure, of the
System/38 or the size of its 16
general-purpose registers, more evidence of the machine's new architecture is seen in its extensive use of
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Means business. IBM's new System/38 gives small users some functions found in big
systems such as data base, virtual storage and computer-aided programming

microcode. One type, called horizontal, is stored exclusively in control
store, while vertical microcode resides in the single- level memory
system. The firm will not specify
what the two kinds do, but aspokesman says many of the traditional
operating system functions are in
microcode on the System/38.
The System/38 central processing
unit is available in two models. The
model 3can have 512 kilobytes to 1
megabyte of main memory with a
cycle time of 1,100 nanoseconds
using the new 64-K RAM; the model 5
can have from 0.5 to 1.5 megabytes
of main memory but uses anew 32-K
RAM for a memory cycle time of
600 ns. The model 3 uses lbm's new
18-K RAM for its 4,000 32- bit words
of microinstruction control store
with acycle time of 400 ns, whereas
the faster model 5 uses a 1,096-bit
RAM for its 8,000 words of control
store with acycle time of 200 ns.
Prices for the basic model 3 CPU
range from $ 70,210 to $ 88,780;
price tags on the larger model 5go
from $99,645 to $ 136,215. In comparison, DEC's VAX systems go from
$130,000 to $ 185,000 and HP'S 3000

Series III systems range from
$115,000 to $ 250,000.
A small model 3configuration of
the System/38 with 512 kilobytes of
memory, one 64.5- megabyte disk
drive, a printer, and two cathoderay-tube terminals can be purchased
for $ 115,345 or leased on a threeyear contract for $ 3.444 amonth.
At the other extreme, a model 5
with the full complement of 1.5
megabytes of memory and 387.1
megabytes of disk storage, two printers, four tape drives, 32 locally
attached CRT terminals, 8 workstation printers, and 60 remote CRT
terminals is priced at $ 760,995, or
$20,960 on lease.
The price of memory increments is
surprisingly aggressive: $ 20.000 a
megabyte on the model 3 and
$28,000 on the faster model 5.
mm's Data Processing division prices
the same 64-K RAM in its 8100 at
$18,000 a megabyte, yet charges
$110,000 a megabyte for its System/370 mainframe computer addon memory. Hewlett-Packard, with
one of the lowest memory prices in
the minicomputer industry, charges
$32,000 amegabyte.
EJ

Electronics/November 9, 1978

Custom LSI

Ten Facts That Can Improve Your Product
and SaveYou Money at the Same Time.
If you think you're saving money by putting
standard ICs into your products, maybe
you don't know the facts about custom LSI.

7

1

Custom LSI Can Move You Ahead Of
Competition. Although volume buys
of stock ICs may save money, you get
little benefit on total system costs. That's
because the major cost of any system is for
assembly and related hardware. Since
semiconductor component cost in many
systems is only 20 percent of the total, you
may not be saving money at all.

Micro Power's Custom Has Become The Standard. It took the people at Micro Power to develop the
1- volt CMOS process, now an industry
standard for watch circuits. We also invented HD/CMOS, our own high-density
process with multi-layer interconnects and
silicon nitride passivation. These proved
that high production yields and tightlypacked logic can go hand- in- hand.

2

8

"Standard Components" Means
Just That— Standard. If you can
buy it for your application, so can
the competition. Designs using standard
ICs can be copied and pirated. Often overnight. Not so with custom LSI. Designed
for your system application, custom LSI
can give you ajump over the competition.
And not just days either. Custom can propel you years ahead.

We Pioneered Micro- Bipolar LSI
And On- Circuit Thin- Films. Our
special product development gave
birth to Micro- Bipolar LSI, a process with
excellent amplifier characteristics and low
power requirements. And our intensive
work in thin-films has led to high- resolution
thin-film resistors deposited directly on an
LSI chip. Our thin-films let you " integrate"
mega-ohm resistors in a space usually required by kilo-ohm values.

3

You Pay Only For What You Need.
Nothing more. There's no waste
built into a custom circuit. You get
what you need. Not what astandard IC dictates you use.

9

Over 300 Custom Circuits At Work.
Since 1971, we've helped develop
more than 300 custom LSI devices
for many fields—including instrumentation, communications, timekeeping, security systems and medical electronics. Our
technical expertise and analytical business
skills have helped to improve our customers' products and save money at the same
time. We'd like to do the same for you.

4

Custom LSI Means Improved Reliability. By cutting the number of
packages and interconnects, a custom LSI system increases reliability. Moreover, lower power requirements translate
to reduced power supply costs.

5
6

Custom LSI Means Smaller Physical Size. This can mean greater savings in other materials that go into
your product. For example, you get a
smaller PC board count— plus portability.

S16.03

.5

Time To Get All The Facts. Our
knowledge of custom LSI can
help you. And that's a fact. Begin a dialogue about custom LSI in your
own terms by sending for our capabilities
brochure. Or better yet, call Custom LSI
marketing at (408) 247-5350.
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In Volume, Secondary Costs Are
Reduced. Custom photomasks and
tooling may be more expensive initially. But in volume, cost reduction in
component assembly and wiring usually
tilts the balance in favor of custom LSI on
the bottom line. And that's where it counts.
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We sell more than circuits. We sell solutions.

M MICRO
POWER
SYSTEMS
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3100 Alfred Street, Santa Clara, CA 95050, ( 408) 247-5350

Circle 83 on reader service card

5COMMON MEASUREMENT
PROBLEMS. SOLVED
IGROUND LOOPS.

Low level signal processing in
multi- channel data acquisition
systems, especially in remote
sensor applications such as
strain gages and thermocouples, is often complicated by
troublesome ground loop
currents and ground disturbances. Our Model 288/947
Synchronous Isolator, with its
fully floating two- wire input,
complete galvanic isolation
between inputs to output,
and low nonlinearity error
(0.05% max, Model 288K) is
the answer.

2HIGH COMMON
MODE VOLTAGES.

Accurate measurement of low
level signals riding on high
common mode voltages—
such as current shunt measurements in motor control
and series cell voltage monitoring in fuel cells— requires
high isolation CMV/CMR ratings. Our economy Models
284J and 286J both offer CMV
ratings to 2500VDC continuous operation and CMR ratings of 114dB min ffi' 60 Hz.

ELECTRICAL NOISE.
The harsh, noisy environments often found in industrial process control and
monitoring applications, can
create high RFVEMI components which will mask the lowlevel process signals. EMVRFI
interference from motors,
relays and power lines
requires the guarded input
stage and the high CMR performance of our isolators, of
Model 284J/286J.

TYPICAL
4TO 20 mA
CURRENT LOOP

DIGITAL
VOLTMETER
MULTIPOINT
RECORDER

SOD
SAMPUNG
RESISTOR

COMPUTER
DATA LOGGER
SPAN
RESISTOR

4. FAULT PROTECTION

Isolators protect monitoring
and control systems against
the detrimental effects of
both voltage surges caused by
inductive devices— relays,
solenoids, transformers— and
faults occurring in power
transmission lines. In petrochemical manufacturing, raw
aluminum processing plants
and industrial motor controller applications, Models
284J and 286J protect against
catastrophic surge damage
with 5kV pk pulse (10ms) CMV
ratings.

5. SAFETY

In biomedical and EKG patient
monitoring, and in critical
industrial interfacing, such as
nuclear power system monitoring, reliable, safe isolation is
essential. Our Model 284J
offers built-in defibrillator
protection (to 6.5kV pk pulse,
10ms), low leakage (2uA rms

max, (ë!: 60Hz 115 VAC), low
input noise (8uV pk-pk, .05 to
100 Hz), fault current of
10uA rms max— all at alow
cost ($41-100's).
The Isolation Amplifier is
your best protection from
high voltage surges, as well as
isolation from ground disturbances. Whether your application involves process control
instrumentation, data collection, patient and equipment
safety, high voltage equipment, or whatever.
Send for afree copy of
our new Isolation and Instrumentation Amplifier Designers' Guide. Write to Analog
Devices, Inc., P.O. Box 280,
Norwood, MA 02062.

ANALOG
DEVICES

WAYOUT IN FRONT

I

Analog Devices. Inc.. Box 280. Norwood, MA 02062; East Coast: (617) 329-4700; Midwest: ( 312)894-3300; West Coast:
(213)595-1783; Texas. (214 231-5094; Belgium: 031/37 4803, Denmark: (02) 845830; England: 01/94 10 46 6; France 686-7760;
Germany, 089/53 03 19. Japan 03/26 36 82 6, Netherlands. 076/879 251; Switzerland: 022/519704, and representatives
around the world.
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You and your career

Is the activities board falling short?
Many IEEE members want apush in bread-and-butter areas,
but USAB chairman Weinschel favors broad approach
by Gauri Bhatia, McGraw-Hill Publications Co.
One of the Institute of Electrical and
Electronics Engineers' longest lasting headaches— what matters should
concern its United States Activities
Board— shows little sign of abating.
Not only that, but to the familiar
debate over whether the board
should limit itself to professional
matters such as pensions, age discrimination, and wage busting, a
new accusation has been added this
year: that the board has become too
deeply involved in industry- rather
than engineer- oriented matters.
Not so, says USAB chairman Bruno
O. Weinschel. The president of
Weinschel Engineering Co. in Gai-

thersburg, Md., insists that the
board is working on both professional and technical problems and that
each deserves equal concern.
"We are in no way neglecting the
professional aspects of USAB," says
Weinschel. " Industry and employment go hand in hand. Of course, we
are concerned about economic benefits for our members, but we also
want to use the IEEE'S expertise to
improve the quality of the world."
Opposition from within. On the
other hand, Robert A. Rivers, leader
of the IEEE'S manpower task force,
maintains, "The USAB should be
working on what interests and benefits the members, not the employer,
or society as a whole, or the pure
advancement of technology. The
organization has become industryoriented this year. There are enough
others capable of addressing industry's interests. We should be serving
our members' needs."
Faith Lee, chairman of the IEEE'S
professional activities committee
chapter in Princeton, N. J., agrees.
"USAB doesn't understand the problems of the average engineer— the
poor slob who's raising three kids on
$18,000 and has no job security or
pension plan. These are the issues
that really matter."
Although there is some agreement
that bread-and-butter matters
should come first, which of them
should get priority is a point of
contention. Opinions vary with the
age, location, and experience of the
particular engineer.
Embattled. Bruno O. Weinschel, chairman
of the U. S. Activities Board, answers critics
by saying that the board can handle both
professional and industry problems.
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Older engineers suggest that the
board should be combatting age
bias, those in the Cape Canaveral
area worry about wage busting— the
practice of threatening EEs with
layoffs unless they take pay cuts
when a service contract must be
renewed— while engineer- owners
recommend stepped-up lobbying to
ease capital flow and taxes.
"I hear a lot of talk," shrugs
Weinschel. " But very few people
seem to realize the amount of slow,
plodding work one has to do to even
make a dent in these problems. A
bill has to go through Congress, the
Senate, the White House— all of
which takes acouple of years and a
lot of lobbying. And it's changed so
often along the way that it might not
even resemble the bill you wanted."
Who cares? Areas in which the
board has been trying to exercise
what muscle it has include wage
busting and lobbying for the Investment Incentive Act and the Limited
Employee Retirement Account Act.
As for the former bill, the effort
receives its share of disdain from
professionally oriented members.
"The bill is sure to benefit industry,"
says Robert Bruce, past chairman of
the professional activities committee
for Long Island, "and perhaps there
will be some fallout to indirectly
benefit the engineer."
Of greater interest to members is
the retirement bill, since it would
permit mobile professionals not
vested in employer- sponsored plans
to create independent retirement
accounts. The board has been pushing this bill for 21/2 years. Members'
response has been good, as it tends to
be on matters that directly affect
their well-being.
EJ
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Electronics abroad

Smiling Danes peer out of niches
Policy of cultivating worldwide markets that are too small
to attract the giants keeps electronics industries healthy
by Alfred Pedersen, McGraw-Hill World News, Copenhagen
There are very few melancholy
Danes in the electronics business
these days. In fact, as they take a
deep breath after their triennial
trade fair, Elektronik 78, held late
last month, Danish hardware makers
are exuding confidence. "Not since
1973 has optimism been so high
among electronics companies,"
maintains Frede Ask, top executive
officer of the Association of Elec-

tronics Manufacturers in Denmark.
The numbers coming out of the
government's statistical office justify
their confidence. The latest figures
for production of electronics equipment and components by the industries' 200-odd firms peg the output
for 1977 at some $ 800 million, with
nearly $600 million going to export
markets. Judging from their order
backlogs and their crystal balls, the

Close look. Andrus X-ray test equipment being used to check welds in steel construction for
adrilling platform in the North Sea. Set includes tube head, control unit, and cables.
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major manufacturers see total
growth of at least 10% in 1978. And
they are forecasting much the same
growth — albeit with some problems— for 1979.
Ask almost any Danish electronics
producer why business looks buoyant
and likely he will credit his "niche
policy." Because their home market
is so small, Danish electronics companies have traditionally tried to
develop products with a worldwide
market that is big enough to keep a
small company going but too small
to attract the giants and their crushing competition. By specializing in
one or two offbeat but high-technology products, asurprising number of
Danish companies have won dominant world positions.
Hospitals to hi-fi. Thus, Radiometer A/S is aworld leader in bloodgas testing equipment for hospitals,
Storno A/S is Europe's top exporter
of portable radiotelephone equipment, and Soren T. Lyngso A/S has a
major world share of maritime
engine controls. Brüel & Kjaer A/S is
probably the world's largest manufacturer of vibration- measuring instruments. Three Danish companies — Danavox A/S, Oticon A/S, and
Topholm Westermann A/S—add up
to an international force in hearing
aids. And Bang & Olufsen A/S, the
Danish leader in consumer electronics, has found its niche through styling and quality.
Working in the niches, of course,
means working worldwide: Danish
electronics producers export about
70% of their output, and they are
edging into second place— behind
machinery— among Denmark's export industries. Their biggest customers are their neighbors: West
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IF TERADYNE'S 11151 CAN TEST
THIS BOARD IN TWO SECONDS, HOW
MANY CAN IT TEST IN ADAY?

Franldy, the daily output of this bare
pc board test system is ultimately up
to you.
But whether you use the N151 one,
two or three shifts aday, you'll find it
more productive than whatever
method you're using now.
And not only because the N151 can
test abare board in two seconds or
less. (Even with handling time, the
total test cycle can take less than
15 seconds.)
The fact is, Teradyne has refined
every aspect of bare board testing,
increasing throughput, reducing the
cost of testing again and again.
Menu programming is one such
refinement. The N151 is so simple to
use that anontechnical person can
prepare job plans.
Better data management is a
second refinement. The system's

data-base translation capability gives
you advantages other bare board
testers don't.
Fast CMOS testing, error messages in your own product language,
Teradyne, Iwant to know what
you know about bare pc board testing.
Pleage send me acopy of your
booklet and information on the N151
test system.
Name
Title __
Company _
City
State

Zip

Phone
Mail to: Teradyne, 183 Essex St.,
Boston, MA 02111

reliable fixturing, and go no-go testing
also contribute to the I•1151's economical performance.
Teradyne's experience helps you in
other ways, too. In fixture sizing,
applications support, and field service.
What's more, the N151 is protected by
a10-year circuit module warranty.
Teradyne has been steadily reducing the time, effort, and expense
involved in bare board testing. And
we'd like to share what we've learned
with you. So, we've prepared abooklet entitled Some Whys and flows of
Testing Bare PC Boards.
For afree copy — and more information on the N151 Interconnection Test
System— simply return the coupon.
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HIGH
VIMDC
SUPPLES
AND
POWER
PACKS
tandard supplies from
1kW to 50 kW
1kW supply
provides
120 kV C. 8mA
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.
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Power Supplies
Complete range of unregulated high
voltage dc supplies with voltage outputs from 1kV to 1000 kV and current
outputs from 10 mA to 50 Amps available in standard designs at economical prices. Fully instrumented and
protected, these supplies are
ideal for:
•Laboratory use
•Capacitor charging
•Laser supplies
•CRT supplies
5, 7.5 & 10 kV
•Marx generators
@ 5mA OEM
•Many more
Power Pecks

•
Power Packs
Miniaturized, oil-filled steel cans for
OEM use. Voltages from 2.5 kV to
100 kV at 2, 5 & 10 mA. Low cost,
high reliability.
Metered Power Packs
Same miniature power packs available with simplified or deluxe controls
for rack- mounting. Short circuit current limit option makes these ideal for
cap charging applications.
Write or call for complete cietaic

1
1--1 IPCYT F:Z. ON IC
1

HIPOTRONICS, INC
P 0 Drawer A. Brewster. NY 10509
(914) 279-8031 Twx 710-574-2420
Amex Symbol HIP
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flagship Bang & Olufsen now
reports booming sales of its hi-fi gear
in the U. S. Sales there shot up 40%
Germany, England, and Scandinav- during the 1977-78 operating year,
ia. But next comes the United
and the company expects the trend
States, proof that the Danes can
to continue as Americans continue to
compete almost anywhere in their spend on quality products. Ortofon
own special fields.
Manufacturing A/S, a subsidiary of
Christian Rovsing A/S is a textHarmon International, logged sale
book example of a Danish company increases of 30% for its recordthat succeeded by having the right player cartridges this year and has
high-technology product at the right
hopes of another 25% increase in the
time. A couple of years ago its CR year ahead. Ortofon is counting on a
80 processor began to catch on with
new low-mass integrated pickup.
U. S. manufacturers, winning apMining, as they do, narrow veins
proval from Litton Data Systems of technology gives Danish electrondivision in 1977 as an assembly in
ics producers some sorely needed
Litton's own range of hardware.
leverage. For one thing, they have
With this boost, last year's Electron- close ties to customers that are willics division sales of about $ 5million
ing to share research and developrepresented a 130% increase over ment costs in order to stay on the
1976. Says divisional vice president leading edge. For another, their
Jan Stig Nielsen: "A few years ago "niche" products are not particularly
we were working to get our products susceptible to the ups and downs of
accepted. Now we're reaping the the world economy. And by eschewbenefits. Idon't have to worry about ing volume- run, labor-intensive
sales any more— we've got orders for products, they can cope with the
several years." To make doubly sure, high wage levels in Denmark, where
the company has recently opened a the worst-paid workers get slightly
sales office in Los Angeles to push
more than $ 5an hour.
its activities in California, where it
"As long as we can continue to
finds most of its U. S. business.
produce equipment that is little
Another company whose future affected by the world economy, we
looks good in the U. S. iS A/S Regne- can continue to operate in a highcentralen, which introduced its mod- wage area," says Soren Engle, presiular RC 8000 computer several dent of AEMD and director of
years ago. The firm now has an Vitrohn Elektroteknisk Fabrik A/S, a
agreement with Lockheed Electron- major resistor maker.
ics Co., Plainfield, N. J., to use this
Financing R&D. But there is
system for subscriber inquiry ser- always the problem of financing the
vices in telephone systems. The first R&D necessary to keep up front in
unit will be installed shortly by a technology. Most companies seem
Bell company. Regnecentralen's able to put back about 10% of their
president, C. C. Sandberg, says that sales to generate new products.
Lockheed assesses possibilities for
"We made an important decision
sales at 30 units ayear, which would two years ago to tighten up our
almost double RC 8000 sales.
spending to find the money we
A future. Even if Lockheed has needed for product development,"
overestimated the market, Regne- says Johan Schroeder, president of
centralen will be doing well. In Radiometer. "We had been budgetrecent years, the company has ing 10% of our sales [$ 28 million in
logged sales increases of 35% ayear
1977] for R&D, but we decided to
for its hardware, its programs, and increase this to 13% or 14%. We
its services (the company started haven't reached this goal yet, but
originally as a service center for we're getting close."
Danish customers). Hardware sales
Another manufacturer says he
were up during the 1977-78 fiscal gets the necessary R&D funds by
year from the equivalent of $ 22.5 trimming things like administration.
million to $ 35.5 million. "There's a Perhaps the most effective fund-raisfuture for a company of our size," ing method is reported by aBrüel &
says Sandberg.
Kjaer spokesman: " We just go out
In consumer electronics, Danish and sell alittle more."
EJ
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DRALORIC
Metal Film Reéistors
now produced
in the U.S.À.

standing characteristics, such as

superior long term stability. The
metal film resistors are in accordance with MIL- R-10509 ( RN) and
MIL- R-55182 ( RNR).
For further information and samples

Sales representative:
United Mineral & Chemical Corp.
129, Hudson Street
New York, N.Y. 10013
Phone: 212-966-4330

please contact:
Mfg. facility:
DRALORIC ELECTRONICS CORP.

WAK 742 E

DRALORIC, located in W- Germany,
Europe's leading manufacturer of
passive components, with more
than half a century of experience
has opened a plant in Norwich/
Connecticut.
Why not improve the reliability of
your products by incorporating
DRALORIC SMA Metal Film Resistors? The advanced technology
offered by DRALORIC provides out-

One Winnenden Road
Norwich, Connecticut
Phone: 203-886-0151

DRALORIC

DRALORIC ELECTRONICS CORP.
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That boom you hear is ham radio
Equipment makers are big gainers, as eased regulations
on licenses benefit CB refugees and graduates of ARRL training
by Vincent Biancomano (WB2EZG), Circuit Design Editor
Fueled initally by the citizens' band
fever, a boom in ham radio is
currently under way, much to the
delight of manufacturers of communications equipment. Not only are
many cBers turning to amateur
radio, but the general Government
deregulation policy has eased the
requirements for obtaining alicense,
and the American Radio Relay
League, the hams' spokesman, is
successfully pushing a nationwide
training program to expand the ham
population.
As a result, 28,000 new operators
are expected to swell the total this
year to 366,000 licensed hams, up
from last year's 338,000, 1976's
288,000, and 1975's 276,000.
While those numbers do not
repeat the staggering growth of CB,

they are impressive when measured
against the no-growth, and even
shrinkage, of the ham population in
some recent years. More importantly, the reward for manufacturers is
likely to be a solid, high- profit
market, because most people involved in ham radio foresee longterm expansion, not the bottoming
out of the market that proved so
disastrous in CB.
Scott Anderson of Jade Computer
Products, Hawthorne, Calif., certainly believes so. In charge of exhibition-show coordination and outside
marketing for the firm, which is
perhaps the largest distributor of
computer items to hams, he says:
"The market is growing faster than
our own company because our average ham customer is spending more
on computer products than on transWhistles and bells. Typical of the new look
in ham gear is the Astro 200A hf transceiver
from CIR Industrie ( part of Cubic Corp.). It is
small, light, versatile, and expensive.

mitters and receivers per se. We foresee no change in this trend for along
time to come."
Even one of the best-known consumer- based companies, which
usually would be interested only in a
high- profit situation, is taking a
closer look at ham radio. Radio
Shack (Tandy Corp.), Fort Worth,
Texas, will introduce its DX- 300
general-coverage receiver, with digital readout of channel frequencies,
at the end of the year. Says aspokesman, "We will watch the sale of this
receiver very closely in order to
reevaluate our position with regard
to manufacturing ham equipment at
afuture date."
As for the companies that have
ham product lines, a new cast of
characters is reaping the rewards
that old-time ham radio makers
always sought, but never realized.
The old names like Collins Radio
Co., National Radio Co., Hallicrafter Co., and Hammarlund Inc. are all
but gone. In their place are firms
like Trio-Kenwood Communications
Inc. of Japan, which made a name
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CONF IDENT 1AL

DEVELOPMENT AND PRODUCTION
PROJECT

08X - UP8521

We often work on products
that don't even exist.
If your company is in the business of developing
and manufacturing new products - you should talk
to us first.
We specialize in developing and manufacturing
CMOS integrated circuits, using silicon or metal gate
technology adapted to special products and requirements. And we are one of the few companies in
our field that can provide integrated circuits with low
supply voltage and extremely low current consumption.
With our advanced technology and highly qualified staff we can carry out every step " in-house".
That means from concept through the mask making,
to small, medium or large production runs. What's
more, our clients can choose the type of delivery that
suits them best: mounted or unmounted chips, films,
Electronics/November 9, 1978

or mounted on other substrates.
Many major European companies have already
placed their confidence in us. Why don't you, too?
Come to see us in Switzerland. Your project will
be handled reliably, fast - and discreetly. You can
depend on it.
And when you're making products, dependability is
one of the most important things of all.

MMM
Main
MICROELECTRONIC

M.
- MARIN

CH- 2074 Marin/Switzerland Tel ( 038) 35 21 21 Telex Derby CH 35 316

Member of the Ebauches Group
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they

single ionospheric hop. Most present-day hams do not build their own
equipment, parts are expensive, and
previously in the hi-fi and stereo tubes ( if ever used) are not made to
equipment field; Yaesu Musen Co., the same high specifications they
also Japanese, which has been mar- once were, anyway. The average
keting ham goods in the U. S. for amateur nowadays does one of two
about six years; Dentron, Twinsburg, things: he ( or she) either spends
Ohio, acompany which prides itself $700 to $ 800 for a high- frequency
on being "all American;" Wilson
(1.8-30- megahertz, or 10- 160- meter
Electronics Corp., Las Vegas, Nev.,
in ham circles) state-of-the-art
a relatively new manufacturer of transceiver, such as the Kenwood
ham antenna systems; and Lunar TS- 520S, or Yaesu's FT 101, and a
Electronics, San Diego, Calif., a further $ 300 to $400 for antennas
producer of very- high- frequency am- and accessories such as splitplifiers that was started by a ham
frequency controllers, microphones,
engaged in moon- bounce experiphone- patching equipment, and sigments several years ago.
nal-monitoring scopes, or he settles
Quality. The equipment sold to for a rig in the $ 300-to-$400 range
hams is of very high quality, permit(the HW-101 from Heath Co.,
ting excellent communications with
Benton Harbor, Mich., or the Cenany part of the world under the right tury 21 from Ten-Tec, Sevierville,
ionospheric conditions. The technol- Tenn.)— and considerably fewer
ogy and design sophistication of the operating conveniences. Running a
gear approach what is found in
1- kilowatt linear amplifier ( Yaesu
commercial equipment: digital freFL- 2100B or the Alpha 76A from
quency synthesis and readout,
Ehrhorn Technological Operations
broadband amplifier circuits that
Inc., Canon City, Colo.) will set the
require no tuning, speech- processing ham back anywhere from $ 500 to
circuits, noise blankers, receiver $1,200. The alternative is to buy
incremental tuning, and split- freused gear, but even then, the cost
quency operation ( receiving on one can be high.
frequency and transmitting on anSeveral outfits ( Kenwood, Yaesu,
other). These features are already and R. L. Drake Co., Miamisburg,
standard or fast becoming so.
Ohio) are now producing equipment
Today transceivers are the staple
for the very- high- frequency bands.
of the ham radio operator, rather The 420-MHZ range is at present the
than a separate transmitter and one most manufacturers are shooting
receiver, and most of them are at. This is abig jump from just afew
solid-state, except for the final
years ago, when most amateurs had
amplifiers and drivers, and mounted
to build their own equipment if they
on printed-circuit boards that are wanted to operate on 144 MHz and
sometimes of the plug-in variety and above. But the cost of using Oscar 7
filled with many of the operating and 8, two ham satellites operating
frills desired by hams.
in these regions, or in having moon Microprocessor- or memory- based
bounce or meteor-shower contacts,
equipment ( from Curtis Electro De- can be pretty high, too: agood transvices, Mountain View, Calif., and ceiver for 144 MHZ (
2 meters) costs
HAL Communications Corp., Urba$700. Drake's UV- 3 three- band vhf
na, Ill.) is finding use in electronic system, which can operate at 144,
keyers, repeater- and satellite-con220, and 440 MHZ, costs about
trolled applications, automatic log$1,500.
gers and terminals, and a myriad of
Although most hams pride themother areas open to the ham. Slow- selves on being special— separate
scan television systems are readily
from CB— the gap is fast closing both
available, too.
administratively, so far as the FCC is
Needless to say, the gear is not concerned, and commercially, so far
cheap, for ham radio is big business as manufacturing interests are connow. Gone are the days of the one- cerned. Those who would wish to
tube transmitter and three- tube represerve the spirit and self-image of
ceiver that cost a few dollars but amateur radio must now deal with
could occasionally span oceans on a the consequences of popularity.
D

Probing the news

BilAll
together!
"No Hardware'
Digital
Thumbwheel
Switches
eoe

fi

I

• No assembly hardware
required
• Large selection of output
codes on standard models
• Built-in logic standard on
"Smart Switches"
• Either Snap- in front, or rear
hard mount
• Matte finish standard
• Only 5parts per switch
• Standard .
315" (
8mm) width
• Removable stop pins

re'Unimax
Switch

UNIMAX SWITCH CORPORATION
A Subsidiary of The Unimax Group Inc
Wallingford, Conn. 06492
(203) 269-8701
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Medical electronics

Lab blends medical, IC know-how
Stanford unit is developing ultrasonic imaging systems
and transducer packages for heart research
by William F. Arnold, San Francisco regional bureau manager

Although medical equipment manufacturers increasingly incorporate integrated-circuit technology into their
products, it's often difficult for
commercially oriented companies to
support the broad interdisciplinary
skills needed to develop advanced
electronic instruments. So Stanford
University's Center for Integrated
Electronics in Medicine attacks this
problem by combining the expertise
of the engineers in the Stanford
Electronics Laboratory and the physicians in the School of Medicine to
develop instruments for awide range
of medical fields.
The center, which has a new fiveyear $4.6 million grant from the
National Institutes of Health, has
two major focuses, according to its
director, Prof. James D. Meindl:
• Noninvasive, high- resolution ultrasonic imaging systems that enable
a patient's organs to be examined
without surgery, X rays, or radioactive dyes. One recent development is
a microprocessor- based phased-array eye scanner [
Electronics, Oct. 12,
p. 41]. When necessary, the center
designs and builds its own tcs, such
as a monolithic cascaded chargecoupled device that acts like an
ultrasonic lens.
• Transducer packages, accessible
through radio telemetry, that can be
implanted in laboratory animals so
that researchers can track the longterm results of disease or drugs to
better understand pathological
mechanisms. The transducer packages, a little larger than a wrist
watch, monitor such things as blood
flow, blood pressure, organ size, and
heart beat. For research into fetal
heart development, Meindl says, the
center is working with the University
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of California at San Francisco Medical Center to implant a transducer
into asheep's womb. The center also
has designed two low-power custom
timing and radio frequency amplifier
tcs for an implantable pulsed-doppler ultrasonic blood- flow meter.
"There are opportunities to use
sophisticated electronics to fulfill
human needs, and this center is a
way to meet them," declares Meindl,
who came to Stanford 10 years ago
with the idea of such an organization
in mind. Pointing out the proximity
of the Palo Alto, Calif., campus to
technology- rich Silicon Valley, the
45-year-old professor says, " It would
be difficult for acompany to support
the high technology we have available here."
The center, with its budget of
approximately $ 3 million a year, is
part of the lc lab and the lab itself is
one of six labs in the $ 10- milliona-year Stanford Electronics Laboratory. The tc lab, the largest of its
kind in a U. S. university, has 100
persons working for it, many of them
Ph.D.s or doctoral candidates, and
has in-house access to any of the
processing technologies used by commercial lc manufacturers.
Imaging. Stanford decided eight
years ago, Meindl recalls, that "one
of the most promising areas to apply
integrated electronics in medicine
was ultrasonic imaging," which
along with computerized axial X-ray
tomography, has sparked an explosion in diagnostic instrumentation
over the last five years. But available
ultrasonic scanners generally could
not combine high- resolution imaging
with real-time scanning of moving
organs.
Although the ultrasonic program

Director. James D. Meindl runs Stanford's
Center for Integrated Electronics in Medicine,
part of its famed Electronics Laboratory.

developed the eye scanner and a
blood-flow meter, the main effort is
to perfect what is called the theta
phased array system, Meindl says.
Shaped like the Greek letter theta, it
consists of a horizontal array of
ultrasonic detectors inside acircular
array of emitters and it is designed
to permit noninvasive examination of
organs inside the rib cage.
Called the C3D, the cascaded
charge-coupled device employs the
variable delay-line characteristics of
CCDs to get the electronic focusing
capability. The chip is a 20- input
surface-channel device divided into
four sections, two for beam steering
and two for focusing, under the
control of five independent clocks. It
allows the scanner to form a pencil
beam of sound and scan with it.
El
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How to get ajump on the future
in microcomputer design.
Don't wait for the future. It's here today
There's akeyboard with LED display, a
with the 8C86, Intel's advanced new 16-bit
built-in serial communications interface,
microcomputer. And now there's SDK-86,
and we've provided acable that connects
the System Design Kit that
the SDK- 86 to any
gives you valuable handsIntellece microcomputer
on experience with 8086
development system.
hardware, introduces you
In addition to the 8251A
to the "architecture of
USART interface, there
the future" and enables
are two 8255A programyou to begin actual
mable peripheral inter
prototype development
faces. Provklulg up ro
today.
45 1 lines. and an
Even. t
hing you need
S.
programmable
to get started is inkeyboard display inter
cluded. from
tat'e. . 011 Can assemble
,
resistors
SPK-S in a
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day with a
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soldering iron
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and . 1few tools.
data memom
Naturally. there
there are 2K bytes
are both Assembly
::142. static RAM.
and 1.. ser's Nt.mtuls.
with sockets to double that.
plus an SOS()t. ser 's
And there's room for SK bytes ot
Nl,mtial. The kit is :S7Se)
program memory, using either of both
in single unit quantities.
of the key board and TTY CRT 4K RON I
You can order it, or any SOS()
resident software monitors included in the kit,
system components from your
or 2716 2 ; In FTRONI. RONI. Phis there's a
local Intel distributor. Or, tot data
fully- buttered system bus and plenty of
sheets on our complete SS 0system, call
board space for your own prototype circuitry.
your local Intel sales office or write Intel
To make' it easy to use SDK So. we've
(.'orporation. ; 005 Bowers Avenue, santa
pliwided three separate
Clara, CA t) .
30';i. Telephone 40S ‘) S:' SOSO.
ways to control the
system and enter
programs and data.

delivers.

United States and Canadian distributors. Alliance. Almac Strom.
Component Specialties. Ciami. HanKfton Aylet. Harvey, Industrial
Components. Pionee,. Sheridan. Wyk, Elms,. Wyk, Liberty, L.A. Varah.
Zentronics
Europe Intel International. RUC du Moulin a Papier. 51 Boite 1. 9•1160.
Brussels. Belgium lele‘ 24814
Japan Intel Japan, K k Flower Hill.Stunmachi East Bldg. 1-23-9.
Shinmachi. Setegaya-ku. Tokyo 154. Telex 781-28426.
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Communications

TDMA is in the air at Montreal
Despite problems associated with the technique, representatives
at world conference on digital satellites agree it is ready to arrive
by Harvey J. Hindin, Communications & Microwave Editor

Everyone in communications agrees
that the day of digital transmission
satellites is drawing closer. But they
also agree that even as the technology moves ahead, there is a slew of
practical problems that must be
solved before the airline passenger
over the Atlantic can expect to talk
to, say, an associate in an automobile
in Oslo.
Those problems and their possible
solutions formed the backdrop late
last month for the Fourth International Conference on Digital Satellite Communications. Held in Montreal, the meeting attracted heavy
hitters from around the world. Much
of their conversation was of technological advances, such as clever
coding and modulation techniques
that increase reliability, flexibility,
and channel capacity— and the technique most discussed was TDMA —
time-domain multiple access.
But TDMA is not just around the
corner. Although as aconcept it has
been around for 10 years, and
although it has been implemented in
several places— most notably by
Telesat Canada— it will be the mid1
980s before TDMA arrives throughout the world. Ken-ichi Miya, director general of Japanese communications conglomerate Kokusai Denshin
Denwa Ltd., says it will take several
years for systems such as Intelsat,
the international satellite communications consortium, to even introduce the prime digital multiplexing
technique of TDMA into its network.
Problems remain. One reason for
this delay and the paucity of operational TDMA systems is that not all of
the problems have been solved in
converting conventional frequencydomain multiple-access fm operation
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to TDMA, especially when it incorporates such new techniques as digital
speech interpolation— which improves transmission efficiency by a
factor of two or better.
Some of the problems were summarized by A. K. Jefferis, head of
the telecommunications department
of the British Post Office (see
"Time-domain multiple access"),
who says that TDMA has nevertheless
arrived and predicts that a voice
channel will be had for about 7cents
per minute.
However, to convince skeptics that
the various government agencies and
private companies around the world
really believe demand will increase
and TDMA and other digital techniques will come along, it is only
necessary to look at the new services
and systems proposed, under test, or
in production. Examples are:

• International computer communications to be provided by aproposed
"broadcast packet satellite channel
system" ( from Comsat General
Corp.).
• Low-cost data transmission using
demand-assigned TDMA, with the low
cost the result of not pushing
device- performance characteristics
to their limits ( from the European
Space Research and Technology
Center).
• Linkage of a data processor in
France with one in the U. S. at bit
rates approaching those of acomputer channel ( from IBM France using
the Symphonie satellite).
• Heavy- route message service with
the Telesat Canada Anik-C, a 90megabit- per- second system using
quadriphase-shift-key modulation
(from Telesat Canada).
• The advanced Westar satellite-

TIME- DOMAIN MULTIPLE ACCESS
Why ?

Why not ?

Increases satellite capacity, so that
fewer or simpler satellites and earth
stations are needed

Causes transition problems in satellites
already operating

Improves reliability because of digital
technology

Requires new investment in earth
stations

Provides amatch to the introduction
of terrestrial digital technology

Requires new maintenance arrangements with economic complications

Makes data transmission more
efficient with less error

Creates interface problems with earth
stations due to different standards
of various countries

Improves circuit quality and hence
reception

Requires new techniques to be
learned

Allows for easy transition to satellite
switched TDMA later

Makes customers apprehensive because
of its complexity
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application!
F. W. Bell, the world's leading
manufacturer of gaussmeters, has
28 different standard models, and
110 different standard probes.
Practically all magnetic measurement requirements are covered
by this broad line of precision
Hall-effect instruments.
Bell Gaussmeters provide four
magnetic
field
measurement
modes . . . direct measurement
of the absolute field density,
differential measurement of the
absolute field density, differential
measurement of the difference in
field density at two probe locations, incremental field measurements using an expanded scale,
and summation measurements.
Accuracies range from ±0.2% FS
to ±-4.0% FS. Dynamic ranges are
from 0.1 Gauss FS ( 10 tesla)
to 100,000 Gauss FS ( 10 tesla).
If magnetics is your field . . . it
will pay you to learn more about
F. W. Bell Gauss -neters.
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In the background, however, are
recent advances that may make
analog technology competitive even
switched TDMA satellite that will longer.
maintain interconnectivity with mulPerspective. To provide some pertiple spot beams ( from Western spective on how much progress there
Union).
has been in bandwidth capability,
The systems indicate the optimism Santiago Astrain, director general of
of their makers about the future of Intelsat, notes that in the century
satellite communications. This opfrom 1850 to 1950, the rate went
timism is based on both market and
from the 10 bits/s of the Morse teletechnological grounds.
graph key to the computer- related
One of the biggest present and 4.8 kb/s. And this 48,000% increase
potential users, American Telephone has evolved into acurrent rate of 80
& Telegraph Corp.'s Long Lines, is
mb/s and even higher.
acase in point. In the words of Billy
Although this capacity will go a
B. Oliver, vice president for engilong way toward solving man's need
neering planning, " Bell no longer for the acquisition, storage, and
bad-mouths satellites." One reason
processing of information, the need
is an acceptance of the facts of life.
is not universal. " It must be noted,"
But Bell also has managed to solve he says, "that the great majority of
amajor problem: echoes on satellite
Intelsat's 102 member countries are
circuits due to transit delays. Cusnot planning a rapid conversion to
tomer complaints had not been digital transmission techniques.
stopped by conventional solutions,
Many of them have extensive investand it was not until an adaptive echo ments in analog frequency- divicanceler was developed that the sion—multiplexing equipment and
problem went away. According to semiautomatic switching centers,
Bell surveys, the canceler makes and their current levels of traffic do
satellite- based lines as good in qualinot justify conversion."
ty as submarine cable lines.
As a global service, Intelsat must
Reducing the rate. The Montreal
be flexible enough to service all
conferees had another major conforms of traffic and interconnection
cern: methods to save bandwidth.
systems regardless of the modulation
lnterframe and interfield coding
used. This flexibility is inefficient
techniques have reduced the bit rate
from atechnical and operating viewof broadcast-quality television sigpoint, but it is necessary in order to
nals to 20 to 30 Mb/s. Better still,
provide demand service for real
picture coding for some teleconfer- customers and their needs.
encing systems has sufficient quality
Even worse, Intelsat's system
for practical use at alow bit rate of 6 bridges conflicting standards— for
Mb/s. Still, most authorities agree example, Europe's differ from Jathat voice transmission will continue pan's and North America's in hierto constitute a large part of future archical grouping standards and
satellite communication traffic— but companding law. For Intelsat, says
even this usage may end up with a Astrain, "the introduction of digital
lower required transmission rate. satellite transmission techniques that
For example, though 16 kilobits/s is directly interface with digital terresneeded with adaptive delta modula- trial signals will necessitate having
tion, avoice encoder may operate at to meet these difficulties directly."
2.4 to 4.8 kb/s at an affordable cost,
Notwithstanding these difficulties,
thanks to large-scale integration.
the new breeds of satellites are on
The communications industry their way and will eventually be
hopes that as prices go down because adopted by all countries as they
of increased channel capacity and become cost-effective for each nathe ever- falling price of LSI, overall tion's special considerations. Eviusage will be stimulated, requiring dence that the developing nations are
overall higher capacities. Here vitally concerned comes from the
again, digital techniques have advan- attendance at the conference of
tage, since they also provide for representatives from Nigeria, Kuincreased flexibility of circuit opera- wait, Zaire, China, Tanzania, and
tion and adaptability to new services. Uganda.
Probing the news
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Head and shoulders
below the competition
DEC RX01

10 1/
2
$4300
Bootstrap $320 extra

DSD 110

51/4"
$3195
Bootstrap included

Data Systems' new, floppy disk system offers
performance and storage equal to DEC 8 's RX01,
but uses half the space and costs 25% less.
Save money, save rack space
and increase your system's reliability by selecting the DSD 110
for use with any DEC LSI-11 or
LS I-11/2.
The DSD 110 provides 512K
bytes of fully DEC-compatible
storage in a51/
4"cabinet. While
the DSD 110 saves you rack
space, it also uses one less
Q- bus slot than DEC's RX01.

