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HP quality, convenience
and low prlces mean big value

in DMM’s.

$225*—The HP 3476A—3; Digits—Autorang-
ing, automatic polarity and automatic zero make
the 3476 a big value. It’s a convenient size to hold
in your hand or carry in your briefcase. Just $225*
for the ‘“A’’ version for AC line operation in your
lab or $275* for the portable ‘B’ version (with
built in batteries and recharging circuit).

$375*—The HP 970A—3% Digits—Handheld.
autoranging, automatic polarity and zero, the 970
is totally self-contained and totally convenient.
And the readout can be inverted with a flick of your
thumb for easy reading. On the job measurement
has never been easier.

$400*—The HP 3435A—3% Digits—Autorang-
ing or manual operation and
wide-range operation, plus
built-in batteries and re-
charging circuits bring

you laboratory
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’ 34780 DIGITAL MULTIMETER

Circle 900 on reader service card

accuracies and portability in the same unit. If you
don’t need battery operation, option 001 gives you
line operation only for just $335*.

$500*—The HP 3465B—4': Digits— 1 uV sensi-
tivity gives you performance you'd normally ex-
pect from a 5'%-digit multimeter. Fully portable
too, with it’s own nickel-cadmium batteries and
recharging circuit. Dry-cell operation and a rack-
mount version are available in the 3465A for as
low as $425*.

Confidence in low-cost DMM’s comes from know-
ing you’ve made the right decision. HP's quality
and service give you assurance. Contact your lo-
cal HP field sales engineer or write today for more

information.

*Domestic U.S.A. price only
\ HP DMMs...
the right decision.
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1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370. Chicago (312)
255-9800, Atlanta {404) 955-1500mkospAngeles (213) 877-1282




SURPRISE!

Our New Display
Can Say A Lot ForYou

Our new HDSP-2000 Alphanumeric Display can spell it out for you in bright. crisp LED characters.
The full 5x7 dot matrix can display ASCII or custom character sets including lower case and symbols.
Compact and complete with an-board electronics. the HDSP-2000 dramatically reduces
display system size and complexity. Each 12 pin DIP contains 4 characters with row drivers
and storage. End stackable and easy to interface. they're ideal for “smart”

instruments, medical systems or business terminals. military applications, and
HEWLETT

almost any mobile. portable or hand-held device.
The price is $47.00* per 4-character cluster in quantities of 125 clusters.

They're in stock today at HP franchised distributors. In the U.S. contact
Hall-Mark. Schweber. Wilshire or the Wyle Distribution Group (Liberty/Elmar)

for immediate delivery. In Canada. contact Zentronics. Ltd.  «ts. Domesic price oni
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K

1507 Page Mt Roans, Paio Ano, Caivorna 94304

For assistance call: Washingten (361) 948-6370, Chicago (313) 677-0400, Atlanta (404) 434-4000, Los Angeles (213) 877-1282
Circle 1 on reader service card
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High-Sensitivity 70 dB

@ Swept Scalar Measurements,
Free From Source Harmonics,
And Surprisingly Cost-Effective.

PHASE' + ‘

The HP 8410B Network Analyzer, widely known
for its vector measurement capabilities, can

also be configured for scalar (magnitude-only)
measurements. Its immunity to harmonics

and its —78 dBm sensitivity give it as much as
30 dB more range than typical broadband

diode detection systems.

When you assemble a complete broadband

(100 MHz-18 GHz) testing system (8410B
Analyzer plus swept sources), the extra dynamic
range and high sensitivity of this scalar system
cost only about 19% more than an equivalent
diode detector-based system. For the analysis
portion of the system, you only need the 8410B
Analyzer, 8411A Converter and 8412A Display
which cost $9050.

Domestic U.S. prices only

45606A

2 Circle 2 onreader service card

F:AMF’L DEGREES
0.25 180
1.0 160
2.5 - 140 —
120 —
100 =
PHASE
DEG/DIV 80
10 — 60 —
10— 40
45 — 20
90 —

Y.

Response of 4-6 GHz bandpass filter shown over

2-8 GHz range at 10 dB/division. Rejection ot >70dB
in 2-4 GHz sector demonstrates measurement
systerm'’s immunity to source harmonics.

These instruments can, of course, also be

the nucleus of your vector measurement system.
For complete phase-magnitude characteriza-
tion of microwave devices and circuits, just add
the appropriate reflection/transmission test sets.

A candid discussion of scalar measurement
alternatives and trade-offs is found in Application
Note 187-3. For your copy plus information
about these precision instruments, just contact
your HP field engineer, or write.

I

HEWLETT ﬁ: PACKARD

Sales and service from 172 offices in 65 countries.
1507 Page Mil Road, Paio Alto, Caliornia 84304

For assistance call: Washington (301) 948-6370, Chicago (312) 255-9800, Atlanta (404 434 -4000. Los Angeles {(213) 877-1282
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Highlights

Cover: Signature analysis spots system fauits, 89
Servicing a microprocessor-based product
at the component level can be more
economical than replacing modules—if the
product is designed to meet the require-
ments of signature analysis. Based on the
technique of signal tracing, the process
translates bit streams into hexadecimal
“*signatures’’ for comparison with the cor-
rect signatures on the circuit diagram.
Cover is by designer Ann Dalton

Standard code to protect computer secrets, 74
Theft of secrets entrusted to computers and
compromises of the data they hold are two
electronic nightmares that will dwindle now
that the National Bureau of Standards has
adopted a data encryption standard for
government and industry use. Add-on
equipment incorporating the standard will
encode data transmissions and will prevent
unauthorized access.

Thin-film heads boost data recording, 97

A new generation of computer disk and
tape drives with higher data-transfer rates
and more storage at lower costs per bit is
the promise of thin-film magnetic read/ write
heads. Now entering the marketplace, the
heads combine vacuum-deposited thin-film
sensors with traditional housings.

Erasable PROM packs 16,384 bits, 108

Read-only memories that are erasable and
programmable are finding a niche in
production equipment as well as in the
development cycle. Helping the trend along
is a 16,384-bit ultraviolet-erasable PROM
that is faster and easier to use than its
smaller cousins.

And in the next issue. . .

A special report on packaging integrated

circuits . . . using the SR-52 to plot graphs
the art of becoming a successful

consultant.
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Publisher’s letter

s the changes wrought by the

microprocessor ripple through all
parts of the electronics industries,
increasing attention is going to have
to be given to troubleshooting and
repairing the proliferating micropro-
cessor-based products. The article on
page 89—‘“Hexadecimal signatures
help identify troublespots in micro-
processor systems’’ —represents a
major commitment to a new trouble-
shooting approach by industry giant
Hewlett-Packard Co.

Author Gary Gordon says the idea
presented in the article grew out of a
desire to do for digital products what
such troubleshooting aids as Sams
Photofacts, annotated schematics
showing waveforms and voltage lev-
els, did for analog circuits and those
who had to troubleshoot them.

“The analog world has a lot in
common with the game of horse-
shoes—being close counts—but the
digital world is unforgiving. One bad
bit out of a thousand can cause a
malfunction,” he notes. The tech-
nique of signature analysis finds
those bad bits.

One HP engineer, he says, summed
it up by observing, “We may just be
sitting on the next volt” —a new unit
of measure. Whereas logic probes
simply detect digital activity, the
signature analyzer quantizes it into a
four-digit hexadecimal number. And

| such numbers can be listed on sche-

matics just the way voltages are
listed on analog-circuit schematics.
Gordon figures that the approach,
being the generator of a new unit of
measure will generate a name to go
with it. He adds that Hancock, a
famous name in signatures, would be
a good one.

ordon liked the simplicity of the

old-standby annotated-schematic
approach and it “stuck in our minds
for many years, but reducing the
idea to practice proved to be very
elusive.” The first development was
in HP’s Colorado Springs division,
where the use of a feedback shift
register was found to be the best
available way to derive a signature.
HP’s Loveland Instruments division
contributed significantly by working
out guidelines for writing the neces-
sary stimulus routines.

First used in the HP’s 3455A
digital voltmeter, the technique of
signature analysis now is being
designed into practically all of HP’s
new microprocessor-based products.
“About a year ago we offered 30
signature analyzers to other divi-
sions,” Gordon adds. “There now are
about 40 projects under way, with
some products already entering the
marketplace.”

He shares billing on the patent for
signature analysis with development
engineers Dan Kolody, George
Haag, and Jan Hofland. Co-author
Hans Nadig primarily worked on
development of the instrument that
derives the signatures, the S004A
signature analyzer, along with engi-
neers Tony Chan and Bob Frohwerk,
while Fred Coury provided a great
deal of insight as a consultant on the
problem of designing the technique
into new products.
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From DC to 1 megahertz, the Model 7500 direct
coupled amplifier puts up to 75 watts and 125 §§Ig=HDNR-AHT||;E
. VRMS at‘ your flngertlps' Thls a" SO“d State Avon Industrial Park, Avon, Mass. 02322 ¢ (617) 580-1660
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the 7500 amplifier...
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Indicators Will:

* MEASURE voltage and current; ac, true rms or dc.

e CONVERT the output of any transducer/transmitter to dis-
play in engineering units.

® DISPLAY temperature (C or F) directly from thermocouple,
RTD, or thermistor sensors.

* INTERFACE readily into your system by optional “single line
enable” parallel BCD output.

¢ INDICATE when a predetermined limit is exceeded, through
relay closure or logic level output from optional internal
comparator alarm.

And with United Systems’ exclusive adaptors these indi-
cators change, in the field, to perform any measurement
listed above and more!

For additional information contact your United Systems Rep-
resentative or call the factory (513) 254-6251.

°570AR¢%

VG 6 6 6 g 1

UNITED
[/l SYSTEMS
CORPORATION

918 Woodley Road Dayton. Ohio 45403
3 4-6251 TWX (810) 458-1728

United Systems Corp: Precision measurements to count on
LHC “‘Information only’’ circle 6

Readers’ comments

United Systems’

RHC ‘“‘Demonstration only’’ circle 72

More light on fluorescents

To the Editor: I certainly hope Mr.
Soanes doesn’t think the light of a
fluorescent lamp comes (mostly)
from its filaments [p. 6, Dec.9].
Actually, I'd be willing to bet that
the thermal time constant of the fila-
ments in any type of fluorescent
lamp (preheat, rapid-start, etc.) is
longer than that of a typical incan-
descent lamp.

The pertinent parameters, I'd say,
are the light-output-vs-time curve of
the ionized gas inside the lamp and
the decay time of the phosphor.
Actually, the phosphor’s spectrum
seems to shift radically at twice the
line frequency. It would be instruc-
tive to observe a fluorescent light
through a phasable, ‘“‘line-syn-
chronized” optical chopper.

There is a special class of incan-
descent lamps that has a filament
structure with a short thermal time
constant. It might be quite practical
to send Morse code with these
lamps, although they may not have
been used for that. See, for instance,
the GE 4300, 4500, 4520, etc., which
are probably in this category.

Another point that may be perti-
nent is the effect of constant-voltage
vs constant-current operation on the
apparent thermal time constant of
an incandescent filament. I think the
preheat type of fluorescent lamp is
started in constant-current mode,
which might make it seem that its
filaments have a longer thermal time
constant than they would with
constant-voltage operation.

Nicholas Bodley
New York, N.Y.

Another 7-segment-to-BCD-er

To the Editor: 1 thought other
readers might be interested in know-
ing that Scarpa Laboratories Inc.,
Metuchen, N.J., also makes a seven-
segment-to-binary-coded-decimal
converter [Dec. 3, p. 116]. It is the
SC-427, which is made with tran-
sistor-transistor-logic-Schottky tech-
nology. Tom Scarpa indicates that it
also contains a programmed read-
only memory.
Neil A. Benson
Northwest Computer Services Inc.
Minneapolis, Minn.



New compensated op amp...

BiMOS scores again.

Low V,,, lowdrift,
at a low price.

The RCA CA3160: latest
proof that BIMOS is today’s
op amp technology. It has
the lowest drift ever avail-
able in a low price general
purpose op amp: 6 uV/°C.
Low enough for 95% of all op amp applications.
It has V, of only 2 mV typical (CA3160A). Ultra-
low input current: 2 pA typical. And on-chip
compensation.

All this is on top of the other features that
have made BiMOS op amps so universally
applicable.

Features like very
high input impedance:
1.5 T Rail-to-rail
voltage swing. High
common-mode

Electronics /March 3, 1977

capability: the CA3160 can differentially follow
input signals ranging from 3.0 V below the
positive supply voltage down to 0.5 V below the
negative supply rail. Which can eliminate the
need or a dual *supply.

Yet the remarkable CA3160 costs a lot less
than performance-competitive op amps.
Thanks to RCA experience. And the inherently
simple manufacturability of BiMOS.

Get the op amp with premium character-
istics without paying a premium price.

Contact your RCA Solid State distributor.
, OrRCA.

Write: RCA Solid
State. Box 3200
Somerville, NJ
08876; Sunbury-on-
Thames, Middlesex
TW16 7HW, Eng-
land; Ste.-Anne-de-
Bellevue, Quebec,
Canada; Fuji Bldg.,
Tokyo, Japan.

RCA LinearIC
experience is
working for you

Circle 7 on reader service card 7




NEW BIBLE

Hentals ©ease Sales, Sertice

For test Instrument users.

Continental’s 1977 rental catalog lets you
compare detailed specs and prices on more
than 500 instruments from 90 manufacturers!
No other source offers this much information
on this many products! And they’re conven-
iently grouped by categories you understand.

See Us At Booth #1736

CQ“ % Electro77

Continental
Rentals

Div. Continental Leasing Co., Inc,
175 Middlesex Turnpike, Bedford, MA 01730
(617) 275-0850

FOR IMMEDIATE RESPONSE CALL:

N.E. (617)275-0850: L.1. (516) 752-1622;

NY, NJ (201) 654-6900; Gtr. Phila. (609)234-5100;
Wash., D.C. area (301) 948-4310;

Mid West (312) 439-4700;

So. Central (214) 690-1706;

Costa Mesa, CA (714) 540-6566;

L.A., CA(213)477-7521;

Santa Clara, CA (408) 735-8300. Circle 8 on.reader service card

News update

W Standard Microsystcms Corp. of
Hauppauge, N.Y.. has delivered
qualification prototypes of its
n-channel MOs chips with the new
synchronous data-link control
(spL.C) protocol functions to Digital
Equipment Corp. in Maynard, Mass.
Standard is also making samples of
the chip available to industry. At the
same time, Signetics Corp. of Sun-
nyvale, Calif., is promising deliveries
to DEC of its qualification prototype
later this month, which is when both
chip suppliers say they will have
volume quantities of the SDLC
devices available commercially.

The minicomputer company
worked with both device manufac-
turers in developing the SDLC chips
in return for guarantced production
orders [Electronics, Aug. 7, 1975,
p. 76]. DEC doesn’t plan to usc the
chips in production quantities, how-
ever, “‘until the next fiscal year,”
which begins July 1, says Vince
Bastiani of pEC’s PDP-11 communi-
cations cnginecring department. DEC
presently supplies as an option a
DUP-11 signal line interface board
that provides the SDL.C capability for
the PDP-11 family of computers.
“But that’s a very dense printed-
circuit board with about 110 inte-
grated circuits on it. Using these
[spic] chips,” Bastiani continues,
“can reduce the size significantly.”

Standard’s COMS025, which will
cost $94 each for | to 24 pieces and
$72.70 in lots of 100 to 999, and
Signetics’ 2652 will have some
unique features in addition to meet-
ing the DEC specs. The Standard unit
will have a control ficld that can be
extended to 2 bytes and an address
field extendable to almost any
length, while the Signetics device
will have onc address byte and one
control byte. In the non-$pLC mode,
the 2652 can handle cither 7 bits
plus a parity bit or 8 bits and no
parity, whercas the COMS02S can
handle 8 bits of data plus a parity
bit. Also, the Standard chip can
handle an all-parties address mode
for global addressing. The Signetics
device has a “chip sclect” feature
that, when activated, provides com-
patibility to any 8-bit microcom-
puter system. Bruce LeBoss

Electronics/March 3, 1977



TheE Producg.

Now you get expanded in-circuit digital test

capability with the production-proven FF101C
in-circuit test system for printed circuit boards.

Your test system has to produce. It must have
the flexibility to keep pace with the variety of
analog, digital and hybrid boards you're test-
ing now and to meet your future needs. The
Faultfinder” FF101C in-circuit iest system
gives you that flexibility with capabilities like
these:

Automatic in-circuit program generation.
Digital device library.

High-level truth table programming.

Full TTL, DTL, RTL and CMOS test
capability.

Programmable clock and reset lines.
Programmable logic levels.

Data logging and failure analysis.

Electronics/March 3, 1977

Add to these features complete analog testing
capability and the ability to expand peripheral
equipment and you have the in-circuit test
system you need to deliver cost-efficient,
production rate testing of your printed-circuit
assemblies. Faultfinder FF101C. The Producer.