All this is possible because the
interface, formatting and controller circuitry, and hardware
bootstrap have been combined
on asingle dual-wide card. This
card, which is available separately, eliminates the need for
DEC's REV-11 card.

To find out more about the
low-cost, low-profile DSD 110,
contact Data Systems today. A
data sheet and price list will be
forwarded to you immediately.
® Registered trademark of Digital
Equipment Corporation

Data Systems Design, Inc.
3130 Coronado Drive,
Santa Clara, CA 95051
(408) 249-9353
TWX 910-338-0249

Data Systems has combined
interface, formatter, controller, and hardware
bootstrap on this single
dual-wide card. Available
separately in OEM quantities.
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Circle 97 on reader service card

97

Say you've been doing some IF
testing in the kHz range, and now
you need to switch to the RF MHz
range. With the high performance
Model 3002, you just change the
lever/indicator switches on the
front panel. With anyone else's
signal generator you reach for a
different model— and drop a few
thousand more dollars.
So if your testing needs go from
as low as 1kHz to as high as 520
MHz, you should go with
Wavetek's Model 3002. It's also
programmable and GPIB
compatible, so it knows its way

and + 13 dBm ( 1Volt) of leveled
output power.
You can get into Model 3002 for
as little as $3,400. The GPIB
compatible version with an
optional programmable
attenuator and reverse power
around any automatic test system.
protection will set you back about
Of course your primary
$4,700. But think how far it'll take
concerns may be accuracy and
you. Wavetek Indiana, Inc.,
stability. In that case, Model
66 N. First Ave., P.O. Box 190, Beech
3002's 0.001% accuracy and 0.2
Grove, Indiana 46107. Telephone
ppm/hr stability will be two
( 317) 783-3221, TWX 810-341-3226.
primary reasons to buy it. The
unit also has internal and externalAVET
AM and FM modulation capability

EI

Circle 98 on reader service card

Now you can go from 1kHz to
520 MHz by changing settings...
instead of signal generators.

-
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1KHz-520 MHz
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X-ray lithography breaks
the VLSI cost barrier
Relatively simple X-ray systems promise mass production
of very large-scale integrated circuits with 1-gm line widths
by Gregory P. Hughes and Robert C. Fink,

General Instrument Corp., Microelectronics Division. Hicksville, N. Y.

EJ As the designers of integrated circuits struggle to
cram more devices on to silicon chips, ever smaller
geometries are called for. If present trends continue,
lines 2micrometers wide will be common after 1979 and
1-gm widths will be standard after 1982 ( Fig. 1). To
produce lines as fine as this, integrated-circuit makers
will have to decide which lithographic process will be
their best choice. And though the electron- beam and
optical direct-step-on-wafer process are popular today, a
third process in development, X-ray imaging, could be
the most powerful technology yet ( Fig. 2).
X-ray imaging has produced lines as narrow as
0.16 gm and can do so at a cost that is relatively low
compared with that of competitive methods. Already
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shown to be economically and technically viable for
single- mask devices like surface-acoustic wave devices
and bubble memories, it is on the way to becoming
equally suitable for producing complex multimask
devices of all types. Moreover, it is the one lithographic
technology that is easily downward-compatible in device
geometry: a system using X rays today to produce
devices with 1-gm geometries will work just as well
tomorrow for 0.5-gm geometries.
Table 1shows a Dataquest comparison of X-ray lithography with the other wafer- imaging techniques
currently in use in either production or researclx contact
printing, projection lithography, and electron- beam
lithography (see also " X-ray lithography's competi-
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1. Narrowing lines. If minimum line widths for production large-scale

2. SEM. This scanning-electron micrograph shows a grating with

integrated circuits continue to decrease, 1-micrometer-wide lines will

1,600-angstrom line width in PMMA photoresist that has been

be in production by 1982, followed by 0.16-gm-wide lines in 1986.

exposed to acopper X-ray source. ( Courtesy, P. X. Flanders, Lincoln

Both wiuths are well within the capabilities of X-ray lithography.

Laboratories, Massachusetts Institute of Technology.)

tion"). As it shows, the X-ray approach yields the
narrowest lines at reasonable defect densities, throughput rates, and cost. The figure of merit listed calculates
the cost-effectiveness or profitability of a process and is
determined by the empirical relationship:
throughput
(1 + 0.15 defects) 8xcost X ( line width) 2
In these terms, X-ray lithography is the most promising
of all the choices available, one of the major reasons
being the relative simplicity of the basic X-ray system.
Basic X-ray lithography
An X-ray lithography system resembles an ultravioletlight one in that it consists of aradiation source, mask,
and wafer coated with aphotoresist ( Fig. 3).
The radiation source is an X ray whose energy must
be soft enough to be absorbed by and expose the photoresist yet great enough not to be absorbed by the X-ray
window or the photomask substrate. The X-ray mask
cannot be simply aglass plate because that would absorb
too much of the X-ray flux; instead it must be a thin
substrate that is relatively transparent to X rays, overlaid by adark field area of amaterial that will absorb X
rays. Gold is usually used for this absorber, the counterpart of the emulsion or chromium mask used in uy
lithography. Lastly, the silicon wafer must be coated
with aphotoresist that will absorb enough of the X rays
to be exposed in ashort period of time.
Figure 4shows abasic system. The radiation source is
mounted in avacuum chamber and passes its X rays first
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through athin window (usually 25-gm- thick beryllium),
then through ahelium atmosphere at standard pressure,
and finally through the mask, exposing the resist on the
wafer. Typical geometries that have been proposed for
3- inch wafers place the X-ray source 20 to 50 centimeters away from the wafer and keep mask and wafer 3to
25 gm apart to avoid the damage to both that could
result from contact between them.
X-ray sources create a number of design problems
unique to them. Since the wavelengths involved range
from 2to 50 angstroms, there are no convenient mirrors
or lenses that can be used to collimate the rays. This
means that the ideal X-ray source would be a point
source far enough away from the target for the X rays to
appear to arrive in aparallel beam.
Unfortunately, aseries of compromises with distance
and divergence must be considered since the intensity
from asource is inversely proportional to the square of
the distance from it. Moreover, the X-ray source is not a
true point source. The size of the source and the divergence of the beam cause two types of distortion: penumbral and geometric, respectively.
Penumbral distortion can be determined from the
geometry of Fig. 3. Because of the gap, s, between the
wafer and the X-ray absorber ( mask), the definition of
the X-ray absorber becomes blurred by the X rays
arriving from the finite-source geometry. The following
relationship results:
= s(d/D)
where & is the minimum attainable line resolution, d is
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X-ray lithography's competition
Conventional contact printing has long been the production mainstay of the integrated-circuit industry. This technique, which may be of the hard, soft, or proximity type,
puts a photomask next to a wafer and an ultraviolet light
source behind the mask. Resolution is excellent when the
mask and wafer are placed in hard contact, but this
causes many defects, such as abrading, spalling of resist
films, plucking and transfer of resist film, scratching of
masks, etc. A soft contact minimizes these defects but
diminishes resolution.
The proximity mode of contact printing, in which there is
aslight mask-to-wafer separation, further reduces defects
but also diminishes resolution and causes feature distortion because the transmitted light is diffracted. The magnitude of this feature distortion depends on the actual
spacing variations across awafer.
To avoid these problems, projection wafer printing puts
a large space between wafer and mask. It entered the
production environment during 1973 in static systems that
used refractive optics to flood-expose wafers. But the
procedure's growth was limited by the impossibility of
producing refractive lens systems with an effective spectral bandwidth for wafers larger than 21/
4 inches. Scanning
slit projection techniques with reflective optics yielded
manufacturing systems capable of handling wafers up to
100 mm, or 4 in., across. These systems use the entire
lamp output, and the optical system is inherently 1:1
because its design is telecentric. The masks used are the
same as for conventional wafer printing.

the source diameter, and D is the distance between the
mask and the source. The effect of this distortion is to
produce nonvertical walls in the photoresist and thus
create an uncertainty for subsequent processing of the
geometry being printed. In most X-ray lithography
systems this is controlled to within 1,000 À. Given a
typical X-ray source 5mm in size and asource-to-wafer
distance of 20 cm, the gap between mask and wafer must
be 4µm or less for this control.
The geometric distortion in X-ray lithography arises
from the fact that it is a projection system: the image
does not lie directly on the wafer but is a projection of
the mask on the wafer by the X-ray source. The degree
of this distortion, A, is dependent on the location of the
image on the wafer:
A = s(co/D)
where D is the source-to-wafer distance and w is the
distance from any point of the wafer to the perpendicular
projection of the X-ray source to the wafer, as shown in
the left insert of Fig. 3.
This distortion looks like an error in the image
compared to the mask. It is a serious problem with
circuits that require superposition of one photo level on
the next, but is much less serious with single- level highresolution circuits like bubble memories and surfaceacoustic-wave devices.
To be more precise, the problem is not the distortion
but the variation in distortion from one photo level to the
next. This variation arises from an inability to keep the
gap spacing constant. If the variation in the gap is ds, the
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Step-and-repeat projection printing is based on refractive optics. In this method, a small area is printed from a
mask which is photocomposed at 2x, 4x, 5X, or 10 x.
The process is then repeated many times to cover asingle
wafer. With far-ultraviolet, resolution will be better.
Electron-beam technology is now generally accepted as
the way to generate masks for fine-line lithography.
Currently three approaches are being tried: flood exposure, raster scanning, and vector scanning.
Flood-exposure electron imaging has reached only the
prototype stage. It uses ultraviolet light to illuminate a
photocathode layer that is deposited as a patterned
surface on an optical mask. The photocathode then
generates a patterned emission of electrons. This technique becomes prohibitively difficult because of field
nonuniform it ies.
Scanned electron- beam systems use raster- or vectorscanning schemes. In the raster-scanning schemes developed by Bell Labs [
Electronics, May 12, 1977, p. 97], the
scan lines are generated by periodically deflecting the
beam over a line of limited length. The entire substrate is
covered by moving it while the beam is scanning. In the
vector-scanning approach, the electron beam is deflected
on the substrate and modulated to draw adesired pattern
[Electronics, Nov. 10, 1977, p. 96].
It is obvious that the demanding requirements of either
raster- or vector-scanning electron-beam systems require
an extremely large investment in the fabrication of precise,
sophisticated equipment.

variation in the geometric distortion dA is:
dà = Ds(w/D)
To hold di to 1,000 Àover a3-in, wafer when D is 20
cm requires acontrol of ds to less than 0.5 µm. This is
difficult mechanically for the mask-and-wafer holder
and also requires the flatness of awafer to be controlled
with great precision through the various steps of hightemperature wafer processing.
The main components of abasic X-ray system— X-ray
sources, masks, photoresists, and mask-to-wafer alignment mechanisms— can be implemented in avariety of
ways. To begin at the beginning, the choice of the X-ray
source affects most of the rest of the X-ray system, and
that in turn demands a consideration of the relative
advantages of hard and soft X rays.
Sources
A wide range of X-ray wavelengths could in theory be
used to improve upon the resolution of uy systems. They
extend from very soft X rays, having approximately a
50-À wavelength, to hard ones with approximately a2-À
wavelength. Unlike sources in electron-beam or optical
systems, none of these has any significant problem with
diffraction. In fact, the diffractions in the exposures
made with mask-to-wafer gaps as large as 1millimeter
barely differ from those made with a1-µm gap.
Hard X rays have the advantage of not being easily
absorbed in the vacuum window and X-ray mask
substrate— and the disadvantage of not being easily
absorbed in the photoresist, so that it takes agreater flux
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X RAY SOURCE
114— d

VACUUM
WINDOW

MASK SUBSTRATE
X-RAY ABSORBER
SPACE
PHOTO RESIST
WAFER

3. X-ray lithography. In X-ray lithography, the mask is kept out of contact with the wafer to avoid defects. But the mask-to-wafer gap gives
rise to ageometric distortion that is variable from mask to mask ( left, insert), as well as to penumbral distortion ( right insert).

to cause asatisfactory exposure of the resist.
A further problem is created by the byproduct of the
inelastic collision of X rays with matter: photoelectrons.
These can have energies as great as the incident X rays
but unlike them are not directional, so they can blur a
mask pattern. This happens to the extent of the range of
the photoelectron, which generally varies with the square
of it energy and with the medium. Therefore, with hard
X rays, photoelectron energy can significantly degrade
pattern resolution— exactly the problem that causes the
so-called proximity effect in electron-beam lithography.
Soft X rays have the opposite kind of problem, being
much too easily absorbed by a vacuum window and
X-ray masks. This cuts the flux output to the point that
vacuum windows are not considered feasible— although
those X rays that do get through to the photoresist will
have agreater chance of getting absorbed in it and thus
the exposures will require less incident flux. Even this
creates aproblem, however, since soft X rays tend to be
absorbed in only the top layer of aphotoresist.
Therefore most present-day systems are designed
around a compromise, medium-energy X ray. Though
systems have been designed around hard X rays from
targets made of palladium (X = 4.3 À) and soft X rays
from targets of carbon (X = 44 À), the aluminum X ray
(X = 8.34 À) is generally favored today.
The maximum range of photoelectrons from the
aluminum X ray is 0.1 gm, so that resolution is good.
Typical systems with the aluminum source will absorb
70% of the original X-ray flux in the vacuum window
and mask and allow 30% to be transmitted to the wafer.
Most resists will then absorb about 5% of the X rays
incident on them.
Once the X-ray wavelength is selected, acommercially feasible source with sufficient X-ray brightness must
also be selected. A number of possibilities have been
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suggested and tested. These range from electron storage
rings to the traditional electron- beam -generated source.
The electron- beam—generated X ray is created as an
energetic electron knocks atightly bound electron out of
the target material it strikes. This vacancy is then filled
by another bound electron falling into the vacancy and
giving off an X ray whose energy is dependent on the
difference between the two electrons' energy states. The
energy of this characteristic X ray is also dependent on
the material with which the electron is interacting.
A side effect is the so-called bremsstrahlung radiation
coming from the electron-electron interaction when an
incident electron is simply deflected, thus being accelerated and giving off electromagnetic radiation. Figure 5
shows a typical intensity versus energy curve of the
characteristic peak superimposed upon the background
bremsstrahlung when the incident electron has 20-kiloelectronvolt energy. Although the absolute intensity of
the Al peak is two orders of magnitude greater than the
bremsstrahlung, the bremsstrahlung still contributes
about 10% of the power absorbed by the photoresist.
To obtain a useful source from electron-beam—generated X rays, the beam must be focused to asmall spot to
limit penumbra distortion. The flux of the beam must
also be high to make exposure times short. The trouble
with this procedure is that the system acts like an
evaporator melting the aluminum target.
For the source not to evaporate, therefore, it must be
water-cooled. But water-cooling it prevents it from
handling more than 1.5 kilowatts of electron-beam
power in a6- mm-diameter spot. To handle more power,
the source must also be continuously rotated out from
under the hot spot to allow it to cool down. Typical
systems with 10-cm-diameter rotating aluminum anodes
can handle 15 kw. If asilicon-source X ray (X = 7À) is
used, though, the same rotating anode can handle 25 kw
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ROTATING ANODE
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MICROSCOPE
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MASK, RESIST,

ALIGNING
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4. High power. Block diagram of a high-power X-ray lithography station shows the source mounted over the wafer-to-mask afigning
mechanism. Optics for aligning are on a sliding mount so that they can be moved out of the eyay during exposures.
TABLE 2: CHARACTERISTICS OF X-RAY RESIST MATERIALS

TABLE 1 COMPARISON OF PHOTOMASKING TECHNIQUES
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Resolution
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when exposed to palladium radiation
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ELECTRON BEAM VOLTAGE ( 20 keV)

ALUMINUM CHARACTERISTICS
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5. Electron- beam generated X rays. An aluminum anode struck by

6. Synchrotron radiation. The curve represents the unfiltered radia-

a 20-keV electron gives ott the characteristic radiation at 1.5 key

tion from a 0.7- GeV electron storage ring with a 100-mA beam and

(8.34 A) plus a background bremsstrahlung radiation. The brems-

12- kilo-oersted magnetic field at a distance of 7 meters from the

strahlung contributes about 10% to the photoresist exposure.

source. Note the peak intensity is in the very soft X-ray range.

because the melting point of silicon is higher.
Even with 15 kw of input electron-beam power, exposure time with some resists can be a problem. With a
typical system, using a 15- kw rotating anode and a
source-to-wafer distance of 20 cm, exposure will take 2
minutes with the fastest commercial photoresist PGMAEA — Bell's electron- beam negative resist. It should be
noted that there are other proprietary resists under
development by Texas Instruments and Hunt/General
Instrument that improve this time significantly.

large area like awafer must be exposed. The beam can
expose only 0.5-cm-high strips of wafer, and thus the
exposure must be done in ascanning mode, strip by strip.
With such an intense source of radiation, one would
expect the exposure times to be very short. However, the
exposure time is highly dependent on the system design.
Using no beryllium vacuum window and a4-,./m Mylar
X-ray mask, the soft radiation is very effective. On the
other hand, when a beryllium vacuum window is used,
the soft radiation is not as effective and the exposure
times are increased by afactor of five.
However, the cost of a synchrotron facility —$ 2
million after initial design— has by and large deterred
industry from working with it as a production X-ray
source rather than in its present research and development applications.

The electron storage ring
Synchrotron radiation has often been suggested as the
ideal X-ray source. The synchrotron continuously accelerates apulse of very energetic electrons around acircular path, creating radiation of a spectrum that is fairly
broad, depending on the beam's energy and radius of
curvature. Figure 6 plots the intensity versus energy of
the X-ray radiation typically given off by asynchrotron.
The integrated energy output of asynchrotron is mostly
at the soft end of the spectrum, but is several orders of
magnitude greater than that of the most powerful rotating anode.
Synchrotron radiation also has the advantage of being
very well collimated, since the electrons are traveling at
a relativistic speed. When viewed from the laboratory
frame of reference, the radiation from the accelerated
electrons looks like a narrow cone emitted in the direction of the electrons' instantaneous velocity. In fact, the
beam could be compared to a searchlight sweeping
around a circle. However, though the extreme collimation of the beam means there are virtually no penumbral
or geometric distortions, it does cause aproblem when a
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X-ray masks
Many different approaches have been taken in fabricating X-ray lithography masks. The primary problem is
producing athin substrate that is transparent to X rays.
This generally requires a membrane that is 1 um to
12 um thick, for soft and hard X rays respectively. For
aluminum X rays, a membrane thinner than 5 gm is .
typically desirable.
Two basic types of membranes have been tried—
organic and inorganic films. Organic materials include
Mylar, Kapton, Pyrolene, and polyimide. Inorganic
types include silicon, silicon oxide, silicon metals, aluminum oxide, and silicon carbide. In general, inorganic
membranes are very difficult to fabricate and very fragile (although SiC is reported to be very durable), whereas organic films are durable and easy to make but
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sometimes have an undesirably rough surface.
A primary question with both types of substrates is the
dimensional stability of the masks with respect to
temperature, stretching, and exposure to humidity. If
superposition from one mask to another is to be within
0.1 gm, then the mask stability has to be better than 0.1
gm over 10 cm, or 1part per million. ( For the sake of
comparison, low-expansion glass has a thermal expansion of 3.7 ppm/°C.) It is generally believed ( although
not proven) that the inorganic masks will be dimensionally stable enough, despite suffering, from thermal
expansion. Thick Kapton masks used with hard X rays
have been shown to be stable to better than 1ppm; and
the thin polyimide masks, which are currently still under
investigation, are at least as good as 10 ppm.
X-ray masks are similar to standard lc masks, except
that the materials and orders are changed. In general,
the thin film is either stretched across aframe, as is the
case with many of the organic masks, or deposited on a
flat substrate. At this point, either the substrate can be
etched away to leave a blank mask substrate, or the
X-ray absorber pattern can be created on the substrate,
which is then etched away.
The X-ray absorber pattern can be created in a
number of ways. Typically, it consists of two metal
layers, first athin layer of chromium for adhesion to the
substrate and then alayer of gold. The thickness of the
gold layer depends on the type of X rays and the contrast
of the photoresist. For aluminum X rays, 5,000 Àof gold
is typically used; for a softer X ray like copper, only
2,000 À of gold is required, but for a hard X ray like
palladium, 7,000 Àof gold will provide the same absorption. Patterns are created in the gold by one of four
processes; ion-beam etching, electroplating, sputter etching, or liftoff.
X-ray resists
The field of X-ray resists is very new. When researchers started to work with X rays as an exposure source,
they used a resist of polymethyl methacrylate ( PromA)
that had been popular with electron-beam patterning.
This was not abad beginning. The basic mechanism for
X-ray exposure is to absorb X rays by exciting electrons,
which then have the energy of the incident X rays. Thus,
a resist that is sensitive to electron radiation should be
sensitive to X rays.
Since then, a number of good electron-beam resists
have been developed for mask making, including Bell
Laboratories' polybutene sulfone ( PBS), which is a positive resist, and poly(glycidyl methacrylate)-co-ethylacrylate ( Pcmit-EA), which is a negative resist. These resists
are relatively sensitive to X rays, but they are marginal
from a direct wafer-processing point of view. Only
recently have researchers begun to address the problem
of producing agood X-ray resist.
The first successful X-ray resist, poly(2,3-dichloro1 - propylacrylate) was designed for harder X rays like
palladium. The chlorine in DCPA increases its absorption
of hard X rays. Most electron resists absorb 2% of the
palladium X rays, but 1gm of DCPA absorbs 12% and is
10 times more sensitive than PGMA-EA. Recently, two
other X-ray resists have also been fabricated successfully
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7. Interferometric alignment. In the diagram shown, the mask
grating splits the incident beam into a transmitted beam incident
upon the wafer and a diffracted beam that goes to the detector. The
wafer grating then diffracts the incident beam to the detector, where
it interferes with the beam diffracted from the mask.

for use specifically with the aluminum X ray.
Table 2summarizes the characteristics of the various
resists that have been used in X-ray lithography. Note
that, with the new X-ray resists produced by Hunt/GI
and Texas Instruments, exposure time for a 15-kw rotating anode system is well under 1minute even when the
distance from source to wafer is 30 cm. This will allow
throughputs of better than 60 wafers per hour, a rate
that is comparable to those of current uy contact and
projection systems.
X-ray alignment
If X-ray lithography is to be used to manufacture a
device requiring more than one precision mask, then
precision alignment systems must be considered. Five
approaches have basically been used in multiple- mask
alignment systems. They are optical manual alignment,
photoelectric reflection and transmission methods, the
use of moiré patterns, and the interferometric technique.
The optical technique of aligning an image on the
wafer with another on the mask works well, except when
the magnification of the microscope system needs to be
increased. This increase reduces the depth of field,
making it hard to align amask and wafer separated by a
finite gap.
The photoelectric reflection technique is usually more
accurate because it uses a photoelectric edge detector
that has agreater depth of field and lets the system be
automated. The detector and alignment system adjust
the wafer so that the alignment marks on wafer and
mask coincide. The limiting factor is the contrast of the
image on the wafer. The photoelectric transmission
method corrects this limitation by using ahole that has
been etched into the wafer as the alignment mark. It has
extreme contrast and has been demonstrated to be accurate to within 0.05 gm, or 500 À.
The moiré pattern has often been suggested as an
accurate method of alignment. To automate such a
system, however, computer pattern recognition is
needed. An outgrowth of this method is the simpler
interferometric alignment system developed at Massa-
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TABLE 3: EXISTING X-RAY SYSTEMS

1111.11111_
Electron- beam
power (
kW)

Source-towafer drain
(cm)

Resist

Throughput
(chips/hr)

Bell Laboratories

4.5

50

DCPA

15

General Instrument
Corp.

1.0

20

PGMA

2

MOS
EE- PROM

aluminum

Hughes Research
Laboratories

10

24

PGMA

5 '

C-MOS on sapphire

aluminum

IBM Corp.

2.5

10

PMMA

1

bubble devices

aluminum

Nippon Telegraph
and Telephone

25

50

FPM

4

16

PBS

12

64- kilobit
bubble circuit

aluminum

43

XR79

70

bubble memories

aluminum

Builder

Sperry Univac

Texas Instruments
Inc.

7

18

chusetts Institute of Technology's Lincoln Laboratories.
The basic idea here is that amonochromatic light beam
can be diffracted into symmetric beams by agrating. If
the mask and the wafer both have a grating, then two
sets of diffracted beams occur and will interfere with
each other. The interference is dependent on the phase
relationship between the two patterns and causes an
intensity difference in the symmetric beams except when
the patterns are aligned with each other. This method
has been demonstrated to be accurate to within 1% of
the gratings' line width and has been used to superimpose one pattern on top of another to within better than
0.02 pm, or 200 À ( Fig. 7).
Existing X-ray systems

Although X-ray lithography alignment systems are
not commerically available, many companies have built
their own. All of these systems use the basic electronbeam—generated X-ray source but have different targets
and power levels. Some are used for single-mask devices
like bubble memories and thus do not require good
alignment. The other systems have been used in awide
range of processes, from prototype fabrication of standard devices and to production of small test devices with
line widths ranging from 1to 2pm.
A system at Bell Laboratories is at the pilot- line stage.
With DCPA resist and only a4.5-kw source, throughputs
on the order of 15 per hour are reported. Bell Labs is
producing adevice of standard size at present to prove
that X-ray lithography is at least competitive with
conventional optical lithography.
A summary of the X-ray systems that have been
described in the literature is given in Table 3. Most of
these systems have high flux generated by rotating
anodes.
The three main fine- line lithography processes that
seem viable for very large-scale integration in the immediate future are electron-beam, direct-step-on-wafer, and
X ray. Each of these processes is a radical change for
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Devices reported
produced

charge-coupled
devices

Source

palladium

silicon ( 7.1 A)

today's typical wafer fabrication facility and thus will
undergo asubstantial learning curve.
The direct-step-on-wafer process will provide for small
geometries of approximately 1µm in pilot- line production. Because it allows for traditional geometries in the
reticle, it will be particularly useful for manufacturers
who do not have electron-beam masking equipment. The
system is commercially available today and thus will
allow development of processes that are compatible with
1-µm geometries.
Electron-beam lithography has already established a
market in mask making. It is also starting to be used to
write patterns directly on wafers— a process that will
always maintain amarket of its own, since it gives quick
turnaround on prototype devices. The defect density of
the method will probably always be the lowest of all
three. This makes it well suited for optical devices where
large areas of zero defects are required. It will also
dominate the market in low-volume high-cost parts
where mass production is not required.
X-ray lithography is now in the process of demonstrating itself as economically and technically viable not only
for single- level mask devices but also for multimask
devices of all types. Although X-ray lithography equipment is not commercially available today, it is nearly at
a point of being so. Companies are already working on
fabricating commercial equipment and commercial
X-ray photoresists; interest has also been expressed in
making commercial X-ray masks.
X-ray lithography will require costly masks made by
electron-beam patterning, so that it will not have the fast
turnaround time needed for prototype device development. But, once a working device pattern is generated,
X-ray lithography will be able to replicate the pattern at
low cost and high throughput. Thus, the X-ray approach
produces the one kind of system that keeps the cost of
lithography down, thus allowing for the high-volume,
low-cost production of complex VLSI circuits with very
small geometries.
D
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Bit-slice parts approach
ECL speeds with TTL power levels
Schottky- coupled logic puts emitter-coupled and transistor- transistor logic
on the same chip, making pipeline prediction techniques possible
by Dale Mrazek,

National Semiconductor Corp., Santa Clara, Calif.

E The dream of the computer designer is asystem that
operates at the high speeds allowed by emitter-coupled
logic, yet has the low power consumption of standard,
low-power Schottky transistor- transistor- logic parts. A
technique called Schottky-coupled logic comes close to
making that dream real. With this approach, bit-slice
devices have been fabricated that are 30% to 50% faster
than comparable Ls 2900 family designs now available.
At the same time, power consumption is slightly less
than that used by present Ls designs and only one third
that required by ECL.
The substantially increased system throughput made
possible by the IDM2900 family, built with Schottkycoupled logic, or SCL, means a number of advanced
computer designs can be considered that were impossible
before. For example, advanced, pipeline prediction techniques of microprogram control design can be used to
reduce microcycle times significantly.
A bonus of this approach is that this is the first
ECL-based 4- bit-slice family to meet military temperature requirements. The new series shows even less
performance degradation over the military temperature
range than some of the standard Ls parts now available.
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A 60-ns slice
Process and circuit improvements using SCL are most
apparent in the IDM2901A, which boasts an average
microcycle time of only 60 to 70 nanoseconds, a 100%
improvement over existing Is designs. The device's
power consumption, however, is about the same— only
800 milliwatts. Also available is an even faster version,
the IDM2901A-1, with amicrocycle time of only 50 to
60 ns—again, with no increase in power consumption.
Designed as ahigh-speed cascadable element intended
for use in central processing units, peripheral controllers,
programmable microprocessors, and numerous other
applications, the IDM2901A consists of a 16-word- by4- bit two-port random-access memory, a high-speed
arithmetic and logic unit, and associated shifting, decoding, and multiplexing circuitry ( Fig. 1).
Except for the most important parameter, speed, the
IDM2901A is plug-compatible with any Ls implementation of the same architecture now on the market. But
plug-in replacement and raw speed improvements are
just part of the story. The IDM2901A's read- modifywrite cycle is 42% shorter than that of an LS 2901A. The

ao

CARRY
• GENERATE (G)
CARRY
LI' PROPAGATE (
P)
- Cn+4
—4. F
3(SIGN)

- OVERFLOW
- F
=0000

A
OUTPUT-DATA
YSELECTOR
-1 DATA OUT

1. IDM2901A. A block diagram of the IDM2901A bit-slice processor
is shown above. Inside is a 16- by-4- bit RAM, a high-speed ALU, and
shifting, decoding, and multiplexing circuits. It boasts an average
microcycle time of only 60 to 70 ns and consumes only 800 mW.

maximum clock frequency is 68% greater. Execution
time for a typical operation, such as an add-and-shift
(multiply) is 95 ns maximum and 60 ns typical, a
significant gain over previous 2900 implementations. In
a typical application, system microcycle time is 100 to
150 ns, about one half to two thirds that of previous Ls
bit-slice designs.
In addition to the IDM2901A, 14 other standard parts
have been introduced, as well as 2proprietary parts that
allow system designers to take full advantage of the
increased speed (tinted gray in the table). With the
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IDM2900 FAMILY OF BIT- SLICE PARTS
Typical uses

Description
I
DM2901A

4- bit-slice microprocessor with two- port 4- by- 16- bit RAM,

in computer central-processing units, high-speed

I
DM2901A-1

arithmetic/logic unit, and shift, decoding, and multiplexing

controllers, and programmable microprocessors

circuits
I
DM2902

high-speed carry- look-ahead generator that anticipates a

to propagate carry terms to the most significant

carry across four adders or groups of adders

package when multiple 2901As are used

I
DM2909A

4- bit- wide address controllers.

to sequence through aseries of micro- instructions

I
DM2911A

09A- input word can be masked,

in ROM or PROM

11A- input word cannot be masked
I
DM29702

16- by- 4- bit RAM, fully decoded with chip-enable input.

I
DM29703

702 has three-state outputs,

as afile- extension register or memory stack

703 has open-collector outputs
I
DM29704 A

16- by-4- bit dual- port register file.

for register file expansior or as ageneral-purpose

DM29705A
I

704A has open-collector outputs,

register file

705A has three- state outputs
I
DM29750

32- by- 8- bit field- programmable ROM with on-chip decoding

for logic replacement or extension or as an external

I
DM29751

of a5- bit binary address.

multiplexer

750 has open-collector outputs,
751 has three-state outputs
I
DM29760

field- programmable 1,024- bit PROM.

I
DM29761

760 has open-collector outputs,

for logic replacement, gate matrixes, or multiplexers

761 has three-state outputs
I
DM29803

branch controller with 16 instructions to branch 2, 4, 8, or 16

in complex processors, controller systems, and

ways in one microcycle; uses variable input mask for systems

address controllers

employing the 2909A or 2911A address controllers
I
DM29811

next- state controller

for microprogram control with the 2909A or 2911A

I
DM29901

octal, edge-triggered flip-flop with three-state outputs

as autilitity register or for temporary data storage

I
DM29902

in interrupt- driver systems

•
8- to- 3- line priority encoder

I
DM29903

16-by-4- bit clocked RAM organized as an addressable

mainly for file extension

D-type register file

IDM2900 family, a typical 16- bit controller can be
constructed having a system microcycle time of about
140 ns. This represents about a 30% improvement over
that possible with is devices. With the high-speed
1DM2901A-1, the microcycle time can be reduced
further to about 120 ns. Moreover, if the 29901 and
29903 are used as well, the same operations can be done
in even less time— about 120 to 100 ns.
LS + ECL = SCL
To combine ECL speeds with Ls power consumption,
several techniques are employed. One is the use of lowpower Schottky circuitry at the periphery of the chip to
interface the internal ECL circuitry with the external rrL
world ( Fig. 2), a technique commonly used in some
bipolar memories. The input translators not only shift
rrL levels to differential-EcL signals, they also enhance
input- level sensitivity. As can be seen in the figure, the
input translator is similar to a differential amplifier
whose internal reference is stable. The result is very
abrupt transfer characteristics on all input signals.
Hence, very fast switching speeds ensue.
Even more responsible for the performance of scL
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devices are the output translators. Traditional ECL-totranslators are slow unless considerable power is
applied. With IDM2900 parts, however, ECL speeds are
retained, yet no additional power is cónsumed, thanks to
an improved three-state translkor circuit that transforms the 0.7-volt ECL levels into 5-v Schottky-n .1_
levels. This technique eliminates the slow and powerhungry buffer transistors that usually do the job. The
translators can also drop down to one third their active
power with no loss in speed. With them, an extra 60% to
65% of the power that would have been consumed is
instead pumped into the portions of the device that
require it
ECL-core circuitry.
The output translators use both linear and digital
techniques. Differential-ECL signals are translated by
means of a differential-current amplifier. The differential output voltage is changed to a differential current
and then back to an output voltage. The output voltage
drives aphase-splitting transistor (Q, in Fig. 2), which,
in turn, drives the peripheral output circuitry. The threestage logic- buffer circuit is characterized by a currentmirror transistor (Q2) having its base and emitter
connected, respectively, to the base and emitter of the
rrL
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INPUT TRANSLATOR

OUTPUT TRANSLATOR

-,

V.
o
(TRANSISTOR TRANSISTOR
LOGIC)

2. TTL to ECL and back. In the IDM2900 family, translators interface internal ECL with the TTL world. The output translators have a phase
splitter ( Q.) and current mirror ( 02) with bases and emitters tied together. This considerably reduces power consumption.
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3. Controller. The IDM2900 family can be used to build central processing units, programmable microprocessors, and controllers, like the
one above. This state-sequencer uses the IDM2901A for its ALU data storage and the IDM2911A for sequencing through the states.

An additional advantage of this current- mirror
phase-splitter transistor. The current mirror's collector is
connected to the voltage supply terminal, and its emitter arrangement is a faster dynamic response in the
conduction state of the pull-down—output transistor to a
is about twice that of the phase-splitter transistor.
The current mirror supplements the drive current change in the input signal. The faster response results
from selective use of the Miller feedback effect, in which
provided by the phase splitter. This arrangement permits
ahigher resistance to be connected between the voltage- the voltage gain of a bipolar transistor circuit falls at
supply terminal and the collector of the phase-splitter high frequencies as a result of acorresponding increase
transistor without diminishing the drive current to the in base-collector capacitance. Miller feedback occurs on
pull-down transistor at the output. By connecting a the phase-splitter transistor because its collector is
higher resistance, the output impedance of the circuit is coupled to the voltage supply through aresistance. But it
is absent on the current- mirror transistor because its
increased when the circuit is in its disabled state, and
thus the current flow through the phase-splitter transis- collector is directly connected to the voltage supply.
tor and the resultant power consumption are reduced. ( If Consequently, when the input switches, the current ratio
between the current mirror and the phase splitter is even
the ratio of emitter sizes is increased significantly
beyond the present 2:1 for this device's output specifica- greater than the ratio of their respective emitter sizes.
Figure 3shows aversatile state-sequencing controller.
tion, the dynamic response of the pull-up transistor
It uses the IDM2901A for its data storage and arithmetmight be slower.)
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The history of the microcycle
In the very earliest use of state sequencing— in microcomputers and larger systems— operations were performed in
series, one after the other, and the microcycle was defined
as the sum of the operations.
In the first such technique, now called " non-pipeline
microcoding" and still used today, a sequencer increments or branches to the next state, depending on the
logic level of atest input. The controller timing is measured
from the clock edge of the controller-register counter,
through microcontrol storage ( read-only memory) and the
processing elements, then back through the next-state
decision tree to the controller-register counter.
When it was discovered that the time required to obtain
the microcode from ROM and the time required to perform
an operation in the arithmetic and logic unit could be
made to overlap, serial approaches were abandoned for
concurrent ones.
Pipeline microcoding, the first of the new techniques, is
commonly used in bit-slice systems such as those built
with standard low-power Schottky transistor-transistorlogic parts. The microcontroller-loop timing operates in
parallel with the execution of the processing section. While
an arithmetic operation is being performed, the next
microcontrol word is being set up for use by the microcode. A register between the output of the microcontrol
store and the 2901 central processing units allows overlapped functioning of the two sections. The result is a
faster machine cycle time than with the totally serial mode
of operation. However, pipelining requires absolute knowledge of the next state, one cycle before the execution of
the 2901A cycle. Therefore, it is difficult to implement
several successive conditional next-state decisions.

ic and logic generation and the IDM2911A as the state
sequencer, with the latter's speed and subroutine stack
an added benefit.
There are anumber of factors to be considered when
using IDM2900 devices in more complex processor
systems. The IDM2901A's registers and ALU are usually
insufficient when data and address word lengths grow
from 8 to 16 bits and beyond. Special functional elements are generally added, like input- and output-data
or addressing registers or components for sign extenstion
of data, instruction decoding, shift and rotation control,
and multiplication functions. Also, special processorstatus registers are frequently needed, and these often
require their own control elements. Some special thought
to these additional circuits can reduce the parts count
considerably and improve processor performance when
using I
DM2900 components.
Performing amultiplication
Usually, the emphasis in computer processor design is
on speed, and nowhere is this element more crucial than
when amultiplication is to be performed. This operation
determines the longest cycle time if performed in the
normal manner, because more than one path through the
2901A is taken. Also, several external components are
usually required and their delays must be added to the
solution time. However, using the high-speed components in the IDM2900 family, many of the paths may be
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Using Schottky-coupled-logic components instead of
LS bit-slice devices for pipelining reduces the register and
ALU portion of the microcycle 65% to 75%. However, total
microcycle time may only be reduced 40% to 50%, since
the microcycle time is determined by the length of the
longest operation, which in this case may be the delay in
the microcode portion.
To get the full benefit of the high speeds inherent in the
SCL family therefore means abandoning the traditional
approach to pipelining. Instead, a different technique—
pipeline prediction — allows a reduction in the microcode
portion of the microcycle so that it is equal to or less than
the register-and-ALU setup time. The figure gives a rough
timing comparison of the four schemes.

circumvented and the multiplication time shortened.
Assume the problem is to perform amultiplication of
two signed 16-bit values. Figure 4shows acircuit using
IDM2900 devices plus two multiplexers (a74S153 and a
74S253) and a D-type flip-flop ( 74S74). This circuit
performs the multiplication 30 to 70 nanoseconds faster
per cycle than do standard Ls bit-slice parts, for atotal
speed improvement of 480 to 1,120 ns. In addition, the
design eliminates aspecial interval for the multiplication
cycle. The result is a processor or controller with a less
complicated clock-control circuit.
Extra flip-flop
Note, though, that there is an extra stage of register
storage in the Q register, in the form of a D flip-flop
(colored in the figure). As aresult, Q is shifted one time
without shifting the file register, since the partialproduct register has to be cleared.
The Q register is shifted first so as to get the least
significant bit into the extra storage location. After the
shift, the A and B register-file addresses do not change
and therefore do not enter into the timing equations. The
faster response resulting from the added D register saves
agreat deal of time in each microcycle of the multiplication's add and shift operations.
Since the A and B inputs do not change, the critical
path is from the D register output into the 1
0-1 2 inputs of
the IDM2901As, which in turn perform a normal add-

Electronics/November 9, 1978

OVERFLOW
F F3

GP
II
A ADDRESS 01113111

6.1.1J

Y12

- Y15

( OUTPUT DATA)

Clro

BADDRESS

P

1
6-1 8
1
3 1
5

Rm

¡DM
2901A

Go
Ro

10-1 2

012 - 015 ( INPUT DATA)

CIN

2

*
-71-71
Imsme>
a,

[1)

00

C..,

Ro

1
:
18-1:
111

MULTI
PLEXER

G

%74S153

e
MICROINSTRUCTIONS FROM ROM

R3
I0M
2901A

0-

LOGIC 1

Y8 — Y11

12—

10M

2902

6

—C
o

G

10
A

CIN

CLOCK

CN

n,

SIGN
EXTENSION
AND
MULTI
PLI CATION

N.

G

Y4 - y7
R3

16
- 18

13 — 15

LOGIC 1

ck,

1DM
2901A

Ro

04

07

o
Q
II

%74S74

Yo -Y3

0
3
R3
10M
2901A

QL
RL
Do

NOTE: ALL BUS LINES
ARE 4BITS WIDE

LOGIC 1

D3

MULTI
PLEXER
%74S253

MULTIPLEXER
%74S253

4. Multiplier. This circuit multiplies two signed 16- bit values in 2's complement notation. It performs the multiplication 30 to 70 nanoseconds
faster per cycle than if standard low- power Schottky parts were used, for an overall speed improvement of 480 to 1,120 ns.
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5. Predictor. The high speed of Schottky-coupled logic allows pipeline prediction controllers to be built. -This technique uses shorter
microcycle times than standard pipeline microcoding techniques, because during any microcycle, the most probable next state is set up.

and-shift operation. Using the D flip-flop saves 20 ns,
and using the 1
0-1 2 inputs saves 10 ns in each of the 16
cycles of the 16- by- 16- bit multiplication. This is all the
hardware necessary for apositive-signed multiplicand.
If a negative result is required, an additional path
must be added. Two are possible in the most significant
IDM290 I
A package. One is from C„ to the RAM°
output. The other is from C„ to the overflow or to F3
(whichever is longer) and then through the additional
exclusive-OR gate and multiplexer and back to the most
significant RAM 3 input. The maximum time delay is
20 ns, from the overflow and F3 outputs back to the
RAM 3 input.
With techniques standard to previous 2900 designs, 15
conditional additions, followed by ashift, one conditional
subtraction, and another shift are required to do asigned
multiplication in 2's complement notation. The resulting
data paths for this solution would take 141 microseconds.
with the I
DM2901A.
Faster yet

If IDM2901A- Is are used in the circuit, and if the A
and B address lines are set up one cycle ahead of the
multiplication sequence, the 16- by- 16- bit signed multiplication takes only 116 ets, and anet savings of 25 /as per
microcycle is thus achieved. Therefore it sometimes pays
to add a flip-flop in certain locations to achieve higher
performance and asimpler solution. Here, the multiplication cycle time was reduced 20% compared with standard techniques using Ls bipolar components.
The pipeline prediction controller functions in much
the same way as the controller in a standard pipeline
configuration except that it can also accept any number
of successive conditional next-state decisions in a row
(see "The history of the microcycle"). But shorter microcycles can be obtained, because during any microcycle
the most predictable next cycle is being set up. Should
the test of the next-state decision be different from the
one predicted, the alternate state is set up and the
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microcontroller and the data system pass through a
correction interval. This design makes next-state decisions within the same cycle as the microcontrol portion
of the IDM2901A.
Figure 5 shows a pipeline prediction technique in
which the next state is achoice between two states. This
means that one state is predicted, and if incorrect, the
second choice is used. The microcycle is either delayed
or an additional cycle is inserted.
There is no real reason why the design must be limited
to only two next-state conditions— any number may
exist. It is necessary only to predict the most probable
next state and correct it if required, and most next-state
decisions are known to ahigh probability of occurrence.
The extra cycle time added for the few times an incorrect prediction is made is extremely small compared with
the total microcycle time saved. Moreover, since this
technique minimizes the number of states through a
control sequence, further time is saved. Finally, pipeline
prediction requires no additional components to achieve
these increases in speed.
For the future
The present components in National's IDM2900 SCL
family are built with exceedingly liberal design rules. In
spite of that, the chip area of the IDM2901A, for
example, is equal to or less than that of some of its LS
counterparts. This means that inherent in the SCL technique is the possibility of further improving density and
integration— combining many bit-slice functions onto
fewer and fewer chips— while maintaining speed.
What's more, speeds of scutype bit-slice 2901A parts
of 40 to 50 ns and system throughput of 80 to 90 ns may
be expected by 1980. Even though SCL microcycle times
at the component level may not match those of pure ECL
parts, the system improvements allowed by the lower
power consumption may ultimately result in systems
with far faster throughputs than are possible with emitter-coupled logic— at much lower cost.
EJ
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Stay in total touch
with d/pad three
Total Telemetry Testing capabilities
and real time flight decommutation
are now available in one small portable
package . . . designed for easy
Engineering Conversion and
interface with people.

Continuous Limit Checking
The d/pad three converts and displays
incoming data in engineering units, averages
the data, does peak-to- peak computation
and continuously limit checks up to 200
channels without the need for any additional
programming.

Data Displays Independent from
Data Outputs
Data selected for display is independent of
other data outputs such as the analog or
digital ports, giving the operator the option of
observing the desired channels without
affecting any of the programmable data
ports

The versatile d/pad three provides all the
functions necessary for total telemetry data
monitoring all the way from ground testing to
inflight decommutation operations. Simply
and accurately.
No- sweat fingertip control features front
panel keyboard programming and CRT
visual display of feedback data, to keep an
operator in total touch at all times.
Fully computer compatible, the d/pad three
is a complete PCM/PAM decommutation
system with programmable analog and
digital ports, in addition to the
comprehensive data display. And
it's all contained in one small,
easily transported package.

Software Flexibility and Hardcopy
Conic Data Systems can provide additional
software to perform such complex operations
as FFT and 4th order polynomial conversion.
The basic program can be altered by simply
overlaying a new software package to
change the system characteristics.
The d/pad three is provided with an ASC II
port for the purpose of interfacing with a
printer to supply a complete print-out of all
data. Or automatically print only channels
that are out of tolerance.
For the ' total telemetry touch' story, contact
Russ Smith, Conic Data Systems, 9020
Balboa Ave., San Diego, CA 92123. Phone
(714) 279-0411.
CONICTA SYSTEMS

IL

A subsidiary of Loral Corporation

Stay in Total Telemetry Touch
with dlpad three
Circle 113 on reader service card

Designer's casebook
larly useful in a digital-averaging application. Data is
sampled during an interval in which the ADD/SU line is
toggled at some frequency, which in this case varies with
time, as shown. Any data in phase with the ADD/SU
signal will accumulate in the n-stage counter (count-up
mode), and digital noise will be averaged out (subby Gary A. Frazier
tracted). The output of the counter is sampled at the end
Richardson, Texas
of the data-collection interval.
If the contents of the counter should ever decrease to
Upon sensing when an ordinary up-down counter is zero, aborrow pulse is generated by the most significant
about to count down through zero, this circuit reverses counter, C„, and toggles the flip-flop. In turn, the NAND
the direction of the count to enable it to express a gate connected to the clock-up port of C, is enabled. In
negative number by its magnitude and sign, instead of by this way, the output of the counter is mirrored about 0,
the more usual but less convenient 2's complement. The as shown in the timing diagram, and is equal to the
circuit similarly represents positive integers, making it absolute value of the difference between the number of
easy for any stored value to be handled directly by such the add- to and the subtract- from counts. The sign bit is
data-system devices as digital- to-analog converters or set each time the data actually drops below zero.
microprocessors.
Note that when using the up-down counter, it is
The unit shown in the figure has been found particu- necessary to keep the counter cleared while the BORROW
iS low to avoid difficulties should the clock-up line
suddenly
become disabled while the clock-down line is
C, - C„: 74192 ( BCD) 0074193 ( BINARY)
OVERFLOW
activated. Otherwise, a decrement will take place. The
013
frequency and symmetry of the ADD/US waveform is
BORROW
arbitrary so long as the counter does not overflow on any
4
CLEAR
half cycle of asampling interval.

Zero-sensing counter yields
data's magnitude and sign
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bit is also generated. Thus, all numbers are suitable for direct
handling by ad-aconverter or other data-system device.
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Demand-switched supply
boosts amplifier efficiency
by Jerome Leiner
Loral Electronic Systems, Yonkers, N. Y.
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CLEAR

The efficiency of high- power audio amplifiers operating
in class B will be improved by up to 80% at low power
levels if the supply voltage can be switched from a low
to a high value as the power demands on the amplifier
increase. Using the automatic-switching circuit described here ensures alower heat dissipation than would
be possible with an amplifier that delivers a low-power
output from a single high-voltage supply, which is the
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High efficiency. Audio power amplifier switches from Darlington pair 01 -02 and low-voltage supply to 03-Q 4 and high-voltage supply only
when power output demands increase. Circuit thereby eliminates the need for amplifier to dissipate excessive heat, a condition that occurs
when an amp with asingle high-voltage supply is used to process alow-amplitude input signal.

most common situation. The increased efficiency of this
power amplifier can produce considerable savings in its
weight and size and also reduces the amplifier's heat
sink requirements.
The amplifier is designed to switch from the low- to
the high-voltage supply as the audio signal level passes
up through the low-voltage supply level. The switchover
is made with virtually no perturbation in the output
current up to as high as 25 kilohertz. At higher speeds,
any waveshape distortion can be reduced by implementing negative feedback around the amplifier. Both supply
voltages can be derived from one source, with the low
voltage taken from a selected tap on the power transformer.
Several circuit configurations were tried, among them
a cascaded emitter follower, aseries transistor configuration, and the parallel transistor arrangement shown in
the figure. The cascaded emitter follower and the series
configuration performed adequately below 10 kHz. At
higher frequencies, however, the effects of carrier storage produced by the first two arrangements caused large

Fast-acting voltage detector
protects high-current supplies
by Jorges S Lucas
Engeletro, Belo Horizonte, Brazil
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perturbations in the output current. The parallel
arrangement finally adopted has virtually no storage
problem and appears to be the most useful at higher
frequencies.
For simplicity, the operation of one half of acomplementary-output stage (see figure) is described. A halfsine wave that swings from — 1 to — 20 volts is the
input-signal source in this case.
When the input level is at — 1v, current flows through
D2,RI,and DI.Thus the input base of Darlington pair
Qi —Q2 is one diode drop lower than the base of Q3 —Q4.
As aresult, QI —Q2,which uses the — 15-v supply, is on
and Q3—Q4 is off.
When the input signal reaches within one diode drop
of the low-voltage power supply, D2 begins to turn off
and Q3—Q4, which uses the — 30-v supply, starts to turn
on. As Q3—Q4 moves into the linear region, QI —Q2 begins
to turn off, so there is asmooth transition of current in
the load. Q3—Q4 stays on until the signal polarity
reverses; when the signal passes through the low-voltage
supply level, QI —Q2 goes on and Q3—Q4 goes off.
D

Protecting a regulated, nonswitching power supply
against both short circuits and overvoltages can be difficult, especially if the supply is to deliver high currents.
Should either condition occur, this circuit will act quickly to protect the supply, and its load as well, by deactivating the series or shunt pass element in the regulator
and thus forcing the output current and voltage to zero.
A typical high-current power supply ( 5 volts at 5
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Design Ws
The,SuperWay
Very large scale integration (VLSI) is
forcing changes in IC design.
The Appl icon Super VLSI Graphics
System is answering the new challenge
of VLSI layout today.
Bigger, denser chips mean that laying
out adesign manually and then digitizing it into acomputer is becoming
increasingly inadequate. The solution is
putting the designer in front of aCRT
from the start and eliminating the digitizing step.
Applicon has evolved on-line design
into anew graphics system with unmatched productivity.
With the new
Super VLSI System,
designers can
lay out acomplex
IC at asystem
workstation
quicker than they
can with colored
pencils on Mylar.
Video Workstation

To make the Super VLSI
System successful it had to
be super fast. So we implemented new software with
an intermediate data structure and new hardware
200 Mb
with three high-speed procesSystem Disk sors. The system had to provide an interactive and easy to use environment that wouldn't slow the designer
down. We did this with aworkstation
incorporating avideo display with
selective erasing, blinking components,
patterned area filling, dynamic XY
readout, and scrolling messages.
In developing the Super VLSI System
we kept the two most powerful features
of earlier Applicon systems: stretchable
components and character recognition.
Character recognition is the key to online design — letting the designer communicate with the system through
hand-drawn symbols while keeping his
eyes on the CRT.

And more. On-line design rule checks
for catching errors at an early stage. An
ink jet plotter for full-color checkplots in
just 15 minutes. Software interfaces that
run concurrently with graphics for
developing special programs. Output
interfaces to plotters and pattern generators, including E- beam machines, and
communications links to mainframes.
The Super VLSI System is supported by
adedicated customer service organization to carry you ahead into
, the Super VLSI age. Call us.
Applicon Incorporated, 154
Middlesex Turnpike,
Burlington, Mass. 01803
(617) 272-7070
Applicon
Color Plotter

Regional Headquarters
San Jose, CA 408-287-9380
Schiller Park, IL 312-671-4337
Burlington, MA 617-272-7070
Fort Washington, PA 215-643-6464
Dallas, TX 214-783-8162
Paris, France 1-687-34-43
Manchester, England 099-64-32813
Munich, Germany 89-57-60-13
Representatives
Tokyo, Japan 03-507-4490
Taipei, Taiwan 721-2203

appLiC0
,NCORPORATED
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BC337
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10pF

Q2
BC321

BC337

Power guard. Transistors 0, -03 and SCR ( within dotted lines) protect high-current power supply from short circuits and excessive output
voltage. On occurrence of either event,

02

turns on, disabling Q, and enabling SCR to fire, shutting down supply's regulator.

amperes), which is modified slightly to accommodate the
protection circuitry (dotted lines), is shown in the figure.
When ashort circuit occurs at the output, Q2 turns on,
which in turn disables Q1.The voltage at the gate of the
silicon controlled rectifier then rises at arate determined
by the time constant of elements RI, DI, D2, and CI.
This delay prevents the SCR from triggering when power
is first applied to the circuit. The SCR then fires, disabling the BC141/BC139 transistors in the power supply
and shutting down the regulator.
Q3,on the other hand, detects when the output voltage
climbs above auser-set threshold. Once the threshold is
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exceeded, Q3's base voltage rises at arate determined by
the time constant of elements C2, R4, D3, and threshold
potentiometer R5 (
delay must be provided for the reason
discussed previously).
Q3 then turns on. Q2and Q1 react accordingly, and the
SCR fires, as it did for the short circuit. Normal circuit
operation may be restored simply by turning the power
supply off and removing the abnormal condition, then
switching on the supply again.
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Designers casebook is aregular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to designproblems. Explain briefly but thoroughly
the circuit's operatingprinciple and purpose. We'll pay $50 for each item published.
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T

he much-publicized fiber-optics revolution
is indeed here— but publicity
notwithstanding, it will not put the traditional
competition out of business for along time. As
experienced observers of electronics have learned,
many new developments make their mark as
ooze-throughs rather than breakthroughs, the only
difference being in the ooze rate. Fiber is turning
out to be no exception, and only sound engineering
analysis will determine how quickly and where in
particular it will be applied in new systems.
Data links appear to be the first area in the
industry at large on which fiber optics is having an
appreciable impact. This is most probably because
the links can be put together without agreat deal
of effort in house or purchased in varying degrees
of ready-to-plug-in formats from more than adozen
or so suppliers. But even so, many first-time users
offiber-optic data links undoubtedly suffer from
new product inertia. Who wants to risk specifying
astrange and unfamiliar gadget? Ultimately they

Estimating when
fiber optics
will offer greater
'value in use'
Kicking off aseries on designing
with fiber optics, this article
tells how to calculate the economic
advantage ( or not) of using optical
instead of wire cable in asystem
by Jay Uradnisheck
E I. du Pont de Nemours & Co., Wilmington, Del.
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overcome their fears, but the process is usually
painful and time-consuming.
The following article is the first of aseries that
should help the readers of Electronics come to grip
with this situation. The goal of these articles is to
give engineers enough background to be able to
make intelligent decisions on the usefulness and
impact offiber-optic data links in particular
applications or systems.
It has been said that, because afiber-optic
communications system has so many advantages
over aconventional electronic one and by now is also
cost-competitive with it, any system that is not
designed to use optical fiber is obsolete before it has
even been built.
The only way to prove or disprove such a
statement is with numbers, and the first article in
the series (see below) addresses this question. By
calculating the "value in use" of aparticular
system, the prospective user offiber optics can put
anumerical value on both its tangible and intangible

If it's no longer a question that fiber -optics will
become big business, it is still uncertain just which
particular applications it will turn up in— except that
they will be the ones in which its benefits compare most
favorably with its costs. The engineer thinking of using
the technology therefore needs to be able to evaluate
more than just the cost of using it in aproduct. He must
determine the value of its unique assets to the customer.
He (or she) can do so by listing the various as-yet
intangible benefits of fiber optics in a specific application, placing a dollar value on each in terms of either
total system investment or annual operating costs
(whichever the customer prefers), and combining these
figures with the costs of manufacture into avalue- in- use
factor. The viu figure will help him determine where and
when optical fiber is economically feasible.
Of course, the technology opens up some entirely new
applications, but more often it will displace aconventional method of transmitting information, such as microwave transmission through air or electric-pulse transmission through wires. Thus a system's viu will vary, not
just with the application and the unique assets of fiber
optics, but also with what alternative conventional equipment is available. The most successful applications, in
short, will be where its value in use to the customer
furthest exceeds its selling price.
To repeat, viu calculations are based on the fundamental reality of the business world: that customers
ultimately judge the worth of new products. It is their
economic criteria that measure product worth, and they
judge the new product by comparing it with the best
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TABLE 1: SOME INVESTMENT ITEMS ASSOCIATED
WITH INFORMATION TRANSFER EQUIPMENT

benefits. He can then compare it with conventional
systems in terms of both the investment cost and
cash flow. The result is adecision based on
engineering economics as to whether or not fiber is
feasible for agiven application
The next article, which will appear on Nov. 23,
shows how— once the decision has been made in
principle to go to fiber— to check quickly that fiber
optics can in practice satisfy specific design
requirements and then choose the most applicable,
lowest-cost components. All the key concepts are
covered in aseries of easily used design charts that
do not require an extensive knowledge of details.
Finally, to help decide whether to build or buy,
aspecial report in the Dec. 21 issue will compare and
contrast the various do-it-yourselffiber-optic data
links that have become available in many forms
from numerous manufacturers anxious to tap a
growing market. Afeature of the special report will
be adetailed table of the specifications and
capabilities of available products.

conventional product they know about.
The first step in calculating a viu is to draw a
schematic diagram of the application using conventional
technology. It may be as simple as asingle wire connecting the origin and destination of information that has to
be transferred. Next, draw a boundary around the
portions of the application that might be changed or
replaced by fiber optics. Then diagram the fiber-optic
solution for the application.
Do not let the technical constraints of the conventional
technology unnecessarily limit using fiber optics to its
full advantage. Conventional auxiliary equipment, such
as that needed to filter out interference, may be
completely unnecessary with fiber-optic cables. Signals
that are conventionally transferred with parallel channels might be multiplexed and transferred with only one
fiber-optic channel.
Compare and contrast
When viu calculations are made, the economics of
everything inside the two diagrams is examined.
Remember, a lower-priced product need not mean it is
better than the conventional product. A less expensive
fiber-optic cable may require more expensive terminations, connectors, or electronics equipment. Therefore,
the overall economic diagrams should account for all of
those that result from using fiber optics.
One of the benefits of the viu calculation is that it
forces one to assign dollar values to the advantages of a
new product so that they can be related to other economic considerations. Some of the advantages of fiber-optic
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Cost item

Cable cost

Type

variable

Consideration

The type of wire cable will depend
on the degree and intensity of
interference as well as the rate of
data transfer and transmission
distance. The type of fiber-optic
cable will depend on the data rate
and the transmission distance.

Conduit

variable

The need for aconduit for wires
depends on the building codes,
explosive or corrosive environment,
and amount of external interference. Fiber-optic cables may not
require conduits except in severe
environments.

Grounding
cable

variable

Spacers

variable

Fiber-optic cables usually do not
require the transmitter and receiver
to be interconnected with gounding
cables.
'

These are needed to minimize cross
talk between some wire cables.
Fiber-optic cables would not require
spacers.

Floor
shielding

variable

Raised
flooring

fixed

Connectors

fixed

This may be needed to minimize
noise pickup by wire cables, not by
fiber-optic cables.

A smaller-diameter cable might not
be atripping hazard and so would
not require raised flooring.

Costs depend on whether military
specifications are required and on
type of cable.

Electronics

fixed

Driver/electro-optics/optoelectronics/receiver is required for
fiber-optic cables. Driver/receiver
only is required by wire cables.

Labor

variable

Cable
inventory

variable

This includes the cost of handling
the cables, splicing, laying them out,
etc. Fiber-optic cables may have a
different installation cost because
of their smaller weight.

If attaching connectors to cables is
extremely time-consuming, it may be
•advisable to have an inventory of
preconnectored cable. Frequently
changing transmission distances may
also require alarger inventory.

Connector
inventory

fixed

Engineering

fixed

Frequently changing distances
may increase this item.

Large, difficult-to-handle cables
may require pre-engineering so
that the cables can be connected
in the plant before the system
is laid out in the field.
s
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1. Clear case. To keep emi-induced transients from damaging microprocessors controlling a laser system, conventional cable link would need
filters, amplifiers, even photo-optic isolators ( a). Needing none of these, fiber-optic cable ( b) would have a better VIU.
TABLE 2 INVESTMENT ESTIMATES FOR INFORMATION
TRANSFER THROUGH SEVERE EMI ENVIRONMENTS

7

Investment (5S)

Cost item

Conventional
Photo-optic relays

32 x 18

Cable

2 x3 xm*

Cable ties

Fiber optics

VIU — x m x32
0.05

m

6

5
VIU

Regulated power supply

2x 60

60

Connectors

4 x 7.5

32 x2.5

Filters

32 x20

4

Isolators

32 x4.5
32 x9

3

Pi
ndiode-amplifiers
Conduit

3xm

Back panel

200

100

Labor ( electronics)

96 x 1

64 x 1

Labor ( connectors)

64 x 1

64 x 1

Soldering tools, crimp
tools, splicers, etc.

0.1 x 100

0.1 x 100

Electronic inventory

158

30

Cable inventory

0.2x 2 x3 xm

0.2 x VIU x 32 xm

Total investment

2,038 + 10.2 xm

696+(38.4xV1U+3)xm

3xm

.m

= transmission distance in meters
.. VIU = value in use of the fiber-optic cable in dollats per meter

cables, such as to immunity to electromagnetic interference, dielectric isolation, improved safety, and increased
bandwidth, have been given an indirect dollar value by
being considered in the schematic diagram. But the
others are taken into account when the overall economics
is considered.
A new product's viu is defined as the price that will
cause no change in the end user's overall economics
relative to the best competitive product. Thus if fiberoptic cables are priced consistently with the application's
viu, the end user will see no change in his overall
economics as aresult of switching to this new product. If
they are priced below the application's viu, there should
be astrong economic reason to switch.
Moreover, if fiber-optic cables are priced below the
application's viu for one end user, they may be priced
above their \nu for another. This is because aproduct's
value in use depends not only on the specific applications, but also on who is using the system.
In calculating a viu, the economics to be considered

0.2 +35
—

2

o
o

10
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40

iii

should be the user's favorite criteria. These may be total
investment, percent return on investment, cash flow,
percent profit margin, and so on. Most commonly used
are total investment and operating cost.
Total investment method
Often the most important design variable that makes
or breaks the economic incentive to use a fiber-optic
system is the transmission distance and the environment
between the sender and receiver of information. This
involves two types of investment cost items. The first,
fixed investment cost, shows little or no dependence on
the transmission distance. Cable connectors are a good
example, since in apoint-to-point system, no matter how
short or long the transmission distance, the number of
connectors is usually constant.
Variable costs are strongly dependent on distance. The
cost of the cable itself, for example, is variable. This is
included in Table I, which lists some investment-cost
items to consider in calculating the fiber-optic cable's

TABLE 3 INVESTMENT ESTIMATES FOR CPU AND
PERIPHERAL INFORMATION TRANSFER

5

Investment MI
Cost item

17 individually
shielded twisted
wire pairs

Fiber optics

Connectors

4 x 10

4 x2

Cable

2x 3.5 xrn*

2 x VIU .• x m

Reference cable

0.3 xm

Multiplexers/
demultiplexers

2 x 50

Optoelectronics

2 x 50

Labor
(connectors)
Connectoredcable inventory

Total investment

68 x 1

4

3

41
VI U = 4.4 — m—

4x 1

0.2 x ( 2 x 3.5 x m+
4 x 10+68 x1)
130 + 8.7 x m

212+2 xVIUxm

o

•rn = transmission distance in meters
••VIU = value in use of the fiber-optic cable in dollars per meter

viu. This list should be expanded as necessary for a
particular application.
When setting up a comparison table, the would-be
user of fiber-optics should list all the investment cost
items for the conventional and fiber-optic solutions for
the specific application (Table 2). The first step is to
consider the cost of the equipment itself. In the fiberoptic version, a dollar value for the cable will not be
available and an unknown variable, viu, should be used
in its place.
To the equipment cost should be added shipping and
other delivery costs, as well as the cost of all auxiliary
equipment not directly involved in the application but
required to support the main equipment, such as power
supplies, conduits for the optical cable, or shielding for
copper cable. Also, do not forget the cost of such tools as
splicers or polishing equipment.
Then add in labor costs, both for installation and
testing. For instance, the cost of attaching connectors to
fiber-optic cable varies with different types of cable and
sometimes is more than the cost of the connector itself.
Also necessary may be the additional labor costs
required for testing the equipment before it is handed
over to the end user, as well as the costs of supervision
and material required for support.
Spare costs
Inventory is one of the more obscure items of investment cost. For each piece of equipment being used to
transmit information, there is usually spare equipment
on the site that could be put into action should portions
of the original equipment malfunction. Estimate the
inventory of equipment by finding out how many installations in the field might need to be replaced by aspare
over a year's period. The number of dollars to put into
inventory is not the entire investment for the spares, but
the fraction of this investment that is actually being used
to support just one of the installations.
The best course here is to split up the inventory into
electronics and cable categories. For example, some
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installations will involve constant changes in the data
transmission distances. These will require proportionally
more cable to be in inventory than electronic equipment.
Of course, inventory costs should be tabulated with other
investment costs.
When all the cost items are tabulated, add the investments, including inventory, for the competitive system
and do the same for the fiber-optic system. Then equate
the two summations and solve for the unknown viu. If
cable costs are kept in dollars per meter and meters of
transmission distance is used as the variable m. the
resulting equation looks like:
viu =
where:
viu = the value in use of the fiber-optic cable in
dollars per meter
Vc = the selling price of conventional cable ($/ m)
AV, = the difference in dollars between all the variable- investment cost of the conventional cable and
the fiber-optic cable
AF I = the difference in dollars between all the fixed
investment costs of the two kinds of cable.
For very long transmission distances, the viu of the
fiber-optic cable approaches the selling price of the
conventional cable, plus whatever differences there are
between the costs of laying down the cable, adding
'conduits, and so forth. In other words, situ = V +V 1.
The equation also indicates that for applications where
the fiber-optic system has reduced the cost of the electronics, there will be an especially high viu for shorter
transmission. For example, a carbon- dioxide laser
system dubbed Antares is being built for fusion research
at the Los Alamos Scientific Laboratory and will have to
operate amid severe electromagnetic interference. The
laser amplifiers are pulsed with megampere electric
discharges, and the laser control signals must traverse
environments containing electromagnetic interference of
up to 50 kiloamperes and 1.8 megavolts/m. Also, control
information must be received with low error rates by
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TABLE 4: INVESTMENT ESTIMATES FOR CPU AND
PERIPHERAL INFORMATION TRANSFER

PORTION EXAMINED

CENTRAL
PROCESSING
UNIT

)

RECEIVER

DRIVER

DRIVER
-

I I

Investment lee

Cost item

17 TWISTED PAIRS PER CABLE

L

RECEIVER

— —

Shielded

Fiber-optics

twisted pair
PERIPHERAL

REFERENCE CABLE

PORTION EXAMINED

Connectors
Cable
Reference cable
Multiplexers/
demultiplexers
Optoelectronics
Labor ( connectors)

4 x4
2 x 1.5 x m•
0.3 x m

4 x2
2 x VIU•* x m
—

2x 50
—
8x 1

2 x 50
2 x 50
4x 1

Total investment

124 + 3.3 x m

212 + 2 x VIU x m

'm = transmission distance in meters

••VIU --- value in use of the fiber-optic cable in dollars per meter

PERIPHERAL

1
Q)
E-0 = ELECTRO OPTICS
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=
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2. Talking peripherally. Instead of communicating with peripherals
over two cables of 17 twisted-wire pairs each, a computer could use
one fiber-optic cable with 17 time-multiplexed channels. Best VIU,

O
0

20
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The main problem
The electromagnetic pulses are so intense, however,
that low- frequency voltages passing through the filter
could possibly damage the microprocessors. Therefore,
photo-optic isolators might be used to reject these transients. Also, extra precautions might be needed to minimize control errors from low- frequency induced voltages.
The currents from the signal source that control system
status might be isolated from each other and from the
cables by a photo-optic relay on each channel. In addition, a regulated dc power supply might be needed to
operate the relays and deliver aclean signal to the cable.
A fiber-optic system can readily accomplish the same
control signal transmission ( Fig. lb). A large-diameter
fiber-optic cable with a high numerical aperture would
couple efficiently to an incandescent bulb. Since fiberoptic cable is a dielectric, there would be negligible
induced voltages. Filters, relays, and isolators would no
longer be needed, and the control signal would drive the
lamps directly. Their wattage would be too high to be
illuminated by incoming induced voltages in the control
channels. Optical signals reaching the binary receiver
would be converted by a diode-amplifier/comparator
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80

100
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300

in

though, might belong to time-multipiexed conventional cable.

microprocessors in shielded enclosures, and the computer
interfaces must be protected from damage by voltage
induced in ground loops and conducted interference.
The essence of this application involves transferring a
control signal over adistance of 5to 20 m to amicroprocessor parallel input. A conventional system ( Fig. la)
might transmit control information to the binary receiver
over individually shielded, twisted-wire pairs. Unwanted
voltages of abroad frequency range could be induced in
the cable by electromagnetic pulses from the laser amplifiers. To prevent these voltages from being interpreted as
control signals, alowpass filter would attenuate alternating-current signals above 100 kilohertz. Only the directcurrent control signal remains.
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circuit to alogic- level signal for the microprocessor.
The investment estimates for the two systems shown in
Table 2are for transferring 32 separate control signals.
Two cables containing individually shielded, twisted
pairs are replaced by 32 plastic-core fiber-optic cables
that require conduits. It is assumed that for every 10
.electronic units, one is put aside for inventory. The labor
required to splice and solder 64 wire cables to the
connector is assumed to be the same as that required to
Connect 64 separate plastic-core fiber-optic cables. It is
also assumed that for every 10 m of cable, 2 m are in
inventory. The equating of total investments yields a
curve for the viu versus transmission distance like the
one plotted in Table 2. According to it, the viu of the
fiber-optic cable declines toward the price of the conventional cable as the transmission distance is increased.
For this application, it was actually found that the
environment was so severe that the shielding and isolation used for the conventional system was not enough to
maintain the information error rate at an acceptably low
level. More shielding, filtering, or extra isolators were
required. This means the viu of the fiber-optic cable was
actually higher than calculated. To be truly rigorous, the
vlu calculation should have compared conventional
versus new technology for identical error rates in alternative systems.
A different application
A value in use that increases with transmission
distance is possible when many information channels are
replaced by a few fiber-optic channels. Consider a
computer manufacturer who wants to transmit information between a central processing unit and peripheral
units. The conventional method requires two cables to
complete the information loop, each containing 17 individually shielded, twisted-wire pairs. A reference cable
prevents potential differences between the devices from
transmitting voltages into the data cables ( Fig. 2).
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Because of past experience, the manufacturer has discovered it beneficial to have about atwo-month inventory of
cables already equipped with connectors for emergency
replacement for customers' computer systems.
The fiber-optic system would replace each cable of 17
pairs with one fiber-optic channel. The 17 driver channels would be time- multiplexed and processed through
an electrooptic converter. The received optical signal
would have to be converted to an electrical pulse by a
detector/amplifier/comparator circuit and demultiplexed for the receiver.
If the viu calculation is based on the 17-pair wire
cable as the best conventional system, the curve in
Table 3 results. However, the fiber-optic cable itself is
not competing against the wire bundle. The best competition might be awell-shielded twisted pair for carrying
the multiplexed signal. In this case, the schematic for the
twisted pair would look very similar to the fiber-optic
schematic except it wciuld have no optoelectronics
circuits, and the viu curve is lowered throughout the
ranges of transmission distances (Table 4). It is necessary to calculate the viu based on the truly best competition, for the prevailing conventional solution to an application is not always the best competition for fiber optics.

TABLE 5: SOME OPERATING COST ITEMS ASSOCIATED
WITH INFORMATION TRANSFER EQUIPMENT
Cost item

'

Utilities

Electricity for power supplies.

Maintenance

This cost refers to the labor associated with
maintaining the system in good working order.
When calculating this item, include not just
the labor costs but also materials costs and
overheads. Try to determine if the cable may
require special care such as splicing breakages.

Insurance

This may change as aresult of asparkproof
cable.

Weight

Aircraft can realize afuel savings with lighter
payloads.

Space

Consider additional benefits such as alarger
cargo-carrying capacity.

Error rate

Data transmission systems can be analyzed
statistically for the number of errors per total
transmitted ( this is called the bit error rate,
BER ). Once the BER is known, determine the
total bits per year transferred. Next analyze the
dollar value an error would cause to the overall
system. The dollar value of an error may come
from lost time on aproduction line or the
cost of amaintenance call. The product of the
dollar value of an error and the errors per year
gives the dollar- per-year operating costs of
errors.

Operating cost method
The economics of aproduct over its lifetime is not just
afunction of the total investment. Economics associated
with the annual cash flow that results from the use of the
product can sometimes be more important than the
initial investment. For example, acustomer would have
considerable economic incentive to purchase an expensive data transmission system if it would save him
enough money each year to pay back the entire original
investment. Similarly, the viu of fiber-optic cables may
not describe the entire economic picture accurately
unless cash flow is included •
To determine when to start using cash flow in a viu
calculation, estimate the investment and operating costs
in the schematic for the conventional fiber-optic systems.
If the annual operating cost differences between the two
are more than atenth the initial investment, include the
cash flow in the viu calculations.
viu analyses based on cash flow employ economic
criteria entirely different from those of total investment.
A few of the more common are operating cost, annual
cash flow, cash flow over the product's life, return on
investment, and investor's method return on investment.
Cash flow is the difference between the operating
costs of a process and any income generated as aresult
of the operation. Return on investment is cash flow that
has been normalized with respect to the investment. The
user's accounting preference determines which method
he should use.
Just as for the total investment method of viu analysis, the operating cost methods require that schematics
be drawn of the best competitive system whose operating
costs or investment would be altered should fiber optics
be used.
The next step is to set up achart for both systems and
list all the costs associated with the total investment.
Once again, the actual selling price of the fiber-optic
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Consideration

VI = difference between all the variable
investment costs of the conventional
and fiber-optic systems ( S/m)
FI = difference between all the fixed
investment costs of the conventional
and fiber-optic systems ( S)
m = data transmission distance ( m1
Vo = difference between all the variable
operating costs of the conventional
and fiber-optic systems ( S/hr x ml
Fo = difference between all the fixed
operating costs of the conventional
and fiber-optic systems ($/yr)
,

cable is replaced by an unknown- parameter viu.
The operating costs can be determined by making
another chart for both systems. This requires entering
two types of annual costs. Depreciation is first. This will
be the total investment divided by the operating life of
the data transmission system— typically 10 years. Since
the total investments from the first step contain
unknowns as variables, equations instead of dollars per
year are now entered. The second group of operating cost
items, such as research and development, fuel, and
procurement, should be entered only if they have different values for the different systems.
Table 5lists some operating cost items that might be
considered. In using these costs, the overall effect of the
data transmission system on the economics of the entire
process in which it is integrated must be examined.
Adding it up
Finally, the depreciation and other operating costs in
Table 5 should be summed for both systems. Equate
these summations and solve for the viu parameter. If
only unknowns were entered in the charts, the resulting
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TABLE 6 INVESTMENT AND OPERATING COST ESTIMATES
OF AIRCRAFT DATA TRANSFER SYSTEMS

PORTION EXAMINED

Total investment ($$)
Cost item

37 TWISTED PAIRS
DRIVERS

RECEIVERS

Competitive

Connectors

2 x 50

37 x 2x 3

Cable

7.7 x m

37 x VIU x m

Back panel
PORTION EXAMINED

Fiber optics

850

Labor ( connectors)

74 x 1

74 x 1

Total investment

174 + 7.7 x m

1146 + 37 x VIU x m

Operating cost ( SS/year)
DRIVERS

I

Fuel, procurement,
R&D
Depreciation

3. In flight. Heavily shielded 37-channel wire cable could weigh 4

Operating cost

200 x5.7 xm

200 x ( 1 + 0.4 xrri)

17.4 + 0.77 x m

114.6 + 3.7 x VIU x m

17.4 + 1140.8 x m

kg/m as against 0.4 kg/m for same number of fiber-optic channels.

Calculating VIU would show whether new fiber-optic system for

314.6 + 50 x m + 3.7
x VIU x m

80
VIU = 295 — m—

aircraft would pay for itself within ayear by reducing fuel costs.

equation for the value in use would then be:
viu = Lr(AV,,+ L1F,,/m) — Fir/m — Vir+
(Lr/Lc)(Vc+ Vic + F1/m)
where:
viu = the fiber-optic cable \nu in dollars per meter
L1,L = life expectancy of the fiber-optic and conventional system in years
= the difference between all the variable operating costs of the conventional and fiber-optic system in
dollars per meter per year
AF,z
, = the difference between all the fixed operating
costs of the conventional and fiber-optic systems in
dollars per year
m = data transmission distance in meters
Fir,V ir = fixed and variable investment costs of fiberoptic systems in dollars and in dollars per meter
Fic ,V = fixed and variable investment costs of the
conventional systems in dollars and dollars per meter.
This is the simplest form of the viu equation. It holds
for some applications, not all. Unfortunately, the first
entry in the operating cost chart is often not as simple as
dividing the entire total investment by one number.
Should the fiber-optic emitter have adifferent operating
life from that of the cable, the emitter's investment must
be divided by its life expectancy. The cable's investment
may be divided by still another number. Despite this
complicating factor, the same procedure would still hold
for calculating the viu — once all the operating costs are
added for the two systems, equate the costs and solve.
The principle of value- in- use calculation based on
operating costs is used on an aircraft application in
Table 6. Assume there is aneed to transmit 37 separate
data signals through the interior of the plane with very
low ( 10 -6 ) bit error rates, despite electromagnetic,
radio- frequency, lightning, and nuclear interference.
The conventional system might use individually
shielded, twisted- wire pairs to transmit the data ( Fig. 3)
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between the drivers and receivers. The fiber-optic counterpart might also use 37 separate channels. However,
additional electronics would be needed on the front ends
of the receivers and drivers. A value- in- use calculation
that neglects the difference in operating costs between
the two systems requires equating the total investment
(Table 6) and solving for viu. The result is:
viu = 0.21 — 26/m
Unfortunately, a heavily shielded wire cable containing 37 channels could weigh as much as 4kilograms per
meter while the fiber-optic cable with the same number
of channels could weigh 0.4 kg/m. Also, the cost of
operating aircraft per unit weight varies greatly, depending on the physical dimensions of the aircraft and its
operating characteristics.
In the light of previous studies, the total annual operating, procurement, and R&D costs per unit weight might
be about $ 200/kg. Since the operating cost of the
competitive system for all conceivable lengths is much
less than atenth the total investment, the viu calculation
for fiber-optic cables should also be analyzed according
to operating cost.
The operating cost components could be the sum of
the fuel, procurement, and R&D plus depreciation. If the
life expectancy of both the fiber-optic and wire cable
systems is 10 years, the depreciation is a tenth of the
total investment. By equating the operating costs ( Table
6) and solving for viu, the alternative equation results:
viu = 295 — 80/m
Either of these viu equations could be correct. The
choice of one over the other depends on the user's
individual economics. If capital is tight, he may not want
to spend more now to save money in later years, and the
first equation is valid. But if enough money could be
saved in one year to pay back the entire investment, the
latter equation would have more meaning.
Li
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Replacing hardwired logic
with microcode
Microprogramming acomputer adds to its power but requires
familiarity with its structure as well as software experience
by Thomas M.

Hedges,*

Georgia Institute of Technology, Atlanta, Ga.

Interest in designing microprogrammed computers
has flared as rapidly as the price of read-only memory
has dropped. As an alternative to hardwired control, the
approach has many advantages: it significantly reduces
the parts count and hence cost of the machinery, it
simplifies control structures and maintenance, and above
all, it makes the instruction set more flexible— so much
so that it is apopular means of allowing one computer to
emulate another. Moreover, if used exclusively for
program control, microcode can replace hardwired logic
altogether in disk controllers, radar signal processors,
high-speed telecommmunications processors, and minicomputer front ends, to name just afew possibilities.
However, microprogramming is not easy. Though
conceptually microprograms are no harder to write than
assembly- language routines, in practice they also
demand an intimate familiarity with the structure and
timing considerations of the machine involved. The
•Now at SRI International, Menlo Park, Calif.

microprogrammer therefore requires an understanding
of both hardware and software and how they interrelate.
(Incidentally, microprograms are not to be confused
either with techniques for programming microprocessors
or with assembly- language applications programs.)
The overall picture
Computer hardware generally has four functions:
arithmetic and logic, memory, input/output, and control.
Instead of hardwired logic, the control unit can have
microprograms stored in the memory that is part of it.
The other three functions are then controlled by the
microinstructions.
With such a microprogrammed computer, the user
tells the control unit what to do through the applications
program. Then the control unit, performing almost like a
computer within a computer, tells the rest of the
machine how to do it.
This job the unit does by fetching assembly-language
instructions (or op codes) from the computer's main

MICROINSTRUCTION CONTROL STORE OR REGISTER
MICROINSTRUCTION FIELDS

CONTROL LIVES

CONTROL LINES

E

SOURCE
REGISTER 1

BUFFER 1

SOURCE
REGISTER 2

BUFFER 2

HE
DESTINATION
REGISTER 1 <

E
DESTINATION
REGISTER 2 .‹).