You can see the FF101C at Booth 205 in the
Southwest Printed Circuits and Microelec-
tronics Exposition, in Dallas. And you can learn
more about the FF303, the new test system
for larger digital boards.

f you can't make the show, write for descrip-
tive literature and data on all of the Faultfinder
-est systems.

k FAULTFINDERS Inc.

15 AVIS DRIVE, LATHAM, NY 12110 (518) 783-7786
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Editorial

Consumers foreclose on EFT

Bankers, Government regulators, and
equipment makers have all relearned a
fundamental lesson in the drive toward
electronic funds-transfer (EFT) systems. If
the consumer is not willing to go along, the
trip is off. That the consumer has been
reluctant seems to be true, at least for the blue-
sky vision of a national network of terminals
linked to banks that would whisk money into
and out of accounts electronically rather than
by the cumbersome method of writing
individual checks.

[t turns out that those pursuing that vision
did not anticipate the consumer reactions,
which have ranged from indifferent to hostile.
Some of the reactions are, no doubt, based
on scanty information or misinformation,
but the upshot is that bank customers simply
do not want to surrender so much of the
control over their funds. What is more, they
do not like the idea of yet another group of
computers taking over another aspect of their
personal lives.

What consumers do like are systems that
give them easier access to their money, such
as cash-dispensing machines, or faster banking
service, such as inquiry terminals. As long
as they do not cost anything or do not impair
traditional check-writing with its built-in
float, new services are fine.

Apparently, consumer attitudes have not
been shaped merely by reluctance to use
terminals and computers, but by the impact
a total EFT system would have on their ability
to juggle their own finances. In addition,
some 20% of the U. S. population, primarily
the poor, does not use banks at all, and an
EFT system is not likely to attract this segment.
If anything, more automation is likely to

12

increase this group’s reluctance to have any
dealings with banks.

One basic problem is that the banks and
the large equipment manufacturers have not
done a very good job of informing the public
about EFT, probably because they were too
busy working on the benefits to themselves
and forgot the users. If the backlash is
surprising —and some bankers who are deep
into EFT have expressed surprise —it shouldn’t
have been.

The National Commission on Electronic
Fund Transfers got a late start in formulating
a national policy. When it gets to deliver its
final report in October, it is likely the banking
community will have cooled considerably
about going much further in trying new
systems. The simple economic fact is that a
widespread EFT network requires a huge
volume of transactions. If the public is not
ready to participate, those volumes won’t be
there.

EFT is not the first big dream to receive a
rude awakening — remember the cable-television
“wired nation” concept? —and will not be
the last. What is important is that the consumer
(or for that matter the end-user of any
product) is the final judge of what will fly.
When, in their zeal to start a bandwagon
rolling, companies neglect this fact, there’s
usually disappointment.

In a sense the EFT commission’s work is
already done. By forcing all the participants
to focus on what EFt is and how it works,
everyone came down to earth. Since it got
under way, the commission has conducted
its business briskly and has been open to the
public as well as the press. [t’s a pity there
was a delay in organizing it.

Electronics /March 3, 1977



If you want 8K and 16K ROMs from the
most skilled volume producer in the world,
there's just one place to go.

Electronic Arrays pioneered the technol-
ogy of MOS ROMs seven years ago. Introduced
the world's first big 16K ROM over three years
ago. Has now delivered 22 billion bits of ROM
with over 1800 different mask programs to more
than 400 customers worldwide. And every
month we deliver another billion bits or more —
in 18 different models including the popular
8316E ROM and the 2708 EPROM.

At other semiconductor companies, ROMs
are only one of dozens of diverse products com-
peting for attention. At EA, ROMs are the very
heart of our business. So your order for ROMs
receives the highest priority. You can expect
very rapid delivery. And very low prices—be-
cause we've learned to fine-tune our production
process to a peak of efficiency.

Price and delivery are excellent for an-
other reason too. We make everything from the
mask to the final package in house. There are
no subcontractors to boost the cost or delay
delivery.

So next time you need ROMs come to ROM
COUNTRY:: Electronic Arrays, 550 East Middle-
field Road, Mountain View, Calif. 94043. Phor.e
us on our toll-free WATS line

(800) 227-9962 or our regular
line (415) 964-4321.

In Europe you can reach
us at Aalsmeer, The Nether-
lands 02977-23722. In the Far
East, at Tokyo (03) 591-5241.

ROM Blecronic
COUNTRY s iic
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OPTRON

full line

DIP
ISOLATORS

ISOLATORS
DIP
ISOLATORS

OPTRON’s complete line of optically
coupled plastic DIP isolators offers
immediale availability of standard
devices for almost every applica-
tion ... plus competitive pricing,
high reliability and excellent cus-
tomer service.

Check these features and
choose the device best suited for
your application.

GENERAL PURPOSE

A full selection of DIP

isolators with transistor and

darlington outputs to match

all popular industry stan-
dards. Current transfer ratios range from
2.0% to 500%.

HIGH VOLTAGE
For applications requiring
an interface with high volt- '}
age circuits, select the OP|
6000 DIP isolator with a 300 volt output
transistor.

AC OPERATION
The OPI 2500 DIP isolator
features two input LED's
{ operating in inverse parallel
and is ideal for applications
where the LED is driven from an AC line.
CUSTOM SELECTION
If your application demands
‘something a little differ-
ent,” OPTRON specializes
in DIP isolators to meet
special customer requirements.

For reliability data and technical
specifications on OPTRON'’s complete
line of plastic DIP isolators, contactyour
nearest OPTRON sales representative
or the factory direct.

OPTRON, INC.

1201 Tappan Circle
Carrollton, Texas 75006, us A
TWX-910-860-5958

© 214/242-6571
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Making it big in the U.S.
is goal of Philips’ de Lange

Marketing might is a major concern
for the deputy director for tech-
nology of Philips Gloeilampenfa-
brieken’s Industrial and Scientific
Equipment division, Herman de
Lange. He intends to help strengthen
the Dutch electronics firm’s position
in test and measuring instruments in
the world market and in the U.S.
Partly for this reason, Philips recent-
ly decided to upgrade the division’s
test and measuring department to
full “product group” status.

“The new group gives T&M oper-
ations a lot more profile and a higher
degree of independence in planning
investments and technical develop-
ment,” says the 46-year-old de
Lange. A graduate of the Technical
University at Delft, the Netherlands,
and fluent in eight languages, de
Lange points to automatic test
equipment and, particularly, to test
systems for microprocessors as two
product areas that interest him and
his company.

As for the U.S. market, he has no
big changes to discuss yet. The move
last month from Woodbury, N.Y.,
by Philips Test and Measurement
Instruments Inc. to Mahwah, N.J.,
where the firm’s X-ray and other
equipment activities are housed, was
made to enable sales support activi-
ties to expand, he says. Assembly
operations in the U.S. are being
considered for ‘“within the next
couple of years.”

And Philips, which has become
the No. 3 instrument maker behind
Hewlett-Packard Co. and Tektronix
Inc. since it entered the field in
1968, has no plans now for acquisi-
tions in the U. S. But “this does not
rule out the possibility of an expan-
sion at some future time,” he says
from his Eindhoven headquarters.

How does the veteran executive of
20 years at Philips see the American
market? “It makes no sense to enter
that market with products that are
not state-of-the-art according to
U. S. criteria.” The Dutch company
introduced oscilloscopes into the
U.S in 1973 and counters at last

Expander. Herman de Lange will push
general-purpose, TV test equipment in U. S.

year’s Wescon show that are “up to
American standards,” according to
de Lange, and go beyond in terms of
reliability and ease of operation for
the user. “Our plans call for expand-
ing U.S sales with high-quality
general-purpose instruments and
also with professional Tv test equip-
ment,” he says.

Prime’s Cashen keeps alert
on technology advances

Applying new technology is an old
way of operating for Prime Comput-
er Inc.—witness its volume ship-
ments beginning next quarter of
minicomputers with high-density
boards using 16,384-bit random-
access memories. And Joseph F.
Cashen, new vice president for engi-
neering at the Framingham, Mass.,
firm, is out to keep the company
alert to the latest developments in
hardware technology.

For the future, the 42-year-old
Cashen, in the computer business
most of his career, is keeping close
tabs on the development of bubble
and charge-coupled-device memo-
ries. “We've seen vendors putting
more emphasis on’ bubble and ccp
memories in the past six months,” he
observes, adding that there seem to
be accelerating cCp efforts at com-
panies like Fairchild Camera and
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Tired of selecting 741’s and 747’s
to get premium performance?

Specify our OP-02, OP-04, OP-14!

If your design requires premium 741 performance
that right now can be met only by a costly and time
consuming “selection game;’ the PMI OP-02 is for you.

A high performance general purpose Op Amp that
really fills the gap between standard 741's and precision
725's, the OP-02 fits all 741 sockets. [t's even better
than the PMI $55741! Input offset voltages are
guaranteed better than the 725, but the speed of the
741 is retained. MIL STD 883 processing is available —
level B right from stock.

Prices run higher than standard 741's, of course, but
well below standard 725’s. For a little bit extra you get
guaranteed better performance across the board, low
noise, low drift, low TCVqg, low TClgs, and
insensitivity to output load conditions. Check
the specs.

Three steps to end your selection worrices:

1. Get a complete OP-02 data sheet to compare to your
selected 741 and 725 requirements.

2. Call your PMI distributor for a few OP-02’s to
convince yourself that PMI's specs are for real.

3. Specify the OP-02 as the preferred source. (You can
still use the selected stuff as the second source.)

Precision Monolithics Incorporated
c/o BOURNS AG

PMI ! Baarerstrasse 8
® 6301 Zug, Schweiz
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Input Offset Voltage| Input Offset Current{Input Bias Current
mV MAX nA MAX nA MAX
MIL l Comm. | MIL l Comm. | MIL l Comm.
Industry
Standard 741 6.0 7S 500 300 1500 800
PMI S55741 3.0 7.5 10 50 100 200
PMI OP-02 1.0 3.0 5 10 50 100
Industry
Standard 725 1.5 3.5 40 50 200 250 )
PMI §55725 0.18 1.6 4 25 120 180
*
DUALS also available!
Superior Premium
Standard Second Source Performance
77 SSS747 OP-04
1458/ 5551458/
1558 1558 OP-14
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THE NEW DIT-MCO SERIES 8210
AUTOMATIC WIRE CIRCUIT
ANALYSIS SYSTEMS

| B s

A CHOICE. . . FLEX

IBLE, EXPANDABLE,

POWERFUL SOFTWARE/HARDWARE
TEST SYSTEM PACKAGES

Obsolete is Obsolete. . .

The DIT-MCO Series 8210, com-
prised of systems 8211, 8212, and
8213, offers the most complete
package of automatic wire circuit
test capabilities available to serve
your present and continuing test
needs. In fact, Series 8210 obso-
letes the word obsolete. You can
select the system to fit your current
test requirements with certain
knowledge that as your needs ex-
pand your DIT-MCO system can be
upgraded to deliver!

Powerful Software/Hardware. ..
Series 8210 are real-time disc oper-
ating systems with disc file main-
tenance in the system.

Series 8210 systems are driven by
fully interactive computer systems
yet require no specialized operator
training. A unique and compre-
hensive group of programs for test-
ing, maintenance, and diagnostics
are standard. Software is the evolu-
tionary culmination of over five
years experience and proven field
use.

Eeny, Meeny, Miney. ..

You get a choice...to fit your
budget. To fit your test needs. You
get versatility, flexibility, the
ability to expand and adapt.

DIT-MCO
INTERNATIONAL

5612 Brighton Terrace

Kansas City, Missouri 64130
Telephone (816) 444-9700
Telex Number 42-6149

Circle 16 on reader service card

And remember, when you choose
DIT-MCO you have chosen Number
One.

Too New to be Copied. ..

So new you won't find anything like
it available anywhere else.

System 8210 incorporates all the
“state of the art” advancements
with some new wrinkles only DIT-
MCO could provide.

So if you are going to look around
for a comparison you will just have
to compare the systems within the
8210 Series. None of the others
come close.

Hand in Hand. ..

When you select DIT-MCO equip-
ment you have bought not only the
hardware and software you also get
the Company...our over 25 years
leadership in the field, our just rep-
utation for treating every customer,
big or small, with the same respect
and dedicated service. With DIT-
MCO you get it ali!

Call or Write for Full Information. .
A DIT-MCO representative can
show you how Series 8210 or any of
our complete line of interconnect
test systems can accommodate
your test requirements. Call or write
us for full information.

DIT-MCO — The Difference
in Testing. ..

European Technical
Representative
Radix House
Certral Trading Estate
Staines Micdlesex, TW18-4-XA
England
Telephone (0784) 51444
Telex Numiber 935023

People

Instrument Corp., RCA Corp., Rock-
well International Corp., and Texas
Instruments Inc.

“Things are really happening
now’ in CCDs, he notes. “We're not
regarding them as competitive with
MOS RAMs in price and performance
yet, but they are beginning to push
on the mass-memory technology,”
where Cashen expects them to be
applied initially.

Growth boom. Things are really
happening at Prime, too, as the
company expands beyond its tradi-
tional computational time-sharing
market into interactive data-base
management systems. Prime dou-
bled its 1975 sales of $11.3 million to
$22.7 million last year as its larger
computers, such as the Prime 400,
began penetrating the business data-
processing field. More than 70 of
these systems, with prices averaging
$125,000, have been shipped, and
the company has just introduced the
Prime 500-based Transact with a
$500,000-and-up price tag. The new
system also can be used for stand-
alone data base management and
direct communication with large
mainframes.

The boom came after the compa-
ny, founded in January 1972, had
marginal growth in 1974. Projec-
tions are for another whopping sales
increase this year—to $56 million—
which both satisfies and concerns the
42-year-old Cashen, who has been
with Prime from the start and, most
recently, was director of engineering.

He is concerned about keeping the
engineering department responsive
during such explosive growth. “We
plan to at least double the head
count in engineering this year,” he
says, “but, if we make our decisions
the same way we did last year, we
couldn’t stand the length of the
pipe.”

Faster decisions. He means that
many decisions would take too long
if top management alone could make
them. To prevent that, Cashen is
adding more management levels
where decisions can be made “with-
out building in a lot of red tape.
We've always been able to deliver
products quickly, and we want to
keep it that way.”
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NOowW your Weapons.

Developed by Zilog. Manufactured by Zilog. Supported by Zilog. Here are the most
powerful weapons on the microcomputer battiefield. Together or separately they
herald victory over sluggish speeds and villanish inefficiencies.

Manufactured by Zilog.

Whether you need one or a million and
one, Zilog's new facility can deliver. All of
our production equipment is state-of-the-
art (4" wafers)—the most modern micro-
computer manufacturing in the world. You
order. We'll deliver, plastic or ceramic.

Your choice!
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Masterminded by the Z80-CPU.

A single chip, N-channel processor arms
you with a super-set of 158 instructions that
include all 78 of the 8080A’s and the 8085
instructions with total software compati-
bility. The new instructions include 1,4, 8
and 16-bit operations, such as, memory-to-
memory or memory-to-1/O block transfers
and searches, 16-bit arithmetic, 9 types of
rotates and shifts, bit manipulation and a
legion of addressing modes. And that
means less programming time, and less
end user costs. With these features, the
Z80-CPU generally requires approximately
50% less memory space for program stor-
age yet provides up to 500% more through-
put than the 8080A or the 8085. Powerful
ammunition at a surprisingly low cost (less
than $10 each in large quantities} and ready
for immediate shipment.
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Deploy the Z80 peripheral devices:
Z80-P1O—Parallel 1/0 Interface Controller.
Two (2) ports for fast 1/O transfer under full
interrupt control.

Z30-SI0—Serial 1/0 Interface Controller.
Two (2) fully independent full duplex
channels that can be programmed to oper-
ate in any asynchronous or synchronous
modes including Bi-Sync and HDLC/SDLC.
Z80-CTC—Counter Timer Circuit. Four (4)
independent channels that can be used to
count external events or to generate in-
terrupts at programmable intervals.
Z80-DMA —Direct Memory Access.
Programmable circuit that transfers data
between memory and peripheral devices at
up to 1.2 megabytes per second. The DMA
can operate in a transparent mode without
slowing the CPU.

Deploy the Z80 software:

Resident Macro Assemblers. With cross-
reference and conditional assembly, also
relocatable assembler with linking loader.
PLZ Resident Compiler. Most powerful
microcomputer compiler available today.
Text Editor and File Maintenance.

Basic Interpreter. For writing programs in
Basic.

Cross Software. Available from NCSS.

Made for the Military.

You £an get Zilog components to meet MIL
Spec 883B with extended temperature
range of —55°C to +125°C. The Z80 com-
ponent family operates with tess power

in MIL Temp environments.

For victory over obsolesence:

Deplay these strong components from the™
leader in microprocessors. We are bound
by our pledge to stay a generation ahead
and determined to make your components
and systems the most powerful in the field.
We're ready to dispatch help immediately.