E

M1,1 FUNCTION

SOURCE

REGISTER n

E
BUFFER n

DATA BUS

CLOCK

CLOCK

Im01

E
DESTINATION
REGISTER m

1. The means. The microinstruction, typically over 50 bits wide, is placed in a microinstruction register. Divided into fields that designate the
source and destination registers as well as the desired function, the microinstruction organizes the flow of data through the computer.
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How microprogramming started
Credit for the original microprogramming concept is
generally given to Britisher M. V. Wilkes of Cambridge
University's Mathematical Laboratory. In a paper he
presented at Manchester University's Computer Conference in July 1951, Wilkes discussed "The Best Way to
Design an Automatic Calculating Machine." Wilkes' intention, ironically enough, was to simplify the design of a
hardwired machine. Today microprogramming is used to
replace hardwired logic altogether.
As Samir Husson notes in his book " Microprogrannrriing:
Principles and Practices," the technique attracted little
attention before the 1960s because it was too expensive
to implement. The first commercial microprogrammed
computer was IBM's 7950, introduced in 1961. Other early
appearances of microprogramming were in such machines
as the IBM System/360, the RCA Spectra/70, and the
Honeywell H4200.
A variety of memory technologies were used for the
read-only memories needed for the microinstruction store.
Among these were traditional ferrite cores, cores cut into
an E-shape to create atransformer memory, and arrays of
diodes or capacitors. A novel approach was taken by IBM,
which devised a card capacitor ROM for several of its
System/360 models. The same size as the traditional IBM

punch card, the card is printed with horizontal lines of
silver ink and placed next to a copper-clad epoxy-glass
sheet with vertical lines etched in it. Capacitive coupling
occurs between the vertical copper lines on the sheet and
horizontal silver lines on the card, except where the silver
ink has previously been removed by punching out locations on the card. The presence or absence of this capacitive coupling is what indicates either the presence or
absence of adata bit.
Microprogramming came to minicomputers early in the
1970s in units such as Microdata's Micro 800, which used
diode arrays as ROMs, and the later 3200, HewlettPackard's 2100 family, and Digital Equipment's PDP-11
line. The increasing availability of low-cost and fast semiconductor ROMs, however, has recently caused the technique to boom in popularity.
Virtually all mainframes and minicomputers today are
microprogrammed. Many of the machines now use
random-access memory to store the microinstructions,
making it easier for the user or the manufacturer to
change the machine. Also, the ease with which microprogramming allows one machine to emulate another has
resulted in its widespread use in the IBM-compatible
computer area.
Anthony Durniak

memory one at a time and decoding (or cracking) each.
one for execution by the arithmetic/logic unit. If the
machine is hardwired, each instruction decodes into
several machine states; in its microprogrammed counterpart, each instruction is decoded into several microinstruction statements.
With a hardwired control section, however, the
instruction set is rather inflexible, whereas a microprogrammed system, having all the intrinsic advantages of
software, is more flexible. Changing the microcode is
enough to change the instruction set. Moreover,
frequently used instruction sequences, or subroutines,
can be placed in microcode and labeled with a single
assembly- language instruction. This speeds up execution
of the subroutine because it eliminates the need for
repetitive fetching and cracking of op codes.
It is also possible to microcode an entire application
program. In this case the main memory would contain no
program steps.

50 bits wide and divided into fields, each of which
controls a different piece of the hardware that is activated during the microcycle (see Fig. 1).
From these definitions it follows that the basic microcycle involves six events:
• Selection of the source register.
• Selection of the destination register.
• Selection of the function to be performed.
• Application of the data in the source register to the
input of the function.
• Performing the function.
• Saving the output of the function in the destination
register.
Thus selecting the minimum system clock cycle time
requires adding the maximum duration of each event in
amicrocycle.
The first three events occur simultaneously as the
current microinstruction is presented to the system. The
delay associated with them is the delay through the
microinstruction store or register. The fourth event
The question of timing
requires a time period long enough for the data to
All data manipulation operations in a micropro- propagate through the source register and for the assogrammed computer are measured in terms of basic ciated buffer to turn on and drive the data bus leading to
timing elements called microcycles. These are normally the function. However, since the entire system is clocked
synonymous with and define system clock cycles. They synchronously, the delay through the source register
can also be considered states of the machine. A microcy- occurs in parallel with the delay through the microincle is the time it takes to transfer information from one struction register. Therefore, delays associated with the
shift register to another and also, if desired, perform first three events can be subtracted from the time
some function on the data during the transfer. The required for the fourth if the delay through the source
source and destination registers and the optional register is greater than the delay through the microinasynchronous or combinatorial function are selected by a struction store. The duration of the fifth event must be
microinstruction stored in the programmable control long enough for the longest asynchronous function to be
unit's memory.
performed. Finally, for the sixth, the set-up time for the
A microinstruction is the microcode for a single destination register must be taken into account.
microcycle. In today's minicomputers, it is typically over
In a5- megahertz microprogrammed processor built at
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2. Software control. The basic microprogrammable control unit ( a) uses acounter to generate the address of the current microinstruction. By
adding a microinstruction register ( b), the data manipulation can be performed in parallel with the generation of the next microinstruction.
Incorporating test conditions and the ability to do branch addressing makes the MCU even more flexible ( c). The test-condition register once
again allows address generation and data manipulation to occur in parallel, while the multiplexer permits multiple test conditions ( d).

the Georgia Institute of Technology, for instance, these
six events last 197 nanoseconds, or less than the system
cycle time of 200 ns. In this case, the microinstruction
register has an 18-ns delay that overlaps completely with
the 57-ns delay before the data is ready to be manipulated ( see "RAIL timing" for timing diagram and more
details about the processor).
Controlling purpose
The purpose of the control portion of the machine is to
generate a particular sequence of microinstructions.
Thus it needs another subsystem to generate addresses,
called microprogram addresses or states, which the
memory subsystem decodes by generating microinstructions. This address, or state, calculator plus the microprogram control store are the elements that together
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make up acomplete microprogram control unit.
The most basic mcu is acontrol store in receipt of the
output of adivide- by- ncounter ( Fig. 2a). This mcu has
n states and steps through them sequentially, decoding
them into microinstructions. The microinstructions are
used to control the data manipulations of the overall
computer system inputs, producing the system outputs.
From a timing standpoint, this basic mcu has three
delays associated with it: the delay from the active clock
transition to the output of the counter; the delay through
the microprogram control store; and the time associated
with the performance of the data manipulation. In most
systems, the sum of the two delays associated with
microinstruction generation is about equal to the time of
the data manipulation. Thus, if the microinstruction
generation can be performed in parallel with the data
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3. Jump to. The length of microprograms can be reduced by adding the subroutine capability to a microprogram control unit. To implement
this operation, a branch-address multiplexer and return-address register are added to the basic control unit.

manipulation, the cycle time for the machine can be
about halved. This is done by placing amicroinstruction
register, which is sometimes called a pipeline register,
between the microprogram control store and the hardware for data manipulation ( Fig. 2b). With the addition
of this register, the mcu becomes anext-address calculator instead of a current-address calculator— in other
words, the mcu is one instruction ahead of the data
manipulation of the machine.

disadvantage. The data manipulation and next-address
calculation portions of the machine are once again
coupled. This occurs because the address applied to the
control store is dependent upon the status of the data
manipulation. To solve this problem, the test condition is
saved in aregister that is clocked on the system clock.
It is now necessary to wait at least one microinstruction before examining the appropriate test condition. But
what if it is desirable to wait several microinstructions
before checking a particular test condition? Then a
Test conditions
register with a clock enable is used. Thereafter, if the
This basic mcu is still inflexible, however, because it status of the machine at the end of the current microcannot handle the test conditions implicit in conditional, cycle is to be saved, the register to be clocked is enabled,
or branching, instructions. To interpret these test condi- capturing the current status.
tions, the unit must be able to apply one of two addresses
The technique of changing states described here
to the microprogram control store. One of the addresses should be familiar to any engineer who has programmed
will be used if the test condition is true or 1and the other a computer. In most general-purpose computers, if a
if the test condition is false or 0. Two convenient branch such as JUMP, GO TO, or WHILE, is not specified,
addresses to use are the next address in sequence and a the next instruction executed is the one following the
branch address specified in the microinstruction. Then in current one. If either a conditional or unconditional
the mcu, the branch address will be forced onto the branch is specified, the branch address must be specified;
control store if the test condition is true; if the test if the branch is not taken, the next instruction in the
condition is false, the addressing will be sequential. As sequence is executed. This technique can also be used
shown in Fig. 3c, this means replacing the dividebyn with commercially available microprogram sequencers,
counter by an incrementer, program counter register, such as Advanced Micro Devices' Am2909, Am2910,
and address-select multiplexer that can select one of two Am2911, Signetics' 8X02, Monolithic Memories' 67110,
inputs. The program counter has changed in character and Texas Instruments' 74S482.
because the next address should always be equal to the
Now that the mcu has the ability to perform condicurrent address applied to the control store plus one, no tional addressing through the use of test conditions, a
matter whether the branch address or the program coun- "real world" situation will be examined. In most systems
ter was selected as the current address.
based upon aregister/arithmetic/logic unit, there are at
The controller shown in Fig. 2c does, however, have a least four test conditions: result = 0, overflow, sign, and
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RAIL timing
A representative general-purpose microprogrammable
processor is the Radar and Instrumentation Laboratory
Processor ( RAIL) developed at the Engineering Experiment Station at the Georgia Institute of Technology, Atlanta, Ga. Designed to process signals at 5-megahertz rates,
the two-board-type processor can execute five million
instructions a second— some five times faster than
commercially available 16- bit minicomputers.
The RAIL processor is designed around the 2900 series
of large-scale integrated circuits introduced initially by
Advanced Micro Devices and including parts like the
Am2901A register/arithmetic/logic unit. The four
Am2901A RALUs used obey the processor's writable
control store, as do the 74S374s serving as the microinstruction register, 74LS377s serving as the microinstructions' source and destination registers, and 4LS244s serving as buffers. It is the maximum delays through all these
elements that determine the 200-nanosecond microcycle
time of RAIL's microinstructions. Thus the microinstruction
register has an 18-ns delay, data timing leaves the source
register and buffer 29 ns later, the longest asynchronous
function performed by the RALU takes 120 ns, and the
destination register a 20-ns set-up time, for a total of
altogether 197 ns (see timing diagram).
RAIL's writable control store and/or high-speed memory sits on one 7.5- by- 10.3-inch printed-circuit board, and
the central processing unit sits on the other. Each board

carry out. To these, the system designer will probably
want to add other test conditions he considers pertinent.
Obviously these multiple test conditions must be taken
into account. The test-condition . circuitry is thus
completed with the addition of amultiplexer between the
test-condition register and the select line of the addressselect multiplexer ( Fig. 2d). Each microinstruction must
then specify the proper test condition to query.
The final feature that will be added to this simplified
microprogram control unit is subroutine capability. This
capability is useful for implementing complex functions.
Suppose a designer has to implement a state diagram
with three complex states, each of which is made up of
eight simple states. To implement it directly would
require 56 states, or 56 microinstructions. But if it were
possible to store the three distinct complex states as
subroutines, the size of the control store could be
reduced. In this example it would require amain microprogram of 7microinstructions and three subroutines of
altogether 24 microinstructions to represent the three
complex states. This totals 31 statements instead of 56.
When using subroutines, the main microprogram
branches to the complex states or subroutines in the
order desired. But since each subroutine is branched to
more than once, the branch back to the main microprogram becomes ambiguous. The normal way to avoid this
ambiguity is to assume that the subroutine will branch
back to the address following the one that called it.
Therefore when asubroutine is called, the next address
in the main microprogram is saved in the return-address
register shown in Fig. 3. When the subroutine is finished,
the microprogram counter is loaded with the saved
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holds 63 18-pin integrated circuits and has 110 edge
connections.
Four Am2901A RALUs are used for common arithmetic
functions. Each of these devices contains an eightfunction ALU and 16 general-purpose register accumulators. They also contain an additional general-purpose
register for use in conjunction with the others to perform
double-length shifts.
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address and branches correctly back.
When hardwired logic is used, the control portion of a
machine is documented through the use of schematics,
timing diagrams, state diagrams, and state tables. With
a microprogrammed system, however, the operation is
described by the microinstructions. As can be seen from
the previous description of the elements of the microprogrammed control unit, however, every microinstruction
controls two or more registers and sometimes also a
function simultaneously. While this is what contributes
to the power of microprogramming, it is also part of
what makes it complicated.
The job can be made simpler by dividing the microinstruction into fields and giving each a mnemonic. Each
field describes a function or a source register or a
destination register. Programs called assemblers can
then be written to take statements made up of mnemonics and generate the appropriate bit patterns.
Better self-diagnostics
Finally, amicroprogramming bonus not mentioned so
far is that the technique improves a computer's selfdiagnostic capability. Diagnostic programs have to
assume that all the hardware that decodes and executes
the instructions is in true working order. But for his
diagnostics to be meaningful in a microcoded machine,
the programmer must make assumptions about only a
subset of hardware, namely the control portion. This
subset, however, is much smaller than that required in a
general-purpose computer and should allow microdiagnostics to isolate faults at least to the board level, and at
times to the chip level.
CI
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Chip cuts parts count
in error correction networks
8- byte parity matrix implemented with LSI devices
provides single- bit correction, double- bit error detection
by Reinhard Schürba,

Siemens AG, Data Processing Systems, Munich, West Germany

ID Moving data around in large memory banks at high
speed can lead to bit errors. Circuits that constantly
monitor chunks of data and correct inverted bits on the
fly are used in mainframe computers for implementing
high-speed error correction networks in the main memory control logic. Until now, such networks have consisted
of many discrete logic devices in cumbersome and unreliable configurations. An error correction circuit has now
been built using large-scale integration to minimize the
number of devices needed. As aresult of these improvements, error correction can now be applied even to
relatively small systems.
From the outset, the HecesLs' (shown in Fig. 1) was
designed by Siemens AG to be an integral part of a
network based on an 8- byte parity matrix with single- bit
errorcorrecting and double- bit error-detecting capabilities. The parity matrix, shown in Fig. 2, allows partitioning of the overall correction network into eight 8- bit
slices of uniform logic construction. Configured as an
8-bit—byte device, the Heccs-Lsi replaces some 25
medium-scale integrated circuit packages. Since each
chip incorporates all logic functions needed for 1byte, a
complete 8-byte error-correction network can now be
implemented with less than 20 ics, using 8 Heccs-Lsis
and from 8 to 10msi chips from the 100K family of
emitter-coupled logic devices.

The additional ms" chips are required to form asuperordinate section that combines the error and syndrome
signals from the eight byte slices. This section generates
a central parity-error message from the byteindividual
error lines for write operations and the noerror, singlebit-error, or double- bit-error message from the resulting
syndrome bit pattern for read operations. In the case of a
correctable error, it generates a signal that selects the
byte with the incorrect data bit and enables the correction circuit in that byte slice.
The 8- byte network will have atotal power consumption of 30 w and take the same space as 37 standard
100K packages. This compares favorably with anetwork
implemented by approximately 210 100K msi circuits,
which would consume about 120 w and almost 5.5 times
the space. In addition, the network's simple wiring and
greatly reduced number of devices assure substantially
increased reliability over conventional ms' solutions.
Byte slice— close-up
The Heccs-Ls' is designed to minimize the device
count in 8- byte correction networks, but it is suitable for
error correction networks with other than 8-byte data
path widths. It is amember of the new Siemens Masterslice Ls' family' and is built using bipolar subnanosecond
emitter-coupled- logic technology. It operates from a

13404V1-1
Al

12

1. Pecked. This 64 -pin Pinpack ceramic package contains all circuitry for single- bit error correction, double- bit error detection for 1byte of an
8- byte network. A standard 68- pin Jedec ceramic package is being considered for the future.
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2. Matrix. The Heccs-LSI was planned to be an integral part of an 8- byte correction network. The network is governed by this parity matrix for
check bit and syndrome bit generation. Dashes in the bit number column indicate positions of parity check bits.

—4.5-v supply and is compatible with the 100K family
of ECL parts. In addition to the correction circuitry, the
chip includes four registers, a data multiplexer for
single- byte write operations, and circuitry for parityerror detection and various test and diagnostic operations. All of this is housed in a 64- pin ceramic package
called Pinpack ( Fig. 1). The on-chip logic requires 57
signal pins, of which 40 are for input and 17 for output.
Another 6 pins are for power supply and ground. A
68-pin Jedec ceramic package is being considered for the
future and Siemens plans to market the device in the
U. S. Samples will be available within afew months.
The circuit provides two separate data- input registers
for 9- bit write- and read-data inputs ( WDIN, RDIN) and
one output register for 9- bit data outputs, ( Dour). A
central multiplexer allows the selection either of the
write or read data from the input registers or of the
output data from the output register. In accordance with
the selected data, an on-chip parity-bit/partial-check-bit
generator generates the byte parity and six partial check
bits, which are applied to the outputs, PC our.
Each byte generates one parity check bit in an
assigned position indicated by the dashes in Fig. 2. These
check bits are stored in the main memory for write
operations and read from the memory for read operations. For write operations, the byte parity is compared
with the parity bit via the ninth write-data input bit, and
the result is applied to the error output.
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The check-syndrome- bit generator uses the partial
check bits at PCIN to generate afinal check bit for write
operations or asyndrome bit that appears at the output
SoUT for read operations. Depending on the mode of
operation, the output multiplexer ( Data 8mux) presents
one of three possibilities to the appropriate data output
for the ninth bit: acheck bit, achip-generated parity bit,
or the ninth input-data bit or its inverse. The bit decoder
is designed to decode a 3- bit input word from SIN to a
one-of-eight- line output. The selected line will apply the
appropriate data bit inverted to the data output.
8- byte correction network
The division of the 8-byte correction network on a
byte basis is shown in Fig. 3a. Seven control signals are
provided for the write and read operations involved in
transferring the bytes on WD IN and RDIN to the data
outputs, DOUT.
For write operations, the byte- parity- protected writedata lines ( WD IN )are checked for odd parity. They are
provided with check bits in place of parity bits according
to the error-correction-code parity matrix and then
applied to the data outputs, Dour.
For read operations, check- bit—protected read data is
applied to the RD IN inputs. Comparison of the applied
check bits with newly generated check bits yields a
syndrome byte, which is instrumental in correcting
single- bit errors and detecting double-bit errors. Correc-
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3. Inside. An 8- byte error correction network is implemented with eight Heccs-LSIs ( a) and some additional MSI chips that make up a
superordinate section. Each Heccs-LSI ( b) handles error detection and correction for 1byte in the network.
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TYPICAL DELAY TIMES OF THE HECCS-LSI
tion is done by inverting the incorrect data bit. In case of
a single- bit error, syndrome bits 3 to 6 identify the
Signal
Delay time
incorrect byte by way of select signals, while the
(ns)
From
o
syndrome bits 0, 1, and 2identify the incorrect bit within
that byte. The resulting read data is transferred with odd
parity protection to the DOuT outputs of all eight slices.
84
Wpm, RD IN
PCouT
The check bit is generated in two steps. The first step
is to subtotal all bytes via the data information. Thus
7.8
PC IN
pouT8 (
check bit)
each Heccs-Lsi slice generates six different byte-specific
6.3
Sour
(
syndrome
bit)
partial check bits ( PCotyr). In the second step, each slice
takes account of the full data path width by combining
4.7
Dows (
parity bit)
SIN
selected partial check bits of all the assigned bytes into a
final check bit, via the inputs PCIN.
The error correction network detects and reports
10.2
WD IN
ERROR ( parity error)
write-data parity errors when the supplied parity does
not match the newly generated parity bit.
A test operation allows the byte-specific parity- error
For the read- normal operation, each slice supplies the
message to be checked via the signal output error. The
corrected/uncorrected read data to the data outputs
Heces-Lsi processes the write-data bits 0through 8.
Dour) through DOUT7 and generates the associated parity
Modes of operation
bit in DOUT13- To this end the slice compares an externally
Each HecesLs' performs three'groups of operations: applied check bit from external control circuits via
write, read, and test. Four control signals determine the RD INg with an internally generated check bit and
mode of operation. Besides the basic write- normal and delivers asyndrome bit, SouT. If all syndrome bits equal
read- normal operations, it is also possible through modi- 0, no error is present, and the slice applies the read data
fication to select diagnostic operations such as write directly to the data outputs. If the syndrome- bit pattern
direct, read direct, etc., without additional logic circuit- indicates a correctable error, the syndrome decoder in
ry. Altogether, the device is capable of performing 10 the superordinate section (see Fig. 3a) generates abyteselective signal that enables the error correction circuitry
different operations.
The various functions are best explained with refer- in the respective byte slice. From three input SIN bits,
ence to the block diagrams of the 8- byte correction this correction circuitry decodes the data bit to be
corrected ( that is, inverted) in the selected byte.
network and of the HecesLs' ( Fig. 3a and b).
For acomplete read cycle, each slice has three operaIn all write operations each byte slice processes either
tions to perform: I. accept data inputs and generate
anew write-data byte applied to the data inputs, W
or an old data byte already stored in its output register. partial check bits, 2. generate asyndrome bit, 3. correct
The selection is made by abyte-select control signal. If the error if necessary and output the data.
For aread-direct operation each slice applies the input
new data information is desired at the data outputs, all
byte-select signals are active ( write-all- byte operation). read data RD,. through RDIN, directly to the data outputs DOUTO
If amix of old and new data information is selected, only through DOM*.
Furthermore, a read-direct-corrected operation apsome byte-select signals are generated ( write-single- byte
plies acorrected check bit to the data output DouTs in the
operation).
The various modifications of the write operation differ case of an incorrect check bit.
with respect to the significance of the ninth data-output
8- byte network— how fast?
signal, DOUT8. Normally, the D OUT8 output of each byte
The table lists some typical delay times of the Heccsslice in the correction network supplies a respective
check bit that has been formed according to the parity LS1 device. Accordingly, an 8- byte error correction
matrix from the selected 8- byte data information ( write- network realized with Heccs devices will operate with
normal operation). For diagnosis, however, the ninth typical delay times of about 22 ns for error detection and
data bits of the 8- byte data information can be directly 30 ns for error correction.
To increase the repetition rate for chained operations
applied, normally or inverted, to the devices' DOUT8
and allow single- byte write operations, an additional
outputs ( write-direct/write-direct-inverted operation)
For write- normal operations the new data bytes are latch stage between the data- input and data-output
checked for correct parity. If incorrect parity is detected, registers buffers all data bits and relevant partial results
an error message will be sent out via the error outputs of within the device. The data of the next cycle can be
processed as soon as the syndrome bit of the current
the devices.
cycle is available. Thus it is possible to realize cycle
Read operations
times on the order of the error-detection delay time. This
Each slice in the correction network processes the read eliminates additional timing-compensation circuits used
data applied to inputs RDIN. The various modifications to align the delay and cycle times.
of the read operation, like those of the write operation, References
1. W. Brâckelmann, H. Fritzsche, F.- K. Kroos. W. Trinkl, and W. Wilhelm, " A Masterslice LSI
differ with respect to the significance of the data output tnr
Subnanosecond Random Logic," IEEE ISSCC Digital Technical Paper, 1977, pp.
108-109.
signal Dotns.
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Engineer's notebook
Uniting number generators
for long bit patterns
by Leonard H Anderson
Sun Valley. Calif

The length of a pseudo- random bit pattern can be
predictably extended if the rules for combining two or
more available sequence generators of given length are
known and applied. Fortunately, the interface required
for combining number generators is extremely simple,
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often consisting of no more than one logic gate.
Maximal- length sequence generators that use shift
registers normally have periods of 2^ — 1, where nrepresents the number of registers used. Every such sequence
has a numerical length that is odd, but few lengths are
prime (that is, most often the number can be factored).
It is aproperty of the register to have recurring factors
that depend on the nth multiple. The table shows the
maximum length for any n and the factors common to
every nth multiple from 2to 47.
These factors enable the designer to determine whether combining two or more generators of given length will
increase the total sequence length: two generators having
common factors tend to generate similar patterns during
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Extension. Nine-package circuit combines 33-stage and 25-stage pseudo-random sequence generators in order to extend pattern length to
2.88 X 10" clock periods. Generators' outputs are merged with one exclusive-OR gate. Combining generators of any length for long bit
patterns is possible, provided rules for applying bit-pattern data ( see table) to n-stage registers are known.
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portions of their individual cycles, causing a departure
from the pseudo- random output expected.
The factors for all sequence lengths have been found
by first factoring n, then finding all the possible products
of any and all factors, and finally consulting the table for
BIT- PATTERN DATA

the nth- multiple sequence length. For a 224 — 1generator,
n = 24 = 2.2.2.3. The n- factor combinations of 2.2.2.3
are 2, 3, 4, 6, 8, 12, and 24; thus, sequence length factors
are 3, 7, 5, 3, 17, 13, and 241, respectively.
Now, if a 224 — 1generator is connected in series ( cas-

n- STAGE PSEUDO- RANDOM GENERATORS
Sequence length factors
common to every nth multiple

Sequence length

2

3

3

3

7

7

4

15

5

5

31

31

6

63

3

7

127

127

8

255

17

9

511

73

10

1023

11

11

2047
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4095

13

13

8191
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16,383

89
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43
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47

23

8,388,607

24

16,777,215

241

25

33,554,431

601

26

67,108,863

2731

178,481
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2089

61,681

2351

164,511,353

4513

2,099,863

13,264,529
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caded) with a 26— 1generator, a 2°— 1generator will
result. Most often, the feedback connections between
generators will not be known, so the method used to
combine these generators ( to be described shortly) might
prove handy. However, in this case, combining the
generators in the manner to be shown will not increase
total sequence length either, because all factors of the
26— 1 generator ( that is, 3, 3, 7) are common to the
224_ 1generator previously analyzed.
Replacing the 26— 1generator with one that delivers a
29 — 1bit stream will increase the total sequence length
by only 73, as shown in the table, since the sequence
length is 511 = 73.7, and 7is still common to afactor of
the 224 — 1generator. A generator having ahigher order

Optically isolated scope probe
eliminates ground loops
by Vishay Netzer
Haifa. Israel

The infrared- light-emitting diode and optical receiver in
this oscilloscope probe can detect an input signal while
keeping the scope galvanically isolated from the circuit
under measurement. In this way the probe eliminates
any electrical interference caused by ground loops and
by stray energy transmitted through supply lines. The
probe has reasonable bandwidth and sensitivity, but is
most useful for transferring signals in the audio range to
the scope.
As shown in the figure, the head of the probe contains
the LED, plus aseries resistor that determines the sensitivity. Unipolar input signals generate acurrent through

of n is thus needed to effect a significant increase in
sequence length. Combining even- ngenerators should be
avoided, however, because of the recurrence of the factor
3at nmultiples of 6and 18, and arecurrence of factor 5
at multiples of 20. Factor 7occurs at n = 21, also.
Only nine chips are required for a pseudo- random
generator circuit that combines a233 — 1bit stream with
a 2" — 1 one, as shown in the example in the figure,
where the circuit arrangements for both generators are
individually known. Note that both generators are
merged via only one exclusive-OR gate.
The total pattern length is 2.88 X 10' 7 clock periods.
Using a 10- megahertz clock, the pattern does not repeat
for 333,600 days, or 913.347 years.
El

the GE55C LED, causing it to emit light of an intensity
that is linearly proportional for signals greater than 1.6
volts (the LED'S voltage drop). If the measured signal has
no dc component, an offset ( bias provided by abattery)
must be applied at the input, and the composite signal
should be capacitively coupled to the LED. The LED'S
output is then coupled by aplastic fiber-optic bundle to
the 539 receiver located at the scope end, where the light
is converted back into avoltage and coupled to the scope.
The probe's input impedance is understandably low.
However, if abattery can be fitted into the probe head, it
can serve as a supply for an active optical transmitter
having high input resistance, high sensitivity, and wide
bandwidth as well.
The packaged unit is lightweight and on first glance
appears to be an ordinary scope probe. The probe has a
bandwidth of 10 kilohertz. Voltage gain for the unit is 1
for input signals exceeding 1.6 v.
El
Engineers notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay MO for each item published.
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On the beam. Optically isolated probe transfers input signals to scope using light-emitting diode and light-sensitive receiver, thereby
eliminating most electrical interference. Probe works over 10-kHz bandwidth, has linear response for input signals exceeding 1.6 V.
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A spokesman for Eugen Beyer Elektrotechnische Fabrik points out that
the transformer core-winding technique described by C. W. T. McLyman
of Jet Propulsion Laboratory, Pasadena, Calif., [
Electronics, July 20,
p. 148] has been used by his company since 1959, when the West German
firm obtained apatent.
In Beyer's process, the laminations are held stationary while a round
bobbin of wire is wound onto acoil form. The form is friction-driven by a
rubber wheel. When winding is complete, the bobbin is fixed by means of
special plastic wedges. The technique, which uses an unbroken core,
makes it possible to supply high-quality input transformers with very
small dimensions. For further information, contact Eugen Beyer Elektrotechnische Fabrik, Postf. 1320, 7100 Heilbronn, or the company's sales
representatives in the U. S., Hammond Industries, 155 Michael Drive,
Syosset, N.Y. 11791.

At present, most lc companies will not supply their Ls! products in the
leadless ceramic chip-carrier packages made by 3M and Kyocera. Now
Sertech Laboratories will package Ls' chips in the chip-carriers and test
them for interested firms. Sertech will bond the chips into the carriers,
hermetically seal the package, fully test the packaged chips to the
manufacturer's specs on aSentry 7test system, and then screen the units
in accordance with MIL-STD- 883. For additional information, write to
G. J. Estep at Sertech Laboratories Inc., One Peabody St., Salem, Mass.
01970, or call ( 617) 745-2450.

Would you like to simulate the waveforms of an ideal oscilloscope? Wayne
Hope of the Northern Alberta Institute of Technology has designed a
program for the HP 9830A calculator and its peripherals to synthesize the
operation of a dual-trace, delayed-sweep laboratory oscilloscope. The
output provides acomputer-plotted graticule and waveform in response to
software-generated commands corresponding to the setting of each control
found on this type of scope. The synthetic oscilloscope can be used in
programmed learning of instrument operation. Copies of the 1,250-step
program are available free; send an 81
/2
by- 11-inch self-addressed, stamped
envelope ( Canadian stamps) to the author at Northern Alberta Institute of
Technology, 11762 106 St., Edmonton, Alberta, Canada T5G2R1.

Alpha particles emitted by minute amounts of radioactive material found
in chip packages can cause nondestructive soft errors in random-access
memories [
Electronics, June 8, p. 42]. In an effort to prevent this complication, Ferro Corp., working with Coors Porcelain Co., has developed a
sealing glass with lower alpha emission for ceramic-glass dual in-line
packages. The new glass has alpha emission of 0.7 count/cm 2/hour or
less, which compares favorably with those of sealing glasses in current use,
running as high as 68 counts/cm 2/hour.
In addition to low alpha emission, another objective was the development of a low-temperature ( 410°C) Cerdip and glass-lid sealing. Coors
will supply glazed Cerdip, and Ferro glass ink samples of the low alphaemitting sealing glass. For further information, write Bob White at Coors
Porcelain Co., Golden, Colo. 80401, or Fran Merti, Ferro Corp., 60
Greenway Drive, Pittsburgh, Pa. 15204.
Jerry Lyman
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SE 7000: Multiband performance
Multi-channel check-out
SE 7000 Series Instrumentation Recorders
give you 8speed recording up to 2MHz
Direct, 500 kHz FM and up to 30 kbpi
HDDR. The SE 7000 has in addition a
unique range of features essential to lab
quality recording,with aconvenience,
simplicity and reliability that no other
recorder can offer.
Consider, for instance, the versatile built-in
calibrator module with DVM for "set and
forget" control, and the unique simultaneous
all-channel FM electronics to electronics
facility, without tape movement —
the higher reliability of hardwired, all speed active filters,
equalisers and other
tape speed

EMI

sensitive components — the proven
dependability of co-planer format resulting
in more gentle tape handling and lower
tape wear.
Don't accept second best. We would like to
show you how the SE 7000 can match your
requirements in instrumentation recording.
Call us on 203-744-3500 or send reader card
for details.

EMI Technology

EMI Technology Inc.,
55 Kenosia Avenue, Danbury CT o68 no.
Tel 203-744-3500 T W X 710-456-3068

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

A member of the EMI group. International leaders in music, electronics and leisure.
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MOTOROLA MAKES ATREASURE
Nigeria has more people than any
other nation in Africa. Indeed, it's
one of the ten largest nations on
earth.
Yet, incredibly, vast stretches
of its 357,000 square miles had
yet to be adequately mapped.
For years, the government of
Nigeria tried to get the job done
with conventional aerial
photography.

But much of this part of the
world swelters under an almost
continuous cloud cover. And in

northern Nigeria, near the
Sahara, adust cloud twelve thousand feet high obscures the earth
for months at atime.
They turned the problem over
to Motorola—and got the job
done in only five months.

ELECTRONICS
SEE THROUGH CLOUDS.
The equipment that made
the difference was
Motorola's Side-Looking
Airborne Radar: SLAR.
It has three remarkable
virtues.
It can see through
the cloud cover, day or
night.
It looks sideways, to
allow simultaneous mapping from
both sides of the aircraft. The
images that result show the land
in striking detail.

And SLAR displays its images
instantly to the sensor engineer
aboard the aircraft. Instead of
having to wait for pictures to be
developed, he knows immediately
whether or not he has to make
another pass over the same terrain.

ELECTRONIC EYES
FIND TREASURES.
SLAR mapping gave
Nigeria anew assessment of her natural
treasures.
For instance, an inventory of her farmland and
timber resources. Since
SLAR can actually differentiate
among several types of vegetation, it helped identify forests
containing ebony, mahogany and
rubber trees.
And it helped identify geological structures that could mean

Motorola and

4

are register'

trademarks of Motorola, Inc.

MAP OF NIGERIA.
the presence of unexploited oil,
gas and mineral deposits.

THE ELECTRONIC MIRACLE:
AMICROCOMPUTER.
Further developments have been
made on this remarkable system.
At the heart of Motorola's most
advanced SLAR is atiny electronic miracle: a
Motorola
microcomputer.
The microcomputer is one
of the latest dem- A mcrocomputer,
drawn larger
onstrations of
than life.
Motorola's fifty
years of electronics expertise.
And you'll find the technology
that made it possible in many
of the things we make today.
For Motorola is no longer just
the company that put radios
into cars u.r1
yearsa o—

although we now market hundreds
of models of two-way radios.
Nor are we just the company
that put popular- priced TV sets
into American homes— in fact, we
no longer make home TV sets
here at all.

AN ARRAY OF
ELECTRONK ADVANCES.

EKG directly to anearby hospital.
A Digital Voice Protection
system that keeps criminals
from tuning in on police radio
communications.
Even lightweight pagers that
help busy people keep in touch
while they're on the go.
And, of course, adevice that's
helping anation like Nigeria take
arealistic inventory of hidden natural resources.

Now, Motorola is not only one of
the world's largest manufacturers dedicated exclusively to
electronics, but also one of its
foremost designers of
custom and standard semiconductors. And Motorola
microelectronics are
working in aremarkable
array of products.
Making electronics history
For instance, acoronary
since 1928.
observation unit that enables
paramedics at the scene of an
Circle 141 on reader service card
accident to transmit avictim's

Off Shore Oil Rigs

Super Tankers

For further information, write Public Affairs
Office, Corporate Offices. Motorola. Inc.,
1303 E. Algonquin Road, Schaumburg, Illinois 60196

You Get Much More
When You Rent
Test Instruments
From GE:

(((Quick•rental®
instruments
Over 15,000 instruments available for
rental by the week or month! ... And more
are being added every day. You get the test
instruments you need for short-term projects
or rush situations from General Electric
because we stock in depth. Immediate shipment of the newest and most up-to-date
equipment from all of the top manufacturers
like HP, Tektronix, Honeywell, Gould Brush,
Fluke, and hundreds of others, all calibrated
to manufacturers' specs and thoroughly
checked out.
General Electric has six stocking inventory
centers and over 40 rental sales offices; you

Tremendous
Inventory

are never more than aphone call away from
the instruments you need.
For your FREE RENTAL CATALOG Call
Collect ( 518) 372-9900 or your nearest sales
office listed below or write General Electric
Company, Apparatus Service Division, Building 4, Room 210, Schenectady, N.Y. 12345.
ALA. BIRMINGHAM 1205) 925-9449 • ARIZ. PHOENIX (602)278-8515 or 8516. TUCSON (602)
294-3139 • CAL. LOS ANGELES (213) 642-5350, SACRAMENTO (916) 383-4986, SAN FRANCISCO (415) 436-9260 • COL. DENVER (303) 320-3255 • CONN. SOU'HINGTON (203) 6214059 • FLA. JACKSONVILLE (9041 751-0615, MIAMI (305) 696-0811 • GA. ATLANTA (404)
457-5563 • ILL. CHICAGO (219) 933-4500 or (312) 854-2994 • IND. INDIANAPOLiS nu)
639-1565. KY. LOUISVILLE (502) 452-3311 • LA. NEW ORLEANS (504)367-6528* MD. BALTIMORE (3011 332-4713 • MASS. BOSTON (617) 396-9600 • MICH. DETROIT (313) 2656700 • MINN. MINNEAPOLIS (612) 522-4396 • MO. KANSAS CITY (816) 2.31-4377 or (816)
231-4620, ST. LOUIS (314) 965-7115 • NEW JERSEY CLIFTON (201) 471-6556 • N.Y. BUFFALO (7163.876-1200, SCHENECTADY (518) 385-2195 • N.Y.C. CLIFTON. NJ (201)471-6556
•N.C. CHARLOTTE (704) 525-0311 • OH. CINCINNATI (513) 874-8512, CLEVELAND (216)
4418111. TOLEDO (419) 691-3501 • ORE. PORTLAND (503) 221-5101. PA. PHILADELPHIA
(609) 424-445C, PITTSBURGH (412) 462-7400 • S.C. GREENVILLE (8031277-4093 • TENN.
MEMPHIS 901) 527-3709 • TEX. BEAUMONT (713) 842-4514, DALLAS ;214) 357-7341,
HOUSTON (713) 672-3570 • VA. RICHMOND (804)232-4576 • WASH. SEATTLE (206) 8540211 • W.V. CHARLESTON (304) 345-0920 • WISC. MILWAUKEE (414)7444110. PUERTO
RICO PONCE 03091 843-4225 or 4625
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New products

Scopes tailored for digital signals
Philips introduces two 100- MHz units: an instrument with delay- by- event
and time- Interval capabilities, and ahigh-speed storage scope
by John Gosch, Frankfurt bureau manager

Suppose you have astream of pulses
of the kind often encountered in
communications or data-processing
equipment and want to examine a
specific pulse. Or maybe it's necessary to measure, and possibly photograph, asingle-shot signal or aspike
such as may occur in, say, a nondestructive-testing or adigital application. For both tasks, instrument
makers can offer avariety of oscilloscopes. But none, says Philips in the
Netherlands, can handle those jobs
as conveniently and accurately as
can the two scopes that its Test and
Measuring group is now introducing.
One is the microprocessor-equipped, 100- MHz PM3263 " whose
prime feature is the combination of
time interval measurement and delay-by-event facilities," says Gerard
Imbens, product manager for oscilloscopes at the Eindhoven- based
group. This, Imbens explains, means
that users can measure a certain
pulse or event after any number of
pulses or events— up to 99,999 —
have passed. The measurement is
thus independent of any previous
jitter or clock pulse instability, the
Philips man says.
The other instrument is the
PM3266, a 100- MHz storage oscilloscope that can write at speeds up to
1,000 divisions per microsecond,
with one division measuring 0.9 cm.
Unlike competitive scopes that write
only over a reduced area of the
screen, the Philips scope writes at
full speed over the screen's entire
useful area. This enhances the accuracy with which a stored signal can
be read.
Both new instruments evolved
from Philips' dual-channel 100- MHz
PM3262 [
Electronics, Feb. 2, p. 132],
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which has become something of ahit
on the market in the brief time since
its introduction because of its combination of trigger-view mode and
alternate time- base mode. The two
successors will be shown in public for
the first time at the Electronica
components show in Munich, West
Germany. They are slated for
delivery in the U. S. and elsewhere
next March or April.
The PM3263 is a portable dualtrace instrument with a dual-delay
time base, adigital delay capability,
and automatic triggering on transistor-transistor logic levels. Its sensitivity is 2mv/division up to 35 mHz
and 5mv/div up to the full 100- MHz
bandwidth.
In addition to measuring time
intervals and frequencies, the scope
can count events before the delayed
or main time base starts. And, like
its predecessor, the new model boasts

an alternate display of the main and
delayed sweeps to allow direct comparisons of the displayed signals. It
also has a trigger-view facility that
can serve as athird display channel.
One significant detail Imbens
points to is the built-in six-digit red
light-emitting-diode display. It indicates the delay, the time interval, the
frequency, and the number of events,
with time and frequency measurements shown in engineering notation
(for example, — 3 is milliseconds,
"3 may be kilohertz, etc.).
To facilitate using the equipment,
Philips has added afeature that tells
the operator when he has made an
error. For example, if the user is
measuring frequencies with too
small a resolution, the LED display
will read " uncal" ( meaning " uncalibrated").
To incorporate all of these measuring and fault- monitoring func-
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ELEC-TRO
RELAYS

FULLY-SEALED
ElecTrol's new commercial grade
Blue Boy Reed Relays are now
offered in production quantities
for as low as 59C, and both commercial and instrument-grade units
are available from distributor stock.
Although completely sealed against
hazardous environments, production cleaning solvents, and rough
handling, these Blue Boys cost
far less than standard sealed units.
For pricing and product information, contact your local distributor.
Ask about free samples.
AUTHORIZED DISTRIBUTORS

NOW TWO GRADES OF
LOW-PRICED SEALED RELAYS
Elec-Trol now offers its Blue Boy Reed Relays in both an
instrument and a commercial grade. The instrument grade
provides low and stable contact resistance over alarge number
of operations, for use in such applications as ATE system
data acquisition and telecommunications.
The new commercial-grade units have a higher contact
resistance and alower life expectancy but are well suited for
applications where contact resistance is not crilcal, such as
switching into high impedance loads, for use in such end products as microwave ovens, water heaters, and TV's.
Both grades are totally encapsulated in rock- hard epoxy,
and the reed switch contacts and coil are secuted to a rigid
internal lead frame which incorporates the PCB terminals.
These little inch-long units incorporate a1Form A hermeticallysealed reed switch, and can switch low-levels up to 10W with
5-48 VDC coils. For prices or samples, contact your local
Elec-Trol distributor.
Elec-Trol. Inc., 26477 N. Golden Valley Road, Saugus, CA
91350, (213) 788-7292 (805) 252-8330. TWX 910-336-1556.

ELEC-TROL
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ALABAMA HUNTSVILLE
Component Distributors. Inc. (205) 883-7501
CALIFORNIA
IRVINE
Acacia Sales. Inc. ( 714) 549-0954.
(213) 971-2428
CALIFORNIA
SAN DIEGO
Acacia Sales. Inc. ( 714) 565-4365
CALIFORNIA
SUNNYVALE
Acacia Sales, Inc. (408) 745-7200
CALIFORNIA VAN NUYS
Patane Avionics, Inc. (213) 988-4455
CANADA
DOWNSVIEW, ONT.
Semad Electronics Ltd. (416) 635-9880
COLORADO LAKEWOOD
Acacia Sales. Inc. (303) 232-2882
FLORIDA CLEARWATER
Diplomat/Southland, Inc. (813) 443-4514
FLORIDA FORT LAUDERDALE
Component Distributors. Inc. (305) 971-4950
ILLINOIS
ELK GROVE VILLAGE
Diplomat/Lakeland. Inc. (312) 595-1000
MASSACHUSETTS HOLLISTON
Diplomat/New England, Inc. (617) 429-4121
MICHIGAN FARMINGTON
Diplomat/Northland, Inc. (313) 477-3200
MINNESOTA
MINNEAPOLIS
Diplomat/Electro-Com, Inc. (612) 788-8601
MISSOURI
ST. LOUIS
Diplomat/St. Louis, Inc. (314) 645-8550
NEW JERSEY EDISON
Brothers Electronics, Inc. (201) 985-3000
NEW YORK
MT. VERNON
Sonkin Electronic Distribution. Inc.
914) 668-9809
OHIO
SOLON (CLEVELAND)
Repco (216) 248-8900
OREGON Beaverton
Parrott Electronics. Inc. (503) 641-3355
PENNSYLVANIA
HUNTINGDON VALLEY
Shap Electronics Co., Inc. (215) 698-9550
TEXAS DALLAS
Solid State Electronics Co. of Texas, Inc.
214) 352.2601
TEXAS
HOUSTON
Harrison Equipment Co. (713) 652-4750
Solid State Electronics Co. of Texas, Inc.
713) 785-5436
UTAH
SALT LAKE CITY
Diplomat/Alta•Land. Inc. (801) 486-4134
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New products
tions in a23- lb unit about 12 by 6by
18 in. in size would not be possible
without a microprocessor, Imbens
says. " It replaces a whole lot of
hardware that would otherwise be
needed." Besides keeping tabs on
faulty operation and on all measuring functions, the microprocessor —
an 8085 from Intel— checks its own
peripheral circuitry as well as the
LED display. Incorporated in the
computer's memory is a set of
service routines to simplify maintenance. The scope's power consumption is only 50 w.
Philips' other new entry at Electronica, the PM3266 storage oscilloscope, uses an image-transfer storage tube developed in house. The
tube's scan magnification in the
vertical direction makes possible the
900-cm/Ls writing rate— a speed
that allows storage of single-shot
events and voltage spikes in the
nanosecond range.
At the maximum write speed, the
storage time ranges from 15 seconds
at full intensity to an hour at minimum intensity. Making observations
of continuous signals easy is the
scope's auto-erase capability, which
can be set to erase the display at
time intervals ranging from 3to 8s.
This ensures that the signal is
continuously refreshed and displayed
against a high-contrast background
for optimum viewing.
Like its companion, the PM3266
is acompact, portable instrument. It
weighs only 24 lb and consumes
55 w. The sensitivity ratings are the
same as for the PM3263.
Both scopes operate from two ac
supply ranges- 90 to 140 vand 180
to 260 v — and from one dc range,
which extends from 240 to 300 v. A
battery pack for field use is available
as an option.
The PM3263 will sell in the U. S.
for $ 3,500, while the PM3266 will
carry a price tag of $ 5,245. The
battery pack adds $695 to the price
of either scope.
Philips Gloeilampenfabrieken, Science and
Industry Division, TO Ill, Eindhoven, The
Netherlands [338]
Philips Test and Measuring Instruments, 85
McKee Dr., Mahwah, N. J. 07430. Phone
(201) 529-3800 [340]
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That's why we build Wild Rover® keyboards with
a switch designed for over 10,000,000 cycles.
Multiple contact points distribute circuit energy,
provide more positive switching action and reduce contact wear. Our PCK switch has excellent
noise characteristics, too. Less than 5 milliseconds bounce on leading and trailing edge.
REFAC offers standard 12 and 16 key keyboards.
We'll also build custom keyboards to your specification with special legends or encoding. Or, if
you prefer, we can supply our PCK switch as a
component for your own keyboard assembly
operations.
For more information on our keyboards and PCK
switches, give us a call. We can have literature
in the mail today.
je
•:--ghtà,Airrà

AbillbillINM
affluaist 7

mhatelipi.,

REIM electronics corporation
PO

BOX

809 •

WINS1ED,

CONN.

06098 •

203-379-2731
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1978 EBG!
Completely new listings of
catalogs, new phone numbers,
new addresses, new manufacturers, sales reps, and
distributors! The total market in
abook— four directories in one!

-----I Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes. please send me
copy(ies) of 1978 EBG.
I've enclosed $25 per copy delivered in the USA or
canada.
I've enclot $35 per copy for delivery elsewhere ($47
if shipped ny Air). Full money-back guarantee if returned
in 10 days.

D

Name

To insure prompt delivery
enclose your check with the
coupon now.

Company
Street
City

L—

State

Zip
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Product Power
Rockwell Micropower means abroad choice
of microelectronic solutions that assures you
the right fit at the right price.
For example, 11 one-chip
microcomputers with I/O
and other options will
match most controller needs.
For high-performance applications, the third generation
NMOS R6500 family has 10 CPU
options and afull list of support chips.
Micropower is also telecom devices, high
speed data micromodems, SAWD and mechan :cal bandpass filters, custom MOS, military
MOS and custom subsystems. And now
bubble memories.

146
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Support Power

Technology Power

Rockwell Micropower is the power to support the products we sell.
The inexpensive AIM 65 board computer
gives hard copy listings
and allows program
development with
assembly language.
SYSTEM 65 the
versatile development
tool for the R6500 family,
is now more powerful with aPL/65 high level
language compiler. It's still the lowest cost
system with dual floppy disks.
And backing- up all Rockwell equipment
and software support is aworldwide network
of product-oriented applications engineers.

Rockwell Micropower is acommitment to
technology leadership.
Our first bubble memory products have just
been announced. We are phasing in NMOSVLSI and CMOS-SOS-VLSI production. And
many new devices are in development, including the 16- bit SUPER 65.
For the full story on Rockwell Micropower
and how you can use it, write: D/727- Fl , Microelectronic Devices, Rockwell International,
P.O. Box 3669, Anaheim, CA 92803
or phone ( 714) 632-3729.
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Rockwell International
..where science gets down to business
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New products

One-chip computer is bus-oriented
8- bit machine for RAM- intensive applications
features fast hardware multiply and divide
by William F Arnold, San Francisco regional bureau manager

With the plethora of microcontrollers and microprocessors entering
the marketplace, design engineers
might feel they have enough to work
with. But National Semiconductor
Corp. says it has found a useful
niche for one more device configuration. At the Electronica exhibition,
which begins in Munich, West
Germany, today, the company is
unveiling a family of single-chip,
8- bit microcomputers that are targeted for low-end processing applications but have features equaling
those of mid- range and high end
performers.
Called the INS8070 series, the
microcomputers are unique in the
marketplace because unlike other
single chippers, which are input/output- oriented, they have a bus oriented architecture, according to
Philip Hughes, microprocessor marketing product manager. Consequently, National is aiming the chips
toward applications that need the
economy of singlechip operation
and the high flexibility of a multiprocessing bus architecture, he says.
Moreover, National packs some
16- bit power into the 8070 series by
including a comprehensive set of
directly executed 16- bit arithmetic
operations. Also, the 8070 devices
communicate with external memory
and peripheral devices over a 16- bit
dedicated address bus and an 8- bit
bidirectional data bus.
Overall, designers should find the
instruction set well suited for control
system applications and high-level
languages. The multiprocessing bus
architecture should prove useful in
direct- memory- access applications
such as terminals, home-computer
and work- processing systems, and
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intelligent peripheral controllers,
Hughes says. These applications
would include dumb and smart
terminals, as well as small business
computers, cash registers, television
controllers, or "anything with lots of
RAM," adds Thomas D. Dugan,
senior product engineer, low- end
marketing group.
Dugan places the 8070 family
"between the vooriented microprocessor like the [ Intel] 8048 and
[Mostek] 3870 and the mid- range
byte-oriented products like the [ Zilog] Z80." However, as an example
of its 16- bit power, he says the 8070
performs a hardware multiply and
divide faster than other 8- bit devices
and as fast as any I
6- bit chip. Especially designed for very fast arithmetic operations, the 8070 executes
a 16- by- 16 multiply operation in less
than 37 microseconds, for example.
Operating from an on-chip 4- MHz
clock, the devices execute an average
instruction in 7s from an internal
read-only memory.
First members of the family, made
with n-channel, silicon-gate, depletion- load technology, are: the 8070,
a minimum system containing 64
bytes of random-access memory and
no on-chip ROM; the 8072, having 64
bytes of RAM and 2.5 kilobytes, or
20,000 bits, of ROM; and the 8074,
containing 64 bytes of RAM and 4
kilobytes, or 32 kilobits, of ROM. The
instruction set is mask- programmable in high-volume applications
only. This means that an operating
system could be programmed onto
the chip; if it were for a home
computer, "you could put Basic in
there," Dugan explains.
Samples of the devices are due out
in December and production is

slated for the first quarter of 1979.
When they appear, designers will
find the 8070 members marshalling
some flexible and easy-to- use features. For example, National aims at
simplified programming, with multiple addressing modes including
counter- relative, immediate data, indexed, auto- indexed, and implied
functions. They also include stack
operation, with a comprehensive set
of 16- bit instructions, including load,
store, add, multiply, divide, exchange, shift, and stack push or pop.
For system flexibility, the devices
can handle up to 64 kilobytes of
memory and will interface with
memories or peripherals of any
speed. In addition, they have on-chip
control of handshake bus access.
Also on the chip are the clock generator, two interrupt-sense inputs, and
three control flag outputs accessible
by the user.
The 8070 devices have separate
strobe inputs to indicate when valid
input/output, memory, or peripheral
data are present on the 8- bit data
bus. The rest of the input/output
signals are dedicated to such general-purpose control and status functions as initialization, bus management, microprocessor halt, interrupt
request, vo cycle extension, and
functions specified by the user.
Housed in standard 40- pin dual
in- line packages, the devices have 16
address and 8 data lines and use a
single + 5-v supply.
Price of the minimum 8070, in
1,000- piece lots, will be $ 9.90 each.
Price of the 8074, in 1,000- piece lots,
is expected to be no more than $ 15.
National Semiconductor Corp., 2900 Semiconductor Dr., Santa Clara, Calif.

95051

[339]
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Best by test
after test.
You're doubly sure
of cp121ity with twice tested
Buss'fuses.
This small dimension
glass tube fuse may look
good to you. And to us.
But looks aren't enough
at Bussmann.
That's why Bussmann
quality control involves
more than aquick visual
inspection. Or testing a
random sample from our
production line.
Instead, Bussmann
tests every one of these
fuses twice. Once for
resistance, to measure
electrical performance.
Then again for dimensions,

to make sure the length
and diameter are right.
Few manufacturers
test each and every small
dimension glass tube fuse
they make. Even fewer test
each fuse both physically
and electronically.
Our tougher testing
assures that the Buss
fuses you buy will perform exactly the way you
want them to. When you
want them to.
It also explains why
Buss fuse quality is in a
class by itself.

MCGRAW-EDISON
Bussmann.
The Protection
Experts.

Bussmann Manufacturing Division
McGraw- Edison Company
P.O. Box 14460
St Louis. Missouri 63178
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Electronic accuracy through mechanical precision

New products
Instruments

51
/
2digit meter
is easy to use
Microprocessor-based unit
employs digital measurement
to reduce complexity, price

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

eL‘

Mentioning microprocessor- based,
51
2/
digit multimeters usually conjures up images of front panels like
the bridge instrumentation on board
the Battlestar Galactica, not to
mention astronomical prices. Such
DMMs, usually destined for automatic test systems, feature more bells
and whistles than the average bench
jockey wants or needs. Addressing
that potential user, Keithley Instruments has produced a 6802- based
bench meter, the model 191, designed not for full programmability
but for simplicity of operation.
The 200,000-count, manual- ranging unit performs many analog
measurements using digital conversion and clever microprocessor manipulation, thus eliminating many
costly components, simplifying
maintenance, and keeping the unit's
basic price to alow $499. The DM M
has five dc voltage ranges, spanning

200 my to 1.2 kv, and six resistance
ranges, from 200 f to 20 mn. Accuracy varies with function, range,
temperature, and interval between
calibrations. A representative specification is a maximum error of
0.01% of reading plus 2 counts for
the 20-v dc range from 18° to 28° C
for one year.
By combining charge-balance and
single- slope-conversion techniques,
the combination of analog-to-digital
converter and microprocessor
makes it possible to take five readings per second in the dc voltage
mode. Resistance measurements
may be taken from two input terminals or changed to four- terminal
readings by simply connecting an
additional set of leads to the extra
two terminals: no terminal links or
settings need be changed.
An optional, field- installable ac
voltage card provides average response readings calibrated in rms for
an additional $ 175. It adds four
ranges, from 2 y to 1kv full scale,
accepting signals in the 20- Hz- to100- kHz band. An optional radiofrequency probe lets readings range
to 100 MHz.
The microprocessor uses digitally
stored autozero and autocalibrate
values after each measurement to
compute corrected values for display. It also performs nonlinear digital filtering automatically on the

I

actual size

The
standard
of excellence!

MANUFACTURING CORPORATION
Rockaway Valley Road
Boonton, N.J. 07005
(201) 334-2676, TVVX 710-987-8367
150
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OurWildest Card Yet

A programmable 16-line multiplexer that
beats everything in its class
PDP-11 users, we have another winner for you.
TIÈs time it's DMAX/16 -,our new
programmable multiplexer for connecting your PDP-11 to 16
asynchronous serial communications lines. DMAX;16
makes the most of the ll's
DMA capabilities to estabhsh computer overhead at a
level far below that of competitive units like the DJ/1 rind
D Z11. It also offers software
cam?aTibility with the Drill_
in one-fourth the space!
Now, for the first time, you
don't need an expansion
box or special back
planes. DMAX ,16
consists of two nex
boards which install easi:y into
standard SPC sots
units and connect to the
current loop or EIA/73,S232 panel by separate llatr_bbon cable. As many as 16
can be placed on asingle
POP- 11 for atotal of up to 256
lines. A DMUX/16 - option allows
modem control fcr 16 channels.
DMAX/16 provides complete program control of the lines,, each of which
operates with several individually
programmable parameters, such as character length anc number of slop bits. Parity
generation and detection are odd, even or none.
The operating mode is nalf duplex or full duplex.
Fifteen software programmable baud rates: 0to 9600 baud —
plus 19,200 baud — and an external baud rate. 3reaks may be
generated or detected on each line and the unit can echo received
characters witInut software intervention.
Play the wild card now. You'll get top performance and acompetitive
price advantage of at least $ 1000 along with delivery from stock as usual.
Write for details and find out why we
:onsider ourselves the leader among
manufacturers of DEC enhancements.
Able Computer Technology, Incorporated,
1751 Langley Avenue, Irvine, California 92714.
(714) 979-7D30. TWX 910-595-1729

Able, the computer experts
I
WC, DJ I, ,) ZII, DHII and z'DP-1 Iare registered trademarks
of Digital Equipment Corporation.
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New products
200-mv and 200-9 ranges so that
noise is suppressed to the microvolt
level using continuous averaging.
Should an improper functionrange combination be selected or an
overload occur, an error message is
displayed. The meter's push-button—null feature permits instant nulling of external input offsets on any
scale reading. When the button is

pushed, the displayed reading is
stored in memory; thereafter, readings are displayed as deviations from
that reading.
Optional accessories include a 50A shunt, a 200-A clamp-on current
probe, and a40kv probe.
Keithley Instruments Inc., 28775 Aurora Rd.,
Cleveland, Ohio 44159. Phone ( 216) 2480400 ( 351]

Phase-angle voltmeter needs
no filters over wide band
The model 321 wideband phaseangle voltmeter is remarkable for
what it does not have: vacuum tubes
or plug-in modules. The solid-state
instrument measures phase angle in
four ranges that cover the bandwidth
from 10 Hz to 100 kHz without the
need to change filters; it maintains
accuracy to within 0.5 °
Voltage measurements can be

made in four different modes: total,
fundamental, in-phase, and quadrature; thirteen ranges from 300 µv to
300 1/, full scale, are provided. The
reference signal's voltage can vary
from 150 my to 150 y without any
need for recalibration or adjustment.
The model 321 is priced at $ 3,598.
North Atlantic Industries Inc., 60 Plant Ave.,
Hauppauge, N. Y. 11787. Phone ( 516) 5826500 [ 355]

Research shows that the enclosure
accounts for 48% of your product's salability.
People buy looks. And they buy quality.
The VIP Series 19 is the perfect combination of functional
design and precision engineering. It gives your product a
custom quality appearance. And the rugged strength that lets
you know the quality doesn't stop at appearances.
There is complete accessibility from top, bottom, front
and rear. All 10 sizes accept standard EIA panels ir heights
from 5 4 to 28': You can choose from avariety of decorator
colors, or we'll paint to match yours.
Despite the versatility and custom look, standardized
components mean two-week delivery and off-the-shelf prices.
Hire the best salesman you can get for your product.
VIP Series 19. It says the nicest things about you.
"

ZERO

We make you look good.

Instrument monitors, analyzes
IEEE- 488 bus operations
The model 488 is intended for use
with the IEEE-488 bus, but how it is
so used is largely up to the individual
designer. It may be employed as an
ordinary bus monitor for troubleshooting minicomputer- or calculator- based systems. But it may also be
used to evaluate compatibility and
characterize instruments or subsystems, as a bus exerciser for use in
development, or as a low-cost bus
controller in small systems.
The programmable instrument is
capable of driving up to 14 devices
simultaneously at data transfer rates
of up to 250 kHz. It can be

Zero Corporation • Burbank, CA 213/846-4191 • Monson, MA 413/267-5561
#152 Call

Me,

I'm Interested

#217 Mail

Catalog
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Now...a new
source for a .5mA input
high gain optoisolator.
WE'VE JUST BECOME "THE
OTHER COMPANY" WITH A
SPECIAL LINE OF HIGH
QUALITY HIGH GAIN
OPTOISOLATORS. OUR NEW
MCC670 SERIES IS DIRECTLY
COMPARABLE TO THE
HP 5082-4370/4371 SERIES
... BUT WITH IMPROVED
PERFORMANCE.
You get high sensitivity to low
input currents. These new high
gain split-darlington optoisolators
give you greater design control in
such applications as CMOS logic
interface, telephone ring detector,
low input TTL interface and
power supply isolation. Minimum
current transfer ratios of 300%
to 400% are achieved at TTLcompatible saturation voltages
of 0.4-volt and at gate- level
drive currents ( 1.6 mA). All are
UL recognized at 3000 volts
isolation.

Typical response time is 1.E
microseconds. With the MCC670
Series you'll have fast switching
caaability at logic loads.
Maximum turn-on/turn-off speeds
range from 7to 35 microseconds.

Temperature compensated for
greater reliability. You get assured
operation over awide temperature
range. The specifications listed
above for the MCC670 Series
hold from 0°C to 70°C.
Storage temperature is — 55°C to
+125°C.
And the best gain is now much
they cost. Compare the price
structure of these optoisolators
with those of our competitors and
you'll find us more than competitive. And you still get Monsanto
quality and high performance
along with technical assistance.
Write or call today.
For more technical data or price
information, contact Monsanto
Commercial Products Co., Electronics Division, 3400 Hillview
Avenue, Palo Alto, CA 94303.

PEC670/MCC671

FIRST IN LED MATERIAL AND TECHNCLCGY

Monsanto
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ELORG FERRITE DEVICES WILL
NEVER LET YOU DOWN
UNDER
WIDE AMBIENT TEMPERATURE
VARIATIONS
HIGH HUMIDITY
VIBRATION
SINGLE OR REPEATED IMPACTS

......

programmed from the front panel in
its machine code or in IEEE bus
language, or by plugging an erasable
programmable read-only memory
programmed in the machine code
into a ROM slot. In addition to its
255- byte program storage capability,
the unit can store 511 bytes of data.
Error messages, recorded data,
and run state can be shown on a
16- character light- emitting- diode
display. Prompting guides the operator through all the step sequences
needed to activate the model 488's
various modes. The instrument is
priced at $ 3,500 and is available
now.
Interface Technology, 852 N. Cummings Rd.,
Covina, Calif. 91724. Phone Stan Kuboda at
(213) 966-1718 [ 354]

Ring magnets of "3.1 BA" Grade ferrite for moving- coil
speakers:
- minimum residual induction 0.38 T (3,800 Gs)
- minimum induction coercive force 167 kA/m (2,100 0e)
- minimum magnetizing coercive force 171 kA/m
(2,100 0e)

7 digits from 0.1 to 1,000 V

- maximum specific magnetic energy 12.3 kJ/m ,
(3.1 MGe0e)
Magnet standard
size

Dimensions with tolerance, mm
Outside dia.

K 45 x22
K 51 x24
K 56 x24
K 56x 24
K 61 x24
K 61 x24

x 10.5
x9
x12
x8
x8
x13

45
51
56
56
61
61

±
±
±
±
±
±

1
1.2
1.2
1.2
1.5
1.5

Internal dia.
22
24
24
24
24
24

±
±
±
±
±
±

0.6
0.6
0.6
0.6
0.6
0.6

Axial length
10.5 ±
9 ±
12 ±
8 ±
8 +
13 ±

72 ± 1.5
72 ± 1.5

32 ± 0.7
32 ± 0.7

10 ± 0.1
15 ± 0.1

K 86 x32 x 10.8

86 ± 1.5

32 ± 0.8

10.8 ± 0.1

Sole exporter -

td

C=-e••W

32/34 Smolenskaya-Sennaya
121200 Moscow, USSR
Telephone 251-39-46, Telex 7586

154

0.1
0.1
0.1
0.1
0.1
0.1

K 72x 32 x 10
K 72 x32 x15

Antenna cores
E- shaped. U-shaped, ring and pot cores
Yoke cores for deflection systems

Circle
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Voltage standard resolves

Call it a dc voltage standard and
calibrator or a portable ultrastable
source, what the model 1030A does
is provide a highly stable voltage
output in four ranges- 1,000 v, 100
v, 10 y, and 100 my - with aresolution of 0.1 ppm. Calibration accuracy is within 0.002% of the setting
plus 0.0005% of full scale plus 5µv.
The standard can provide currents
of up to 50 mA and is stable to
within 0.00075% over an 8- hr
period. Worst-case accuracy is within 0.003% of setting plus 0.001%
of range plus 5µv.
Weighing 13 lb and measuring
5.22 by 17 by 14.5 in., the model
1030A can be powered from a 115 or
230 y ac source. It costs $ 2,095.
Delivery is within 45 days.
Electronic

Development Corp.,

11

Hamlin

St., Boston, Mass. 02127. Phone Bob Ross
at ( 617) 268-9696 [ 356]
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ON THE
NCH,
THE MOST ADVANCED DM
IN SYSTEMS TOO.

The new 8502A digital voltmeter— the precision DVM
just right for both systems and bench applications.
It's right because it brings all the power of the 8500A,
the world's most advanced system DVM, to the front panel.
Press SCALING and enter
any multiplier to scale volts,
ohms or amps to temperature,
percent, engineering units,
or any scale of convenience.
Press OFFSET and add or subtract any numerical value to set
your prescaled units to the right reference point.
If you're looking only for agood/bad indication, use
LIMITS and key in both high and low tolerance values on
any function. After that you'll get afriendly " Hi, Pass or
Lo'' reading at full accuracy.
The 8502A remembers its highest and lowest readings. Leave it unattended on astability test, for example,
then touch PEAK, HI and LO later to observe the amount
of drift that occurred.
Want 61
/2
digit resolution? Press HI
MIIMII=711111ffl
RES and get it on all functions. This lets
UWE
fel
you utilize the full instrument accuracy
—6 ppm on DC volts.
The 8502A is fast— up to 250 read-.
OFFSU
ings/second on the bench, 500/second
SCUM
ale
in asystem. This speed is put to work
to provide noise rejection through digitca
al averaging. Adding analog filtering
gives you up to 100 dB NMR.
Calibration memory is aFluke exclusive that saves time and money.

"Y=AX+B"

.31

Without removing the voltmeter or taking off covers, simple recalibration is done from the front panel in afew
minutes. Lab calibration is recommended only once a
year if calibration memory is used.
The five FUNCTION pushbuttons are evidence of
another exclusive. Besides volts and ohms, the 8502A
can have AC and DC current capability installed, afeature not available in any other precision DVM.
We even provide diagnostic error codes to keep
out of trouble by ideno- • you
tifying programming misc
r
L.
takes and hardware errors.
For systems use, we offer more interface options
than anyone: IEEE 488, RS- 232 or full parallel. And, a
switchable front/rear input option is available.
U.S. base price: $2595.

rr

For more information, contact any one of the more than 100 Fluke
offices or representatives, wocldwide. nthe U.S., CALL ( 800) 426-0361,
TOLL FREE. Residents of the U.S.A. and all countries outside Europe,
contact: John Fluke Mfg. Co., Inc., P.O. Box 43210, Mountlake Terrace,
WA 98043, U.S.A. Telex: 32-0013.
In Europe, contact Fluke ( Nederland) By., P.O. Box 5053, Tilburg,
The Netherlands. Telephone: ( 013) 673973. Telex: 52237.
*Alaska, Hawaii, Washington residents — please call ( 206) 7742481.
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Circle 218 for literature
Circle 155 for demonstration

FLUKE
6104-8002

Sleek, moduâr and Optima
Introducing a selection of starter module desks with
extension modules and wedges in standard and keyboard
heights. Arrange them in a straight-line or return combination.
In any sequence. And as your needs change, rearrange them.
Send for our catalog and let us help make your
office smarter.
We make you look better

OPTIMA

Scientific -Atlanta
2166 Mountain Industrial Bivd., Tucker, GA. 30084 • Tel: ( 404) 939-6340
Europe: McKettrick — Agnew, Macmerry, East Lothian, Scotland, Et-I33 1EX • Telex: 72623.
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See us at Midcon - Booths 210-212

BY POPULAR
DEMAND!

Unlike beer, tires,
and Italian actresses,
C&K's Flatted Toggle
Switch is appealing
because it's flat.

MS- 215 Dual Trace
Miniscope

Engineering samples on request.
Flat can be flattering ! That's why we built
the Flatted Toggle às acontemporarylooking alternative to the standard toggle.
SPOT, DPDT, 3PDT, and 4PDT models
feature C&K's time-tested toggle mechanism. Give your instrument panel a
face-lift. Go flat.
The Primary Source Worldwide. dilree

C&K COMPONENTS, INC.
103 Morse St., Watertown, MA 02172
Tel: (
617) 926-0800
TELEX: 92 2546

TWX: 710-327-0460

With Rechargeable
Batteries 8, Charger Unit.

$435

•15- megahertz bandwidth.
•External & internal trigger.
•Auto or line sync modes.
•Power usage -- 15 W.
•Battery or line operation.
•2.9" H x6.4" W x8.0" D.
Non- Linear Systems, Inc.
Originator of the dtal voltmeter.
Box N. De Mar, California 92014

Visit C81( at Wescon 78 Booths 765 to 767 and Nepcor, Central 78 Booth 350

Visit C&K at Midcon Booth 916

Circle 219 on reader service card

Telephone ( 714) 755-1134 7W7( 910.322-1132
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New products
Semiconductors

Chip tunes
radios, TVs
Microprocessor- oriented
phase- locked- loop circuit
is almost acomplete tuner
Like switches and relays, mechanical
tuners are prime candidates for
replacement by all-electronic alternatives wherever it is economical and
practical. The use of varadors to
replace mechanically variable capacitors in radio and television tuners is
growing, and now Fairchild has
developed a chip that simplifies the
linking of varactor-based tuners with
complex microprocessor-based receivers.
Called the FEX 2500, the chip
provides nearly all the subsystems
required for a processor-controlled
phase- locked- loop tuning system.
"An external varactor tuner, inte-

grator, and crystal are all that is
needed to complete the entire loop,"
states Donald M. Staub, Fairchild's
c-mos products division marketing
manager. The bus-oriented device
can be used in simple tuners or in
complex units that, in addition to
tuning the receiver, control information display (time, date, and channel
selection on a iv set, for example).
The major difference between the
two applications is software, explains
Staub.
In atypical television-tuner application (see diagram), the FEX 2500
forms a loop with the TV'S varactor
tuner, a prescaler realized in emitter-coupled logic, and an integrator.
Addressed to a selected channel by
the microprocessor, the FEX 2500
adjusts the voltage on the varactor
tuner until the tuner locks to the
reference frequency established by
the external crystal and the modulus
of a divide- by-N counter built into
the chip. The modulus, N, is determined by data words sent to the chip
through the microprocessor's data
bus and stored within the 2500.
The divide-by- N programmable

counter is constructed in two sections— a program counter and a socalled swallow counter. This configuration serves a pulse-swallowing
function that allows digital fine
tuning of the receiver despite the
inherently large steps associated
with a phase- locked loop operating
at radio frequencies.
The FEX 2500's standard coarsetuning increments are 1kHz for a- m
broadcast receivers, 25 kHz for fm,
and 62.5 kHz for TV. For frequencies
from 100 kHz to 4MHZ, the varactor
tuner can be connected to the 2500
directly. However, for higher frequencies, up to 1 GHZ, the ECL
prescaler is needed.
The 28- pin lc is made with
complementary- metal-oxide- semiconductor technology and can operate from supply voltages between 7.8
and 12 v dc. Available now in
sample quantities, the chip will sell
for between $ 5and $6in large quantities ( 50,000 pieces), according to
Staub. Evaluation kits containing
the FEX 2500, a 3870 microprocessor, a 11C82 prescaler, anonvolatile
memory, and miscellaneous display

rl

,
TV VARACTOR
FREQUENCY
DETECTOR
TUNER INTERMEDIATEAMPLIFIER -->I
BRIGHTNESS
CONTRAST
EMITTER
COLOR
INTEGRATOR
COUPLED-LOGIC
HUEVOLUME
PRESCALER
FEX 2500
8-CHANNEL 6
BIT
PHASE-10C
LOOP
ANALOGDIGITAL-TOCONVERTER
I

III

FRONT-PANEL
CONTROLS
OR
REMOTECONTROL
RECEIVER

VIDEO

TTTTI

DATA BUS
CONTROL BUS
TIMEF
lio6g0CHIP

AUDIO <SPEAKER
CATHODERAY
TUBE

FEX 2600
ON-SCREEN
CHARACTER
GENERATOR
256-xFEX-42730-BIT
NONVOLATILE
MEMORY
I/O PORT NO PORT NO. 2
3870
DEDICATED
MICROCONTROLLER
1 I II/O
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411. The No.1 Choice

New products
drivers, among other things, are
being offered for $15 each in large
quantities, he adds.
Fairchild Camera and Instrument Corp., Integrated Circuits Group, 464 Ellis St., Mountain
View, Calif. 94042 [ 411]

Analog multiplexers lower
channel resistance to 270 SZ

Anritsu's All-New Selective Level Meter ML38A
With a frequency range from 20 Hz to 6.4 MHz and frequency stability of < 1 x 10, the new ML38A is bound
to be your best choice in selective level meters. Its level
measuring range of — 120 dBm to + 30 dBm ( BW 70 Hz) is
complemented by other standout features such as a7-digit
LED frequency display and a selection of three bandwidths- 6 Hz ( option 01), 70 Hz and 3.1 kHz.
Make the right choice— pick the ML38A.
Other Major Specifications
• Input impedance
75 S2 unbalanced
75 S2, 135 SZ, 150 St, 60C S!
balanced
• Intrinsic distortion
>68 dB ( f: > 2 kHz)
attenuation
>60 dB ( f: 200 Hz to 2 kHz)
>55 dB ( f: < 200 Hz)
• Power requirements 100V ±10%, 50/60 Hz, < 50 VA
• Dimensions
195 ( H) x 426 ( W) x 350 ( D) mm
• Weight
<19 kg
For comprehensive literature on Anritsu's
Selective

Level Meter, contact—

The MV series of analog multiplexers consists of four devices: 4- and
8-channel differential input models
and 8- and 16-channel single-ended
input models. All members of the
series have typical resistances of
270 or less in the on state. Individual channels are addressed with a2-,
3-, or 4-bit word, depending on the
model, and each device has an inhibit input that allows users to connect
several devices in parallel and
address each one separately.
With complementary- metal-oxide-semiconductor switches that are
dielectrically isolated, channel
switching is performed in a breakbefore-make mode so that no two
channels are ever momentarily
shorted together. When switching
from channel to channel, the output
settles to within 0.1% of final value
within 1.2 its and to within 0.01%
within 2.8 gis. Break-before-make
delay is 100 ns or less, turn-off typically 250 ns, and turn-on 350 ns.
When the units are used with a
high- impedance load, such as the
input of an operational amplifier,
transfer accuracies of 0.01% can be
achieved at channel sampling rates
up to 350 kHz. The devices accept
analog inputs in the ± 15-v range
and digital address and inhibit
inputs are compatible with c-mos
and TTL levels.

inritsu
ANRITSU ELECTRIC CO., LTD
MEASURING INSTRUMENTS DIVISION
SALES DEPARTMENT:
12-20, MInarniazabu 4-choose. Minato-bu, Tokyo 106.3w:tan
Pbone. 1031446-1111/Telex 0-242-2353
Cable ANRITDENK 1TOKYO
US.A. Tau-Tron Inc. Tel: ( 6171 667-3874 • West Germany <non Elektron. k GmbH Tel: ( 08178) 4085
• U.K. Dymar Electronics Limiteo Tel: Watford 37321 • France Tekelec Airtroric Tel: ( 11 946-96-48
• Italy Vianello S.p.A. Tel: (02) 54 40 41 • Spain Unitronics. S.A. Tel: 242 5204 • Holland C.N. Rood B.V.
Tel: 070-99 63 60 • Sweden Tele-instrumert AB Tel: 08-38 08 70 • Singapore O'Connor's tRte.) Ltd. Tel.
637944 • Australia NEC Australia Pty. Ltd. Tel: Melbourne 560-5233 • Malaysia O'Connor's ( Malaysia)
SDN.BHD Tel: 51563/5 • Brazil Anritsu Eletrimica Comércio Ltda. Tel: Rio 221-6086
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IDEA
WITH A

CUSTOM LSI CIRCUIT
SOLIMATE
SCIENTIFIC
You are involved in achallenging electronic project for your
company. Your design ideas are to
be incorporated into a product that
demands state-of-the-art innovation. You
are looking for the right supplier with proven
capability of designing and producing custom
LSI circuits. You need to meet adeadline. Introduction delays which could cost your company
thousands must be avoided. You have a budget. You
will accept only the highest reliability and quality. You
may need MIL SPEC level of performance - whether or not
for military application. Delivery dates must be met. You are
both concerned.., and responsible. You can't take the time to
muddle in big company bureaucracy: you need to get right to the person doing the work. You want design expertise that's been demonstrated, not speculation and promises. You want agreements that will be
kept. Here's where SOLID STATE SCIENTIFIC works for you. We have the
track record. We get the job done for you. And when the job is done, you
get the praise you deserve.
You have an open line to the top. Actualize your great idea.

Call me now, Al Hyman
TOLL FREE

CUSTOM MOS INTEGRATED CIRCUITS

800-523-2344
In Pennsylvania CALL COLLECT ( 215) 855-8400

In Europe - TWX: 510-661-7267

SOLID STATE SCIENTIFIC
MONTGOMERYVI LLE, PENNA. 18936

INC.

THE MANY SIDES OF SOLID STATE SCIENTIFIC. For more information. call ( 215) 855-8400, pP Circuits, Memory Circuits, 4000 Series Circuits.
Hi-Rel 38510,8838, Watch Circuits. Clock Circuits, Smoke Detector Circuits, RF Power Transistors.
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THE

ONE

AND

ONLY

BOOK OF ITS KIND! ...
New products

The unique, First Edition of the most complete and definitive
compilation of data on the reliability experience of
nonelectronic parts ever assembled under one cover ...

NONELECTRONIC
PART RELIABILITY
DATA, 1978

The 8- channel differential and the
16-channel single-ended devices operate from ± 15-v supplies and are
priced at $ 19.50 in small quantities.
The 4- channel differential and the
8- channel single-ended devices require an extra + 5-v supply and cost
$16.00.
Datel

Systems

Inc.,

1020

Turnpike

St.,

Canton, Mass. 02021 [ 413]

• Failure rates, failure modes and
mechanisms
• Generic failure rates for diverse environments

Schottky diode passes

• Data on sixty major part families... Hundreds of detail line entries

Intended for use in high- power
switching and linear power supplies,
the SD- 75 is a Schottky- barrier
power diode that offers low forward
voltage at high currents. At ajunction temperature of 125°C, the
device exhibits a forward voltage of
0.60 y with a forward current of
60 A. The diode, which can operate
at junction temperatures of up to
150 °C, handles 75 A with a forward
voltage of 0.70 vat 25°C.
The SD- 75 is rated for a peak
reverse voltage of 45 y and has a
thermal impedance of only 0.8°C/w,
allowing it to be operated at full
rated load up to 150°C. Packaged in
a standard DO-203AB can ( formerly referred to as DO- 5), the device is
priced at $ 6.75 in original- equipment- manufacturer quantities and is
deliverable two weeks after receipt
of order.

• Far exceeds the scope and content of RADC-TR-75-22 • 250 pages
• Switches, relays, connectors, IC sockets, LEDS, NiCd batteries, etc....
• Ordering No. NPRD-1. $ 50 per copy, $ 60 non-U.S.

RAC
Reliability Analysis Center
RADC/RBRAC •

Grifliss AFB, NY 13441 •

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

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

Circle
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high current even when hot

TRW Power Semiconductors Division, TRW
Inc., 14520 Avation Blvd., Lawndale, Calif.
90260. Phone Don Penn at ( 213) 679-4561
[4141

Our 75 MHz Model 4171F is a4- pole
monolithic crystal filter that is an
industry favorite year after year.
-±13 kHz 6dB bandwidth in asingle
HC- 18 envelope. Peanut- vendor
pricing, so you won't have to shell
out your whole parts budget.

160
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Formula for memory metamorphosis

High-speed Static
NMOS memory from EMM
Are you condemning your system to dynamic
memory speeds? It's time to move up to highspeed static NMOS memory technology.

refresh circuitry. And they don't generate softbit errors, so reliability is much higher than
with dynamic RAM systems.

The EMM MICRORAM 3420 is your formula.
It contai -as 32K by 21 bits of memory on a single
pluggabfe module. Yet it accesses in 200 nsec,
and cycles in 300. And it incorporates a Late
Data Control which allows adelay in the execution of a write cycle pending the arrival of data.

Other versions of the MICRORAM 3400 Series

The 34201 saves power, too. Typically it draws
less than 39 watts in standby, less than 40 watts
in operate mode. System design is very simple,
as the static RAMs require no charge pump or

to reliable high speed static NMOS memory. Call

ElTIM CSD

are available in 13 to 22 bit ccnfigurations, 8 to
32K capacities, and access times as low as 130
nsec.
Transform your system from sluggish dynamic
or write today for full technical details as well as price
and derivery information.