Zilog

10460-Bubb Road, Cupertino, California 95014
(408) 446-4666/TWX 910-338-7621

Boston (617) 890-0640

Chicago (312) 885-8080

Los Angeles (213) 540-7749

in Europe: Zilog, Inc., Nicholson House,

High Street, Maidenhead, Berkshire, U.K.
TEL 0628 36131/2/3/TLX 848-609

AN AFFLIATE OF EXON ENTERPRISES INC
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If your products produce raw data
but your customers want results,
here’s a ready-made answer:

HP computing controllers.

HP computing controllers can
make your instruments *‘smart,”’
fast. Economically. And with-
out hassle.

/
First, they’re easy to inter-

face. You simply connect your
product to the appropriate HP
interface card and plug into
the computing controller. We
know of users who have been
up and running in less than a
week. And you can choose
from four commonly used in-
terfaces—BCD, bit-parallel,
RS-232C or HP-IB (HP’s im-
plementation of IEEE Stan-
dard 488-1975).

You can reduce develop-
ment costs. Easy program-
ming and easy interfacing save
many costly hours in develop-
ing a ready-to-market product.
And the costs are all up-front
with HP computing control-
lers—uvisible before you make
a commitment.

You can extend product life
cycles. A mature product can
receive a shot-in-the-arm when
enhanced with automatic data
acquisition and analysis capa-
bility. The cost could well be
less than $4000, depending on
the specific computing and
control requirement.

Ease of interfacing lets you
consider retrofitting at custom-

er locations, if you desire. And
worldwide HP service stands
ready to back you up if needed.

/_\

You can increase customer
satisfaction. The addition of
data acquisition and analysis,
inexpensively through HP com-
puting controllers, adds visible
value to your product—at a
competitive price. Value, plus
your customers’ demonstrated
respect for HP products, adds
up to customer satisfaction.

We think these are power-
ful reasons why you should
write for our brochure without
delay.

wom

From computers-on-a-board to general-purpose systems,
HP can meet your interfacing needs.

Electronics /March 3, 1977

HEWLETT ﬁ PACKARD

P.O. Box 301, Loveland, Colorado 80537

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 8771282
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Meetings

1ECI *77: Industrial Applications of
Microprocessors, IEEE, Sheraton Ho-
tel, Philadelphia, March 21 —23.

National Association of Broadcasters
Annual Convention, NAB (Washing-
ton, D.C.), Shoreham Americana
and Washington Hilton Hotels,
Washington, D.C., March 27 - 30.

1977 International Semiconductor
Power | Converter Conference, 1EEE,
Walt Disney Contemporary Hotel,
Orlando, Fla., March 28 —31.

Salon International des Composants
Electroniques, Porte de Versailles,
Paris, France, March 31 —April 6.

Microcomputer *77 Conference and
Exposition, IEEE, Lincoln Plaza Fo-
rum, Oklahoma City, Okla., April
6—38.

Fifteenth Annual International Relia-
bility Physics Symposium, 1EEE, Cae-
sars Palace, Las Vegas, April
12-14.

Fifth Annual New England Bioengi-
neering Conference, University of
New Hampshire, New England Cen-
ter, Durham, N.H., April 14—-15.

National Information Conference
and Exposition, Information Indus-
try Association (Bethesda, Md.),
Shoreham Americana Hotel, Wash-
ington, D.C. April 18 —21.

Electro *77, 1IEEE, New York Coli-
seum and Americana Hotel, New
York, April 19-21.

Society for Information Display In-
ternational Symposium, SID (Los An-
geles), Sheraton Boston Hotel, Bos-
ton, April 19-21.

Eighth Annual Pittsburgh Confer-
ence on Modeling and Simulation,
IEEE, University of Pittsburgh, er al.,
Pittsburgh, Pa., April 21 —22.

Annual Meeting and Exposition of
the Electronics Division of American
Ceramic Society, (Columbus, Ohio),
Conrad Hilton Hotel, Chicago, April
23 -28.
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AMP component sockets

are sealed with silicone rubber.
And can be inserted at up to 7,000 an hour.

You can’t beat that.

AMP component sockets. They're the ones that come in strip form. You can insert them '
at high speed and cut your costs. Use a bench press or, for really fast loading, a N/C
machine. AMP can furnish the applicator and interface module for compatibility with
most N/C machines.

And AMP keeps your product out of trouble by sealing its component sockets with
silicone rubber. Which ends solder flux contamination and solder flooding.

Of course, they provide easy pluggability with either rectangular integrated
circuit leads or .016 inch-.019 inch diameter leads. Their small head diameters
permit .100 inch center-to-center mounting. Our sockets help you save on *
board costs too, as they seat securely in wide tolerance holes.

For more data on AMP component sockets, ask your AMP Sales
Engineer. He’s ready to help you in any way possible.
Or write or call AMP Incorporated,
Harrisburg, PA 17105.
(717) 564-0100.

INCORPORATED
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Here's an idea that could change
your thinking about test equipment.

A complete test station doesn’t
have to be an assortment of spe-
cial-function instruments. A work-
ing workbench doesn’t have to
be crowded and unhandy. And a
truly portable test lab doesn’t
have to be out of reach.

TM 500 offers you an alternative:
a modular line of compact, inter-
changeable plug-ins and main-
frames. Multiconfigurable both in
packaging and in performance,
TEKTRONIX TM 500 is designed
around the idea that test equip-

ment which is compatible in
every respect can, in fact, cover
a broader range of functions and
meet a wider variety of measure-
ment situations. To say nothing
of its ability to adapt more readily
to new challenges.




Modular DMMs, counters, gen-
erators, amplifiers, power sup-
plies, oscilloscopes, logic analyz-
ers, and word recognizers can
be interfaced electrically. Signals

can be routed from one plug-in
board to another via the main-
frame mother board, thus en-
abling you to build a test instru-
ment that’s more powerful than
the sum of its parts.

The plug-ins can be configured
together in six widths of main-
frame and four types of pack-
ages, depending on where and
how you’ll use them. Select the
plug-in modules you need just as
you would monolithic instru-
ments, and then combine them in
the appropriate mainframe for a

convenient, uncluttered bench
setup; mount up to 6 functions

side-by-side in a 5%-inch rack;
build a rollabout station that “fol-
lows” you around the lab. Or

TM 500...designed for configurability.

pack a portable test station in the
small-as-a-suitcase TM 515 Trav-
eler Mainframe, which carries up
to 5 modules and typically weighs
less than 35 pounds, including
the modules.

The result is a total test system
that looks like a unit ... works as
a unit . . . yet is still configurable
to new or changing measurement
requirements. So the next time
you’'re looking into test instru-
mentation, specify the one prod-
uct line that's designed for con-
figurability.

For further information or a dem-
onstration of TM 500 Instrumen-
tation, write or phone: Tektronix,
Inc., P.O. Box 500, Beaverton,
Oregon 97077, (503) 644-0161 ext.
5283.In Europe: Tektronix
Limited, P.O. Box 36, St. Peter
Port, Guernsey, Channel Islands.

Tektronix

COMMITTED TO EXCELLENCE

For Technical Data circle 23 on Reader Service Card
For Demonstration circle 22 on Reader Service Card.



Hot-molded resistors provide
low temperature coefficient
and unmatched reliability.

The Resistance Temperature Coefficient of Allen-Bradley hot-molded fixed resistors is
typically less than 200 PPM over the entire resistor range shown in the normal equip-
ment operating temperature of +15°C to +75°C. Excellent RTC ratings have al-
ways been an Allen-Bradley benefit. And consistency of Allen-Bradley resistors
means repeatable results and tight performance patterns. Allen-Bradley
resistors offer the lowest cost—on the board—where it counts!

T L T
IR L H
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Reliatility lrcontorge RotpeHractleraz

is unsurpassed. Over 700 Insulation and resistance characteristics offer out-
million unit test hours with- element integrally molded standing protection against
out a single failure. into one solid structure. surges and transients.

Qlity inthe best traditon.

. ALLEN-BRADLEY
NIUALITY 2

Electronics Division
Milwaukee, Wisconsin 53204

EC113
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Intel to double
microcomputer chip
program memory . . .

. . and readies
microprogrammable
serial controller

Will Heath
market a hobby
computer kit?

Liquid-crystal light
modulator moves
toward development

Distributed processing
will ‘fly’ at RCA
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Electronics newsletter

Even as Intel Corp. begins shipping samples of its one-chip MCS-48
microcomputer [Electronics, Nov. 25, 1976, p. 99], it is planning more
powerful versions. Coming in the third quarter is a 2,048-byte read-only-
memory version of the 8048 chip that not only contains twice the program
memory, but also has beefed-up computational capability. A ultraviolet-
erasable 2-kilobyte chip using Intel’s new EPROM 5-volt process is also in
the wind, as is a cheaper, less powerful 8047 stand-alone one-chip device
for very-low-end controller applications.

To work with high-performance multichip microprocessor designs such as
the 8085, Intel will make available in the second quarter a micropro-
grammable controller chip, which Intel will program as either a floppy-
disk or a synchronous data-link controller. Most impressive is the chip’s
architecture: it is a dual processor. The front-end bit processor handles
high-speed (250-ns) data-bit operations, and a back-end byte processor has
46 instructions with minimum execution time of 1.25 microseconds. Easily
the most impressive of the big controller chips coming on the market, the
5-volt device is built with the company’s high-performance oxide-isolated
n-channel Mos process, which borrows depletion-loading and substrate-
biasing from its high-speed random-access-memory designs.

Neither company will confirm the strong rumors along the hobby-
computer grapevine that Heath Co. is readying a personal-computer kit
based on Digital Equipment Corp.’s LSI-11 microcomputer technology.
DEC won’t comment on the rumors, but it’s known that a Heath delega-
tion recently visited the Digital Components group in Marlboro, Mass. Of
that visit, a Heath official says only that “‘we will have been a lot of places
by the end of the year.”

Reflecting considerable industry interest, Hughes Aircraft officials are
moving toward commercial development of its cadmium sulfide/liquid-
crystal “light valve.” Developed at Hughes’ Malibu research laboratories
[ Electronics, Dec. 11, 1975, p. 30], the device allows real-time manipula-
tion on an image, including brightening, enhancing, and projecting. Along
with transferring work from Malibu to the Industrial Products division,
Carlsbad, Calif., for engineering development, a market study will be
conducted on the best way to exploit the device. Alex Jacobson, who was
instrumental in earlier valve work, will direct the effort as manager of
liquid-crystal programs.

Distributed processing systems in space are no more than one or two years
away, says Charles Staloff, manager of command and data handling at
RCA Astro Electronics in Princeton, N.J. Replacing brute-force logic and
a central computer, a distributed-processing architecture with micropro-
cessors allotted for distinct functions will appear in the next generation of
spacecraft, he says. The RcA Corp. division has already developed some
microprocessor-based modules to handle such functions as telemetry,
powering, attitude control, command decoding and processing, data
busing, and some guidance calculations.
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Congress urged
by IEEE to halt
wage busting

Tl halves
8-k EPROM
prices. . .

. . as National cuts

op-amp price tags

Semi readies
8-k static RAM

Univac computer
to use bubbles

Electronics newsletter

The Institute of Electrical and Electronics Engineers is lobbying Congress
hard to support legislation to halt ‘“‘wage-busting” tactics by service
contractors at Federal installations. Wage busting, according to IEEE,
occurs when engineers are threatened with layoffs unless they agree to
accept salary cuts when a service contract must be renewed. The outlook
for the institute’s efforts appear promising in view of the introduction of
legislation cosponsored by Representatives Frank Thompson, Jr. (D-N.J.),
chairman of the House Education and Labor subcommittee on labor-
management relations, and James C. Corman (D.-Calif.).

In a move that signals still further reductions, Texas Instruments is halving
the prices of its family of erasable programmable read-only memories. In
lots of 100, the company’s 8,096-bit TMS2708 is now $32.75, and the
TMS27L08, the low-power version, is dropping to $37.75. What is more,
the price of its new 16,384-bit TMS2716, samples of which were ready
last month, will be $54.75 —less than the published price for Intel Corp.’s
8-bit part. The T1 16-bit EPROM, which will go into volume production
next month, plugs into 2708 sockets, and it has an access time of 450
nanoseconds. Typical power dissipation is 375 milliwatts; maximums are
700 mw at 0°C and 500 mw at 70°C. This month, the company also will
start distributing samples of the industry’s first full-temperature-range
(—55to +125°C) 8-k EPROMS.

Citing improvements in manufacturability and yields, National Semicon-
ductor Corp. is reducing prices on its bi-FET series of operational amplifiers
by 25% to 70%. In addition, the Santa Clara, Calif., firm is introducing
the LF351 op amp, a possible precursor of a new series based on an
improved, lower-cost process. Priced at 48 cents in volume, the new part
has performance specifications that are 30% to 60% better than the nearest
comparable part, Texas Instruments’ TLO81, which costs 52 cents.

While most of the industry still struggles with 4,096-bit MOS static RAM
designs, Semi Inc., the Phoenix-based semiconductor division of Electronic
Memories and Magnetics Corp., is looking ahead to the 8,192-bit level.
According to John M. Hartman, product design manager, the firm will be
offering a 1,024-by-8-bit device by the end of the year. The 24-pin 8108,
which will run from a single 5-volt supply and operate in the 300-
nanosecond range, will be pin-to-pin compatible with the popular 2708
ultraviolet-erasable PROMs. Also to be introduced is a 2-k static RAM that
will be socket compatible with Fairchild’s 3539, which Semi plans to
supply in its own 300-ns version.

Sperry Univac’s R&D work in bubble memories may bear its first fruit
before 1977 is out. The Sperry Rand Corp. division in Blue Bell, Pa., plans
to use bubble memories in a computer system, and feasibility models will
be out for field evaluations no later than early 1978, according to a
spokesman in the division’s Research and Advanced Technology depart-
ment. Whether the bubble memories initially will be used for a new
computer or retrofitted into an existing system has not been decided yet.
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head-up display systems, ground station displays,
video processing systems and others where rugged-
ness and reliability are the only things that really
counts! All are proven performers.

If your requirements are for the best possible display
DACs, let us send you full details on these perfect
problem solvers.

e ADH- 030— high-speed 50MHz 12-bit thick-fitm hybrid in

HEAD-UP DISPLAY SYSTEM GROUND STATION DISPLAYSYSTEM a 24-pin DDIP configuration. Features current output with a
settling time of 50ns for fuli-scale changes and 20ns LSB. ECL

DDC has done it again . . . putting together a series ~ '0gic for extremely low giitch.

of high reliability ultra low-glitch display DACs that e DDAC — Ultra-low glitch available as two DDIP packages,

out-perform any others. plus TO-3 case with 13-bit monotonic output, programmable

+25, 5 or 10V outputs with 500 mA coax drive capability.

These low-noise, high-quality thick-film D/A conver- 25ns one LSB settling, internal or external reference with short

ters are all processed in accordance with the ex- circuit protected output.
acting requirements of MIL-STD-883 . . . and are e SDAC — Ccmpact 13-bit, 24-pin DDIP with settling time of
actively at work in such demanding environments as 500ns @ 2.5V, 1usec. for .5V and 1.6 sec. for 10V, to .05.

with the first

hybrid, glitchless (),

high performance
(P20 converters.

Sfalenty by 2y
S'D&D'S : T ley S
SYSTEMS Flr{l hytrred syncheo - »’
COt VT e /‘
r L“% ‘-— / : “ 1Lc DO\QER is :he sole
CUSTOM / *19"ot the Apolio and
V'DEO Skytab space suits.
CONVERTERS YIS DDC puts it
il Bertorihnce ﬁ#/* all together
oS 4
ATE. SYNCHRO ¢ ILC DATA DEVICE
INSTRUMENTS

CORPORATION

A Wholly Owned Subsidiary of {LC {ndustries, Inc.

AIRPORT INTERNATIONAL PLAZA
BOHEMIA, LONG ISLAND. N.Y. 11716 » {516} 567-5600
West Coast: 7332 Greenbush Ave., N. Hollywood, CA 81605 « {213) 982-6454
Interested engineers, write or call Harry Lewis or send for our 164-page
product line catalog
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Rockwell

one-chip computers
give you theright fit
at theright price.

Right now.
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If you're designing a system or subsystem
requiring as few as 10 TTL circuits, cost alone is
reason enough to consider a Rockwell one-chip
computer.

A wide choice of Rockwell one-chip com-
puters is available right now. And the line-up of
compatible one-chips is growing fast.

From Rockwell's PPS-4/1 family, you select
the most cost-effective computer for your
application.

More on-chip I/O eliminates extra
interface devices.

All of Rockwell’s one-chip computers offer
powerful, user-oriented 1/0O ports that eliminate
costly interface circuitry in overall systems.

1/0 features, including bidirectional ports,
flexibly designed drivers and receivers, and
serial input/output ports, provide you with
powerful system options.

Many types of displays can be driven directly.

Analog-digital conversion is easy. And serial
1/0O ports offer a new dimension of capability
by giving you simple, “no-cost” interfacing for
multi-computer systems.

Rockwell flexibility assures cost-
effective design.

Rockwell's one-chip computers give you
design options you couldn't afford with other
logic approaches.

During the design stage you can add or
reduce functions, allocate 1/0O differently and
make dozens of other changes by simple
reprogramming or by moving to another
software-compatible chip within the family.

Powerful instruction sets increase
efficiency.

Rockwell’s instruction sets provide ROM
efficiencies of typically 2 to 1 over other
microcomputers. For example, some one-byte
multi-function Rockwell instructions perform
operations requiring five instructions in
other systems.

More than 80% of Rockwell’s instruction
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types can be executed in one byte and in a
single cycle. Special ROM instructions allow
many subroutine calls to be handled in one
byte. Table look-up instructions for MM77 and
MM78 chips provide easy look up of stored
data and easy keyboard decoding with minimal
programming.

The PPS 4/1 family of one-chip

computers.
;Vlodel MM76 MM77 MM78 MM75 MM76C MM76D MM76E—
High  12-bit l
Description Basic Basic  Jumbo Economy speed A/D  Expand
76 77 77 76 counter® converter  ed 76
ROM (x8) 640 1344 2048 640 640 640 1024 |
RAM ( x4) 48 96 128 48 48 48 48 |
Total 1/0 lines 31 31 31 22 39 37 31 |
Cond. Interrupt 2 2 2 1 2 2 2
" Parallel Input 8 8 8 4 8 8 8 |
Bidirectional
Parallet 8 8 8 8 8 8 8
Discrete 0 10 10 9 10 10 10 |
Serial 3 3 3 - 3 3 3 |
In-line package 42 pin 42 pin 42 pin 28 pin 52 pin 52 pin 42 pin
quad quad quad dual quad quad quad
Availability Now MNow Now 2Q77 2Q/77 3Q77 llwaOk'

Power supply is 15v except low voltage version of Basic 76 available 3Q 77.
Typical power dissipation is 70mw.
‘Two 8-bit or one 16-bit presetable up/down counter with 8 control lines.

Rockwell design aids also help
lower your system cost.

To help control development costs, Rockwell
makes available a universal Assemulator that
lets you assemble, edit, develop and debug
programs, as well as load PROMs. Special
development circuits enable prototyping.

Your Assemulator can also handle incoming
inspection and factory testing. And the same
Assemulator can be used to develop systems
based on all Rockwell one-chip and multi-chip
microprocessors.

For the full story on Rockwell one-chip
computers, and how quickly they can be a part
of your new product, write on your company
letterhead to: Marketing Services, D/727-E,
Microelectronic Device Division,

Rockwell International, P.O. Box 3669,
Anaheim, CA 92803, U.S.A. or phone
(714) 632-3729.

‘l Rockwell International
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If you need to load and read out data
at the same time, and at different
speeds, and one of those speeds is
pushing 15 MHz, then this new
bipolar FIFO is your part.

And it's available NOW, in production
quantities. Need some? Call, TWX,
or write.

. . 100 up
Device Temperature Plps Price
67401 Commercial 16 $28.00
57401 Military 16 $56.00

30 Circle 30 on reader service card

15 MHz typical speed

64 x 4 organization
Expandable in width and length
16 pin package

Pin compatible with Fairchild
3341 1 MHz MOS FIFO

TTL compatible

Monolithic Memories, Inc.
1165 East Arques Avenue
Sunnyvale, CA 94086

Tel: (408) 739-3535

TWX: 910-339-9229

Uil At 15 MHz the 67401

should come with
mag wheels and
a racing stripe.

Applications

Disc to system data transfer
Buffer between head-per-track
disc and memory

Slow memory to high speed CPU
data transfer

Radar data acquisition

Far East

Monolithic Memories, GmbH  MMI Japan, K.K.
8000 Munich 80
Mauerkircherstr. 4 Shibuya-ku,

2-2, Senadgaya 4-chome,

Tokyo 151, Japan

Tel: (089) 982601, 02, 03, 04  Tel: (03) 403-9061
Telex: (841) 524385 Telex: J26364

Monolithic Memories
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Significant developments in technology and business

Three-pound printer
duplicates a CRT
screen in a second

Spinning at 1,800 rpm,
unit prints 2,200 ¢/s
on 4-inch-wide paper,
costs as little as $300

Using a radically new design, a
company has put together a printer
that operates at 2,200 characters per
second, yet sells in quantity to origi-
nal-equipment manufacturers for as
little as $300. Before next year, the
company, which had never before
built a printer, will be making a
4,000-c/s machine for only 30%
more.

The innovator is SCI Systems Inc.,
a $25-million-a-year designer and
manufacturer of electronic systems
and products for aerospace and
industrial applications. The Hunts-
ville, Ala., company has supplied its
printer to Docutel Corp., which is
ecstatic about its performance in a
cathode-ray-tube administrative ter-
minal being built for banks.

“It’s unbelievable,”” declares
Christopher H. Williams, a senior
product manager at Docutel in
Dallas. “Not everybody we show it
to believes it, either. They think we
have a trick up our sleeves when they
see a whole [CRT] screen put on
paper in a second.”

Even though chain printers of the
IBM 1403 type, as well as drum and
laser printers, can print 2,200 char-
acters per second and more, they sell
for well above $20,000.

The operating assembly of scCrs
rotary printer, which writes by
zapping current through electrosen-
sitive paper, resembles a squat elec-
tric motor and is about 4 inches in
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diameter and 6 in. long. It writes
across 4-in.-wide paper in the 132-
or 136-column format of standard
computer printouts. With its elec-
tronics and a paper feeder, the
printer is about 9 in. long and weighs
three pounds. It prints in a 5-by-7-
dot matrix, but a 7-by-9-dot format
will be available within four months,
says president Olin B. King.

sci’s printer design is different
because there is continuous motion
of both the writing head and paper;
once in motion, there is no stopping
or starting of one or both as is
usually the case, says King. In addi-
tion, the actual speed of the writing
head is flexible; electronics syn-
chronizes it to the speed of the paper
at any instant. Writing is so fast, it is

feasible to make multiple copies by
reprinting each message, he points
out.

The print mechanism consists of
three rows of styluses, each row
parallel to the axis of the cylindrical
printer and spaced 120° apart round
its circumference. The paper is
curved to match the cylinder, in an
arc that subtends the same 120°.

For the 5-by-7-dot matrix, there
are five weighted tungsten-alloy sty-
luses in each row, connected to a
central rotor by fiberglass leaf
springs. A small dc motor turns the
rotor with a nylon belt. As the
styluses whirl around at 1,800 revo-
lutions per minute, centrifugal force
pushes them outward against the
paper. An entire vertical column of

Speeder. With a 4-inch-wide roll of electro-sensitive paper and its electronics on a printed-
circuit board, rotary printer from SC| Systems fits easily in one hand.

e TEMS, INC

sCtBY

gy
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characters is printed as the print
head turns through 120° across the
4-in. depth of the paper, and the
paper then moves into position for
the next vertical column.

Perseverance. King had the idea
about two and a half years ago, but
it took about $1 million for his engi-
neers to realize it. ““At first they told
me it couldn’t be done, but [ told
them to keep at it,” says King. “I
had to maintain my self-respect,” he
adds with a chuckle. SCI has built the
print head into a hockey-puck-like
package that plugs easily into one
end of the printer. At $40, or $25
with a trade-in, the head is “quasi-
expendable,” says King, who adds
that it is good for 25 million charac-
ters before it must be replaced.

Most of the electronics for the
printer fits on a single printed-circuit
board mounted beneath the unit. It
contains a standard RS-232-C serial
or parallel interface to go “from the
outside world to a full-page buffer
memory,” King says. However, he
will supply any interface desired.

The buffer memory consists of
4,096-bit metal-oxide-semiconductor
random-access devices. Eight of
them buffer a page of up to 136
columns of data. Information is read
out through an off-the-shelf char-
acter generator that drives the inputs
to the stylus drives. The position of
the styluses is indicated by slots near

32

Here’s the word. Print head, which pops
into printer's plastic housing, writes one
complete column at a tirne as paper, shown
in real size, moves from right to left.

the outer circumference of an optical
code wheel, which are sensed by a
photocell. The position of the code
wheel determines the time writing
current is applied to each stylus. The
printer dissipates 5 watts standing by
and 50 watts when it is printing.

Larger printer. By the end of the
year, SCI will be producing a larger-
diameter 6-pound unit that will write
at 4,000 c/s, King claims. Its 7-by-9-
dot matrix will write in several
modes, including 30 lines and 80
columns, 50 lines and 132 or 136
columns and on 8Y2-by-11 or 8V»-
by-14-in. paper.

scr’s $300 price applies to OEMs
that order at least 1,000 printers per
year. These are supplied with a
simple interface and work off a
power supply in the OEM’s terminal.
The price for a more complex unit
with an RS-232-C interface, a power
supply, and fully buffered for 136
columns can reach $995. O

Memories

Intel, AMI promise
50-ns devices

Memory speeds below 50 nanosec-
onds are the promise of two metal-
oxide-semiconductor technologies
announced at the recent 1sscc. Such

speeds signal an invasion by static-
MOS random-access memories of the
territory pretty much owned by
bipolar RAMs—high-performance
cache and buffer memories. At stake
is a $50 million market expected to
double by 1980.

Two Santa Clara, Calif.,, firms
unveiled the new MOs techniques last
month at the International Solid
State Circuits Conference in Phila-
delphia. Intel Corp. presented an
advanced oxide-isolated process, and
American Microsystems Inc. re-
ported on its V-groove process.

Unlike the mainframe memory
market, which is dominated by 150-
to-300 ns dynamic MOS RAMSs, the
cache and buffer systems presently
are served almost exclusively by
static RAMs built with bipolar tech-
nology. Fairchild Semiconductor,
Mt. View, Calif., is the principal
supplier of these RAMs with over
thirty 256- and 1,024-bit transistor-
transistor and emitter-coupled logic
devices. The only mMos device that’s
presently available for these applica-
tions, Intel Corp.’s 70-ns 2115 and
2125, are acceptable for only the
slowest systems.

All stops out. Intel Corp.’s mem-
ory design group, directed by Rich-
ard Pashley, has developed an
advanced Mos technology that pulls
out all MOS processing stops:
4-micrometer channel length (com-
pared to 6 um for products on MOS
chips), a gate-oxide thickness of less
than 1,000 angstroms (compared to
1,200 angstroms), and arsenic-doped
junctions of less than 1 um. (Many
semiconductor specialists feel these
parameters are about the limit
obtainable with present production-
line photolithographic methods ).

When this scaled-down cell geom-
etry is applied to Intel’s substrate-
biased static RAM designs (2115 and
2125 types), it results in single 5-volt
devices with typical access times of
45 ns, active power dissipation of
500 milliwatts, and standby power
dissipation of 35 milliwatts.

The new 2147 4,096-bit mos
statics fit on a die measuring only
25,000 mil?, about the same size as
proposed 4-k bipolar RAMs but with
considerably less power dissipation.
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V-MOS power. AMI's soon-to-be available S4015 1-k static RAM, left, has access time of 45 ns on 10,000-mil? die. Versions to eome —with
35 ns on 6,900 mil?, middle, and 28 ns on 4,400 mil?, right— indicate performance potential of V-MOS technique.

In memory fabrication, die size
determines production costs for a
given process. So the Intel Mos
devices, in volume production, could
for the first time provide an extreme-
ly competitive cost-performance al-
ternative to bipolar RaMs for buffer
systems.

The firm will not disclose its
production schedule for the 2147;
some industry sources say it is
already in sample production. In any
case, the company generally saves its
most impressive design disclosures
for the isscc and has rarely
disclosed the details of a device it did
not build within the year.

V-MOS RAM. Just as impressive are
the v-MOS RAM techniques developed
at AMI. According to T. J. Rodgers,
director of the firm’s static program,
applying the technique to a 1,024-bit
static device results in extremely
impressive performance, even when
the chip uses relaxed 6-um rules.
The 5-v 1-k part, AMI’s S4015, will
have a typical access time of 45 ns
and a chip about 10,000 mil?, or
about as large as the best oxide-
isolated walled-emitter TTL 1-k RAMS
from Fairchild. It will be ready for
sampling in May or June.

More important in gauging the v-
MOS impact on RAM designs is the
scaling data Rodgers has made
available. Shrunk versions of the
4015, built with 5-um rules, would
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operate typically at 35 ns on 6,900-
mil? dice. With the 4-um rules, a 1-k
4015 would operate at 28 ns and
occupy only 4,400 mil2. Such scaling
also holds for 4,096-bit designs,
where most of the Mos and bipolar
competition will unfold. Using cur-
rent 6-um rules, a v-MOs 4-k part
would fit on a chip less than 22,000
mil?, with 45-ns typical access times.
When shrunk, the 4-k static chip
would attain 35 ns and measure
about 15,000 mil?—considerably less
than either Intel's disclosed 4-um
part or an equivalent bipolar 4-k
design.

Of course, Fairchild is not sitting
still over its bipolar process, which
dominates the high-speed memory
market. Recently, the company

shrank its entire line of 1-k parts
about 30%, while lowering access
times to the 35-ns range. It has
ready samples of a 4-k design (TTL
and emitter-coupled-logic versions)
that should stand up well under the
MOsS attack.

Thomas Longo, vice president and
director of research for Fairchild
Camera and Instrument Corp.,
Mountain View, Calif., says the
93470 and 93471 4-k TTL parts,
scheduled for sampling next quarter,
have typical access times in the 30-
to-35-ns range and fit on chip areas
of 23,500 mil2. An ECL version
scheduled for the third quarter will
have 25-ns typical access times.
Shrunk versions of the 4-k parts will
fit on 21,000-mil? chips. O

Commercial

Depositors balk at funds—transfer services,
forcing banks to modify their system plans

A funny thing happened to elec-
tronic funds transfer systems on the
way to the bank —depositors decided
that they prefer to hang onto their
present check-writing procedures,
thank you. This resistance has
caused bankers to modify their
dreams of a national computerized
communications network that would

convert all transactions from paper
to electronic signals triggered by
plastic cards.

“Usage of most EFT systems [ini-
tiated by banks or bank consor-
tiums] has ranged from minimal to
nonexistent,” says Robert L. Kra-
mer, president of Actionfacts Inc., a
New York research firm. Banks
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have failed to get customers to use
pre-authorized check transactions,
payment of department-store pur-
chases from the point of sale, and
plastic ‘“‘debit” cards, rather than
credit cards. i

Just what types of programs and
hardware savings and commercial
banks will actually use were outlined
in an interim report to President
Carter last week by the 27-member
National Committee on Electronic
Fund Transfers at the completion of
its first year of intensive study. EFT is
not dead, but the concept has been
toned down by consumer resistance
to radical changes and by the high
cost of converting to paper-less
credit and debit, not to mention the
myriad problems of standardizing
procedures and regulating the whole
network. Also, fears that the present
check-handling system would foun-
der under a wave of paper, estimated
at some 27 billion checks last year,
proved to have been exaggerated.

Balkers. Why have consumers
balked at electronic money? Speak-
ing to a recent meeting of mutual
savings banks’ operations managers,
Verne S. Atwater, president of
Central Savings Bank of New York
and a member of the EFT commis-
sion, said the two major concerns
have been loss of control over
personal funds and loss of privacy in
managing them. Atwater has pro-
posed that the commission recom-
mend a ‘“consumers’ EFT code” that
would specify the respective rights
and responsibilities of the consumer
and financial institutions in the use
of plastic cards, direct payroll depos-
its, and pre-authorized payments.
The code would cover liability for a
lost card, stop-payment procedures,
and other measures for consumer
protection.

But despite EFT setbacks, the
commission will include some impor-
tant EFT successes when it submits
its final report in October, Atwater
says. For example, consumer accep-
tance of cash-dispensing machines
and automated teller terminals is
now widespread, and hardware man-
ufacturers are marketing them hard.
As one sales manager observes, “The
EFT commission has already done
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one good thing by forcing us to focus
on what is practical. Most of the
glamorous things, such as automatic
exchange among banks, have failed
because they were good for the
banks, not the users.”

Concurring with this view, market
researcher Robert L. Kramer adds,
“Such failures are not worthless, for
the industry has learned from them.”
Among these pioneering misfires
have been the California Scope
project for interbank exchange, the
Hempstead Bank of Long Island’s
Instant Transaction point-of-sale
store hookup, and Seattle First’s
attempt at marketing a telephone
transfer system—all now either dis-
continued or greatly modified.

Hardware manufacturers, such as

IBM, NCR, Mosler Safe Co., and
TRW, agree with bankers, however,.
that EFT systems have a future, even
though the pace of their adoption
has been greatly slowed. Besides the
cash-dispensing and automated tell- -
er machines there have been other
successes. The direct deposit of
Social Security payments is catching:
on; by last summer, about 14% of all
Social Security recipients were hav-
ing their payments sent directly to
their bank accounts.