The OEM Systems Division of Electronic Memories and Magnet,cs Corp.
12621 Chadron Ave., Hawthorn, Calif. 90250 • (213) 644-9881
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CMOS power at PMOS prices.
That's Rockwell Micropower.
Don't pay the premium for CMOS
controller microcomputers before
comparing them power-for- power
and price-for- price with Rockwell's
PPS 4/1.
Often, for less than one third the
cost, you can use one of 10 PMOS
one- chip microcomputers from
Rockwell to meet your low power specs.
Of course, designers choose Rockwell •
one-chip computers for other reasons. A singlebyte instruction set provides ROM efficiencies of typically
2-to- 1over other microcomputers. Bidirectional ports,counters and other features
increase options and eliminate costly interface circuitry. Vacuum- fluorescent
displays, for example, can be driven directly.
Saving power, and money. That's Rockwell Micropower. For more information
contact D/727- F3, Microelectronic Devices, Rockwell International, P.O. Box 3669.
Anaheim, CA 92803 or phone ( 714) 632-3729.

e

Rockwell International
_where science gets down to business
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ELECTRICALLY CONDUCTIVE
ADHESIVES AND COATINGS

New products
The unit's speed and simplicity of
operation suit it well for the producPackaging & production
tion line, with operator training
completed in a matter of minutes.
Besides the on-off switch, there are
only two push-button controls— one
for afull duplicating cycle, the other
for averification-only cycle.
The duplicating cycle, which takes
Dedicated unit for 2758 and
only 2minutes, checks blank PROMS
for proper erasure, duplicates the
2516/2716 PROMs makes
master PROM on as many as eight
eight copies in 2 minutes
other memories at a time, and verifies the copies. The verification cycle
can be used simply to check a
There are basically three routes to
take when the development of a programmed PROM or ROM against a
master PROM.
microprocessor- based product
Three signal lights plus one above
reaches the point at which programeach copy PROM keep the operator
mable read-only memories must be
informed about the stage of the cycle
programmed: use the development
system as aproduction tool, make a and about any problems that develop. Any memory whose lamp is lit at
special-purpose PROM duplicator, or
the end of the cycle has failed to be
purchase a general-purpose proverified when checked against the
grammer plus any necessary personmaster PROM.
ality cards. Now Kaye Instruments
The PC16K has a novel bit-test
is offering an inexpensive, dedicated
feature that automatically allows
programmer that can handle PROMS
of the Intel 2716 and 2758 and
erased PRoms with single-bit faults
to be used if the fault matches the
Texas Instruments 2516 types.
corresponding bit on the master
Called the model PC16K PROM
PROM. Normally, memories with
Cloner, the instrument sells for
$995. The price is one third to one such asingle bit fault would fail on
half that of most general-purpose other units.
The programmer will be available
machines, or about the price of a
from stock starting on Dec. 1. The
single personality card.

Programmer

sells for $995

ECCOAfv1P products offer high performance and savings for bonding, coating,
sealing electrical/electronic components
with conductive plastic. They include
"cold" solders, anti-static, reflective and
absorbtive coatings. Some have electrical and thermal conductivity equivalent
to metals.
Circle 222 on reader se rvice card
ECCO REFLECTOR'
RADAR TARGE.T

Based on the Luneberg Lens, the Ecco
Reflector is a wide-angle, constant cross
section radar reflective dev ice. Four- page
folder in color describes rnonostatic, bistatic, omniazimuthal and omni-directional
types.
Circle 223 on reader service card
FIRE RETARDANT
FREE SPACE ABSORBER

ECCOSORB® VHP-NRL conforms to nonflammability requirements of ASTM D1692-74 and meets all requirements of
tests 1, 2 and 3 of NRL Report 7793. It
provides highest broadband performance
at both normal and wide incidence angles
of all known absorbers. Light-weight,
flexible and tolerant of physical abuse.
Many types available.
Circle 163 on reader service card

EMERSON 11
CUM11110, INC.

CANTON, MASSACHUSETTS 02021 U.S.A.

Manufactu ng at Canton. MA. Northbrook, IL, Gardena. CA, U.S.A.
Scunthorpe, ENGLAND, Oevel. BELGIUM, and Kuriyama, JAPAN
Sales Offices in Principal Cities
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OVENAIRE...

...now, more than ever, your best bet for crystal
oscillators.
Ovenaire's oscillator capabilitieshave
been enhanced by theacquisition of
W.H. Ferwalt, Inc.
'STATE-OF-THE-ART HIGH STABILITY
CRYSTAL OSCILLATORS with stabilities to
5x10 -1 °/day and 7x10 -11 /°C.

•OVENIZED CRYSTAL OSCILLATORS
3x 10 -9 /°C at low cost.

New products
$995 price applies to quantities of 10
units or fewer.
Kaye Instruments Inc.,

15 De Angelo Dr.,

Bedford, Mass. 01730 [ 391]

Flexible hybrid probe lessens

eTCXO's with temperature stabilities to
1X10 -7 0 to 50°C.

contact pressure and tip wear

•DIP HYBRID CIRCUIT CRYSTAL
OSCILLATORS with temperature stabilities to
-É-20 ppm.
-

The IC- 2000 variable- pressure probe
is designed for high-volume production testing of both thick- and thinfilm hybrid- circuit modules. By
simply placing a small insert between the flex members of the probe,
users can minimize contact pressure
as well as horizontal travel.
The probe comes with atungstencarbide needle for greater tip life;

...and, as always, your best bet for crystal and
component ovens.
'ELECTRONIC CONTROL MINIATURE
OVENS FOR: HC- 18U, HC-25U, HC-42U,
HC-43U crystals TO5 & TO8 crystal, transistor
or IC 14 Pin & 16 Pin DIP IC.
Plus acomplete range of ovens for commercial
and military applications.

OVENAIRE-AUDIO-CARPENTER
706 Forrest St., Charlottesville, Va. 22901
804/977-8050
TVVX 510-587-5461
Circle
r
—
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MOVINGP

Please give us 4weeks advance notice. Attach the label
for your old address, write in
your new address below, and
send to Fulfillment Manager,
Electronics, P.O. Box 430,
Hightstown, N.J. 08520.

1
OLD
ADDRESS
LABEL

needle depth is screw- adjustable.
Planarization screws adjust the
probe for use with standard probecard mountings. Vertical tolerances
of up to 0.100 in. are achievable,
while horizontal travel can be controlled to within 0.005 in. per 0.020
in. of lift.
In single quantities, the IC- 2000 is
priced at $ 19.90 and is available for
delivery from stock.
I. C. Industries Inc., P. O. Box
monte Springs, Fla. 32701.

104, Alta-

Phone ( 305)

339-8298 [ 395]

%r

NEW ADDRESS

Self-supporting connector

Name

takes strain off LCDs

Address
City
State/Province
Zip/Postcode

The self-supporting Zebra connector
consists of aZebra strip— alaminate
of vertical conductive and nonconductive elements with 0.04- in, center-to-center spacings between conductive elements— to which noncon-

Country

164
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Introducing the
OPEN-MINDED
data logger.

The new DigiTec Datalogger 3000 takes an open-minded
approach to data acquisition. Open-minded because it is
a comprehensive microcomputer system dedicated to
data acquisition; not just a microprocessor ased,
hardware-oriented datalogger.
The Datalogger 3000 provides standard capabilities not
even optionally available on other dataloggers; for
example:
•a built-in CRT display prompts the user in programming and displays more information thar possible with
conventional dataloggers.
•a mini cassette loads the system progtam, provides
absolute memory back-up, and records clat4

• unique linearization capability. Six liner•zation
tables; 4preprogrammed and 2completely open.
You're free to define both open tables with any 16
points along any curve to linearize your seecific inputs. And since the Datalogger 3000 'is : ruly a
computer, it actually interpolates measurenelts that
fall between points you've entered. The result: the
most accurate measurements possible.
•the 3000 can be programmed from the front-panel,
aremote CRT terminal or even ahost computer.
eand of course an alphanumeric printer, alarn limits
with relay outputs and English messages, scaling &
offset factors, engineering units, composite video output and other features also come standard on the
Datalogger 3000.
So, if you're open-minded and interested in a revolutionary approach to data acquisition, contact us. Find out
how the Datalogger 3000 can take an open-minded
approach to your application.
Call Daryl Barnaby, ( 513) 254-6251 collect
Circle 165 on reader service card

"... anew-generation
data acquisition system
that unites the capabilities
of aprecision datalogger
with the intelligence
of acomputer"
UnITED
SYSTEMS
CORPORATIOn
91E Woodley Road, Dayton, Ohio 45403
(5131254-6251, TWX (810) 459-1728

DIG1TEC: Precision measurements to count on.
Circle 225 on reader service card
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WE MAKE COMPLEX SWITCHING EASY!

"SM"P/RelSeries
Subminiature
Programmable Rotary
Encoded Logic Switches
for Digital Applications
• Test and medical
instrumentation
• Air — land — sea
communications
• Digital Controls
• Computer peripheral
• Automotive

New products
ductive silicon sponges are applied
on one or both sides.
When the connector is placed
between a printed-circuit board and
a liquid-crystal display or between
two pc boards, it provides aconductive path between the contacts of the
two units. A small amount of pressure holds the compressible device in
place, ensures good contact, and
minimizes 'stress.
Individual conductive elements in
the connector have nominal resistances between 1and 6kn, depending
on the thickness of the unit. Three
standard models are available in
lengths from 0.5 to 4in. and in various thicknesses (board spacings) and
widths. A connector 1in. long and
0.085 in. wide and thick is priced at
200 in quantities of 5,000. Delivery
is about two weeks.
Technical Wire Products Inc., 129 Dermody

. . . an economical alternative to conventional
rotary and thumbnail switching! Standard
Grigsby, the originators of P/Rel Bio-Mechanical
Interface Switches, offers the broadest range of programmable rotary encoded logic switches available
today. The SM " P/Rel" features up to 40 Truth Table positions
and 12 lines of information per module ( up to 60 positions and
20 lines in our standard " P/Rel") • Concentric shafts • Dual
ball starwheel drive • PC or solder terminals • Fully programmable
to any Truth Table, and more.
WRITE TODAY for " SM" P/Rel Literature

LI

"The switch experts"

standard grigsby. inc.
Dept 014, 920 Rathbone Ave.

Aurora, IL 60507
312, 844-4300, TWX 910/232-3138
IN EUROPE: W. Gunther GMBH
Virnsberger Strasse 51, D 8500 Nürnberg 1, West Germany
Phone: 0911/65521 TWX: 622351 wigu d
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catalogs, new phone numbers,
new addresses, new manufacturers, sales reps, and
distributors! The total market in
abook—four directories in one!

Socket- carrier systems take
24- to 44- lead flat- packs
Designed to test most nonstandard
integrated-circuit packages, a series
of adjustable flat-pack carrier and
socket systems introduced by Textool accepts packages with from 24
to 44 flat or formed leads.
The carrier design includes wiping
contacts to provide firm nondamaging connection. The socket's lid will
not short against the contacts.
Flat- pack systems are available
from stock at prices that vary
according to the number of contacts
and systems required. A 24-contact
socket and a carrier, for example,
are priced at $ 12.82 and 80¢ respectively, in quantities of 100 or more.
Textool Products Inc., 1410 W. Pioneer Dr.,
Irving, Texas 75061 [396]

1978 EBG!
Completely new listings of

St., Cranford, N. J. 07016 [394]

rElectronics Buyers' Guide

1221 Ave. of the Americas
New York, N.Y. 10020
Yes, please send me
copy(ies) of 1978 EBG.
D I've enclosed $25 per copy delivered in the USA or
Canada.
I've enclosed $35 per copy for delivery elsewhere ($47
if shipped by Air). Full money- back guarantee if returned
in 10 days.
Name

To insure prompt delivery
enclose your check with the
coupon now.
166

Company
Street
City

L.

State

Zip
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The newest development
in development systems.

-21

MIL

Universal: 8086, 8085, Introducing
8080, 6802, 6800, Z-80. the universal AM:b.
Just what your expanding world of
microprocessor-based product design
needs now .... acompact station with
CPU, CRT, keyboard and your choice
of processors. Our new Advanced
Microcomputer Development System
puts universal hardware and software
development capabilities at your
fingertips: real-time in-circuit emulation
to 5MHz, real-time 48-channel logic
analyzer, up to 2megabytes of disk
memory and every software aid,
including high level language compilers,

relocating macro-assemblers and
disassembling debuggers. Additional
processors will be supported soon to
help you keep up with this constantly
expanding world and protect your
investment. Make your development
system as convenient, useful and
enduring as your scope with the
universal AMDS .. the only way to
go µP. Futuredata, 11205 S. La Cienega
Blvd., Los Angeles, CA 90045
(213) 641-7700 TWX: 910-328-7202

(future{)
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New products
per-stabilized unit eliminates almost
all common- mode interference. Also,
because it puts the gain at apoint in
the system where the bandwidth is
lowest— before the multiplexer— it
reduces total system noise.
The MP227's isolation specifications are particularly impressive.
Unit's high isolation makes
They include a minimum commonrelays unnecessary
mode rejection ratio of 166 dB ( 176
dB typical) from 50 to 800 Hz at
in low-level systems
gains of 50 to 1,000 and for source
imbalances up to 1 la CommonMultichannel data-acquisition sysmode voltage rating is 1,000 ydc or
tems that have to handle low-level 750 v rms. Common- mode input
inputs, like those generated by ther- impedance is 10'° Si in parallel with
mocouples and strain gages, typi- 80 pr. The differential- mode input
cally employ front-end multiplexers impedance is 100 Is.4Q shunted by
made up of mercury-wetted relays.
22 k9 and 1.5 ea in series.
These relays are not only expensive,
The unit's temperature coefficient
they are also often the least reliable of gain is a maximum of ± 20 parts
part of the system. Now Analogic is per million of full scale per °C for
offering acombination isolation am- gains between 10 and 500; at again
plifier and filter that allows these of 1,000, it is 30 ppm/°C.
low-level relays to be replaced by a
The standard filter is a low-pass
cheap and reliable high-level solid- unit with a 6-dB frequency of 5 Hz;
state multiplexer.
however, other cutoff frequencies
Designated the MP227, the ampli- between dc and 100 Hz can also be
fier is intended to be used on aone- supplied. Two filters are employed in
amplifier- per-channel basis. Mat- the MP227: a one- pole RC input
thew V. Mahoney, group manager filter and a two- pole Butterworth
for a-d-amodular products, explains output filter. Between them they
that " it's desirable to put the ampli- provide a roll-off rate of 60 dB per
fier-filter near the input of each decade. The standard 5- Hz response
channel." In this position, the chop- is 60 dB down at 50 Hz. The filter

Industrial

Amplifier-filter
replaces relays

168

nodes are externally accessible so
that the user can modify the
frequency- response characteristics.
Completely self-contained, the amplifier needs no external drivers. It
has an internal power oscillator and
an isolated power supply. The
isolated supply, which can be used
for open- thermocouple indication,
supplies a nominal ± 4 y dc with
respect to the low input terminal and
can deliver 3mA.
Power requirements are + 15 yat
5MA and — 15 vat 3mA. Housed in
apackage with dimensions of 1.2 by
2.8 by 0.5 in., the MP227 operates
from 0° to 70°C. It sells for $ 39 in
original-equipment quantities and
has a delivery time of four to eight
weeks.
Analogic Corp., Audubon Road, Wakefield,
Mass. 01880. Phone Dick Ferrero at ( 617)
246-0300 [ 371]

Piezoelectric unit measures
speed, acceleration directly
The model 1018 piezoelectric sensor
provides acceleration and velocity
information directly and simultaneously. The unit has no moving
parts and can measure acceleration
or deceleration of up to 14 g and
velocity up to 500 in./s.
When used to take measurements
at 70 °F and at arate of 100 Hz, the
unit provides an output of
100 mv/g ± 10% for acceleration
measurements and one of 10 my
rms/in./s peak ± 11% for velocity
measurements. Maximum sensitivity
temperature coefficients are
0.03%/°F and 0.06%/°F for acceleration and velocity measurements,
respectively, and 3-dB pass bands are
0.3 to 7,000 Hz and 0.4 to 7,000 Hz,
respectively. The unit can survive
shocks of up to 5,000 g.
The 1018 has a maximum dynamic output impedance of 509 and
works from a 15-v dc supply with a
maximum ripple of 1my for specified response. It measures 2 in. in
length, has a 1-in.-wide hex head,
and a body diameter of 0.88 in. In
single quantities, the model 1018 is
priced at $450; delivery is approxi-
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PWG OUR SOLIMON
INTO YOUR TOUGH
MEASUREMENT PROBLEM.
Only Gould offers a complete
range of plug-in signal conditioners
to handle your toughest measurement problems. Three of our plug ins are exclusive.
Our high voltage DC amplifier
measures voltages UD to 1500 volts.
With 100°0 calipra*.ed zero suppression, you can examine complex wave forms with much better
resolution and measure millivolt
level signals that are up to 1500
volts DC off- ground.
True RMS is critical for fast rise
time AC meast..renients. So only

Gould gives you a true RMS plugin amplifier with calibrated zero
suppression. You measure botn
voltage and current wave forms at
crest factors as high as 10 to 1.
A unique frequency deviation
converter allows you to select center frequencies of 50, 60 and 400
Hz. Four measurement ranges for
eaclh center frequency are froit
parel accessible. With this plug-in
yoL can measure frequency
de% iations as small as
0.011 Hz.
But io matter how

Circle 169 on reader service card

specialized or how simple your
measurement problem, count on
Goulu to plug in the right solution.
Corntac .Gould Inc., Instruments
Div sicon, 3631 Perkins Ave. Cleveland, OH 44114.0r Gould Alco S.A.,
57 rue St. Sauveur, 91160 Ballainviffliets, France. For brochure call
tolt-free: WO- 325-6400, ext. 77. In
Missouri: 800-342-6600.

•
18 - exiol ity
Pragmatic. Asttiet.ic.

tefte

From hard use lab ass ,gnmenits to easy going office jobs — rie flexibility of Cramer
Hi- Model is unlimited.
Cramer otters the options 'xi a complete line of Hi- Models. Choose footrings,
posture backs, casters. All Hi- Modes are amiable in avast selection of decorator
fabrics. Frames and legs in mirror, or brushed chrome. We offer Auto- Lift for
immediate height changes — Posi-Lok for !ess frequent heet adjustments.
Whatever the job type or individucl reed — Cramer is high in design and
practicality.

CRAMER
•

CRAMER INDUSTRIES INC.

625 Adorns Street. Kansas C4, IKS 66105
Phone: 913 621-6700
Toll Free: 800 255-4096
Showrooms In spaces 982 to 985 Chum Mercnand se Mart
Kansas Cay. Los Angelis
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ELECTRONICS
REPRINTS

No CI

New reprints

coptes
wanted

R-801 World market report 1978 24 pp
$4.00

New products
mately six to eight weeks.
BBN

Instruments

Co.,

50

Moulton

St.,

Cambridge, Mass. 02138. Phone Thomas
Glynn at ( 617) 491-0091 [ 379]

R-734 Microcomputer families expand
20 pp. $ 4.00
R-730 Special Report— Automotive
electronics gets the green light
10 pp $ 3.00

Tachometer generator tells
slow-speed tale directly

_R-728 Flexible circuits bend to designers' will 10 pp $ 3.00
R-724 Special

Report — Technologies

squeeze more performance from
LSI 22 pp. $3.00
R-722 Demands of LSI are turning chip
makers towards automation 12

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

Books
R-803 New product trends in electronics— Electronics Book Series
333 pp $ 14.95
R-732 Memory Design— Microcomputers to Mainframes— Electronics
Book Series 180 pp $ 12.95
R-726 Design Techniques for Electronics Engineers— Electronics Book
Series 370 pp $ 15.95
_

R-711 Circuits for electronics engineers: 306 circuits in 51 functional groups— Electronics Book

Developed for measuring slow speeds
in commercial and industrial operations, the Classic series of permanent- magnet dc tachometer generators deliver outputs of up to 60 vper
thousand revolutions per minute,
making direct meter readings of very
slow rates possible.
The continuous-duty device requires no excitation current, connects directly to adc motor, and can
be calibrated for any rotational
surface speed or volume measurement required. Its maximum power
output is 15 w at 3,600 rpm and it
can operate to either 10,000 rpm or
200 vwith acapacitor filter.
At 25°C, output is linear to within
1% in one direction, 3% in either
direction.
Carter

Motor Co,

2711

W.

George St.,

Chicago, Ill. 60618 [ 374]

Series 396 pp $ 15.95
R-704 Thermal design in electronics
$5.00
R-701 Applying

microprocessors —

Electronics Book Series 191 pp
$9.95
R-608 Basics of Data Communications— Electronics Book Series
$12.50
R-602 Large Scale Integration — Electronics Book Series 208 pp
$9.95
R-520 Microprocessors— Electronics
Book Series 154 pp $8.95

Payment must
accompany your order
Make check or money order payable to Electronics

Reprints.

All

orders are shipped

prepaid by parcel post. Allow two to three
weeks for delivery. For additional information
call ( 609) 448-1700 ext. 5494.
Mail your order to:
Janice Austin

Proximity sensors react
quickly to all metals
The FY series of cylindrical twowire proximity sensors responds to
all types of metals at rates up to 330
operations per minute. The sensors
are available with diameters of 18 or
30 mm in shielded and unshielded
versions. An individual device's sensing range varies from 5 to 15 mm
depending on its diameter and
whether or not it is shielded.
The units operate with a nominal
supply voltage of 120 y at 50 to
60 Hz. Load current is 0.23 A continuous, 3 A maximum inrush, and 20
mA minimum.
Priced at approximately $ 50 in
100-piece quantities, the units are
available from stock.
Micro Switch Division, Honeywell Inc., 11 W.

ELECTRONICS REPRINTS
P.O. Box 669

Spring St., Freeport, III. 61032. Phone ( 815)

Hightstown, N.J. 08520

235-6600 [ 376]
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Berg Quickie Connectors
are the logical cable interface
for Digital minicomputers
Berg Quickie - Connectors rapidly,
reliably terminate multi- lead, flat, round
conductor cable—without pre-stripping. Quickie
designs allow for visual inspection before and
after assembly.
Digital Equipment Corporation likes
the Quickie connector's ease of termination and
how its askewed tines strip away insulation to
assure positive electrical contact. They like the
way Quickie Headers latch to maintain
connection integrity through vibration and
impact. Digital has found it can rely on Berg...
to supply the products and the application

machines that precisely meet its demanding
interconnection needs.
Berg is experienced. We read
interconnection needs like Digital computers
read data. We have the products, the
background, and the back-up to do the job.
Your job. Let's work on it, together. Berg
Electronics, Division E. I. du Pont de Nemours
& Co., New Cumberland, Pa. 17070—Phone
(717) 938-6711.

1U..,_,...,
POe BERG ELECTRONICS
Circle 172 on reader service card

We serve special interests—yours!

New products
Computers & peripherals

Graphics unit
made for PDP-11
High- resolution 16- bit
processor has 65,536- word
refresh memory
The number of suppliers of graphics
processors for PDP-11 minicomputers has just increased by one.
Computer Design & Applications
Inc. is offering a programmable
processor on two hex-size boards
that slide into the PDP- 11 chassis.
The MDP-3 is tailored to driving
both black- and-white and color monitors to display data derived from
systems such as radars, sonars, and
computerized axial- tomography
scanners. The processor board is a
general-purpose 16-bit computer microprogrammed with an instruction
set "similar to that of a popular
minicomputer," says CD & A president Robert Caspe. The graphics
processor is built with the bipolar
2903 bit slice.
The refresh memory, on a separate board, consists of 65,536 words
by 17 bits. Sixteen bits of each word
contain the images to be displayed
on the cathode- ray- tube monitor; the
17th bit is for graphic overlays, such
as lines for highlighting certain data.
Two formats are provided: 512 by
512 interlaced picture elements ( pixels) or 256 by 256 noninterlaced
pixels. In the former format, 4 bits
per pixel are available; in the latter,
16 bits per pixel.
Interfacing between the MDP-3
and the host PDP-11 is by means of
a programmed input/output interface and a direct- memory- access
interface. In the programmed vo
mode, one of two switch-selectable
vo device codes emulates the host's
teletypewriter controller to gain access to the host. The DMA interface,
Caspe says, provides a "window" for
the graphics processor into the host's
memory. This allows substantial
expansion of the graphics processor
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memory, but at some cost in memory-accessing speed. Other features of
the MDP-3 include an ASCII character generator, memory for 1,024
characters, and zoom capability.
Caspe points out that the MDP-3
is part of afamily that also includes
the recently introduced MIP-3/A, a
dual-port, intelligent 12- bit analogto-digital-converter input processor
that can perform conversions without interrupting the PDP-11's central processor. Combined with an
earlier product— the MSP-1 floating-point array processor— the input
and display processors yield aline of
building blocks for data acquisition,
processing, enhancement, and display applications.
The MDP-3's price is $ 14,500 in
single quantities, dropping to $ 7,800
each in lots of 50 to 99. Delivery
time is 30 days after receipt of order.
Computer Design & Applications Inc., 377
Elliot

St.,

Newton,

Mass.

02164.

Phone

Dennis Fennelly at ( 617) 964-4320 [ 361]

Commercial mini
halves entry price
First-time buyers of minicomputers
for commercial data-processing application will probably be interested
in the Eclipse C/150 system. The
newest entry in Data General
Corp.'s commercial data systems
series, the C/150 lowers the entrylevel price tag from the $ 100,000
neighborhood to about $ 54,000.
That price buys a small C/150
system, including 128 kilobytes of
main metal- oxide- semiconductor
memory; a 10- megabyte cartridge
disk; an 800-b/in., 75-in./s magnet-
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WE WIN!!

87% of all low-voltage switching power supplies
use Schottkys instead of ordinary P- N Diodes.

TRW's high power Schottky diodes automatically
boost power- conversion efficiency by 10°/o to 15%.
This is because they feature only half the forward
voltage drop of ordinary p- ndiodes and thus dissipate
only half the power for the same amount of forward
current. You get less heat, which provides more reliability, less maintenance, and lower overall cost...
that's why Schottky diodes are favored eight- to- one
over ordinary p- ndiodes.
We introduced our first high power Schottky in 1973
Since then, we've expanded our product line to the
industry's broadest selection of power Schottkys that
range from 25 amps to 75 amps, and " Reliability"
has become our middle name.
Our Schottkys have accumulated over 25 billion
(25 x'10 9)device- hours in the field, with less than
.018% field unit failures for all causes combined—
not bad for aproduct that some people consider as
being frail.
And to top that, we're the first Schottky diode
supplier to specify the reverse energy capability of our
products. With the recent introduction of our 75 amp
Schottky diode, the SD- 75, we have established yet a
higher standard of quality for the industry, which extends to our entire product line. Nobody specifies
Schottky diode tolerance to inductive spikes as we
do. Before shipping we drive each part into avalanche
thousands of times with the reverse energy test.
It's your assurance of added design margin.
But don't just take our word for it— see for yourself.
When you clip and send us the attached coupon.
we'll include our appkation note number 131 which
gives all the facts on our reliability and design
considerations.
174
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TRW Schottky Diodes
Part No.

I
F Rating

SD- 75
SD- 51
SD- 5171
SD- 41
SD- 241 ( Dual)
1N6098
1N6097
1N6096
1N6095

VR

75
60
60
30
30
50
50
25
25

45
45
45
45
45
40
30
40
30

Tj

Package

150°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C

DO- 5
DO- 5
DO- 5"
DO- 4
TO - 3
DO- 5
DO- 5
DO- 4
DO- 4

*With flex lead
For immediate information on TRW Schottky diodes,
call John Power at ( 213) 679-4561.
TRW Power Semiconductors
An Electronic Components Division of TRW Inc.
14520 Aviation Boulevard, Lawndale, California 90260
D Please send me data sheets on TRW's Schottky
diodes.
D Please send sample.
Current requirement

amps.

Name
Company Name
Address
City

E

TRWPOWER SEMICONDUCTORS
ANOTHER PRODUCT OF A COMPANY CALLED TRW
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New products
ic-tape drive; a 60-character- persecond printer; and the company's
real-time disk operating system
(Rpos), and Infos and RPG II software packages. For larger configurations, the price ranges up to about
$150,000, depending upon the
amounts of main and mass storage
and upon the peripherals added.
In introducing the C/150, Robert
Kiburz, manager for Eclipse data
systems, strongly emphasizes the
unit's compatibility with other Data
General minicomputers. He says this
means optimum use in distributed
data-processing applications, such as
inventory control, product distribution, and credit management. Deliveries will begin in January.
Data General Corp., Rte. 9, Westboro, Mass
01581. Phone ( 617) 366-8911 [ 362]

Function modules tailor
computers for laboratory
Designed for the researcher who is
not a computer expert, the MINC
modular computer system performs
engineering and scientific computation, laboratory data acquisition, and
general-purpose computation. Up to
eight function modules of seven
different types can be combined:
analog- to-digital converter, digitalto-analog converter, digital input,
digital output, multiplexer, preamplifier, and programmable clock. To
move the system to different lab
locations, the user can mount it on
an instrument cart.
In addition to these modules,
MINC employs the RX02 doubledensity dual-diskette unit for program and data storage and the
VT105, a video graphic terminal
with full alphanumeric capabilities

Electronics/November 9, 1978

5,1 ,
0.‘2`u

and a graphic facility of 512 horizontal by 190 vertical positions. Also
standard for all MINC configurations is a PDP-11/03 processor with
30 kiloword memory capacity, extended and floating-point instruction
sets, three serial- line channels, and
an IEEE-488 standard interface that
can support as many as 14 laboratory instruments.
Software used is MINC Basic, an
extension of PDP-11 Basic. The
system is priced from $ 12,500, and
deliveries are to begin next month.
Digital

Equipment Corp.

Maynard,

Mass.
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Military display terminal
designed for tight spaces
Designed for use in small, harsh
areas such as submarine compartments and mobile gun platforms, the
PD 3500 is a bulkhead- mountable
computer terminal with a6- in.-thick
plasma-display head that contains a
plasma panel, panel driver-electronics module, driver timing, and a
control- logic module. A separate
control unit contains the display
processor and power-supply modules; a third unit houses the rugged

terminal's keyboard assembly.
Standard features of the $14,400
PD 3500 include seven-by- nine-dot
and five- by- seven- dot character
fonts with an alpha cursor and
complete incremental and vector
graphics capability. The unit has
5400J integrated circuits or optimal
screened parts and includes an RS23 2-C serial-communications port
and a full alphanumeric, solid-state
keyboard. Also included is a 16-bit
parallel high-speed microprocessor
with a 330- nanosecond execution

Circle 175 on reader service card

175

Iluzzzz.

New products

(Write for new catalog.)

time that enables the terminal to
write a worst-case ( that is, longest)
vector in 10 milliseconds. On a 512by- 512-element display, the graphics
address rate is 50,000 dots/s.

re.

Interstate Electronics Corp., P. 0. Box 3117,

•
e;

RMB

Anaheim, Calif., 92803. [ 366]

Add- in unit puts 256-K bytes

I
MB

SMB

in asingle PDP-11 slot

Solid state electronic MICRO- BUZZER from
CITIZEN: High reliability, competitively
priced with immediate delivery.
A complete range:

SAM 1.5, 6.12, 24, VDC
RUB 3, 6, 12, 24, VDC

MB ( Intermittent) 6, 12, VDC

CITIZEN

CITIZEN AMERICA
CORPORATION
1710 - 22nd St.
Santa Monica,
CA 90404
Toll Free ( BOO) 421-6516
In Calif. (213) 829-3541
TWX: (
9101 343-6450

Name
Company
Address
City

State

Zip

Phone

Imummunimmmaiimalimmummomu
Circle 176 on reader service card

A single-card memory designed specifically for use with PDP-11/04 and
PDP-11/34 minicomputers, the
NS11/34Q supplies up to a full
128-K by 18 bits of storage. The
dynamic n-mos random-access
memory has a read access time of
300 ns.
Depending on memory capacity,
options, and quantity ordered, the
cards are priced from $ 2,895 to
$7,995 each. Delivery is four weeks.
National Semiconductor Corp., 2900 Semiconductor Dr., Santa Clara, Calif.

95051

[368]

SUPER MINIATURE

Dimension: mm

Neon Glow Lamps

CO:

Display terminal emulates

u‘ar
i

other popular emulators

Circu ts Volts
Series Resistance

AC 105-125

150K52
Nomi ,a1 Current
0.3mA
Fatal Flux
20mIm MIN.
.^..,,:age Life HOW'S • • • 30.000

CLEAR- GREEN
Fluorescent Glow Lamps
AC cr DC105-125
1.6mA
33KQ

Circuit Volts

AC 105-125
27 KU

Total Flux
Avg. Life Hours

AC :120m1m.DC:130mIm

L

NL-85

4%.0 gL.7ri
I

Circuit Volts
Series Resistance
Nominal Current
Total Flux(MIN.)
Avg. Life Hours

Series Resistace
Nozuno! Current

:Men

Tr

-

3mm

ft

01

N4L-35

G

AC:30,000 DC:40.000
inns

15mA
90mIm MIN
20,000

• MAIN PRODUCT
NEON

GLOW

LAMP, XENON FLASH LAMP,

NL 21 G

RARE GAS, DISCHARGE LAMP
MINIATURE : BLACK- LIGHT, UV- LIGHT,
rUORESCENT COLOR-LIGH'

ELEVAM ELECTRONIC TUBE CO., LTD.
NCt 17-8 CHUO 2-CHOME OTA-KLI,
TELEPHONE : 03(774)1231 -- 5

TOKYO JAPAN

EXPORT DIVISION : JAPAN NANOTRONIX CO., LTD.

To help original-equipment manufacturers fill user needs regardless of
existing equipment configurations,
the new 1-100 display terminal uses
a Z80 microprocessor and programmable read-only memories to emulate the control code sets of other
replacement terminals.
Priced at $ 849, the 1-100 offers
users a wide range of operating
features that include computer control of keyboard scanning, screen
formatting and editing, paging, and
line drawing with a32-character set.
A 1,920-character screen ( 80 characters/line) offers a 25th line for
status displays, as well as a full 96character ASCII set, switch-selectable
baud rates up to 19,200 bits/s,
block- mode transmission with protected/unprotected fields, and up to
8programmable function keys and a
15- key numeric cluster.
Infoton

Inc.,

Second

Avenue,

Burlington,

Mass. 01803. Phone ( 617) 272-6660 [ 365]

OTA -KU 10KYO.TELEPHONE (03 ) 775-481i TELEX 246-6583 JNANOX
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Circle

226

on reader service card

Circle 177 on reader service card
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New 40 volt, 2 amp monolithic dual power driver.

It can drive arelay in acontrol system.
A solenoid in aprinter.
And light the lamps on apinball machine.

TT1-

1\TIne x_rer

'
ter

M

CDS

CIVICDS

A LAMBDA SEMICONDUCTORS

LET LAIVIISDA'S 41UU SERIES

MONOLITHIC DUAL POWER
DRIVER SOLVE YOUR HIGH
CURRENT INTERFACE PROBLEMS
THE OLD WAY
INPUT
TTL
MP

mOS
Cmos

c›. •
.J

LAMBDAS 40V, 2A DUAL DRIVER

A BETTER WAY

BETTER BECAUSE:

ABSOLUTE MAX RATINGS:

• Two Drivers Per Package

Supply Voltage - ( VCC)

10V

• Three Functions—AND, OR, BUFFER—
Eliminate External Logic Functions

Input Voltge — (VIN)

30V

• Two Amps Per Driver Output

Output Voltage —
Output High (VOH)

40V

• Non Darlington Output Transistor For Low
VSAT

Output Current —
Output Low (IOL)

2 Amps

Operating Free Air
Junction Temperature

-55°C to + 150°C

• 100% Compatible With TTL, Low Power
Schottky, CMOS.
• Duty Cycle Up To 100% (D.C.)—Both Outputs
• Hermetic TO-3 Type 8 Pin Package

DESCRIPTION:
The LPD 4100 Series of Dual Power Drivers are
Monolithic bipolar integrated circuits capable
of switching load currents of up to two (2) Amperes. The input characteristics of these power
drivers are fully compatible with TTL, Low

-55 °C to + 200°C
6 Watts

Power Dissipation
(Each Driver)

3 Watts

Thermal ResistanceJunction to
Case (
0JC)

3.5 °C /Watt

Derating Factor

Power Schottky TTL, and CMOS operated at an
appropriate power supply level. The functions
available in the 4100 series include Dual 2
input AND aDual 2input OR, and aDual buffer.
The output of each power driver consists of an
open collector transistor which is capable of
sustaining 40 volts. The devices are assembled
in ahermetic 8pin TO3 package for low thermal resistance and high reliability. The device
is specifically designed to interface TTL logic
levels to high current drive requirements, such
as relay drivers, lamp drivers, solenoid drivers
and stepper motors.

ORDERING INFORMATION

Storage Temperature
Power Dissipation
(TOTAL)

285MW/°C
(From Tc of
+104°C)

RECOMMENDED OPERATING
CONDITIONS:
Supply Voltage
Maximum (VCC MAX)

+5.5 Volts

Supply Voltage
Nominal (VCCN)

+5.0 Volts

Supply Voltage
Minimum (VCC MIN)

+4.5 Volts
PRICE QTY.

MODEL

LOGIC FUNCTION

1

100

1000

2500

LPD4101

AND

LPD4104

6.00

4.00

3.50

OR

3.25

6.00

LPD4106

4.00

3.50

BUFFER

3.25

6.00

4.00

3.50

3.25

ELECTRICAL CHARACTERISTICS,
4100 SERIES DUAL AND, OR, BUFFER
OTHER INPUT
JUNCTION
CHARACTERISTIC

SYMBOL

TEMPERATURE

VCC

"1" INPUT VOLTAGE

VIH

0 - 125 - C

MIN

"0" INPUT VOLTAGE

DRIVEN
INPUT

LIMITS
OUTPUT

MIN.,

LPD 4101

LPD 4104

LPD 4106
DUAL

DUAL AND

DUAL OR

BUFFER

GATE

GATE

MAX. UNITS.,

2.0

GATE
NA

VIL

0 - 125' C

MIN

INPUT CURRENT

IIH

0 - 125° C

MAX

2.7V

20

µA

OV

OV

NA

"0" INPUT CURRENT

IIL

0 - 125' C

MAX

0.4V

- 50

µA

OV

OV

NA

VOLTAGE

VCD

0 - 125 - C

MIN

-12mA

"1" OUTPUT
REVERSE CURRENT

10H

o - 125' C

MIN

2.0V

40V

-

"0" OUTPUT
VOLTAGE

VOL

+25 ° C

MIN

0.8V

0.5A

-

"0" OUTPUT
VOLTAGE

VOL

+25 ° C

MIN

0.8V

1.0A

"0" OUTPUT
VOLTAGE

VOL

+25

C

MIN

0.8V

2.0A

ICCH

0 - 125

C

MAX

VCCN

SUPPLY CURRENT

ICCL

0 - 125

C

MAX

TURN- ON DELAY

tPD-

+25

C

VCCN SEE TEST FIGURE

TURN-OFF DELAY

tPti+

+25 - C

VCCN SEE TEST FIGURE

0.8

V

NA

INPUT CLAMP DIODE
1.5

-

100

V

µA

NA

2.0V

OV

NA

0.8V

NA

0.8V

NA

0.8V

NA

0.5

V

0.8

V

1.5

V

30

rnA

VCCN

VCCN

NA

400

mA

OV

OV

NA

350

n Sec

2.0

µ Sec

VCC
VCC
VCC

OUTPUT LEVEL
SUPPLY CURRENT
"0" OUTPUT LEVEL
OV

* PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

APPLICATIONS DATA
Basic Driving Circuit

000

Inductive Drive Circuit

C1 may be necessary to slow the 4100 slew rate during turn off
to prevent overvoltages due to stray inductance. C2 should be added
to prevent ringing in applications where long B+ lines are used or
when the B+ supply has poor transient load regulation

L is an inductive load such as a relay, solenoid or DC motor

c,
Iwo

Diode D, is necessary to protect the 4100 output transistor
from overvoltage switching transients during turnoff. D, should
be a fast switching diode.

Parallel Connection of Driver Outputs

r
—

Outputs from each driver may be connected in parallel to
increase load current to 4 amps.

L_

OPERATIONAL DATA
1.4
1.2

VCE ( VOLTS)

1.0

TJ = 25 ° C

.8
.6
.4
.2
.0

TIME BASE:

1 µS/DIVISION

0

.2

.4 .6

.8

10

12

14

16

18

2

COLLECTOR CURRENT ( AMPS)

TYPICAL SWITCHING SPEED WAVEFORMS

TYPICAL COLLECTOR EMITTER SATURATION VOLTAGE VS
COLLECTOR CURRENT ( VOL)

1.4

400

1.2

250
30
20

10

VCC =

5.0V

v

c

-50 - 25

0

25

50

75

100

AMBIENT TEMPERATURE

125

.8
IC = 1.0A

.6

IC - 500MA
-

,

.......