Moreover, as high as 10% of the
work force in some states partici-
pates in direct-payroll-deposit pro-
grams. Both consumers and mer-
chants have accepted bank systems
that review deposits and guarantee
check payments at the point of sale.(J

Microprocessors

Texas Instruments and Motorola pare down
microprocessors for lower-range market

With an eye toward the medium-
and low-performance range of the
microprocessor market, Texas In-
struments Inc. and Motorola Inc. are
readying devices that will pare mini-
mum system requirements to two
chips, rather than the five or more
now needed. What’s more, for the
low-end controller market both firms
are talking about year-end avail-
ability of single-chip microcomput-
ers that will retain software compati-
bility with their existing flagship
microprocessors: the 16-bit
TMS9900 for TI and Motorola’s
8-bit MC6800.

These new entrants are intended
to compete in the burgeoning byte-
oriented market that falls just below
the multichip high performance mi-
croprocessor families such as Intel
Corp.’s new 8085 [Electronics, Dec.
9, p. 31], Motorola’s 6800 and Rock-
well’'s PPS-8. They will compete
with other two-chip systems already
on the market such as the F-8 from
Fairchild and Rockwell’s PPS-8/2
[ Electronics, Sept. 16 p. 52].

Texas Instruments started offer-
ing samples of its TMS9980 last
month. While internal operations

match that of the 9900, the firm has
gone to an 8-bit bus to drive down
costs. “The 16 bits of data have to be
multiplexed in, but that saves us
enough pins to use a 40-pin pack-
age,” says Edwin S. Huber, micro-
processor marketing manager at the
firm’s Houston facility. Forty pins,
instead of the 9900’s 64, allow use of
plastic packages “that will give the
9980 a two-to-one cost advantage
over the 9900,” he says. The compa-
ny plans to sample the part in the
second quarter.

Besides the processor, the new
9980 includes an on-chip clock, and
users will be able to strip even more
cost out of the system when a
companion chip comes along in the
third quarter. Designated the
TMS9972, it will incorporate 2,048-
by-8 bits of read-only memory, 128-
by-8 bits of random access memory,
and input/output circuitry.

“We anticipate the customer will
be able to build a complete system
for a cost equal to or less than that of
an 8080 system,” Huber says. But he
emphasizes differences that keep the
systems from head-on competition.
While Tt is retaining the full
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NOBODY CAN BEAT FAIRCHILD
AT THE NUMBERS GAME.

Fairchild's Optoelectronics
Division builds more LED
digits than anybody else.
Bigger digits than anybody
else. Brighter digits than
anybody else. And we can
even fit more character
size in asmaller
package than anybody
else. In short, we know digits.
Our digits are available with '
pins or as PC board mounted stackables.
And, you get a choice of common anode or
common cathode varieties.
Our digits also come in the widest selection of
colors available. Red. Super Red. Orange. Green.

($\ A WORD ABOUT DIGIT TECHNOLOGY.
v Our patented light pipe construction yields

© the industry's most effic ent LED display.

The result: A bigger, brignter digit. Lower cost.
Lower voltage requirement. A way to outspec
your competition.

LET THERE BE LIGHT.
Whatever your digital display need — industrial,
consumer or automotive, you should light up our
switchboard first. Because with high volume
production of digits, LED lamps, phototransistors,

couplers, arrays and LED dice, ]

nobody has more experience or better

technology than Fairchild. FAIRCHILD
For more information, write or call your O

Fairchild sales office, CALLUSONIT.
distributor or repre- - @) Q=i 4]=440=-7 311

senfative today. Or

use the direct line at the bottom of this ad.
Fairchild Camera & Instrument

(UK.) Ltd., Kingmaker House, Station Road,
New Barnet, Herts EN5 INX, England,
Phone:00-441-440-7311. TELEX:00-51-262835.

W
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3-megahertz operation of the 9900,
somc operations—such as high-
speed interrupt handling or moving
blocks of data—will be slower
because of the multiplexing.

But the instruction set of the
9980, with high-speed multiply and
divide and the ability to perform
multiple-bit shifts, will edge it into
higher performance applications. ‘It
will be especially good for those cost-
conscious 8-bit applications that
need some high numerical precision,
such as numerical-control or pro-
cess-control systems,” Huber says.

Motorola has taken a similar
partitioning approach on chips that
will be available in samples later this
month. Besides the registers and
accumulators of the MC6800, the
new MC6802 will contain an on-chip
clock oscillator and driver and 128
bytes of RAM. says Colin Crook,
group operations manager for micro
products in Austin, Texas. The
MC6802 is matched with the custom
MC6846, giving the two-chip system
2,048 by 8 bits of mask-program-
mable ROM and an 8-bit bidirec-
tional data port. The second chip
also has a 16-bit programmable
timer, unloading some of the proces-
sor’s responsibility for interrupt tim-
ing and counting functions.

Further down the low-end spec-
trum arc the firms’ one-chip micro-
computers. Both are reluctant to
discuss details of the devices. “Un-
like new Intel on-chip offerings, ours
will be totally compatible with the
rest of 6800 family,” Motorola’s
Crook says. Texas Instruments, too,
is aiming for such compatibility. [

~ Packaging & production

Rails, wedges keep
pc cards very cool

Photocircuits’ proprietary technique
for achieving high-density wiring on
printed-circuit boards has been em-
ployed primarily as an alternative to
multilayer pc boards. However, with
some modification, the so-called
multiwired boards can also signifi-
cantly increase power dissipation,

36

WEDGES

Cooler. Rails and wedges added by AIL division of Cutler-Hammer conduct heat more
efficiently from multiwired circuit boards in B-1 avionics.

say thermal-design specialists now
checking out the defensive-electron-
ics package for the B-1 bomber at
AlL division of Cutler Hammer Inc.,
Deer Park, N.Y

The package incorporates high-
speed logic circuits. By adding heat
sinks to the boards and improving
heat-transfer techniques, the design-
ers have boosted heat dissipation
until it is five to eight times as high
as from conventional pc boards. In
the process, the engineers are ther-
mally controlling some 70 ‘*‘black
boxes,” or line-replaceable units,
which cover a broad range of power
dissipations and environmental con-
ditions. Dissipation per box, placed
at locations in the bomber where the
maximum temperature varies from
160°F to 265°F, starts at 8 watts and
reaches 150 w,

Short lead time. One of the most
compelling reasons for using the
modified multiwired circuit boards is
the ability to design and fabricate
them in relatively short order. The
lead time for heat-sunk multilayer
boards would have been much too
long, especially when it came to
making modifications suggested by
flight-test results, explains Pete In-
grassia, AlIL’s section head for me-

chanical design on the B-1 project.

The multiwired boards are fab-
ricated at the Glen Cove, N.Y.,
facility of the Photocircuits division
of Kollmorgen Corp. There, special
machines lay a matrix of insulated
wires on an adhesive-coated glass-
epoxy board. In component density,
it is equivalent to a multilayer board.

Power dissipation is boosted by
adding heat-sink rails along with
special mounting wedges (see photo-
graph above). These wedges, in turn,
transfer heat to the main heat sink of
each line-replaceable unit. This sink
is an oil-cooled chill plate, assembled
with a special fluxless brazing tech-
nique to prevent long-term corrosion.

The rails, made of aluminum, or,
for higher power dissipation, copper,
are riveted onto each pc board. They
bear directly against the bottom
surface of the dual in-line packages
mounted on the board. This contact
transfers heat more efficiently than
can a conventional pc board, which
has a gap of 20 to 60 mils between
the pIP and the board.

With heat-sink rails alone, a 4-by-
7-inch board could dissipate 5 to
7 w. However, the thermal wedges
raise power dissipation of the card to
24 w, points out Ken Garcia, AlL’s
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in-house consultant on thermal de-
sign. He predicts that this kind of
board design is “the future circuit
card for high-speed logic applica-
tions with their high power-dissipa-
tion requirements.”

Communications

Carrier asks to set up
Motorola system

American Radio-Telephone Service
Inc., a regional radio common
carrier in Baltimore, has asked the
Federal Communications Commis-
sion for permission to establish a
cellular mobile-radiotelephone ser-
vice in the Baltimore-Washington
area. ARTS is proposing a three-
phase 24-month, $2.5 million pro-
gram for a system operating between
800 and 900 megahertz to cover
1,500 square miles. The carrier is
relying on technology and equipment
from Motorola Inc.

The Fcc is also reconsidering a
request by AT&T’s Illinois Bell Tele-
phone, rejected last year, to build a
similar system in the Chicago area—
Motorola’s headquarters. A cellular
system divides a geographic area
into hexagonal units and places
antennas at alternate corners of each
hexagon. The antennas broadcast
signals to mobile users, who are
handed off from one cell to the next
as they drive through the system
[Electronics, Jan. 3, 1972, p. 100].

Markets. Beyond the ARTS system,
which Motorola calls Dynatac, for
dynamic adaptive total area cover-
age, Motorola expects its investment
in developing cellular mobile tech-
nology to run between $18 million
and $19 million. Starting five years
ago, Motorola submitted two tech-
nical proposals to the Fcc for
cellular telephone systems in accor-
dance with the commission’s Docket
18262 that makes available the so-
called 900-mHz region for land-
mobile service in the 800-to-900-
MHz band. Since then, it has also
applied for experimental licenses in
both Chicago and New York which
were never acted upon. Now, how-
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ever, Motorola says it will only
supply common carriers.

If ARTS fails to obtain Fcc approv-
al, Motorola will consider developing
its concept outside the United
States, says Martin L. Cooper, a vice
president and the general manager
of the Communications Systems
division, Schaumburg, I11.

The Motorola system is compat-
ible with Illinois Bell’s approach.
Both companies specify channel
spacings of 30 kilohertz, with Bell
coming down from an earlier 40 kHz
and Motorola moving up from 25
kHz, according to Cooper. The
system for ARTS will operate at
838.75 to 845 MHz and 883.75 to
890 MHz.

ARTS will use seven towers with a
total of 55 transceiver base stations
and antennas. Frequencies will be
reused every 19 and 38 miles from

the towers. The system will demon-
strate cell hand-off and vehicle-loca-
tion techniques, as well as the
capacity to ‘“‘grow gracefully by
employing reuse,” the FCC was told.
Seven of the transceivers will be used
for signalling the mobile units digi-
tally, the other 48 will handle the
conversations.

In the first year and a quarter, the
ARTS system will report on propaga-
tion factors and vehicle location and
direction required for hand-off. Lat-
er, the complete hardware and soft-
ware will be installed and tested with
as many as 1,000 users. The system
could handle up to 32,000 subscrib-
ers within a 12.5-MHz band, Motoro-
la says, but this could be ultimately
expanded to 129,000. Cooper says
hand-held units will cost about
$2,000; units mounted in vehicles
about $200 less. O

Components

Tl readies 50¢ temperature sensor
for automotive applications

Aiming squarely at automakers,
Texas Instruments has developed a
low-cost temperature sensor that
dramatically improves the linearity
and response time of the firm’s
Sensistor line of positive-tempera-
ture-coefficient silicon thermistors.
The use of standard semiconductor
manufacturing techniques pushes its
price down much lower, to about 50
cents each, depending on tolerance.

TI intends its sensor for ambient
temperature sensing in automobiles,
both under the hood and in the
passenger compartment. It described
the device for the first time this week
at the Society of Automotive Engi-
neers’ annual meeting in Detroit.

Many uses. “It will be inexpensive
enough to go into almost any adjust-
able-thermostat application,” says
Bryan Zimmerman, who heads new-
product development for the firm’s
Silicon Small Signal department in
Dallas.

The TSP 102, as it is called, relies
on a spreading-resistance phenom-
enon that is the basis of a Ti patent

application. An n-type silicon sub-
strate is covered with a double di-
electric layer of nitride and oxide.
Dopants are diffused through a hole
placed photolithographically in both
dielectric layers. These dopants help
form an ohmic contact, instead of a
junction between the silicon and an
aluminum bonding pad.

“Where the Sensistor is nothing
more than a bar of n-doped silicon
with metalized contacts on either
end, this one is built with the stan-
dard planar process,” Zimmerman
says, “The current applied to the
relatively small, precisely dimen-
sioned contact spreads through the
silicon to the vacuum-deposited gold
base of the chip, which provides the
second contact. The resistance of the
device is controlled to a large degree
by the contact size, instead of the
bulk resistance of the silicon—and
it’s easier to control the size of the
hole than the size of the bar.”

In contrast, the resistance of a
Sensistor is determined by the physi-
cal dimensions of the bar. Assembly
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New option from the Powerhouse....

RCA 2N3055.

Now pay less and
still get more.

RCA gives you a new choice in Power Transistors.
The 2N3055H is the industry’s original hometaxial

Buy as much SOA as you need.

workhorse. It still offers unique RCA features. And Lt AT Veeo S0A Bela K Price
it still sports the ultimate in SOA characterization. RSy RCS618 ) ZERCRY iy (O
The 2N3055 is our new epitaxial version of the 2NS0SS - MJ2955 80 287A@40V  2070@4A 055
hometaxial “H”. It lets you trade in a little SOA for ZECE L B
a lower price. Without having to trade in all the 2N6254 80 187A@B0V 2070854 120
features that made RCA the leading choice in il 60 195A@60V  20-70@4A 095
2N3055's in the first place. 2NE253 45 255A@45V  20-150@3A 055

*Optional distribution resale price U.S. only.

The RCA epitaxial version still offers you more
than other similarly priced 2N3055’s.

What extras do you get? Rugged steel headers
(they give you aluminum). Clip-lead connectors

RCA Distributor or Representative. Or send for
complete data.

(they give you wire
bonds). Plusreal-time
process controls.

The RCA epitaxial
-hometaxial option
is available in three
voltages. And if your
choice is epitaxialyou
can have complemen-
tary pairs at all three
levels.

They’re all available
now from your local

2N3055

epitaxial
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Write: RCA Solid
State. Box 3200,
Somerville, NJ 08876;
Sunbury-on-Thames,
Middlesex TW16
7HW, England; Ste.-
Anne-de-Bellevue,
Quebec, Canada;
Fuji Bldg., Tokyo,
Japan.

RCA Power experience
is working for you.

2N3055H

hometaxial
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LSI-1
Micro-
computer
Data
Acquisition

System

The ADAC Model 600-LSI-11 is
the first data acquisition system
available for use with the DEC
LSI-11/PDP-11/03 microcomputers.

Both software and hardware
compatible, the Model 600-LSI-11
A/D system plugs directly into the
bus of the LSI-11/PDP-11/03
systems.

Features include a 12 bit A/D
converter, high speed sample and
hold circuit, from 16 to 64 channels
of MUX., DC/DC power converter
and bus interfacing. A/D system
throughput rate is 35 Khz

Optionally available are: one or
two 12 bit D/As and programmable
gain amplifier with auto zeroing
circuit.

Send for full technical data on
the Model 600-LSI-11 and other
ADAC minicomputer data acquisi-
tion and control systems and
modules.

ADAC Corporation,

15 Cummings Park, Woburn,

MA 01801. (617) 935-6668.
Telephone: England —0273-7207 16,
Germany —89-594621, Switzerland —
01628200, Scandinavia—01124803,
Japan—5915241, France—95022.24,
Holland —076-1222555

lodde

corporation
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News briefs

FCC gets request for interactive educational broadcasting

The Federal Communications Commission is considering a petition to estab-
lish a community radio service dedicated to education, one that would allow
interaction between participants in different locations. Cosponsored by the
Center for Advanced Study in Education of the City University of New York
and a group called the Communicasting Association of America, Syosset,
N.Y., the petition asks for 84 megahertz of spectrum space in the 470-to-
930-MHz range of the land-mobile radio service bands. Preferred are the
ultrahigh-frequency television channels 70 through 83 (806 to 890 MHz). The
cost of equipment for this region would be two orders of magnitude less than
for the instructional television fixed service in the 2.5-to-2.69-gigahertz band,
says S. Edwin Piller, Communicasting Association’s president.

Rockwell consolidates MOS LS| efforts

Rockwell International Corp.’s delay in entering n-channel MOS LSI produc-
tion may have been one factor that prompted its latest reorganization. LSI
activities have been consolidated in a single Electronic Devices division,
headed by Howard D. Walrath, who came from Rockwell's Collins Radio
group. Wairath's bailiwick includes the old Microelectronic Devices division,
which handles Rockwell’'s microprocessor and other LS| activities, plus
additions such as MOS LS| modem subsystems and filters from Collins,
special devices from Autonetics group, and segments of hybrid microelec-
tronics from both Collins and Autonetics. Also, the Autonetics’ Electronics
Research division, renamed the Electronics Research Center, is assigned to
Walrath, who will be based in Dallas. He says it is too early to comment on
n-channet plans. Charles V. Kovac, former general manager of Microelec-
tronic Devices, who becomes division vice president for business develop-
ment, reports to Walrath.

New dielectric fluid replacing PCBs

General Electric Co. has developed a new dielectric fluid for its power
capacitors that it is substituting for polychlorinated biphenyls, cited as
environmentally harmful. The company will stop using PCBs entirely after
June 30. The new fluid, called Dielektrol, is biodegradable, says GE's
Capacitor Products department, Hudson Falls, N.Y.

is a tedious manual process of
sawing it, etching it to a precise cross
section, and metalizing the ends.

1% tolerance. The linearity of the
spreading-resistance principle allows
Ti to specify the device’s 1,000-ohm
nominal resistance to tolerances as
tight as 1%, though tolerances as
loose as 20% are planned. The firm
eventually wants to offer a range of
resistances from 500 ohms to 5
kilohms. Temperature coefficient of
resistance is about 0.7%/°C.

The TSP 102, offered in a plastic
TO-92 package, also responds quick-
ly to changes in temperature. I[ts
thermal time constant is roughly 1.5
seconds, compared to 35 seconds for
the Sensistor family. It is also faster
and cheaper than the wirewound-
nickel bobbin-type sensors Detroit
now uses. O

Automotive

Ford’s vendor plans
beyond 1978 unclear

Ford Motor Co. may have chosen
vendors for its engine-control elec-
tronics beginning with the 1978
models, but it will be later this year
before it is clear exactly what they
will supply for 1979 cars and
beyond. And it is possible that Ford
will reopen the bidding for the more
advanced engine-control modules
that it would like to use beginning
with 1980 cars.

“Obviously, all existing suppliers
will be considered part of the supply
source for the total engine control
modules in the 1980-1981 time
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MODEL 3300, PROGRAMMABLE GENERATOR SYNTHESIZER
The output frequency is set by eight rotary switches providing 1-Hz resolution. The output level is adjustable from + 20 dBm
to — 130 dBm by a 140-dB attenuator (10-dB steps) and two fine/coarse verniers, whose + 3 dB to — 10 dB adjustment is
displayed on a galvanometer graduated in Vrms and dBm.

Both AM and FM can be achieved, either internally by four audio frequencies, or externally by any signal whose frequency
ranges from DC to 150 kHz in AM and from DC to 70 kHz in FM. A pushbutton permits the display of AM depth or FM
deviation on the meter. The instrument features seven Search or FM deviation ranges, from * [ Hz to + 1 MHz, with continuous
variation of the ouput frequency inside each range.

MODEL 3310, SYSTEM-ORIENTED SYNTHESIZER

In this fully programmable instrument, nine digits determine the synthesizer output frequency with 0.1-Hz resolution, while
the output level ranges from + 20 dBm to — 79.9 dBm with 0.1-dB resolution (+ 19.9 dBm to — 79,9 dBm in local mode).
A programmable switch allows to change the ALC time constant in order to obtain very fast level switching.

These two instruments distinguish themselves by the following characteristics : 4 '
® 50 2 or 75 2 output impedance 4
® Phase noise in a 1-Hz bandwidth close to the carrier 110 dB down and harmonic signals 40 dB down., /7 /
® + 0.3 dB output level flatness over the whole frequency range. 4 /
® + 5.10%/24 h frequency stability. 7
7
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right frequency synthesizers ; circle our number on the reader service card, return V4 / S
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Direct Synthesis:
0.1=160MHz

600 owe
S

wode!

Anybody out there
ml:etesl:ed in getting more

You get significantly better per-
formance, over a much wider applica-
tions range, with the new Rockiand
Model 5600 Frequency Synthesizer.
And you get it for nearly a thousand
bucks less (U.S.A.) than any other
synthesizer in this class.

Why? Because we've built a true
direct synthesizer that actually costs

fess than the conventional phase-locked-

loop types. Direct synthesis means:
orders of magnitude faster switching;
greater spectral purity ; minimal switch-
transients; and lower noise.

While we were at it, we polished some
other parameters and added a few
extra features: flatter leveling; higher
stability; constant resolution (10 range
multipliers, 7o band switching);
external-DC amplitude programming;
an auxiliary buffered output; and a
gated buffer register on the remote
digital frequency programmirig inputs
(simplifies computer-bus interfacing).

Check these specs: a single 0.1 to
160MH:z frequency range, with con-
stant 1Hz resolution; maximum switch-
ing time, 20 microseconds (that’s 50-
100 times faster than the phase-locked
clunkers!); —70dB spurious (that’s

10 to 15dB better); —35dB harmonic
spurs (that s 6 to 10dB better); —70dB
phase noise; +0.5dB leveiing (2:1
better); and 2 X 107 /day stability
(with built-in crystal reference).

What’s your application? Satellite
communications? HF systems? Spec-
trum analysis? Radar? Frequency-Agile
systems? ATE? Manual filter/network/
circuit testing? Or do you just want

a great laboratory frequency standard?
For ali of those, and many more,

the Model 5600 is the best value . ..
and the best choice.

HOW AND WHY direct synthesis —
Rockland style — is superior tech-
nique for digital
frequency control
is explained in
this free data file.
To get one,

use the inquiry
number, call,

or write.

Rockland Systems Corporation
230 W. Nyack Road

W. Nyack, N.Y. 10994

TEL: {914) 623-6666

TWX: 710-575-2631

ADVANCED SIGNAL TECHNOLOGY

ROCKI.AND

SYNTHESIS - PROCESSING - ANALYSIS

Our Second Decade of Leadership
Circle 42 on reader service card
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frame,” says Robert S. Oswald,
manager of electronic engine con-
trols at Ford’s Dearborn, Mich.,
engine engineering office. The sup-
pliers are Tokyo Shibaura Electric
Co. (Toshiba), the Essex group of
United Technologies Corp., and
Ford’s Electrical and Electronics
division [Electronics, Feb. 17, p. 26].

Others a question. “We haven’t
made up our minds whether we will
allow other people to bid on the 1980
system,” Oswald continues. “We are
concerned about the amount of
resources in the vendor arena we’re
tying up on one product.” Several
automotive-systems suppliers, in-
cluding Eaton Corp., Motorola Inc.,
and Bendix Corp. are still actively
working on proposals.

Motorola, through its Automotive
Products division, reportedly is de-
veloping a system based on a custom
microprocessor with 10-bit instruc-
tions and 8-bit data bus. Bendix is
designing its module with a standard
MC6800 Motorola microprocessor.

Ford also has to decide whether its
three systems suppliers will be
allowed to use their own module
designs or assemble a single module
design from identical, but second-
sourced, components. For 1978-
model-year engine modules, with
ignition-timing and exhaust-gas-
recirculation (EGR) control, produc-
tion has started using a set of nine
integrated circuits, including a 12-
bit processor, supplied by Toshiba.
“But EED (Ford’s Electrical and
Electronics division) and Essex will
be manufacturing those devices as
soon as they can launch their semi-
conductor manufacturing plans,”
Oswald says.

For 1979 cars, Toshiba is reparti-
tioning its system into six chips. Ford
will decide in the third quarter
whether Essex and EED, which
contracted with Texas Instruments
Inc. and Intel Corp. for semiconduc-
tors, will implement its own designs.
In the 1980 model year, fuel
management will be added to the
repertoire handled by Ford’s elec-
tronic controls. By then, “as the
processor’s speed increases, an 8-bit
system will clearly be capable of
doing our job,” Oswald says. (|
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Intel delivers resident PL./M for the Intellec

Microcomputer Development System.
Say goodbye to monthly computer bills.

Now Intel has a resident
PL/M compiler available with the
Intellec microcomputer develop-
ment system. Resident PL/M can
give you a competitive edge be-
cause it can drastically cut your
software development time and
help you get new products to
market quicker.

Having PL/M resident on
the Intellec system means the
end of monthly computer time
sharing bills too. And eliminates
delays waiting for computer
availability. It makes it easier than
ever to take advantage of a high
level programming language.

You can lease an Intellec
system for $610% a month with
ICE-80," dual diskette drives,

*Domestic U.S.A. prices only.

CRT terminal, line printer and
resident PL/M compiler.

Or if you already own an
Intellec system you can add resi-
dent PL/M for $975¥ Once.

Not monthly.

That gives you everything
you'll need for fast, reliable pro-
gramming of Intel® 8080 or 8085
microcomputers or our SBC-80
Single Board Computers and
System 80 packaged micro-
computer systems.

Under the new Intellec
ISIS-1I diskette operating system,
PL/M provides the capability
for fully modular programming.
This means that programs can
be developed and debugged in
small, manageable modules,

Circle 43 for technical_information

and easily linked together, or
linked with general purpose sub-
routines from a software library.
And because the Intellec sys-
tem supports your total develop-
ment task, you save the cost

and inconvenience of separate
systems for hardware and soft-
ware development and systems
integration.

Intel offers PL/M workshops
throughout Europe and Japan.
Contact Intel International,
Brussels, Belgium. Telephone:
(02) 660 30 10, Telex: 24814, or
Intel Japan, Tokyo, Telephone:
(03) 426-9261, Telex: 781-28426.

intal delivers.

Circle 190 for technical information
and a demonstration



The bigger recorder choice:

The new Philips recorder range features these PM80R1  X-Y recorder
four X-Y models plus six stripchart instruments:
all designed for maximum operator con-
venience. For example, the new A4 format
recorders have arecess for aroll chart as well
as employing standard, single sheets and
thereby give a better, all-round X-Y/t perfor-
mance. And all stripchart X-t models feature
the Z-fold chart paper system that’s easy to
change, easy to
examine and ideal for
note taking.

Operator con-
venience is, of course,
just one of the many
reasons why more
and more engineers
are choosing Philips
instruments for their
recording needs. A
choice that is helped
by the wide range of
model types and
options, so that needs
and budgets always
balance out.

PHILIPS Test & Measuring

% Instruments



in X-Y, X-Y/t and X-t

A ten-model choice plus a wide range of options to match
your individual needs

Versatile X-Y/t performance

in A4 formats

Both Philips A4 format X-Y record-
ers can be optionally fitted with an
automatic, plug-in timebase, giving
sweep speeds from 0.5to 10s/cm.
This facility is extended by the
provision for a roli chart paper
system. Both models have excel-
lent stray voltage rejection plus

a switcheable noise filter.

Model PM 8041 has nine input
ranges from 2 mV to 1V/cm, a high
writing speed of 75 cm/s and gives
accurate, reliable performance in
an economic manner.

Model PM 8141 has an excel-
lent, all-round specification with 14
ranges from 50 pV to1V/cm and
zero point adjustment from -400
to +105% of span.

Higher resolutions in A3:
single- and double-pen
Again Philips offer a two-model
choice. The PM 8125 single-pen
recorder provides 14 calibrated
ranges from 50 uV to1V/cm; a 50
cm/s writing speed and zero setting
from -20to +120% of span. The
optional timebase gives sweep
speeds from 0.05to 20s/cm
depending on the range slected.
Double-pen model PM 8132
gives versatile X-Y performance
with an excellent specification that
includes 15 ranges from 200 pV to
10 V/cm; a high 60 cm/s writing
speed and zero setting from —100 to
+100% of span. The automatic
X-axis timebase is standard on this
model and includes six speeds and
remote control.

The six model stripchart, X—t range features
four compact recorders that are ideal for

When a trend tells more

Most measurements can benefit
from the hindsight of a visible
record. Many cry out for an anailog
interpretation of a confusing array
of digits. The only problem used
to be the recording cost, but not
anymore.

Mini-recorder PM 8110 weighs
in at a mere 3 kg and has a matching
price. It has a go-anywhere perform-
ance that exeeds its small size and
a120 mm recording width, which is
a useful 20 mm more than you’ll
usually find.

PM 8110 also features input
sensitivities from10 mVto10V, a
response time of 0.5 s, accuracy of
1% fsd and a optional battery pack.

Compacts for convenience
All four Philips 250 mm single- and
double-pen recorders feature a
compact construction that is ideal
for crowded bench tops, for
instrument stacking and for OEM
mounting. Additionally they all
feature the Philips Z-fold chart paper
system that combines the best
of two recording worlds. For note
taking in the 'flat-bed’ style the
chart table projects forward; foreasy
chart changing and for examining
the trace(s) along the entire 20 m
length, the chart folds up into a con-
venient stack.

Single- and double-pen models
PM 8251 and PM 8252 are designed
for all-round performance. The multi-

O X-Yrecorders
[0 Thewhoierange

bench stacking or rack mounting, plus a mini Name .
model PM 8110,
shown here on the Department
modular, multi- Company
point recorder Address
PM 8235
City

range input modules have 12 calib-
rated steps from10 mV to 50 V and
chart speeds from 0.5 to 30 cm/min.
Response timeis 0.6 s fsd. Special
chart speed, 1 mV sensitivity and
single-range options are available on
request for OEM applications.

A somewhat wider range
of features is offered by models.
PM 8202 and PM 8222. Input
modules can be multi-or fixed-range
with sensitivities from 1 mVto 50 V.
Modules are also available for tem-
perature measurements. Chart
speeds can be selected from 3 to
6,000 cm/hrin 11 steps; response
timeis a high 0.25 s for 250 mm and
awide range of options is available,
including remote control.

Multipoint recording

In addition, the Philips programme
includes the PM 8235, a modular,
multipoint recorder having

0.25% accuracy and 0.1% reproduci-
bility. This instrument gives a free
choice of 110 12 point recording
through simple, pin-board program-
ming and has an adjustable1to 20 s
printing interval time. A six-range
programmable unit is available for
mV, thermocouple or thermal resis-
tor.

Get the full facts on the bigger
recorder choice. Tick the reader
service number, fill in the coupon or
contact your local Philips office.

Please send me full details on:

O X-trecorders
O ModetPM

O AllPhilips Test and Measuring Instruments

Phone .

Country

Post to: Philips Industries, Test and Measuring Instruments
Dept., TQIli-2, Eindhoven, The Netherlands.

PHILIPS
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4K MOS RAM

Here we go again.

Another in a string of lickety-split RAMs from
National.

MMb5271A 18-pin 4K Dynamic RAM with
TTL-compatible chip enable.

It’s the fastest TTL-compatible 4K MOS RAM
on the market. A blistering access time of 120 ns.
And that’s including on chip level conversion.
Cycle time is 215 ns. at the same power dissipation
as older 4K dynamic RAMs.

An equally fast 22-pin version also available
(MMb5281A). As are versions without clock driver
18-pin (MM5270A), 22-pin (MM5280A).

So get your pen.

Quick.

National Semiconductor GmbH E33
808 Fuerstenfeldbruck

Industriestrasse 10

West Germany

Gentlemen:
Please send me further information about:

OMM5271A O MM5281A O MM5270A O MM5280A
Nanie

Company

Address

1 National Semiconductor
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Schlumberger

DEPARTEMENT INSTRUMENTS
5. RUE DAGUERRE 42030 SAINT-ETIENNE
CECEX FRANCE TEL (77)25 2264
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Electric-vehicle
demonstration funded
for $40 million. . .

. . . NASA gets money
for Landsat-D
spare, Mars studies

Amateurs hit FCC
on proposed ban
of rf amplifiers

DOD pushes NATO
decision on Awacs;
Air Force buy halved

Electronics/March 3, 1977

The Energy Research and Development Administration won and lost some
electronics-oriented money with President Carter’s amendments to Gerald
Ford’s last budget. ERDA officials are delighted with the $40 million
proposed to start its electric-vehicle demonstration program [Electronics,
Feb. 17, p. 47}, which was not in the budget.

But the ERDA officials are downcast at the loss of all but $10 million of
the $65 million proposed in January to build a pilot 10-megawatt solar
electric power plant [Electronics, Feb. 3, p. 80). A reshuffling of other
ERDA monies to accelerate solar thermal programs supports the view of
agency sources that the Carter energy proposals are oriented toward
programs with a quick payoff.

The National Aeronautics and Space Administration picked up $15
million more in budget authority, including $12 million to be spent in
fiscal 1978, as the Carter proposals raised the agency’s budget slightly.
Of the total, $5 million will be used to start procurement of a backup
satellite for the Landsat-D earth resources spacecraft, a buy that will
require $60 million over six years. NASA also got $10 million for studies of
alternative Mars follow-on missions in the 1980s.

Amateur radio operators are in an uproar about two new Federal Commu-
nications Commission proposals to require type acceptance of all amateur
transmitters and amplifiers and to ban marketing of external rf amplifiers
capable of operating from 24 to 35 megahertz. The stricter rules are aimed
at preventing the extensive illegal use with citizens’ band radios of high-
power external amplifiers, which interfere with legitimate cB operations
and with radio and television reception.

Amateur operators contend they are being unduly penalized for viola-
tions caused by only a handful of CB operators. FCC chairman Richard
Wiley, who concurred in the 5-0 vote, agrees. “In attempting to deal with
the rapidly proliferating and sometimes troublesome CB service, we may
appear to be penalizing the amateur community —one of the most ‘profes-
sional’ and self-regulated services,” he notes. Comments on the proposed
ban on external amplifiers (Docket 21116) and amateur equipment type
acceptance (Docket 21117) are due May 25 with reply comments by June
6.