VOL ( VOLTS)

300

1.0

I

350

I
OUTPUT HIJH1
OUTPUT LOW

450

.2

150

-50 - 25

°C

0

25

50

75

100

AMBIENT TEMPERATURE

TYPICAL SUPPLY CURRENT VS AMBIENT TEMPERATURE

125

150

°C

TYPICAL COLLECTOR- EMITTER SATURATION VOLTAGE VS
AMBIENT TEMPERATURE ( VOL)

TPD + ( OUTPUT GOING HIGH) µS

3.5

700

3.0
IL = 100MA

o

2.5

600
500

IL = 2A
2.0

o

400

1.5

a-

300

1.0

IL = 100MA - 5A

200
Q.
I—

.5

-50 - 25

0

25

50

75

100

AMBIENT TEMPERATURE

125

150

°C

TYPICAL PROPAGATION DELAY VS TEMPERATURE

100

-50 - 25

0

25

50

75

100

AMBIENT TEMPERATURE

125

150

°C

TYPICAL PROPAGATION DELAY VS TEMPERATURE

PACKAGE CONFIGURATIONS
8 PIN TO 3 TYPE PACKAGE

LPD 4101 DUAL AND DRIVER

(BOTTOM VIEW)
.159
OUTPUT 1
(PIN = 2)

INPUT 1
(PIN = 1)
INPUT 2
(PIN = 8)

GROUND
(PIN = 3 & CASE)

INPUT 3

.4 50

DIA . 188R

.154

.250

875 DIA MAX

.100
.085

.500
PIN
CIRCLE

_É

(PIN .41

1.177

INPUT 4
(PIN =5)

)42
—
DIA
.039

OUTPUT 2
(PIN ,6)

VCC ( PIN = 7)

40

POSITIVE LOGIC: OUTPUT 1 - INPUT 1 INPUT 2

LPD 4104 DUAL OR DRIVER

SWITCHING TEST CIRCUIT

f4OV

VCC ( PIN = 7)

OUTPUT 1
(PIN , 2)

INPUT 1
(PIN r
INPUT 2
(PIN = 8)

GROUND
(PIN = 3 & CASE)

150 PF

INPUT
(PIN
INPUT 4
(PIN

OUTPUT 2
(PIN =6)

VCC ( PIN = 7)

NODE A — + 5VOLTS FOR 4101 AND DRIVER
0.0 VOLTS FOR 4104 OR DRIVER

POSITIVE LOGIC: OUTPUT 1 - INPUT 1 & INPUT 2

LPD 4106 DUAL BUFFER

SWITCHING WAVEFORMS

VCC ( PIN = 7)

OUPUT 1
(PIN = 2)
INPUT 1
(PIN = 1)

5/0

GND

INPUT
GROUND
.1 ( PIN .3 & CASE)

INPUT 2
(PIN .4)
OUTPUT 2
(PIN =6)

o

TPI)-

TPD

5/0

90%

90%

40V
50%
10%

10%
OUTPUT

VOL
Tf

Tr

VCC ( PIN = 7)
POSITIVE LOGIC: OUTPUT 1 - INPUT 1

INPUT WAVEFORM:

Tr = Tf

100 os

Duty Cycle =

10%

New 2 amp monolithic
dual power driver
replaces 5circuit components.
Input compatible with TTL,

MOS and CMOS.

This...
instead of this:
•

•

m

•
•

•
•

•
•

•
•

•

LAMBDA SEMICONDUCTORS
121 International Drive, Corpus Christi, Texas 78410

Lambda staffed sales and service offices
ATLANTIC REGION
Melville, New York 11746
515 Broad Hollow Road
Tel. 516-694-4209
TWX: 510-224-6484

SOUTH-WESTERN REGION
Corpus Christi, Texas 78410
121 International Drive
Tel. 512-883-6251

FAR-WESTERN REGION
Carson, Calif. 90746
20601 S. Annalee Ave
Tel. 231-537-2890
TWX: 910-345-7649

NORTH-EASTERN REGION
Lexington, Massachusetts 02173
2Militia Drive
Tel 617-861-6028
TWX: 710-326-7558

MID-WESTERN REGION
Arlington Heights, III. 60005
2420 East Oakton St.. Unit 0
Tel. 312-593-2650
TWX: 910-222-2856

NORTH-WESTERN REGION
Sunnyvale, California 94086
599 N. Mathilda Ave..
Tel 408-245-0380
TWX: 910-339-9243

FOR TECHNICAL INFORMATION CALL
JIM ARNOLD AT 15121 883-6251
121 INTERNATIONAL DRIVE
CORPUS CHRISTI, TEXAS 78410
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Electronics Magazine
Book Series

1. Microprocessors
What you must know about
available microprocessor
technology, devices, information, 4th printing. $ 8.95

4. Basics of Data
Communications

Includes 47 articles from Data
Communications magazine
covering more than 11 key
areas. $ 12.95

2. Applying
Microprocessors

E. Circuits for Electronics

3. Large Scale Integration

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

2nd and 3rd generation technology. 26 detailed applications from data networks to
video games. $ 9.95
Covers the basic technology,
new LSI devices, LSI testing
procedures, plus system
design and applications. $ 9.95

Engineers

7. Memory Design: Microcomputers to Mainframes
The technology, devices, and
applications that link memory
components and system
design. $ 12.95

8. New Product Trends in
Electronics, Number One
From " New Products," stateof-the-art materials and equipment, arranged according to
function. $ 14.95

6. Design Techniques for

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

Electronics Book Serles
P.O. Box 669, Hightstown, NJ 08520
1. Microprocessors
Send me
copies at $8.95 per copy.
2. Applying Microprocessors
Send me
copies at $9.95 per copy.

II

If after my 10- day ' rue- trial ..ixamination Iam not fully satisfied Iunderstand
that my payment will be refur.ded.

D

Payment enclosed
D Bill firm
D Bill me
Charge to my credit card:
D American Express
Diners Club
D BankAmericard/Visa
ID Master Charge•

3. Large Scale Integration
Send me
copies at $9.95 per copy.

Acct No

4. Basics of Data Communications
Send me
copies at $ 12.95 per copy.

•On Master Charge only first numbers above name

5. Circuits for Electronics Engineers
Send me
copies at $ 15.95 per copy.

Name

6. Design Techniques for Electronics Engineers
Send me
copies at $ 15.95 per copy.

Company

7. Memory Design: Microcomputers to Mainframes
copies at $ 12.95 per copy.
Send me

Street

8. New Product Trends in Electronics
Send me
copies at $ 14.95 per copy.

City

Discounts of 40% on orders of 10 or more copies of each book.

Signature
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Circle 183 on reader service card

Date Exp.

Title

State

Zip

183

The Volksmeter
Has it All!!

New products
for word widths of 8 to 32 bits. Realtime breakpoints and triggers can be set
on the unit's front panel.
Instruction modification, problem location, and patching are performed by
the BDS editor, which displays words in
octal or hexadecimal, while showing
selected fields in binary code. A fill
command initializes the memory, and
Bit-slice microprocessors are used for an enter command examines or moditheir versatility and high speed: their
fies it on a word or bit basis. Other
word lengths and instruction sets can be commands initiate scanning of memory
tailored by the designer and, because sections for aspecified bit pattern and
they are made from bipolar logic, they duplicate subroutines prior to modificacan operate at clock speeds in excess of tion.
those used by metal-oxide-semiconducTo simplify system testing, the BDS
tor microprocessors. Although these
uses read-only- memory simulation
devices are fast and flexible, all too
modules that plug directly into the sockoften the hardware and software develet of the user's programmable—readopment that is required to incorporate only-memory. Standard organizations
these parts into systems is slow and
include 512, 1-K, or 2-K depths by 4- or
constraining.
8-bit widths for latching and non-latchTo aid designers working on highing memories. The ROM simulation
speed processors and controllers, the
modules are priced at $500 to $ 1,000
Bipolar Development System acts as a depending on quantity and type.
stand-alone, real-time firmware test and
The computer used to generate code
integration station, interfacing with a interfaces with the BDS in a half- or
central computer or a development
full-duplex mode, with parity, baud
system for code generation. Compatible
rate, and code format selected at the
with all major bit-slice processors and
BDS. The 20-mA current-loop or optionsequencers, the BDS lets users work with
al RS-232-C interface eliminates the
their existing software bases.
need for tape or other storage and
The basic system, which sells for
transfer media.
$4,950, includes 32 kilobits of highSoftware for use with an Intel develspeed memory, an object-code editor,
opment system is offered for $ 800,
and a communications interface. The
including the price of a metamemory works at cycle rates of up to
assembler, and a Fortran- based
20 MHz and can be switch-configured
meta-assembler costs $ 1,200. Also

Microcomputers & systems

Hi
6e,

€
5
VAC

\IX

MODEL LM 3A
ItINICI
ACreA

100

1°°°

MU

10

DCrnA

LM-3A
$ 134
1% Accuracy
•Measures VDC, VAC,
Ohms, DCmA & ACmA.
•Auto zero & Polarity.
•Battery powered with
charger unit included.
•1.9"H x2.7"W x4.0"D.
•Large 0.3" LED display.

l

'\,Inc.
Non- Linear Systems,
Originator al the digital voltmeter

Box N. Del Mer, Cahfornie 92014
Telephone (714) 755 1134 TWX 910-3221132

Circle 184 on reader service card

USC's SMI
Spacesaving
SUB MINIATURE
CONNECTORS

Development unit
works alone or

with computer

12 SMI SERIES — Failure-proof, predictable perMIL C28748 applicable provisions.

formance!

of over 20,000 types of connectors —
2,000 types of subminiatures! Write or phone
for complete SMI Series catalog — today!

U.S. COMPONENTS, INC.
Leader in advanced engineering
and design
35 Carlough Rd., Bohemia, NY 11716
(516) 589-8080 TWX: 710-593-2141
Cable: Components, NYK

184

Circle 227 on reader service card
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Control Data offers acomplete line of semiconductor and core memory. Enclosures, too.
And all are precision-engineered and built with
the same concern for quality that goes into every
product we manufacture.

cycle, the memories are compatible with many
popular minicomputers on today's market.
Put quality behind your nameplate. Call us at
612/830-6135 or if in Europe, contact one of our
European representatives. Or return coupon to:

Now with Error Checking and Correction
Expanding on our popular 94550 line of Semiconductor Memory, the "94552" is available as
a single 64K x 22 array card ( 16 bit word with
6 bits of ECC). A single Timing! Control Card
permits you to expand to 512K words by adding
more storage module cards. All mount in an
EIA 19" rack only 51
/"high.
4

New Core Compatible Semiconductor Memory
Available as a single board system, the 94553
with timing and control on one board is compatible
with our multi-sourced industry standard 94300
core memory. Options are 32K or 128K of storage
per board and variable word- lengths of 16 to
20 bits. With expandability and modular field
expansion of up to eight boards, system storages
of 256K and 1024K are possible.

Ideal for Byte- Wide Minicomputers
Utilizing Unitemp temperature independent core,
stable over the entire 0°-90°C MT range, the
94432/94433 core memory is available as a 32K x
8/9 bit word. Offering a respectable 350
nanosecond access and 1microsecond full
Electronics/November 9, 1978

Len Muehleisen. Product Sales Manager
Computer Memory Manufacturing Division
8001 East Bloomington Freeway
Bloomington, Minnesota 55420
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Volksmeter+
A Little Extra
For Less

New products
* • * • • • 41
. • • • • • •
at •
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e
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MODEL LAA3.5A
VDC

kilA0

100

ACmA
DComA
1A
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Now aTriac, SCR
Er Diode Tester
for under $4,000!

LM-3.5A $ 155
0.5% Accuracy

Call Collect
John W. Bailey
(214) 234-4173

•Measures VDC, VAC,
Ohms, DCmA & ACmA.
•Auto zero & Polarity.
•Battery powered with
charger unit included.
•1.9"H x2.7"W x4.0"D.
•Large 0.3" LED display.

CIS
Control & Information
Systems, Inc.

Non-Linear Systems, Inc.
Originator of the digital voltmeter.

10 Spring Valley Village • Richardson, Texas 75080

Box N. Del Mar. California 92014
Telephone ( 714) 755-1134 TWA 910.322.1132
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«other Royol Co.

AUCTICX1

A VERY LARGE AUCTION FOR

MOTOROLA, INC
IN PHOENIX, AZ

We Have Been Commissioned to Sell
OVER 12 MILLION DOLLARS Original Cost of Equipment
Much of the Equipment is New or Almost New
PLANT # 1-4302 E. BROADWAY, PHOENIX, AZ
PLANT #2-2236 E. UNIVERSITY, PHOENIX, AZ
SALE DATES: MONDAY, NOVEMBER 13
TUESDAY, NOVEMBER 14
WEDNESDAY, NOVEMBER 15
Beginning at 10:00 a.m. each day
Inspection: Thursday, November 9, thru Sunday, November 12
10:00 a.m. to 3:00 p.m. each day

Test Equipment, Scopes, Multimeters, Gas Analyzers, Misc. Gauges, Computer,
Lasers, Generators, Hi-Vacuum Equipment, Diffusers, Bonders, Scribers, Passivators, Evaporators, Valve Controllers, Complete Power Sub Stations, Polysilicon
Plant, Machine Tools, N.C. Equipment, Presses, Welders, Degreasers, Polishers,
Grinders, Dicers, Saws, Inspection Equipment, Microscopes, Furnaces, Ovens,
Computers, Automated Processors, Printers, Plating Equipment, Marking Machines, P. C. Developers, Cameras, Repeaters, Etchers, Bonders, and much, much
more.
Send or Call for Brochure

ill

MEL BL00111—aueioneer
Royat company aucTionEins, Inc.

for $ 1,200, an Advanced Communications/Processor Control package
will provide RS- 232-C, modem, and
PROM programmer interfaces, as
well as the following additional
programming controls: run, step,
halt, halt or breakpoint, and cycle.
Delivery of complete BDS systems is
30 to 45 days after receipt of order.
Step Engineering Inc., P.O. Box 61166, 714
Palomar Ave., Sunnyvale, Calif. 94086. Phone
Steve Drucker at (408) 733-7837 [341]

Desk-top computer built
with printer and drive
Since desk- top computers are most
frequently used with peripheral line
printers and floppy-disk drives, designers of the 625 Mark II decided
to wrap those components up with
their computer in a compact 9.5by- 20- by- 28.5- in. package. The
Z80- based unit is offered with an
extended Basic- language operating
system and up to 60 kilobytes of
internal random-access memory.
The unit's dual floppy-disk drives
can be used to store up to 630 kilobytes of program information or
processing data. A number of software packages ( including a wordprocessing and text-editing module)
are offered on flexible disks. Data
can be entered on the standard
"qwert" keyboard, or a 15- key
numerical keypad, or aset of 20 keys
that can be defined for any of 60
functions.
Information can be read from the
Mark II's 80-character- by- 16- line
cathode-ray tube and copied on the
integral 40-column line printer. The
CRT's 64 graphic characters give the
microcomputer a limited graphics
capability, and the printer's character sizes can be varied.
Five internal board slots accept
optional boards that provide interfaces to the IEEE-488 bus, dual
serial communications links, and the
S100 bus, to name a few. Prices for
the 625 Mark II start at $8,000 and
delivery takes approximately 60
days.
Compucorp,
geles,

1901 S. Bundy Dr., Los An-

Calif.

90025.

Phone ( 213)

820-2503 [ 343]

2757 161h It., Inn Francine, CA 94103 ( 415)163 5145
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Software adds 9900 support
to Intel development systems
The first in a line of software development products that will link Intel
Corp.'s Microprocessor Development Systems and Texas Instruments Inc.'s 9900 16- bit microprocessor family, Pivot 9900 software
provides cross support for the TMS
9900 and the SBP 9900. The software runs on any Intel MDS-800 or
Series II system with 48-kilobyte
memory and ISIS- II software.
The Pivot software provides the
ability to create and assemble source

600pS
200MHz
ECL
RIVER
Here's asuper- highspeed programmable
driver designed to meet
your most stringent
demands for ECL test
fixturing. Its only one of the
growing E- H family of driver,
comparator and switch
modules. For data sheet;
and a price list, circle reader
number or write E- H Irternational, 515 Eleventh Street.
Oakland, CA 94607.
Phone: ( 415) 834-3030
TWX. ( 910) 366-7258
Circle

187 on reader service card

NEW FROM BISHOP!
code, link and locate machine code,
simulate and debug programs, and
create firmware. It also provides a
quantitative measurement of the
9900's performance and, since all
editing, file management, and PROM
programming remain functions of
ISIS- 11, it is not necessary for users
to learn a new operating system to
employ the package.
Pivot 9900 is available in singleor double-density floppy-disk versions and comes with complete documentation, including installation and
user's manual, assembly language
programming manual, and simulator
programming manual. Priced at
$1,500, the package is available
immediately. After purchase, software updates will be provided free
for one year.
Processor Innovations Corp.,

118 Oakland

St., Red Bank, N. J. 07701

Phone ( 201)

842-8110 ( 3441
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MANUAL & 1
CATALOG
Featuring The World's
Largest Selection of
PC Drafting Aids
• NEW Expanded &
Separate Technical
Reference Data Manual
• Hundreds of Work'
Saving Tips & Ideas
• Over 15,000 PC
Drafting Symbols
& Tapes
• Custom PC Patterns &
Symbols Made To Your
Specifications
• NEW Precision Slit
PC Artwork Tape
• NEW Precision
Grid Line
• NEW PUPPETStrn PC
Layout System
Patterns & Sizes
• NEW PreKut Tape
Shapes

Color Core Width
Coding
• NEW Dual In- Line
Patterns
• NEW Continuous
Conrector Patterns

Over
Pages!
Includes
Product
Samples
• NEW "TO" Symbols
• NEW Reduction Marks
• NEW Prespaced Pad
Patterns
• NEW Reference
Designation, Letter
& Number Kits

Call Or Write For Your Free Copy

Bishop Graphics, Inc.
5388 STERLING. CENTER DRIVE, P0 BOX 5007
WESTLAKE VILLAGE, CALIFORNIA 91359
PHONE: ( 213) 931-2600 / TELEX: 66-2400
Circle 230 on reader service card

187

Instant access
to all American
mid Intentationtd

Data Communications
Standards
Data communications standards are undeniably necessary
and helpful. But... the proliferation of standards by the many
committees and groups has left the data communications
equipment user and designer searching through numerous
publications to find the applicable standards for each job.
Now: that time- and effort- wasting trial is over.
With the publication of this landmark resource, you can quickly and
accurately determine exactly which standards apply to the project at hand,
and speedily integrate those standards into your own network requirements.
Presents all relevant data
communications standards
promulgated by:
•Consultative Committee for
International Telephone and
Telegraph ( CCITT)
•International Organization for
Standardization ( ISO)
•American National Standards
Institute (ANSI)
•Electronic Industries
Association ( EIA)
•Federal Telecommunications
Standard Committee ( FTSC)

Need to know the latest
standards for...

Edited by

•peripheral equipment?

HAROLD C. FOLTS, data communications standards consultant; and
HARRY R. KARP, Editor- in-Chief,
Data Communications, McGraw-Hill
Publications Company
1133 pages

•signal quality and analog and
digital interfaces?

Design Engineers

It's all here, and more, complete
with introductory descriptions of
the groups that promulgate the
standards.., and relational charts
of similar interfacing standards
produced by different groups.

Planning Engineers
Determine which standards apply to a vast
range of networks and components.
Operations Managers
Learn whether the equipment you're buying
will operate at all applicable standards.

•data transmission over public
data networks?
•computers and information
processing systems?

Find the technical specs you need instantly.

Order today using this coupon!

E

Return coupon to:
Data Communications Standards
P.O. Box 669
Hightstown, New Jersey 08520
copy ( copies) of DATA
Name
COMMUNICATIONS STANDARDS (
0997829) on a 10- day money- back guarantee. IunTitle
derstand that if Iam not absolutely satisfied. I
may return the book(s) within ten days at no
Company
further obligation. Otherwise. McGraw-Hill will
bill me $165. for each copy, plus applicable
Address
sales tax, shipping and handling charges.
Send me

City

State

Zip

SAVE MONEY! Enclose payment in full, plus local sales tax, and McGraw-Hill pays all regular shipping and handling charges. Ten-day
money-back guarantee still applies.
Check enclosed
Bill me
Bill my company
Company purchase order #
This offer subject to acceptance by McGraw-Hill.

Products newsletter

Du Pont slashes
fiber-optic prices

Hughes adds
to C-MOS line

DEC rounds out
printer line

Intel's 32- kilobit
EPROM d
raws
little power
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The realization of large-quantity production orders, coupled with anticipation of even higher volumes, has led the Du Pont Co. of Wilmington, Del.,
to make substantial price reductions on its plastic- and silica-core fiberoptic cables. In effect immediately, the reductions average approximately
35% on orders of 50,000 meters and up, with smaller reductions available
on lower-quantity orders. The firm's single- and double-channel standard
plastic-core cables, PFX-P140 and PFX-P240, are reduced 17% to $ 1.25
per meter and $ 2.50/m, respectively. Also, lower-attenuation plastic-core,
single-channel cable PFX-PIR140; is lowered 22% to $ 1.75/m; singlechannel PFX-S120 and two-channel PFX-S220 silica-core cables are
reduced 40% to $ 1.35/m and 48% to $ 2.70/m, respectively.

Hughes Aircraft Co., Newport Beach, Calif., is beefing up support for its
1800 microprocessor family with the addition of three new complementary-metal-oxide-semiconductor circuits: a read-only memory, a universal
asynchronous receiver/transmitter, and an input/output decoder. All three
units are compatible with the HCMP 1802 microprocessor. Organized as
2,048 by 8bits, the HCMP 1835 ROM typically draws less than 2MA at
5v. Its 16-bit address is time-multiplexed into two banks of 8bits; access
time is about 750 ns. The UART has two modes— one for operating with
such standard UARTS as the TR1602, the other for compatibility with the
1802. The HCMP 1853 decoder provides control for up to 14 lio devices.

With an announcement early last week, Digital Equipment Corp.,
Maynard, Mass., rounded out its line of printers to include table-top and
tractor-feed models. Two DEcwriter iv models— the LA34 and LA38—
have abaud rate of 300 (or 110), print using anine-by-seven dot matrix,
and have afull 128-character ASCII set. The LA34 — atable-top unit with
roll-type feed — will sell for $975 in quantities of 100. The table-top LA38,
which offers tractor and roll-type feeds, has aseparate 18-key pad for fast
entry of numbers; it will be sold as part of digital systems starting late next
spring for $ 1,700 in single units. At the top of the DEcwriter line is the
bidirectional LA120, with its 180-character-per-second printing rate and
baud rates of 50 to 9,600. The tractor-feed DEcwriter ni will sell for
$1,830 in hundreds starting in January.

Although Intel Corp. is behind Texas Instruments in launching a32,768bit ultraviolet-light—erasable programmable read-only memory, the Santa
Clara, Calif., firm is expected to unveil, at Electronica in Munich, its 2732
device whose singular pinout [
Electronics, Sept. 14, p. 85] gives it a
chip-enable , function to power it down for standby operation. In the
standby mode, power consumption is cut from 24 to 4 µw per bit. The
memory operates from asingle 5-v power supply. Maximum access time is
450 ns. The U. S. price will be $ 147.30 for single units; in lots of 100 or
more, the part will sell for $91.65 each.

189

Why should I
pay for Electronics
when other magazines in the field
are free?
Get a quote on economical
precision KL-3 coldweld crystals.
You may be happily surprised. Because today our coldweld
crystals cost no more than solder seal crystals for -± . 001%
calibration tolerance, and are only slightly more expensive than
solder seal crystals with looser tolerances. The specs are definitely better.
Frequencies in 11 ranges from 8 to 160 MHz. Drift :1
- 20
ppm/-30 to + 70° C. Maximum aging from 3 ppm/year to
5 ppm/year depending on frequency ordered.
Good specs at unbeatable prices. See the Gold Book, EEM,
or write: CTS Knights, Inc., 400 Reimann Ave., Sandwich, IL
60548. Phone ( 815) 786-8411.

CTS

KNIGHTS, INC.

Circle 190 on reader service card

Think of it this way: Would the other
publishers in the field. give away their magazines
if they could sell them?
Another question: Would 93,067*
worldwide subscribers pay to read Electronics
if it weren't afar better magazine than the
"giveaways"?

The Intecolor 8080 Development System Gives
You Total In- House Control. You probably already
realize that an in-house development system
would give you alot more control, flexibilily and
efficiency.
You may not realize that now you can afford
one. Our new low-cost 8080 development system
features a19- inch, 8-color data entry terminal
with an Intel 8080 micro computer. A110 CPS bidirectional desk top printer. A dual mini disk drive
and our 2708/2716 PROM programmer. It also
includes asophisticated ROM-based Text Editor
and Assembler. And as an option, aFORTRAN
compiler with double precision by Microsoft?
Call 800/241-9699 toll-free for ademonstration.
(In Georgia, call 404/449-5961.)
Color Communicates Better

Intelligent Systems Corp. ®
5965 Peachtree Corners East/Norcross, Georgia 30071
Telephone 404/449-5961 TWX: 810-766-1581
190
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And finally: If Electronics is worth your
time ( which you are investing in the magazine
right now), isn't it worth 58 cents? That's the
cost per copy based on aone year U.S.
subscription Based on our long-term
subscriptions, the cost is even less.
Send in asubscription card from this
magazine. If someone has beat you to them,
write subscription department, Electronics,
McGraw-Hill, 1221 Avenue of the America,
New York, N.Y. 10020.
'ABC Publisher's Statement—June 1878

Electronics Magazine.
The one worth paying for.
Electronics/November 9, 1978

any one
of these great
professional books

[Moselle
Prigig in

I

MICROPROCESSOR APPLICATIONS MANUAL
by Motorola, Inc.
435/278 Pub. Pr., $32.50 Club Pr., $ 24.00
PROGRAMMING LANGUAGES
by A. B. Tucker, Jr.
654/158 Pub. Pr., $ 19.95

"

dUre m
-

for $
1"

only

values up to
$34.95

Club Pr., $ 14.95

MICRO- ANALYSIS OF COMPUTER
SYSTEM PERFORMANCE
by B. Beizer
785/058 Pub. Pr., $ 22.50 Club Pr., $ 17.25

Introductory offer to new members of the

Computer Professionals' Book Club

DISTRIBUTED PROCESSING SYSTEMS
by J. Breslin & C. B. Tashenberg
783/926 Pub. Pr., $ 19.95 Club Pr., $ 16.96
AUTOMATIC DATA PROCESSING HANDBOOK
edited by The Diebold Group, Inc.
168/075 Pub. Pr., $34.95 Club Pr., $23.75
ADISCIPLINE OF PROGRAMMING
by E. W. Dijkstra
7701115 Pub. Pr., $ 19.95 Club Pr., $15.75
COMPUTER ARCHITECTURE gi ORGANIZATION
by ,. Hayes
273.'634 Pub. Pr., $ 21.50 Club Pr., $ 16.50
THE COMPULATOR BOOK
Building Super Calculators gi Minicomputer
Hardware with Calculator Chips
by R. P. Haviland
783/578 Pub. Pr., $ 10.95
Club Pr., $ 9.30

Special $ 1.89 bonus book comes to you with your first club selection
ing practical books in your field on a regular basis at below publisher prices. If you're
T
missing out on important technical literature-if today's high cost of reading curbs the growth
HIS professional club is designed to meet your day-to-day on-the-job needs by provid-

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

MICROPROGRAMMING PRIMER
by H. Katzan, Jr.
333/874 Pub. Pr., $20.95 Club Pr., $ 15.70
DIGITAL COMPUTER DESIGN
by R. Kline
784/450 Pub. Pr., $ 19.50

Club Pr., $15.75

MINICOMPUTERS:
Structures and Programming
by T. G. Lewis & J. W. Doerr
773/009 Pub. Pr., $ 13.95 Club Pr., $ 11.75
COMPUTER DATA STRUCTURES
by J. L. Pfaltz
497/435 Pub. Pr., $ 19.50 Club Pr., $ 14.60
MICROPROCESSOR AND
MICROCOMPUTER SYSTEMS
by-G. V. Rao
783/659 Pub. Pr., $24.50

VALUES UP TO $34.95 WITH MAJOR DISCOUNTS ON ALL OTHER CLUB SELECTIONS. Your bonus books Come with the first selection, and you may choose both
of them from the books described in this special introductory offer.
EXTRA SAVINGS: Remit in full with your order, plus any local and state tax, and
McGraw-Hill will pay all regular postage and handling charges.
NO RISK GUARANTEE:
If not completely satisfied return selections for full refund and membership cancellation.

Club Pr., $ 19.50

THE 8080A BUGBOOK
MICROCOMPUTER INTERFACING
AND PROGRAMMING
by P. R. Rony, D. G. Larsen & J. A. Titus
783/845
Pub. Pr.. S9.95
Club Pr., $ 8.45
PROGRAMMABLE CALCULATORS
by C. Sippl
784/493 Pub. Pr.. $13.95 Club Pr., S11.50
ERROR- DETECTING CODES, SELF CHECKING,
CIRCUITS, AND APPLICATIONS
by J. VVaketly
784/574 Pub. Pr., $ 18.95 Club Pr., $ 15.50
Electronics/November 9, 1978

MAIL THIS COUPON TODAY
COMPUTER PROFESSIONALS/Book Club P.O. Box 582 Princeton Road, Hightstown, New Jersey 08520
Please enroll me as a member and send me the two books
inecated. Iam to receive the bonus book at the introductory
price of $ 1.89 plus my first selection, plus tax, postage, and
handling. If not completely satisfied, Imay return the books
witnin 10 days and request that my membership be canceeed. LI I keep the books, I agree to take a minimum ol
thrue additional books during the next two years at special
Club prices (guaranteec 15% discount, often more. Iwill receive the Club Bulletin 13 times a year. If Iwant to examine
the featured selection. I need take no action. It will be
shipped automatically. If, however, Iwant an alternate selection- or no book at all- Isimply notify the Club by returning
the convenient card always enclosed. I will always have a
minimum of 10 days in which to return the card and you will
credit my account fully including postage, d this is not the
cane. Membership in the Club is continuous but cancellable
by me al any time after the four- book purchase requirement
ha, been filled. This order subject to acceptance by McGrawHill. Orders from outside the continental U.S. must be prepaid. Company. business. or Institutional faX exemption

status is not applicable to purchases made through individual
Club memberships. All prices subject to change without
notice. Offer good for new members only. Postage and
handling charges will be added to all subsequent shipments.
Write Code 0 o' 51.89 bonus
book selection here

Write code O of
first selection here

NAME
ADDRESS
CITY
STATE

ZIP

P39313
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World's most popular —

New literature

SINGLE PLATE
Ceramic
Capacitors

u

Rentals. " rio Terminals and Data
Test Instruments," an eight- page
brochure, lists a wide range of data
communications equipment with the
manufacturers, model numbers, descriptions, and rental rates. Some of
the devices offered include calculator systems, acoustic couplers/mod-

(DV Equipment Rentals

& D.0 le

R:1

t) Terminals
Imtruments

\\

neously with the growth process
(real-time process monitoring), including the reflection electron diffraction system and the quadruple
mass spectrometer; and those for use
sequentially with growth, including
the auger electron spectrometer.
Varian Palo Alto Vacuum Division,
611 Hansen Way, Palo Alto, Calif.
94303 [423]
Solar power products. Seven data
sheets provide information on the
electrical characteristics, typical performance curves, dimensions, environmental performance, and applications of a terrestrial solar power
product line. The Concentrator solar
power module is suited for lowpower remote- battery trickle-charg-

Temperature
Compensating
Stable and
General Purpose
ERIE Red Cap "Weecon®"
Ceramic Capacitors long have
been the standard of the industry
offering the broadest selection of
ceramic formulations available.
Additionally, the Red Cap
Weecon line is available in a
wide variety of package sizes.
This all adds up to the most
comprehensive capability in
miniature ceramic capacitors in
the industry
So specify ERIE Red Cap
single plate Ceramic Capacitors.
For even higher capacitance
values, ERIE Red Cap
Monoblocs® are preferred by
design engineers.
• Capacitance range
1pF. thru . 039 F.
• 25, 50, 100, 200, 500 Volts
• Wide range of TC materials
and tolerances
• Delivery to meet your
needs
Write for catalog 8100.

ERIE TECHNOLOGICAL PRODUCTS, INC.
State College, Pa 16801
814-237-1431
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ems, protocol monitors, and linedisturbance monitors. All equipment
listed is in inventory, serviced, and
ready for immediate delivery. Leasametric, Division of Metric Resources
Corp., 1164 Triton Dr., Foster City,
Calif. 94404. Circle reader service
number 421.
Semiconductor selection. Presented
in an eight-page brochure are typical
applications for Schottky, pi
n, silicon step recovery, and limiter diodes,
along with specifications and package recommendations. The "Semiconductor Selection Guide" can be
obtained from Aertech Industries,
825 Steward Dr., Sunnyvale, Calif.
94086 [
422]
Molecular-beam epitaxy system. Described in a 12- page brochure is the
MBE- 360 molecular-beam epitaxy
process and its applications. The
parts that make up the system are
explained thoroughly— the vacuum
system, the work chamber, the
epitaxy equipment, and the specimen
load lock. Two types of analytical
instruments are offered with the
MBE- 360: those for use simulta-

ing applications, while the 20-watt
solar module is ideally suited to
charge 12-volt batteries and may be
interconnected in series- parallel configurations to meet high-power requirements. OCLI Photoelectronics
Division, Marketing Department,
15251 E. Don Julian Rd., City of
Industry, Calif. 91746 [ 424]
Microwave. "Microwave Transistor
Designer's Guide," a136- page booklet, is meant for the circuit designer
working with the complex problems
of this technology. It provides information on amplifier and oscillator
design characteristics— specifically,
S-parameters, gain, stability, noise
figure, and noise- figure measurement. In addition, a section on reliability profiles processing sequences,
failure rates versus time, and conditions of operation. This guide can be
obtained from Microwave Associates
Inc., South Avenue, Burlington,
Mass. [430]
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World's most popular -

Buy and rent. The " Continental
Equipment Sales Catalog Summer
1978" lists over 500 electronic test

instruments for sale, rent, or lease by
manufacturer and model number
along with the price. Specifications
are also given. Continental Resources Inc., 175 Middlesex Turnpike, Bedford, Mass. 01730 [ 425]
Electronic switches. Three types of
electronic switches that cover the
range from 0.5 to 1,000 MHZ are
described in a 12-page catalog. One
type has a balanced design without
integral drivers, the second has integral rrucompatible drivers, and the
third integral rrt, drivers. Specifications and diagrams of each type of
switch are provided. Order catalog
ES- 788 from Lorch Electronics
Corp., 105 Cedar Lane, Englewood,
N. J. 07631 [ 426]
Metals, materials, and processes.
Designed for those who use precious
metals in components, films, and
electroplating processes, this 23page booklet describes electrical contact materials for switches, thermostats, appliances, telephone relays,
voltage regulators and circuit breakers. It also discusses thick- film
conductor materials and systems for
use on conductors, capacitors, resistors, and hybrid circuits. Engelhard
Industries Customer Service, 2655
U. S. 22, Union, N. J. 07083 [ 427]
Ac and de motors. Specifications and
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information for a line of precision
miniature ac and dc motors, gearmotors and blowers are given in a
24-page catalog. It is available from
TRW Globe Motor Division, 2275
Stanley Ave., Dayton, Ohio 45404
[428]
Tachometers. Presented in a 12-page
brochure is a line of Zero- Max
tachometers that can be used to
measure any production value that
depends on rotary or continuouslinear motion. "Tachometers" discusses the features, operational characteristics, specifications, and dimensions of fixed and portable
analog tachometers and the MaxiTach digital tachometer. The units
are designed to indicate speed accurately from 0 to 2,000 revolutions
per minute, as well as such rate functions as parts per hour, percent of
capacity, and gallons per minute.
Zero- Max Industries Inc., 2845
Harriet Ave., Minneapolis, Minn.
55408 1429]
Ion-implanted diodes. A 24-page catalog gives information on a line of
diodes that includes: ion-implanted,
hyper-abrupt- and abrupt-junction;
pi
n; and low-voltage zener diodes.

MONOBLOC®
Ceramic
Capacitors

Temperature
Compensating
Stable and
General Purpose
ERIE Red Cap Monobloc'
Ceramic Capacitors are in a
quality class by themselves
and today represent astandard of
excellence unequalled in
the industry
Monobloc capacftor elements,
solid structures of fused ceramic,
are produced in awide range of
capacitance values, characteristics and sizes. They offer
inherent stability with conservative
voltage ratings for long, troublefree life.
The combination of Monobloc
and "Weecon®" capacitors, under
the famous Red Cap name,
provide circuit engineers with
unlimited design flexibility.
Best delivery in the
industry for these popular
Z5U values ...
.1 .47 .68 1.0 2.2 4.7 µF.
• Capacitance range
100 pF. thru 7.5 µF.

I'a1hiSlr 'Jean 'NANGpm.

MI 25, 50, 100, 200, 500 Volts
II Broadest range of TC
materials and tolerances
Write for catalog 8100

The " Implion Semiconductor Catalog" provides selection guides and
electrical characteristics for each
diode series. KSW Electronics Corp.,
South Bedford Street, Burlington,
Mass. 01803 [ 431]

ERIE TECHNOLOGICAL PRODUCTS, INC.
State College, Pa. 16801
814-237-1431
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CLASSIFIED SALES REPRESENTATIVES
Atlanta ... 404/892-2868
Boston
Jim McClure 617/262-1160
Chicago
Bill Higgens 312/751-3733

Cleveland
Dallas
Denver
Detroit

FOR

Mac Huestis
Mike Taylor
Shirley Klotz
Mac Huestis

ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

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

Mike Taylor
Ana Galaz .
Larry Kelly
M. Melton

713/659-8381
213/487-1160
212/997-3594
212/997-2422

Philadelohia ...
Pittsburgh . . .
San Francisco .
Stamford

Dan Ferro .
Dan Ferro ..
M E. Kenny
William Eydt

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

POSITIONS VACANT
Faculty
Position
in
Electrical
Engineering. The preferred area is
Power Systems, but all others
considered. An earned doctorate in
Electrical Engineering is preferred,
but an M.S.E.E. with considerable industrial experience should apply. You
will be expected to teach undergraduate and graduate level courses.
Salary commensurate with qualifications. Assistant Professor position
renewable 9- month contract to begin
August 16, 1979. Applications accepted until position filled. Contact
Dr. Virgil Ellerbruch, Head. Electrical
Engineering, South Dakota State
University. Brookings, SD 57007.
Phone 605-688-4526. An equal opportunity/affirmative action employer.

The Solar Energy Research Institute located in the foothills of
the Rocky Mountains near Denver, Colorado has an immediate
requirement for aDigital Engineer. Positicn involves heading the
hardware efforts in support of research oriented data acquisition, and control systems using distributive data processing
techniques.
Requires MSEE or BSEE with a minimum of five years
experience in the following areas: computer telecommunications, real time mini and micro computer hardware and
software, discrete and microcomputer based logic interfaces.
Qualified applicants are invited to submit detailed resumes ( no
phone calls) including professional references and salary
history. SERI will only consider applicants who provide
materials requested above.

PERSONNEL SERVICES

SOLAR ENERGY
4,=•-•

fie

RESEARCH INSTITUTE

„,, A Division of Midwest
Research Institute

-"

1536 Cole Boulevard
Golden, Colorado 80401

CIRCUIT DESIGN ENGINEER
Rapidly expanding ultrasonic non-destructive testing equipment manufacturer seeking an electronic engineer with 2to 5years
experience in design of analog and digital
circuits. Duties would include design of
discrete RF amplifiers, timing circuits,
power supplies, high voltage pulsers and
supplies, random logic digital orcuits and
microprocessor based digital circuits.
Would be responsible for desén. breadboarding, testing and packaging of new and
special products as well as redesign of
existing products.
This is a permanent position with growth
potential for the aggressive individual.
Salary commensurate with past accomplishments. Rush complete resume including salary history to:

SONIC

INSTRUMENTS. INCORPORATED
.-101EI WHITEHEAD ROAD EX T ENSION.__
TRENTON. NEW JERSEY 31363E1
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ENGINEERS — MANUFACTURING
SUPERVISORS— SCIENTISTS
A Nationwide Placement Service
Our clients pay all fees and interview
expenses. All transactions conducted
in strict confidence. Send resume to:

E. J. Stephen
EXECUTIVE SEARCH ASH PI ,ICE MEN,
TiisiAiF .10111

e3oe,

PI
798 neni

1,11

ELECTRONICS ENGINEERS
Specializing in the placement of
Electrical Engineers Nationally. All fees
company paid. This is only apartial listing. Send resume.
Project Mgr.
30K Power Eng.
23K
Design E.E.
21K Controls Eng. 23K
Instrumentation22K Systems Eng. 22K
Sr. Systems
25K Facilities
25K
Project Eng
22k Mechanical Des. 24K
COREY ASSOCIATES
Suite 230. 105 Wolf Rd
Albany. NY
12205

Research Opportunity in Low Noise
Electronics — National Academy of
Sciences/National Research Council
Postdoctoral Regular or Senior
Associateship for one year at the
NASA Goddard Space Flight Center,
Greenbelt, MD.. Studies are bing
conducted in low noise preamplifier
design and operation. Laboratory
measurement of characteristics of
devices and circuits based on semiconductor physics will be investigated in order to guide development
of silicon devices designed and
produced at Goddard. Emphasis of
work will be on Charge Transfer
Device and photoconductor readouts
requiring the utilization of basic principles of noise theory. The preamplifiers usually will be cryogenically
cooled and will be used with IR CID's,
CCD's and photoconductors. In a
separate effort, design work is also
sought for IR heterodyne IGHz I
systems. Theoretical knowledge and
laboratory experience is required for
this position, which will help set the
course for our new investigations in
IR astronomy. Contact Dr. John F.
Arens, Mail Code 693.2, Goddard
Space Flight Center, Greenbelt, MD
20771. 301-982-2865/4679. Application materials should be
directed to: Associateship Office OH
608G) National Research Council.
2101 Constitution Avenue. NW.,
Washington D.C. 20418.
The Electrical Engineering Department, University of Utah. has a
faculty position opening January 1,
1979, for aperson with aPh.D. and a
strong digital hardware background.
The successful candidate will receive
an Assistant Professor rank, and will
be responsible for the undergraduate
and graduate programs in the digital
area. Opportunity exists for generation of new courses in both areas and
research will be strongly encouraged.
Also, there will be ¡ob opportunity for
interaction with an outstanding cornouter science department and anew
facility and staff capable of fabricating large-scale digital integrated circuits. Send resume to Dr. Carl H.
Durney, Chairman, Department of
Electrical Engineering, University of
Utah is an equal opportunity employer.
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If you're not enjoying your career,
we have aproposition for you.
Join us in the beautiful, suburban community of Canoga Park. Here, at
Hughes Missile Systems Group, we can offer you the casual lifestyle many
people seek, plus the challenge of exciting research and development
projects.
Why not look into our opportunities today?
MISSILE SYSTEMS ANALYSTS
Compam-funded programs plus exciting long-range contracts have
created several truly fine career opportunities, at both entry and senior
levels, in our Advanced Program Laboratory for systems analysts to
engage in the conceptual design and development of advanced Radar
and Electrooptical Missile guidance systems. Tasks involve definition of
requirements, functional design, analysis and operational software
development/integration. Our experience suggests that incumbents most
comfortable on the job are those with BS. MS. PhD degrees in EE. ME,
Aerospace, Computer Science or Physics, combined with abackground
in one or more of the following disciplines:
• Detection/estimation theory
• Advanced signal processing techniques
• Classical or modern control theory
• Target signature analysis
• Optical design/analysis
• Pattern recognition
• Real time software design
• Waveform analysis
• Kalman filter and estimation theory
RF ENGINEERS
Ixperienced in microwave circuit design. Duties will involve Circuit
Analysis/Design for automatic test station and writing programs for automatic test units and circuit subassemblies. A background on equipment operating at frequencies up to 16 CH zis desirable.
Computerized Test Equipment Engineers
• Experience in digital/logic and analog circuit design. To perform
digital and analog circuit/design for an automatic test station and write
programs to automatically test circuit cards. Power supply design/
analysis experience desired for some positions.
• To design software/hardware for mincomputer-based automatic test
equipment: Requires experience on digital systems. Hi'. 21 M K / RTE
experience highly desirable.
Systems Test & Evaluation Engineers
to perform developmental test of missiles at systems/subsystems level;
plan tests and evaluate results. Experience desired in guided missiles,
avionics, or airborne radar technology. Digital hardware and software
helpful. BSEE desired.
Circuits Design Engineers
With recent relevant experience in the design and development of RF/
IF. digital, or analog circuits for missile guidance systems. MSEE,
software/hardware integration experience also desirable. Must be familiar with applicable state-of-the-art components— phase and frequency lock loops, wide and narrow receivers, use of microprocessors.
Systems Engineers
These positions require system engineering for missile systems using
radar and electrooptical technologies. This includes defining design
characteristics, interfaces, test requirements, and performing trade
studies. Weapons experience not required, but previous systems
engineering, servo analysis, or circuit or logic design experience in the
above technologies is desirable.
Systems Analysts
To perform design and analysis for state-of-the-art electrooptical
missile seekers. Job assignments require ability to develop mathematical
models for missile guidance systems performance evaluation. Proficiency in advanced one and two-dimensional signal processing techniques desired.
Digital Systems Design Engineer
To participate in digital systems analYsis and designer trade offs on RF
components, subsystems and systems. Write design requirements, specifications and test requirements. Do RF modeling, hybrid missile flight
simulation. Knowledge of Machine Languages, Basic and Fortran. Familiarity with microprocessor use in analytical and control systems. Interface equipment to systems.
Automatic Test Equipment ( ATE) Systems Engineers
Several openings ¡ four ROLAND Division for system test
engineers with a background or interest in computer based automatic test equipment, for testing L band and K band radar
units. Must be familiar with Basic or Atlas programming. Will
be responsible for unit application software development,
maintenance, and tasks related to production test stations.
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Product Engineers
Experienced in CAD, including interactive graphics; ability to
do product design for high- rated production and knowledge of
hybrid microelectronics and circuit partitioning required.
Design experience in hybrids and electronic subassemblies
desirable.
Microwave Engineers
Growth in microwave and in microwave product development
requirements for radar missiles has created immediate openings
in:
• Microwave Antennas
• Solid State Transmitter
• Microwave Sources and Receivers
• Missile Radomes
• RF/Microwave Mechanical Systems Engineering
PLATFORM DESIGN ENGINEERS
To perform design analysis and/or development test of
components/subassemblies in gyro stabilized platforms ( i.e.
motors, bearings, pickoffs, mechanisms). Background in CAD
of devices, finite element analysis, and mass properties desired.
Openings for both senior and junior- level candidates.
LSI DESIGN ENGINEERS
• LSI Design Engineers needed for analog and digital circuit
design for MOS/CCD and bipolar custom LSI. Positions require complete design responsibility including partitioning, establishing design requirements and directing layout and evaluation testing.
• IC Manufacturing Support Engineers to interface between
LSI design group and IC production facilities. Positions require knowledge of IC production and assembly techniques and
the ability to schedule and monitor IC prototype and production manufacturing.
LSI/DESIGN AUTOMATION
FOR THE 80'S
• Simulator Design to develop and maintain functional, logic and circuit simulators. Responsibilities will include algorithmic development,
software implementation, and user interface design, as well as Design
Engineer one-to-one assistance.
• Automated Artwork Generation and Checking. You'll develop and
maintain artwork design rule checking and mask level circuit regeneration software. Responsibilities will include algorithmic development,
software implementation and user interface design, as well as user
assistance.
• Semiconductor Modeling and Analysis. You'll develop and maintain
circuit- level semiconductor models, and use those models to determine
process design rules and standard LSI cells. Responsibilities will include
model development, model parameter determination, software implementation and circuit analysis, as well as Design Engineer one-to-one
assistance.
• Scientific Programmers with background in high level languages,
structural programming and data structures. You will develop new programs in the areas of interfaces including graphics as well as design and
implement automation hardware.
Our offers include an excellent salary and benefits package. For immediate and confidential consideration, please send your resume and
salary history to: Employment Manager, Hughes Missile Systems
Group, Fallbrook at Roscoe, Canoga Park, CA 91304.

Hu
HUGHES

GHES

AIRCRAFT

COMPANY

U.S. citizenship required • Equal opportunity M/F/HC employer
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MULTIPLE MIRROR TELESCOPE
ENGINEERS
The Multiple Mirror Telescope Observatory now nearing completion on Mt.
Hopkins, near Tucson, Arizona, requires two electronic engineers.
Electronic Servo Field Engineer
Electronic Digital Field Engineer
The servo and digital engineers provide field skills related to the completion, system development, operation, maintainance and improvement of
the Multiple Mirror Telescope. This state of the art observatory includes:
Arotating building.
Acomputer controlled alt- azimuth mount
for the telescope.
The six 72- inch diameter primary mirrors
that make this the third largest telescope
in the world.
The many laser control servo systems that are
apart of the active optics control of the
telescope place this telescope at the forefront of modern technology.
The field engineers should have a B.S. in electrical engineering or
equivalent and prior experience in their fields. It is desirable that the digital
engineer have experience with the operation and interfacing of Data
General mini- computers. Salaries will depend upon experience. Reply to:
Staff Employment Center, 1717 East Speedway, Tucson, Arizona 85721.
Or call: Dr. W. F. Hoffmann at ( 602) 626-1558. An Equal Opportunity,
Affirmative Action. Title IX, Section 504 Employer

EASTERN REGIONAL
SALES MANAGER
The rapid growth of awell established minicomputer peripheral manufacturer has created an outstanding sales management opportunity. This
unique position requires an experienced professional to:

•Select, train and motivate afield sales force.
•Supervise and evaluate sales reps.
•Participate directly in key OEM sales.
•Participate in new product decisions.

MARKET
DEVELOPMENT
SPECIALIST
Our client, a major Fortune 100 Corporation, is seeking
professionals with a proven track record in the marketing
of high performance polymers. The Market Development
Specialist will function as the Market Team Leader and will
be responsible for identifying business opportunities, establishing goals, developing and executing market plans
and providing continuing guidance to other team
members assigned to penetrate a specific market segment.
Interested applicants should have a high degree of indepth technical competency as well as an extensive business background. A knowledge of high performance films
and their application in the electronic/electrical, ( i.e. flexible printed circuits, high temperature wire insulation or
motor, transformer insulation) or aerospace and computer
industries is required.
This position is a highly visible one, reporting directly to
the Marketing Manager, and has tremendous growth
potential. Successful applicants will be located near a
major Sun Belt city and all fees and relocation will be paid
by our client.
For a confidential interview call or send a resume to Bob
Shanley.

f

-O- R- T- U-N-E
ERSONNEL AGENCY OF HOUSTON, INC
P
10555 N.W. Fwy. Suite 113
Houston, Texas 77092
(713) 680-9132

If you have aproven record of sales management success in the computer
industry, we are interested in having you as part of our fast growth marketing team.
Please send resume and salary requirements to:
George Fink
Data Systems Design, Inc.
3130 Coronado Drive
Santa Clara, CA 95051
14081249-9353

CABLE TV
FIELD ENGINEER
A.S. or B.S. in E.E. First
class FCC license. CATV
experience desirable.Considerable travel required.
Headquartered — Schenectady, NY. Salary negotiable, commensurate
with experience. All replies confidential. Send
resume to:
Employee Relations
Office
General Electric
Cablevision Corp.
1400 Balltown Road
Schenectady, NY 12309
An equal opportunity employer

POSITION VACANT

Engineer—EE/ME $281( -:-. Microprocessors— BPI, 5659 S. Laburnum, Richmond, Va. 23231.
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HOUSTON, TEXAS
ELECTRONIC DESIGN
AND
PROJECT ENGINEERS
he automatic control systems segment of
our industry is expanding and is currently in
need of individuals with analog/digital
design capability. Microprocessor experience a major plus on both R Zi D and
product design. Competitive salaries and
benefits.
For further information. contact Russell
Ballentine or John O'Dell at

(713) 621-9050
All Fees Assumed By Client Companu—,

RSONIVE I SE HVICF S

458 Houston Natural Gas Building
1200 Travis
Houston, Texas 77002

POSITION VACANT

Job- seekers...
be the first to know
with McGraw-Hill's
Advance
Job Listings
By nevIrig uur weekly ADVANCE JOB LISTINGS sent to your
home every Monday you can be the first to know about openings both in arid out of your hield. AJL will enable you to
contact anxious recruitment managers BEFORE their ads appear in upcoming issues of 21 McGraw-Hill publications. To
receive a free sample copy, plus information about our low
subscription rates, till out and return the coupon below.

ADVANCE

JOB

LISTINGS / P.O.

BOX

900 / NY

10020

PLEASE SEND A SAMPLE COPY
OF ADVANCE JOB LISTINGS TO
NAME

ADDRESS

(11 Y

STATE / II'

Engineer—IE $25K +. Electronics
Assembly— BPI, 5659 S. Laburnum
Richmond, Va. 23231.
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ITS HAPPEN\G
Al FAIRCHILD
•

•

State-of-the art test systems technolocy
in an moloyee onentec environments
Fairchild's fast growing Test Systems Group in
San Jose can offer you the chance to work
in a highly creative atmosphere emphasizing
advanced systems design technology and
innovative computer- controlled integrated test
systems. In short, a total systems environment
from concept to hardware, using the most
advanced design techniques.

Our long-term growth plan includes new product introductions for VLSI and high-speed component test systems
These efforts have created openings in these areas.

Test Engineers/All Levels
This is your opportunity to work directly with design engi
neers involved in developing state-of-the-art circuitry for
advanced ECL designs. You'll design and work with the
latest automatic testing equipment and develop manufac turing test programs. To qualify, you should have related
experience and familiarity with Assembly and FORTRAN
languages ( We'll train you in more advanced software
languages.)

At Fairchild's Test Systems Group, you'll enjoy
asmall- company atmosphere which encourages
and rewards individual efforts and achievements.
Plus an outstanding salary/benefits package
and unique career advancement and education
aid programs.

Systems Test Technicians/
All Levels

We'd like to tell you more about what's happening at Fairchild's Test Systems Group. And
hear about what's happening with you.

You II be involved in subassembly and final test of largescale digital/analog systems. These positions offer excelent
advancement potential and require an AA in electronics
or BSET or equivalent experience.

Contact us by sending a resume or filling in
the coupon and we'll send you an application.
Or spend just a couple of minutes calling our
toll- free number ( 800) 821-2280 extension 916
for a quick review of your backgrourd. Fairchild
is an equal opportunity employer m/f.

Production/
Materials Planner
To qualify, you should have production/materials planning
experience in an electronics instrumentation manufacturing
environment.

Position interested in

D Resume attached

O Please send application

Contact phone #

Name
Address
City, State, Zip

1725 Technology Drive
San Jose, California 95110
Attn: Elaine Nelke, Employment Manager
Electronics/November 9, 1978
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rs
Stability
+Growth
Opportunity!
The SYSTEMS division of Litton has
DOUBLED its size in the past four years,
and TRIPLED volume in SALES creating
one of the more STABLE environments in
industry.
Positions of uncommon potential are now
available in Defense and non- Defense
contracts. Ask us about them!

Same song,
8th verse.
At signetics tue
ALWAYS need

good people.

Send your resume to the good people
company. Signetics, MS 300, 811
East Argues Avenue, Sunnyvale, CA
94086. We are an equal opportunity
employer m/f.

ANALOG OR DIGITAL PROCESSING
• LSI application
• High speed data conversion
• Power supplies
TELECOMMUNICATIONS SYSTEMS
DESIGN
•Advanced digital subsystems including
TOM
• RF and analog subsystems including
frequency synthesis and FDM techniques
• Microprocessors and related real-time
operating systems software
•Voice switching systems
ELECTRONIC WARFARE SYSTEMS
•State- of- the- Art, ESM/ECM
•Signal processing
ELECTRONIC WARFARE
PROCESSING — HARDWARE
• Microwave subsystem design
•Circuit design — RF, video, analog, high
speed A/O converters
• EW digital subsystem design — signal
sorting, microprocessors/microcontroller
design, computer interfacing
RF
• Microwave communications and
receiving systems
• High Sensitivity DF Receivers
•Solid state microwave component design
We are located in a pleasant college town
in Maryland with rolling hills, and the
Chesapeake Bay and nation's capital less
than an hour away. If this sounds like the
opportunity you seek, please send your
resume including salary history in
confidence to:
W.L. McAmis

111

Litton

Amecom Division

LITTON
SYSTEMS, INC.

The a000 People Company.

SigillltiCS
asubsidiary of U.S. Philips Corporation

Analog
Engineers
San Francisco Peninsula
Hewlett-Packard Corporate Laboratories
located in Palo Alto, California, has immediate
openings for Senior Electronics Engineers.
Research opportunity to design and build
analog electronics to probe the bandwidth
limits of digital disc and tape recording
technologies. The electronics will be used to
write and read data with advanced heads and
media. MS/PhD and experience with state-ofthe-art analog design at high data rates is required.
Hewlett-Packard provides a stimulating work
environment and outstanding compensation
and benefits. Please send resumes to George
F. Corkins, 1501 Page Mill Road, Palo Alto, CA
94304. We are an equal opportunity employer
dedicated to affirmative action.

HEWLETT

PACKARD

5115 Calvert Rd., College Park, MD 20740
An equal opportunity employer . MiF/H

Electronics/November 9, 1978

Join
a people- oriented TELECOMMUNICATIONS company that is not only stable, but also
growing rapidly to meet the expanding demand
for avariety of communication systems.
Our customers depend on us for excellence in
design, manufacture, and service of sophisticated video, voice and data communication
systems. We offer arewarding career, excellent
advancement potential, interface with the best
and brightest people in the industry, and personal growth and development in a dynamic
organization.

You'll make the
right connections
at GTE Lenkurt
on the beautiful San Francisco Peninsula
Challenging growth opportunities at our
SAN CARLOS, CALIFORNIA HEADQUARTERS:

DEVELOPMENT
ENGINEERS. ..

SEMICONDUCTOR TEST
ENGINEER
We seek an Engineer with a BSEE ( or equivalent) and 2 5 years experience
testing and evaluating low and high frequency semiconductor components

Electrical Engineers at all levels for projects in subscriber carriers,
signalling and VF equipment design,
as well as digital microwave
digital

or

PCM

carrier and switching

radio. Experience is either

OTHER ENGINEERING
OPENINGS . . .

such as Diodes. Transistors. Linear and Digital Integrated Circuits. Knowledge
of component failure analysis Sentry il programming and some circuit design
experience is desirable ( Job OHM- 0071.

linear.

microprocessor control circuit design.

TEST EQUIPMENT ENGINEER
Position requires experience in analog and digital circuit design. preferably in

MICROPROCESSOR SOFTWARE
ENGINEERING
For a Stored Program Digital Telecommunications Switching System. Should
have a BS or MS degree in one or more of the following areas: Telephony Call
Processing. Structured Software Design. Real Time Systems Design. System
Diagnostics, PL ' M.

the area of test equipment Some programming background de-irable Ability
to convert engineering test requirements into finished production test
equipment
You must he able to analyze existing test facilities and processes, and design
and implement

Systems and circuit design Engineers to develop microprocessor controlled

PCM TRANSMISSION

FIBER OPTICS CIRCUIT DESIGN
bit rate Fiber Optics systems. You must have H.F. analog design experience;
Fiber Optics experience desirable. BS with 2-5 years experience minimum
requirements.

DIGITAL SYSTEMS
evaluating

new

experience

requirements

This requires performing varying amounts of System Engineer-

plus factory support. Must have a BSEE or equivalent and prior technical exp
in the following areas microwave radio, multiplex. supervisory and control
and switching systems

SYSTEMS ENGINEERS
Determine the proper configuration of radio. FDM or PCM multiplex and data
equipment to meet customers' communications requirements. System prob
lems such

You will design transmitters, receivers and line repeaters for medium and high

characteristics,

BSEE or equivalent

ing, scheduling, contract interpretation and direct customer or sales contact

Responsibilities include circuit design of PCM line repeaters and office equip
ment. Position requires 1.5 years experience in analog and digital circuit design
and BSEE minimum requirements

defining

improvements

Responsible for analyzing customer orders and determining exact detailed

subscriber pair gain systems Knowledge of PCM signal processing and digital
switching techniques is desirable

for

effect

required MSEE preferred ( Job OJC 1)

APPLICATION ENGINEER

SUBSCRIBER CARRIER
CONCENTRATORS

Responsible

cost

channel

as electrical interfacing with

signal to- noise

ratios,

and

existing networks,

analysis

of

potential

calculation of

microwave

radio

interference situations will be solved. BSEE or equivalent degree and some
experience required. Positions ere in our E.F I. Engineering Group. ( Job # RW1)

MICROWAVE TRANSMISSION ENGINEER
Utilize topographic and other maps to select radio repeater sites, determine

applications

and

tower heights and antenna equipment needed to meet customers communica

developing customer documentation on evolving multi line PCM subscriber

tions requirements. You will also calculate system noise performance. predict

pair gain systems, channel banks, multiplexers and repeated lines. Should have

radio propagation reliability and analyze potential microwave interference
situations. BSEE or equivalent degree and experience required. ( Job # WE1).

electrical engineering background and be familiar with Telephone Operating
Company switching and digital transmission plant

MICROPROCESSOR HARDWARE
DESIGN & TESTING

MECHANICAL DESIGNER
Develop

instrumentation

Position requires BS MSEE with interest in design and testing of microproces
sor system hardware

CUSTOM I.C. DESIGN
Development of Custom Integrated Circuits. Analog andior Digital Design and
computer simulation desirable Willing to train an engineer with solid exper
ience in discrete circuit design Will work with Bipolar and N MOS technologies

PROCESS EQUIPMENT
PROGRAMMING
Development of Automatic programs for high speed laser trim and test of
hybnd circuits Solid background in linear or digital circuit analysis and aptitude
in mini computer programming required

EQUIPMENT DESIGNERS
For Physical design of Proprietary Products Equipment Designers must have
knowledge of electro mechanical packaging and(or multilayer printed circuit
board layout

No degree necessary

1533LEF1KURT
A Part of General Telephone & Electronics Corporation
1105 County Road, San Carlos, CA 94070 415/595-3000
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interface

equipment ( vacuum

operated

fixtures,

manual adaptors, etc.) and printed circuit card handling equipment at test
stations. ( Job # TS1).

PRODUCT ASSURANCE
FOR INCOMING INSPECTION
Will be responsible for the automatic testing area, involving the supervision
of 4 people, automatic handler adjustments, and the debugging & operation
responsibility for Fairchild Sentry fiend Lorelin test equipment. ( Job # 141111

RELIABILITY ENGINEER ( ELECTRONICS)
We are seeking an Engineer to perform Reliability Analysis and testing of
communication
allocation. and

equipment including
reliability
circuit stress analysis. Requires
experience ( Job SPY 1)

predictions,
assessment
BSEE and some related

We are an Equal Opportunity Affirmative Action Employer.
GTE Lenkurt benefits are an outgrowth of a feeling of responsibility toward the employee that has always prevailed.
Some benefits are entirely at the option of the Employee — as
they should be. Others are automatic. Taken as a whole, they
represent a comprehensive, competitive package that can
offer a distinct advantage to the user. Consider the following:
Excellent salaries; Relocation Reimbursement, paid vacations and Holidays; Medical, Dental, Life and Disability
Insurance; stock purchase; savings and investment program;
100% tuition refund; pension plan; Employee Store, Credit
Union and Recreation Center privileges.
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ENVIRONMENT..
Is What Makes Itek Different ,

In our multiproduct, multidimensional environment, talented professionals explore their own
ideas and applications to the limit. It is through the input of Itek's creative people that we've
attained and maintained leadership in sophisticated optical systems.
If your current environment is stunting your career or professional growth, you owe it to yourself
to explore the opportunities awaiting you at Itek.
Environment. It's crucial to professional success. At Itek, it makes all the difference.

Digital Engineers

Circuit Design Engineers

Openings exist at various levels for engineers
who wish to become involved in digital design
from system to final hardware design in a
combined hardware/software atmosphere.
Working with mini and micro computers, you
will develop special purpose digital computer
hardware to process data from electro optical
camera systems. Successful candidates should
have from 1- 8years of experience, and a
BSEE or MSEE or equivalent, and have
experience in TTL and ECL design.

Opportunities exist at various levels for circuit
design engineers with experience in signal
processing, and timing and control circuits for
state-of-the-art electro optic imaging systems.
BS/ MSEE or the equivalent degree with 1-8
years experience in design and development of
digital and analog circuits.

Itek

Optical
Systems

Infrared ar Radar
Technology
Opportunities
Diverse new research staff positions are immediately available at The
Environmental Research Institute of Michigan ( ERIM) to qualified individuals with an aptitude for and ageneral interest in creative research
and development work.
Openings are primarily in the area of modern sensor technology—
Specifi cally electrooptical scanners and laser systems, coherent
(synthetic aperture) radar measurements and instrumentation. systems
analysis, data processing, modeling and simulation, and computer
hardware and software development.
Recent graduates at all levels, engineers with substantial experience
in R&D contract work, and engineers who are well-established in the
management of federal contract research programs of national importance are encouraged to reply.
ERIM is an independent, non-profit corporation whose major objective is to serve as acatalytic agent among government agencies, industries, universities and other research institutions for the application of
advanced scientific methodologies and associated technologies to society's problems.
ERIM is located in Ann Arbor. Michigan, adjacent to The University
of Michigan campus. The area has exceptional cultural. academic.
recreational and entertainment activities and facilities. EFIIM salaries
are competitive, and fringe benefits are well above average. All inquiries
are kept confidential.
Send adetailed resume to John Malik:

L

ENVIRONMENTAL RESEARCH
INSTITUTE OF MICHIGAN

Send resume to Employment Manager.
An Affirmative Action Employer MIE
U.S. Citizenship required for these positions.

A Division of Itek Corporation
10 Maguire Road
Lexington, MA 02173

PROJECT
ENGINEERS

PRODUCT DEVELOPMENT
ENGINEER

$18-28,000
Blue chip growth client company
needs numerous EE's for their
Corporate Engineering function:
SR. SYSTEMS ENGINEERS to
provide leadership in systems
control and instrumentation
technology for complex manufacturing processes.
SR. ENGINEER — EQUIPMENT to
install, debug and run equipment
for the production of thin film
SIP and DIP resistor networks.
PROCESS ENGINEER— NETWORKS to develop process and
control systems for production
of resistor networks, select
subordinate engineers.
Clearly demonstrated professional and or academic achievement required. Location: small
Northeast city.

P.O Box 8618, Ann Arbor Michigan 48107

An Equal Opportunity Employer
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Wolf and 7th North Streets
Syracuse, New York 13221
315-477-5284

ame

$111111.1

WETERRINGS & AGNEW

CROUSEn
HINDS
-iv

PROFESSIONAL PLACEMENT CONSULTANTS
ROCHESTER.

fR,IIIP1411411111111R410100011HO

Electronics Engineer with BSEE,
minimum 4 years experience,
including 2 years in Microprocessor applications and
programming. In addition to a
thorough understanding of
Microprocessors, the successful
candidate should also be skilled
in digital circuit design.
Knowledge of volume production design requirements for
electronic equipment, aplus.
This is an exceptional opportunity with project responsibility to design and carry into
volume production unique and
complex traffic signal control
equipment. Good communications and analytical skills plus
creative
problem
solving
abilities are important.
Excellent salary and benefits.
Please send resume in confidence with salary requirements
or call Professional Employment— Crouse- Hinds Company.

425 MIDTOWN TOWER
NEW YORK
14604 • T16 454

TEHT

,

AN EQUAL OPPORTUNITY
EMPLOYER M/F
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ADVANCED
COMPUTERS
That's why
we're at the leading edge
of MOS and bipolar technology.
Burroughs is one of the world's leading computer manufacturers. So we can't afford to depend on semiconductors that were designed
and produced for the mass market. For Burroughs products, only the best, most. advanced
semiconductors are acceptable.

And your enviionment will be different. There
will be much more engineering and scientific
emphasis than at a semiconductor house. You
will have a broader, more visible role to play
as a generalist rather than a specialist.
Of course you'll have more responsibility, with

That's why in 1971 we established our MicroComponents Organization ( MCO) in San Diego.
Today, MCO consists of three main groups: MOS,
bipolar and R&D. Together, these groups provide Burroughs with its own advanced IC design, process development and manufacturing.

the accompanying rewards.

If you join MCO in San Diego, you'll become involved in state-of-the-art programs including:

So if you have a technical degree, a record of
accomplishment in your field, and a desire to
work at the leading edge of semiconductor
technology, send your resume to Professional
Staffing, Burroughs Corporation, 16701 West
Bernardo Drive, San Diego, California 92127.

• Product engineering
• Manufacturing engineering
• IC packaging development ( plastic, ceramic,
multi- chip)

And as part of a $ 2 billion company whose profits are ranked in the top 50 nationally, you'll
have a feeling of security that you may never
have felt before.

We are an equal opportunity employer m/f.

• Advanced device technology ( high performance MOS, VLSI, and high performance
bipolar devices)
• Advanced interconnect structures ( including unique dielectric materials and multilayer structures)
• Amorphous semiconductor process
development

Come work with us
in San Diego.

0

Burroughs

:

NEED ADVANCED
SEMICONDUCTORS.
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ELECTRONICS
TECHNICIAN
r

we seek a person with acombination of academic training and
in digital and analog
maintenance and design. Mini
computer fault diagnosis and
repair experience is required.
Nova 1200 experience is a plus.
The ability to design and build
simple analog and digital circuits
sdesired as well. To apply, please
contact by November 25, 1978.
Professor F.H. Middleton, Department of Ocean Engineering.
i
e
experience

D

UNIVERSITY OF RHODE ISLAND

- ...› Kingston, Rhode Island 02881
An Affirmative Action/Equal Opportunity Employer

POSITION VACANT

Instrumentation/Computer Specialist. Duties include design of
software/hardware interfaces and
development of systems software.
Send resume to G. Hieftje,
Chemistry, Indiana University,
Bloomington, IN., 47401. An Affirmative Action Employer.

POSITION WANTED
EE, 6 years of college: Microprocessors— hardware, software;
Controls— linear, non-linear, digital,
adaptive; Filters— active, passive,
including
eliptic.
Ten
years
experience as technician prior to
degree. Seeking small company in a
low population density region. PW8194, Electronics.
EMPLOYMENT SERVICE

The grass is greener
You're asystems professional, and you're probably at work in the field
of secure communications, airborne information handling, command
and control, or data processing. But you know there just has to be
something better. Check this.
YOURS OURS

The vitality of Florida's east coast
Fortune 500 company
35% growth in fy 78, $872 million in sales
Advancing careers, creative challenges
Nearby graduate schools
R&D of $89 million, more than 10% of sales
Professional Opportunities
•Systems Engineers
•Programmers
•Mechanical Engineers

PLEA ILs, LEs, Ch.E.s — Let our
search firm represent you to our
clients nationally and overseas. If
you are seeking a more prestigious
position with increased responsibilities and a better Future, send a
resume or request aposition profile
and at no charge we will provide you
with
interview
opportunities.
Register in our exclusive Executive
Search Program. All replies strictly
confidential. All Fees employer paid
at Management Recruiters, 1900
Point West Way, Suite 281, Sacramento, CA 95815. ( 916) 920-0441.
Engineers — discrete,
personal,
reputable national fee paid placement serv. Murkett Assoc. Box 527,
Montgomery, AL 36101.

•Program Managers
•Digital/Analog Designers
•RF Designers

For additional information on these opportunities, forward your resume
in confidence to: Mgr., Professional Staffing, Harris Government
Systems Group, P.O. Box 37, Dept. EL- 1, Melbourn e,Fl or id a
32.901.

M
LK;
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HARRIS
COMMUNICATIONS AND
INFORMATION HANDLING
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CANADIAN THERMOSTATS AND
CONTROL DEVICES LTD,
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Also manufacturers of the MOMIE and 7F7 solid state
temperature monitoring devices.
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ANTENNA ( TV- FM)

U.S. Components Inc.

184

United Systems Corporation Sub of Monsanto

165

Patented rollabie slotted array design with PERFECT
COLOR BAND- WIDTH. Uses no masts, no dangerous Rabbit Ears or plugging to AC lines; and NO SIGNAL SPLITTERS, since the UHF-VHF- FM terminals are available
;
AND USABLE; at the same time. CAN BE USED OUTSIDE
IF YOU GUNK TO SURFACE FACING BROADCASTING
STATION'S ANTENNA. Made of heavy decorative plastic
burlap metal slots not seen; rugged enough for YACHT or
RV. OPTIONAL plain plastic or with acrylic painting of a
GALAXY by artist. Antenna size is ur u48 long side
hangs vertically). Standard TV twin-line ; 300 ohm;
furnished. NOTHING ELSE TO BUY OR NEEDED TO INSTALL, just hang on wall and you have a40 mi. range ; 6
db. above dipole; antenna. ORDER POSTPAID BY CO.,
insured, airmail, GUARANTEED, for $30 for plain model or
$50 for antenna with hand-made GALAXY OR LANDSCAPE OR HANDING BRANCH. Send check or M.O. to.

SKY- SLOT ANTENNA
DESIGN CO.
11621 Hughes Ave. NE
Albuquerque, NM 87112
PS: Antenna can be DC grounded for SAFETY!!!
ALSO, Corner reflector slotted paraboloidal outside
antenna, 12 db., $ 10 post paid. ; For UHF single channel
only;.
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for surface mail
for air mail
returned in

Name

Company

Design Techniques
for Electronics
Engineers.
Nearly 300 articles

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

6

Zero Corporation

152

20,21

Classified and employment advertising
F J Eberle, Manager 212-997-2557

Burroughs
Corey Associates
Crouse- Hinds Co.,
Data Systems Design
ERIM
Fairchild
Fortune Personnel
General Electric Personnel
GTE Lenkurt
Harris Government, Systems Ground
Hewlett Packard
Hughes Aircraft Co.
flak Optical Systems
Litton Systems, Amecom Division
Lowe, M. David
SERI
Signetics
Sonic Instruments Inc.
Stephen, E.J.
University of Rhode Island
Waterrings á Agnew

From Electronics
Magazine Book Series.
Zero- risk trial offer.

98

Xciton

Zilog Inc.

COLOR TELEVISION
AND RADIO FM ANTENNA

copy(ies) of

92

•

•
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Yes, please send me
1978 EBG.
I've enclosed D $35 per copy
El $47 per copy
Full money- back guarantee if
10 days.

174

United Mineral & Chemical Corporation
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(
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:11
.11

Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y 10020

Street
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The total market in a book— four directories
in one!

205

Sprague Electric

•Extensive temperature range coverage ( — 30 C
to + 400 C)
•Large selection of mechanical configurations
•Snap-action normally open or normally closed
contacts
•Excellent stability. High reliability
•Small physical dimensions with high current
handling
•UL. CSA, and many European approvals for
most types

1978 EBG!
Completely new listings of catalogs, new
phone numbers, new addresses, new manufacturers, sales reps, and distributors!

201
194
200
196
200
197
196
196
199
202
198
195
200
198
196
194
198
194
194
202
200

Electronics Book Series
P.O. Box 669, Hightstown, N.J. 08520
Send me_ _ . copies of " Design
Techniques for Electronics Engineers"
at $ 15.95 per copy.
Discounts of 40% on orders of 10 or more copies.
I must

be fully satisfied or you will refund
full payment if the book is returned after tenday trial examination.
D Payment enclosed
12 Bill firm
D Bill me
Charge to my credit card:
CI American Express EI Diners Club
BankAmericard D Master Charge
Acc't No
Date exp.
On Master Charge only,
first numbers above name
Name

Title

Company
• For more information of complete product line see
advertisement in the latest Electronics Buyers Guide
• Advertisers in Electronics International
Advertisers in Electronics domestic edition

Street
City

State

Zip

Signature
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Advertising sales manager: Paul W. Reiss

ABOUT
MAILING
LISTS...
an important notice
to our subscribers.
In recent years we have made the list
of subscribers to McGraw-Hill publications ( names and mailing addresses
only) available to carefully screened
companies whose products or services
might be of interest to you.
These companies enter into an agreement that permits them to mail information to you without placing you
under any obligation.
We have always considered such direct marketing activities to be legitimate and important in the American
system of free trade—and we're confident that the majority of subscribers
share this position.
However, we respect the interests of
those who for some reason may wish
to have their names restricted from
such use by companies either affiliated
or not affiliated with McGraw-Hill, Inc.
If you wish to delete your name from
lists we make available to other firms,
please fill in the information requested
below exactly as it appears on your
mailing _label on the cover of this issue.
Or, if you prefer, attach the label itself
to the coupon and return.

McGraw-Hill, Inc. prÀ
P.O. Box 555
Hightstown, N.J. 08520
Attn: Mailing List Dept.
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Please remove my name
from your mailing lists.
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Whenever rated temperature
is exceeded the white
indicator turns irreversible
(forever) black.
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CelsiDo: ( 77°C)
records overload
on relay due to
overheating.
Guarantee claim

refused
Miniature gas
pump accepted
for guarantee.
CelsiDot history
shows no excess
temperature.

Thermo Dot ®

III

reversible

Business Department
Thomas M. Egan

Electronics Buyers' Guide
Title of this publication

record and measure permanently
elf- adhesive • flexible • hermetically sealed

qTP-65

RTP-70

The degrees figure
appears when the rated
temperature i!: exceeded
and disappears again
when temperature falls
below. No cycJe limit.
Available for 40, 45, 50,
55, 60, 65 and 70°C.
Flexible, self-adhesive.

gineers Temperature Kit
order today 437 pieces
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Spend less.
lest more.

Faster, easier and more economical digital testing. That's what CSC's Logic Probes are
all about. And that's what engineers, technicians
and hobbyists need, to deal with the increased
use and complexity of digital circuits.
Unlike oscilloscopes, meters
and other conventional test equipment, CSC
probes are logic-state oriented: Just touch the
probe to acircuit node and instantly read logic
state, detect level transitions, check duty cycles.
And store high-speed, low- rep- rate events
that even fast scopes miss.
By accurately detecting the state of individual logic elements without removing ICs or
cutting copper paths, CSC's circuit- powered,

2 rr_I?,
-o

=Ma

5
rr r
LOGIC PROBE

LP- 1

multi-family Logic Probes locate over 95% of
circuit problems in minutes instead of hours.
And they're easy to use. Simply connect two clip
leads across the power supply, touch the probe
tip to anode and watch the LEDs.
LP- 1 LOGIC PROBE. $44.95*
LP- 1has aminimum detectable pulse
width of 50 nanoseconds and maximum input
frequency of 10 MHz. This 100 Kohm probe is
an inexpensive workhorse for any shop, lab or
field service tool kit. It detects high-speed
pulse trains or one-shot events and stores
pulse or level transitions, replacing separate
level detectors, pulse detectors, pulse
stretchers and pulse memory devices. All, for
less than the price of aDVM.
LP- 2 LOGIC PROBE. $ 24.95*
LP- 2performs the same basic functions
as the LP- 1, but for slower- speed circuits and
e 1978, Continental Specialties Corporation.

without pulse memory capability. Handling a
minimum pulse width of 300 nanoseconds, this
300 Kohm probe is the economical way to test

o

g

=.=

LOGIC PROEM

LP- 2

circuits up to 1.5 MHz. It detects pulse trains or
single- shot events in TTL, DTL, HTL and CMOS
circuits, replacing separate pulse detectors,
pulse stretchers and node state analyzers.
LP- 3 LOGIC PROBE. $69.95*
Our LP- 3has all the features of the LP- 1
plus extra high speed. It captures pulses as
narrow as 10 nanoseconds, and monitors pulse
trains to over 50 MHz. Giving you the essential
capabilities of ahigh- quality memory scope at
—
about 1/100th the cost. LP- 3captures
one-shot or low- rep- rate- events all- butimpossible to detect any other way. All without
the weight, bulk, inconvenience and power
consumption of conventional methods.
(r)
CIZII=

HIGH ISPEE13 PROBE

LP-3

Use CSC's highly versatile logic probes
for testing, debugging or servicing any type of
digital circuit. They give you alot of information
about IC circuit conditions ... and help you do
more in less time. For less money.
NEED MORE INFORMATION? CALLTOLLFREE: 800-243-6077 to order, or for the
name of your local distributor. Prices slightly
higher outside U.S.A.

Prices, specifications, subject to change without notice.

' Manufacturer's suggested retail.

CONTINENTAL SPECIALTIES CORPORATION
Corporate Headquarters:
Continental Specialties Corporation
70 Fulton Terr. Box 1942, New Haven, CT 06509
351 California St., San Francisco, CA 94104
(415) 421-8872, TWX 910-372-7992

206
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Europe, Africa, Mid- East CSC UK LTD.
Shire Hill Industrial Estate. Units 1and 2
Saffron Walden. Essex CB 11 3AQ
Telephone Number SAFFRON WALDEN 21682
TLX 817477
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TRW CINCH PROFILES

TRW Cinch PC Edge Connectors
You get what you want, When you want it.

The
Company

The
Connectors

You don't have to wait and you don't have to wander. It's virtually acinch that the edge connector you need is part of the
TRW Cinch line, and available off-the-shelf from your local
TRW Cinch distributor. We don't think you'll find anybody else
with abroader edge connector line!

TRW Cinch puts its customers first. To provide immediate
local availability, we were the first connector manufacturer to
make distributors an important part of our marketing team.
We've maintained this leadership by providing you and your
distributor with the information, product knowledge, and
complete back-up you need to specify connectors. Similarly,
we were first to develop and perfect the selective gold plating
techniques that help you maintain edge connector performance standards in the face of ever-increasing gold prices.
We take aback seat to no one in putting you first by making it
easy for you to select and get products.

In standard 0.156" contact spacing, for example, we make MIL
specification, commercial, and economy types, single or double readout with solder tab, dip solder or wire wrap terminations. In 0.100" center spacing, there's almost as broad aselection; and TRW Cinch offers the only 0.050" center series
available through distributors—the Tykon - connector.

When you're looking for adependable source of dependable
edge connectors, look first to any TRW Cinch Distributor
listed in EEM .. and you'll need to look no further. TRW
Cinch Connectors, 1501 Morse Avenue, Elk Grove Village, IL
60007, (312) 439-8800.

Circle 901 on reader service card

TRWCINCH CONNECTORS
ANOTHER PRODUCT OF A COMPANY CALLED TRW

Find Your Trimmer
Application Here...

Al

0.44 *4di '444 14%ie

1164

Model 7102B

Model 7103C

Model 7104D

Model 7105A

Model 7125B

Model 7106B

Model 7126C

Mcdel 7107C

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

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

SALES GEFIC
Ariz. 602 257-9015 • Cale 213 582-6391, 408 377-5740 • Colo. 303 751-2600 • Ea. 305 77 1-64)1 •
Ga. 40.£ 393-9680 • III 312 255-1903 • Ind. 317 844-8462 • Md. 301 247-0400 • Mass. 617 237-6730 • liWoh. 313 8821717 • Mire. 612 835-225.3 • Mo. 816 358-8100 • N.J. 609 333 2000 • N.M. 505 296-0749 • W'. 516271-350C. 607
272 213.7 • Clio 216 6563131 • Tei. 214 23 15591 • Wash 206 285-1300 • Canada 514 487-34.34, 416 638-511.

For Immediate Application— Circle 120

For Future Application— Circle .220

Model 7108.