In a move regarded as leverage on America’s NATO allies to bring about a
decision on buying an uprated version of Boeing’s E-3A Airborne Warning
and Control System, Secretary of Defense Harold Brown has, as expected,
proposed halving the Air Force 1978 buy to three planes, cutting the
procurement by $150 million, or 38%, from the requested $393 million
[Electronics, Feb. 3, p. 57]. Brown wants to defer more Awacs buys until
NATO acts and then upgrade the Air Force planes to achieve a superior
common aircraft. Another Brown goal is to get the Air Force moving on a
common version as well as on a decision about just how many Awacs will
be needed for continental air defense.
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Washington commentary

The coming controversy over Carter’s budget

After just four weeks in office, President Jimmy
Carter has delivered to Congress 101 pages of
proposed changes to Gerald Ford’s last budget
that clearly reflect Carter’s desire to stimulate
the national economy quickly. Overall, budget
authority would rise by $26.8 billion to $507.3
billion, some 5.5% more than Ford sought, while
Federal spending would climb by $19.4 billion
to $459.4 billion, a 4.4% boost. For the elec-
tronics industries, specific program changes
contain bits and pieces of unexpected good news
for agencies like the National Space and Aero-
nautics Administration and the Energy Re-
search and Development Administration (see
p. 49), but much more bad news—most of it
expected —at the Pentagon.

The widely heralded cut of $2.7 billion in
Ford’s defense budget, for example, comes in
total obligational authority, not spending. In the
fiscal year beginning Oct. 1, the spending level
will drop no more than $400 million to $109.7
billion—a figure that is still nearly 5% more
than this year. But NASA gains $15 million in
budget authority under Carter’s amendments, of
which $12 million will be spent next year, while
ERDA will get its budget authority doubled to
$318.3 million, of which $105 million more will
be spent in 1978.

Boosting combat readiness

Defense Secretary Harold Brown’s cuts
include an expected $160 million in the funds
for the development of the next-generation
intercontinental ballistic missile, the Air Force
M-X, deferring full-scale development another
year. But that 46% cutback in funds still leaves
$134.4 million to pursue development of such
electronics as a new guidance system and other
components, as has been expected [Electronics,
Feb. 3, p. 58.].

Carter’s goal, apparent throughout his
changes in military programs, is to improve the
combat readiness of existing forces by increas-
ing maintenance and overhauls at the expense of
new systems like M-X still in development. The
$290.5 million in the existing 1977 budget to
buy 60 more Minuteman 111 icBMs, Brown says,
“will be applied instead to components to
support the existing force and maintain essential
component-production capability, without fur-
ther procurement of complete missiles.” Simi-
larly, Carter is increasing 1978 budgets for
NATO maintenance facilities and overhauls of

ships and aircraft by $390 million, while saving
$187 million by cancelling the nuclear strike
cruiser proposed as an Aegis missile platform
for fleet air defense; terminating the Navy’s
final buy of six A-7E Corsair II attack aircraft
to save $24 million; and killing the Army’s
Lance missile, which was set for a buy of 360 at
a cost of $77.5 million.

Cutting off LTV

Congressional hackles have risen at these and
other cuts. The White House is already getting
heat from the Texas delegation—including
House majority leader James C. Wright—on
the termination of the Corsair and Lance
programs. Both are products of Texas-based
LTV Corp.’s Vought operation and would deal
the company a serious blow as a major prime
contractor. At stake are an estimated 7,000 jobs
in Texas and another 1,100 in Sterling, Mich.,
where Vought produces Lance.

Deferrals in other areas are troubling other
delegations, too. One example is the Air Force’s
F-15 interceptor. Slowing McDonnell Douglas’
annual F-15 production to 78 planes—a reduc-
tion of 30—is expected to “save” $334 million
of the $1.7 billion originally proposed, but Air
Force officials say it will only push the unit cost
up later. Another blow to McDonnell was the
deferral of another $26 million in advance
procurement money for F-15s as follow-on
interceptors.

Time for more thought

But Carter and Brown are convinced they
need more time to evaluate the overall weapons
mix. Thus the production decision on Rockwell’s
B-1 bomber is being deferred now from March
to June while the 1978 buy of planes is being
reduced from eight to five for a $280 million
“saving.” And this leads to a slowdown in the
plane’s Short-Range Attack Missile schedule
for another $23 million reduction. Similarly, the
Army’s Advanced Attack Helicopter contracted
to Hughes Aircraft has been halved to $100
million in the RDT&E budget so that Brown can
make “a more thorough evaluation of options.”

Consequently, the small improvements in the
budgets of agencies like NASA and ERDA are
likely to pass virtually unnoticed in the forth-
coming congressional budget battle as the action
centers around the more controversial military
cutbacks. Ray Connolly
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5 REASONS WHY... TODAY,
TOMORROW WE LEAD THE
o PACK IN IC INTERFACE

¥ In short, SPRAGUE claims to leadership have
teeth in them: we offer an ever widening
%A |C INTERFACE programme — providing both
9% - unsurpassed logic compatibility and driving
= versatility. Additionally, construction is exclu-
#f sively monolithic and features DIL encapsu-
tlation.
For full information, just fill-in the address
g patch and INTERFACE squares which corres-
= pond to your design requirements —returning
E* the completed coupon to Sprague World
Trade Corporation.

LOW POWER
4 95V SCHOTTKY TTL
DARLINGTON COMPATIBILITY
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Osciloguartz knows at least
two sensible routes through that oscillator maze

You could spend a lifetime trying to make a meaningful comparison of the many oscillators on the

market today. They come in so many shapes, sizes, package configurations

not to mention speci-

fications — that it's extremely difficult to make a reasoned choice for your particular project.
Here is Oscilloquartz's answer to two specific problems:

Better Cost/Performance Ratio in a Preci-
sion Crystal Oscillator.
Confused about which precision crystal oscillator
has the best performance/cost ratio for your
counter, timing instrument, recorder, communi-
cations system or frequency synthesizer?
Get onthe right road with the Oscilloquartz B-1325

Frequency: 5 MHz or another frequency between
4 and 6 MHz

Aging rate: 5.10 '°/day )
Stability between -40°C to +55°C: < 610 °
Short term stability: o+ 1.10°"" for t = 1 sec.
Electronic frequency control

Compact: 50 x 51 x 116,6 mm

oven-controlled crystal oscillator.

The B-1325 combines excellent fong- and short-
term stability, voltage control capability, and a
rugged design to provide immunity to environ-
mental changes... all allied to a price that will
embarrass nobody.

or SHORT TERM STABWITY oysa, (2,11)

e[y

2 Outstanding Spectral Purity in a High
Stability System.

Still trying to locate the right high stability quartz
crystal oscillator for your narrow-band communi-
cations system, frequency synthesizer, coherent
radar/navigation system or other application
where signal multiplication to high frequencies
is necessary?

Take a look at the Oscilloquartz B-5400. This
5 MHz signal source combines state-of-the-art

Frequenys MHz or another frequency between
4 and 7 MHz o

Ultimate aging rate: < 1 - 10'° per day

Short term stability: =1 - 1072 for v = 1to 10s
Less than 5 1070 frequency deviation from
-30to +55°C

Electronic frequency control -
Compact: 71.5 x 84 x 135 mm

Then there's the rest of our range.l—tdoesn't matter whether you need a modest (by our standards

4 2 tab)
-0 |

short-term stability, outstanding spectral purity
and long-term aging performance. And it has
probably the lowest phase noise (close to the
carrier) commercially available today.

External frequency control voltage of the B-5400
facilitates phase-locked operation with other
signal sources in tracking receivers, atomic fre-
quency standards, sensitive measurement sys-
tems and similar applications.

Phase noise spectral density

e Nose level of the measurng system

[
-
0 L L L

that is) clock oscillator, TCXO, oven controlled oscillator or a better than 1 x 10°'° frequency standard,
we can advise on the best trade-off between frequency performance, power consumption, volume

and cost.

Member of the Ebauches group

OSCILLOQUARTZ SA

Pathfinders in Precision

Circle 193 on reader service card

CH-2002 Neuchatel 2 Switzerland

Tel. 038 258501 Telex 35315
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Internationaq!

UK company kindles solid-state
glow for car dashboards: page 3E

Delegates to the ITU World Administrative Radio Conference in Geneva
plan for direct-broadcast satellite service in the 1980s: page 69




Portable printing
and plotting

World’s first 12V impaect printer

Ideal for data comm.

Operating from a 12V supply, the new
mosaic printer 115DR from Philips
goes anywhere that print-outs and
plots are needed. Tests have been
carried out with the 115DR between
a central computer and vehicles and
the following results were obtained.

EABCDEFGHIPARSTUYWRY 1 "#$%6'¢ )
@ABCDEFGHIPARSTUVIWRY ' "#$%&' ()
CABCDEFGHIPARSTUYWRY 1"#$%& ()
CABCDEFGHIPERSTUYWKY ! “#$%&' ()
@ABCOEFGHIPORSTUMIKY ! "#$2%81 ()
@ABCDEFGHIPORSTUMUXY ' #$%8'()
CABCOEFGHIPRRSTUVWXY | “#$35& ()
@ABCDEFGHIPERSTUVIRY ! "#$%%' (2
@ABCDEFGHIPARSTUYWAY 1 "#$%8' ()

LA 3 ¥t Y

This print-out and plot clearly
demonstrate the high-quality
performance of this 115 mm wide
printer. 1t is therefore ideal for police,
fire and similar authorities and
unlike non-impact printers, the 115DR
can supply an original plus two
copies.

Electronic
Components
and Materials

PHILIPS

~

Ideal for p-o0-s

The 115DR is ideal for point-of-sale
and similar applications such as
invoicing and stock updating.The
compact dimensions and light
weight allow it to be built into your
system easily and economically.
Paper width can be from 60 to 115 mm
to match your individual needs.

For invoicing and similar applications,
the printer can accept stationery

up to 215 mm wide with vertical
feeding and prints a line of up to 40
characters. Continuous stationery
can be fed horizontally with printing
down to 40 mm from

the bottom.

Printer shown
here in standard,
friction-drive 115 mm

wideform. An accessory allows
sprocket driven paper to be handled
up to 215 mm wide.

54 Circle 194 on reader service card

Ideal for...

With this impressive and unbeatable
combination of features, available
at a highly competitive price,
the 115DR is ideal for just about any
instrumentation, industrial, business
or consumer application that needs
a print-out or a plot or both. Drive
circuitry is built-in and comprehensive
design support services are available
for character generation and hori-
zontal and vertical tabulation. Printing
can be left to right, right to left or both,
with a printing speed of 1.2 sec max.for
a full line,including carriage return.
Full details from Philips Industries,
Electronic Materials and Components
Division, Eindhoven,
The Netherlands.

PHILIPS

Electronics /March 3, 1977



220 scientists
to participate
in Spacelab tests

Siemens introduces
two subnanosecond
dense ECL arrays

Commodore offers
TV-game module
in European market

Japanese firm plans
computer sales
In U.S., Europe

Electronics/March 3, 1977

International newsletter

Some 220 scientists, more than half of them from a dozen European
countries, will get involved in the experiments that will go aloft in the
European Space Agency’s Spacelab. Scheduled for launching aboard
NASA’s Space Shuttle in the second half of 1980, this first flight is intended
mainly to check out the Spacelab system and the environment surrounding
the shuttle. Nonetheless, 100 hours—split equally between ESA and
NASA—have been earmarked for experiments during the one-week
mission.

For the flight, ESA plans to arrange the Spacelab in two main sections: a
long pressurized module, where two “payload specialists” will work, and
a pallet section for large telescopes, antennas, and similar apparatus.
Along with the payload specialists—one European and one American—
will be three Americans in the shuttle itself.

Siemens AG has joined the élite group of semiconductor firms offering sub-
nanosecond logic arrays. The West German firm has developed two high-
density large-scale-integrated emitter-coupled-logic devices—master slices
that provide functions ranging from basic OR/NOR gates to multiplexers,
latches, and even a four-stage counter. One chip packs roughly 700 gate
functions on a chip of 36 square millimeters that consumes less than 2.8
watts, and the other provides 400 gate functions on a 28-mm? chip that
uses less than 2 w. Both 64-pin devices have gate delays of 0.5 nanosecond.

The company claims chip density is four to five times higher than
comparable arrays, an achievement it credits to the use of series gating
and a logic swing of 400 millivolts inside each chip. Level-shifter gates at
the periphery make the chips compatible with ecL 100 K devices.

Commodore, a manufacturer of personal calculators in Britain, plans to
begin playing for a share of the European television-game market next
month with introduction of a module compatible with pAL sets at the
Hanover Fair. Based on an Mos chip from recently acquired mos
Technology Inc., the add-on module provides for games with choices of
three ball speeds, five ball angles, and two levels of player competence.
Commodore, a subsidiary of Commodore Business Machines Inc., Palo
Alto, Calif., may also market a cassette-loaded PAL game built around an
MTI microprocessor, as well as a Teletex-Viewdata decoder.

After a successful start in the Australian market, Japan’s Nippon Electric
Co. is introducing its office computers and peripheral equipment in the
U.S. and is planning to move into Europe. In the U.S,, it is conducting
market surveys preparatory to establishing a company before midsummer
to sell its NEAC System 100E business systems, its Badminton Crown
printer, its Hiprinter wire-matrix printer, and its intelligent terminals.

In Australia, NEC has already begun marketing its computers as the NEC
System 100 through Honeywell Information Systems subsidiary, Honey-
well Pty., which two years ago arranged to sell earlier models of the same
computer as the Honeywell System 6. Already more than 100 have been
ordered. Complete systems sell in Japan for $25,000 to $75,000. The
central processing unit consists of a 16-bit microprocessor, 4-kilobit
memory chips, and an interface of large-scale-integrated circuits.
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Chip digitizes data

for delta-modulated

telecommunications

TV antenna emits
uniform uhf pattern

to improve coverage

French to control
railway switching

with minicomputers

LCR meter evaluates

56

filter capacitors
for power supplies

International newsletter

Britain’s Consumer Microcircuits Ltd. is marketing an adaptive delta-
modulation integrated circuit built on a complementary-mos chip for low-
power applications in European military and commercial telecommunica-
tions systems. As an encoder or decoder in the audio band, the FX309 acts
as a digitizer for telecommunications, audio switching, and speech-
security systems. Needing few external components, the device is designed
for syllabically companded delta-modulation systems that need good
signal-to-noise performance, wide input dynamic range, and near-zero idle-
channel noise. The IC, expected to sell for about $5 in quantity, provides a
preprogrammed adaptive algorithm, clock frequencies up to 64 kilohertz,
and a servo-type bias signal that may be used for direct coupling.

An ultrahigh-frequency television antenna developed by West Germany’s
Rohde & Schwarz transmits highly uniform patterns, promising to
improve signals in fringe areas normally plagued by poor Tv reception. The
antenna elements, each consisting of four specially shaped dipoles, are
arranged to radiate signals in a choice of circular, semicircular, or kidney
shape. The roundness of the horizontal radiation pattern is 50% better
than conventional antennas produce, R&S says.

Other advantages include good null fill-in in the vertical pattern and a
reflection factor in the Tv channels of less than 2.5%. Moreover, the design
enables a single system to cover the uhf range from 470 to 860 megahertz,
whereas several have been needed in the past.

The government-owned French railway system, SNCF, plans to automate
many of its track switches. Last month, the switches for sidings and
emergency crossovers for two 50-kilometer stretches of track —one near
Tours and the other near Toulouse—went under computer control. The
two control systems, each implemented by an Intertechnique T-1600
minicomputer, are the prototypes for long-line switch automation.

Next month, SNCF will begin full service with a three-computer system
to control train movements through the Versailles zone for both suburban
and long-line traffic heading into and out of Paris. A T-1600 minicom-
puter will set the switches to route some 600 trains a day through the
junction, a second T-1600 will provide backup, and a third will handle a
Tektronix graphic display. Future systems for high-density zones will
probably be patterned on the Versailles installation.

The capability to measure equivalent series resistance at 10 kilohertz
especially qualifies an inductance-capacitance-resistance meter developed
in Japan to evaluate filter capacitors for switching power supplies. The
model 4262A LCR meter from Yokogawa-Hewlett-Packard Ltd. also
operates at the customary test frequency of 1 kHz and 120 hertz. An
internal 8-bit n-channel MOS microprocessor provides automatic initiali-
zation, prevents improper operaton, enables storage and comparison of
measurement results, and calculates Q from dissipation-factor measure-
ments. The range of equivalent series resistance, as well as that of
resistance, is 1 milliohm to 19.99 megohms. The $2,340 instrument can be
connected to the HP-IB standard test-equipment interface.
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and location
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In the matter of resistors,

ULTRA
PRECISION

for Sfernice, it is not just a word,
it is a way of life

when we talk about precision, we don’t guarantee only a few ppm in the
tolerance values of our high precision resistors but, we also make sure that they have:

a very small T.C. (=1 ppm)
an ultra high overall stability (5 ppm/year)
an excellent reliability.

Wv' LKE

In order to achieve these perfor-
mances, SFERNICE has built a metro-
logy laboratory equipped with the
best possible measuring gears and
calibration resistors and our produc-
tion facilities are manned by people
for whom a dispersion of a few ppm
in a batch is considered as a serious
failure. This is why you'll find SFER-

NICE high precision
(almost) every civilian or military

resistors in

R

project where a combination of high
performance, precision and reliability
is a must. Moreover, our products
satisfy the conditions of the specifi-
cations NF C 93 217 NFC 83220 MIL-
R-39005 and MIL-R-55182/9. So, if you
are involved in a project where you
need real high precision resistors and
if you are only satisfied with the best
in reliability and performance, call
SFERNICE.

NiGROCER PROCESSES

PLANAR RESISTORS

RCK 02 and RCK 04

0.33 W and 0.6 W at 125¢C

2.5 Q to 300k

Tol. = 0.005 % to =1 %

Typical T.C. € = 3 ppm/°C (— 55°C + 155°C)
< =+ 1 ppm/oC (0°C + 60°C)

Climatic category: — 55°C/+ 155°C /56 days

Oil filled hermetically
sealed metalic case 0.25 W at 25°C
30 Q to 50k Q@

Tol. up to = 0.001 % |
T.C.: *=1-%2-=*5 ppm/°oC |
|

RHK 02 / |

Climatic category: — 55°C/+ 125¢C /56 day

B o6<x00,01% 4
STIRC—

e
SE2nice
RXKO2
| 30KQ20001Y, [
755

.1‘?]
Y

WIREWOUND RESISTORS
RAK

6 sizes 0.125 W to 0.5 W at 125¢C
5Qto10 MQ

Tol. £ 0.01 % to =1 %

T.C.: *x2-*5-=*=10 ppm/°C

Climatic category — 55°C/+ 1550C/56 days

RBK 02

Complete hermetic sealing (TO5 housing)
0.25W at 70°C - 100 Q to 2 M Q

Tol.: =001 % to 1%

T.C.: =2 -*5-=*10 ppm/°C

Climatic category - 55°C/ + 1550C/36 days

RWK 02

Hermetically sealed

0.2 W a125C - 100 Qto 1 MQ

Tol. 001 % to £ 1%

T.C. :=2-=%5-= 10 ppm/°C
Climatic category - 55°C/ + 155C/56 days

QUASI STANDARD RESISTOR

RXK 02

Ol filled hermetically sealed

metal case - 100 Q to 1 MQ
Tolerance = 0.001 %

T.C. : = 1 ppm/oC Shelf life 5 ppm/yr

2E

SiERNiCE

SOCIETE FRANGAISE DE L'ELECTRO RESISTANCE

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

Circle 231 on reader service card
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Significant developments in technology and business

UK firm lights glow
in instrument panels
for 1980-model cars

Smiths Industries chooses
solid-state direct-current
electroluminescence for
gauges and warning lights

Solid-state displays will undoubtedly
brighten future automobile dash-
boards. Britain’s Smiths Industries
Ltd. hopes to generate the first glow
with a production-oriented solid-
state instrument panel using direct-
current electroluminescence (DCEL).

The company plans later this year
to complete a DCEL module using
custom integrated circuits designed
jointly with Plessey Semiconductors,
says Brian Shepherd, electronics
director of Smiths’ Vehicle Instru-
mentation division. The company
should be sending samples to select-
ed British and European car makers
next year in time for the 1980
models. Although the conservative
automobile industry customarily
takes three years of lead time for
new designs, Smiths expects car
manufacturers to adopt the solid-
state display sooner because it com-
bines in one unit instruments,
gauges, and warning lights.

Simple. A solid-state display has
only 35 parts or processes, compared
with about 430 parts of a conven-
tional instrument panel, and infor-
mation can be changed by simply
redirecting the display’s conductor
patterns. Shepherd says that solid-
state displays are more reliable,
much smaller, and more versatile
than conventional electromechanical
instrumentation.

Besides DCEL, other technologies
being pursued around the world
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include electrochromic and gas-
discharge panels, light-emitting
diodes, and liquid-crystal displays.
But Smiths chose DCEL because its
inherent emission of light eliminates
the need for illumination, and pack-
aging costs are low. Shepherd says
that light from a DCEL display can be
made variable and does not degrade
sharply.

Versatile set. Smiths wants to
develop a set of four to eight chips—
each about 0.009 inch square—so
that it can have displays to serve
vehicles from economy cars to luxu-
ry vehicles. Besides the driving chips,
Plessey also has reconfigured a
switched-mode power-supply chip
from a consumer-television circuit
and is designing an odometer chip of
integrated injection logic; 1°L was
chosen for the 700-gate device
because it can handle “a large mass
of logic with low power,” explains
Andrew Brittain, product-develop-
ment manager at Plessey Semicon-
ductors.

The DCEL display is based on
laminar glass construction enclosing
phosphor patterns. When a direct
current is passed through the phos-
phor, the molecular layer immedi-
ately in contact with the conductive
pattern emits light. This excitation is
caused by pulsed dc current, which
provides long life, consumes little
power and stays cool. The emitted
light is yellow because of the zinc-
sulphide phosphors being used, but
Smiths is working on other phos-
phors for different colors.

Though the driving circuitry is
fairly straightforward, Shepherd
says that the high voltage requires
demand a good blend of custom-
designed integrated circuits. Smiths

chose Plessey last May to help it
design them, and this teamwork
promises a new market for Plessey as
well. Although much information
about the project is still proprietary,
Plessey uses a high-voltage variant
of one of its standard bipolar
processes obtained from lighter dop-
ing and higher junctions, Brittain
says.

The high voltage is needed be-
cause the display requires about 120
volts across it, Brittain says. This
potential is split evenly between the
front and back plates of the display.
The front plates need only one
driving circuit, whereas the number
needed by the back plates depends
on the number of warning lights, he
says. The two companies also have
worked out a form of multiplexing
the current-driving functions among
the driving circuits to cut down the
number of interconnections. O

Japan

Printer operates
with two colors

An experimental electrostatic printer
developed by Japan’s Yokogawa
Electric Works can print in two
colors to call attention to portions of
a printout or to differentiate between
types of information. It uses red and
black toners that pick up positive
and negative charges respectively.
The toners consist of 10-microm-
eter-diameter particles of two sepa-
rate resins that are mixed with iron
particles, called carriers,
100 um in diameter. One resin,
which acquires a positive charge
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when stirred with the iron particles,
contains the red pigment; the other
resin, which picks up a negative
charge, carries the black. The toners
develop the latent image on electro-
static paper coated with a plastic
dielectric layer, and heat fuses the
resin to fix the image.

Pins having a potential of about
700 volts write the latent image on
the paper. A positive voltage makes
the image black, and a negative one
makes it red. At a potential below
1400 v, no charge is transferred
from pin to paper. This threshold
effect permits a matrix arrangement
of resistors that minimizes the num-
ber of expensive high-voltage tran-
sistor switches needed. The resistor
matrix feeds +700 v or —700 v to
the desired pins and +350 v, 0 v, or
—350 v to the others. The extra-
neous half-strength voltage does not
degrade performance.

Printing. The machine prints lines
140 millimeters wide with a resolu-
tion of four lines per mm. The elec-

trostatic image is deposited on the
paper by 560 pins across the printing
head, and the paper advances 250
micrometers between the lines. For
ease in fabrication, the prototype
uses 560 lines on an epoxy-glass
printed-circuit board, rather than
true pins. The 800-v charges in the
pins are switched by readily avail-
able switching transistors used in
television horizontal-output circuits,
even though the printer currents are
much smaller than the ones the tran-
sistors were designed for. Only posi-
tive voltages are switched to the pins,
and a single additional switch shifts
the level for negative voltages.

A conventional switching arrange-
ment would have required 560 of
these switching transistors. But be-
cause that would have been both
expensive and bulky, the resistor
matrix was developed. This configu-
ration, which handles pins in blocks
of 28, limits the number of switching
transistors to 20 for block selection,
28 for pin selection within the

AN

COUNTER- N\
ELECTRODE
RECOROING PAPER | ; I —
] PIN ELECTROOE
J_ . MAGNETIC
| p BRUSH
= R
] 5MQ 5MQ
' ( (sw2
=
R>r
[ SWs Ey=E;=E
i/
1 2 3 4 5 6 7 8
SW; ON OFF ON OFF OFF ON OFF ON
SW, ON ON OFF OFF OFF OFF ON ON
SW3 ON ON ON ON OFF OFF OFF OFF
Pin voltage 0 E/2 E/2 E 0 -E/2 -E/2 —E

——— -

Switching colors. SW, is one of the 28 switches that selects pins within a block ofthe printer
matrix, SW. is one of the 20 block selectors, and SW, determines the color by polarity. E on
bottom line indicates black, —E means red, and the other two no printing.

4E

blocks, and a single transistor to
shift the voltage in order to make it
negative.

Resistors. However, 1,120
S-megohm resistors are needed for
the matrix. The experimental unit
had discrete devices, but resistors
will probably be printed directly on
the board in the future. For
compactness and convenience, the
high-voltage switching circuits were
built as hybrid integrated circuits.

For ease in printing the two colors,
the machine actually advances the
paper in 125-um increments, or half
of the line pitch and alternates
printing of the half-pitch lines in red
and black. The displacement be-
tween the colors is not apparent. [J

Great Britain

Two firms ready
Teletext decoders

GEC Semiconductors and Mullard
Ltd. are about to challenge the early
lead that Texas Instruments Ltd. has
won in the budding European con-
sumer market with a Teletext
decoder built around large-scale-
integrated-circuit chips.

The two British companies, now
canvassing television-receiver manu-
facturers, plan to announce their Lsi
decoders in time for this summer’s
international radio and Tv exhibition
in Berlin. The show is expected to be
an important commercial showcase
as the Continent begins to pick up
Teletext broadcasting which origi-
nated in Britain [Electronics, Feb. 5,
1976, p. 68].

Teletext is a broadcast system that
lets home viewers select “pages” of
alphanumeric or graphic informa-
tion for display on decoder-equipped
Tv sets. The pages are sent at
6.937 megabits per second during
the flyback interval of the color-Tv
signal.

Although some expensive TV sets
are equipped with decoders made
with discrete components, only those
made with LSI circuits make eco-
nomic sense to set makers and poten-
tial customers. But designing such a
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Look at the benefits versus LEDs: [JHigh reliability Philips is the only European
OHigher light output (approx.x10  (due to rational pinning and elim- manufacturer of GDDs (our short-
at equivalent power) ination of internal connections) hand for Gas Discharge Displays)
O Lower configurated costs O Backed by full range of and we're currently making them
(more digits = more savings) decoder/driver ICs in dual and 1% digit versions that
O Easy multiplexing O Local stocking and comprehen-  are ideal for a whole host of
(unlike multi-digit LED displays) sive support services applications.

O Uniform brightness e ——————
O Customised colour filtering §m115§5?0 ?;ﬂ%ﬁ';igg;y

(the result of higher light outputs j ]
and broad spectrum) AT Full details including driver and
K g reliability information on request
Look also at the unique Philips Philips GDDs feature standard DIL from Philips Industries, Electronic
. . pinning for use with low-cost strip .
plus points: sockets and they are therefore ideal Components and Materials
O Low profile, DIL pinning for consumer as well as Division, Eindhoven,

(unlike other GDDs) professional applications. The Netherlands.

priLips]  Electronic
% Components

and Matenals
Circle 232 on reader service card

DECRTIIANT (HIDUHUTTIICIND 11@naina D40 M.y VIA FIGI0 |1 CV UV 18wy TIANF . ) sl wbtsws oo @ misers = o o
Beckman Components GmbH, 8 Munchen 40, Frankfurter Ring 115, Munich. Tel. No. 38871. Telex 5216197
Beckman Instruments GmbH, Helipot Components Division, A-1197 Vienna, Sieveringerstrasse 81, Postfach 21, Austria. Tel. No. 322150. Telex 76922
Beckman Composants S.A R.L., 52 Chemin Des Bourdons, Gagny 93220, France. Tel. No. 9278295. Telex 691921

BECKMAN"®&
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circuit to find, catch, and store the

is slated for later this year. Mullard

desired page during the brief flyback must foresee a huge market because

intarmial a0 nA cmall taal,

LORQE scdle

iInfe RCITIOn

The Electronics Book Series
offers you a handbook on the
current and revolutionary
impact of LS| on digital
design. This 220-page book
presents a unique opportunity
for circuit designers, systems
designers, and engineering
managers and supervisors to
bring their expertise into line
with today’s LS| design
requirements.

0l Etectronics Book Series
PO Box 669, Hightstown, N.J. 08520
] 00 Send me copies of 'Large Scale
Integration’ at $9.95 per copy.

| must be fully satisfied or you will refund full
payment if the books are returned after ten
. day trial examination

1c Payment enclosed [ Bill firm [ Bill me
l Credit Cards Charge My Book To

l O American Express [ Master Charge
] O Diners Club 0 BankAmericard

B Acct. No.

i Date Card Expires

l 1st No's. above name on Mastercharge only.

Z
&
3
@

=]
3

Company

=
1<

¥
=
(D

Zip

L P 1 1 1 1 ¥ F |
@
>
B

I
|
|
|
]
]
]
]
=
|
' Interbank No. l
]
]
]
]
1
1
]
]
]
]
d

Electronics
IS THE SOURCE 4
FOR BOOKS.T00 %Nl

8E

Tha Tavan

AAAAAAAA 4 ~alhacs NN NANAN

Electronics international

systems so that, in the future, “vou

can hang anythmg on 1t—V1ewdata

Efficient. The Siemens Mevatron 12 linear accelerator covers a relatively large area at a high
dose rate for treatment of cancerous tumors by electron and X radiation.

radiated beam and the axis about
which the equipment’s radiating
head swings pendulum-like over the
area being treated. This value,

together with the 1-m distance
between the focus and the isocenter,
Siemens says, provides irradiation
times no longer than two minutes. ]

France

Motorola’s stereo decoder eliminates
interference by harmonic frequencies

Since integrated-circuit phase-
locked-loop stereo decoders hit the
market in the early 1970s, they have
become standard in most stereo
radios. Meanwhile, advances in IC
technology have made possible im-
proved versions, with added features
like amplifier stages and blend
circuits to smooth the switch from
monaural to stereo reception. None-
theless, Motorola Semiconductor’s
widely second-sourced original cir-
cuit, the MCI1310, still ranks as an
industry standard.

But not for much longer, perhaps.
Motorola has started supplying sam-

ples of a new PLL decoder that
improves performance by at least a
couple of notches. Developed at the
company’s European headquarters
in Geneva, the circuit is insensitive
to frequencies of 114 kilohertz and
57 kHz, which are troublemakers for
European stereo reception. Motorola
expects to have the chip in produc-
tion by late May or early June.
“We are convinced the new
4500A decoder will be the next
industry standard,” maintains Ernie
Pusey, director of marketing for
Motorola’s consumer circuits in Eu-
rope. “We were forced to design it

Electronics /March 3, 1977



-
= ———— DISPLATY
ew A " L
gf.u moaw
—— GRATICULE ——
o Asfererce ot Sweep
A Mvmes S o
e o
W Comre - e bmp M egie St
ool ol 1 & L i l
g ! }l ‘}_ J’i&’ : u‘ L » :
= Wewaity Vet Svh ok Scae mp— - 2
RKargr A !
! —— Onr - &
- = E
Q ‘o Z
l.A el
. @ [l] i r F E I L‘I :
AARCON PETRUMENTS LTD
l
) TMENCE ar\p« |
FYN] 01 FECTARS ANATER TR .
#
Paaze faed Q g Q Q : j
VERBCAL SCALE = © tllsOwmee fop o Seowrs HORIZONTAL SCALE
Do DM W M D s o e e b B o s o (@)
b.i"-nuaaaa’&; . o nO“
'g W e e D W ow W :

AT

‘"i””* ,
%,;} }iu}}f

©
Q

The Most Advanced Spectrum Analyser

You've neverseen a faster, more accurate way
of measuring frequency response from 30Hz to 110MHz

The TF 2370 Spectrum Analyser employs advanced
technology to provide a complete system for meastring
response, level, frequency. signal purity, modulation and
much more, with a speed and degree of accuracy previously
unobtainable. A digital memory permits the use of a standard
monitor tube and irternal logic selects gain ratios and sweep
speeds for optimum performance. The specfication speaks
for itself:

%k Flicker-free 100 dB display of frequency response from

30 Hzto 110 MHzon a high brightness c.r.t.

%k Electronic graticule, with a 159/ variation of horizontal
divisions for pin-point positioning against waveform display.
k Three amplitude scales: one linear and two lcgarithmic
with expansion to | dB div. with an accuracy of +0.1 dB/dB.
* 9-digit electronic counter automatically gives centre
frequency, reads any other frequency corresponding to
manually-adjusted ‘bright line’ position on disp'ay, or the
difference frequency between the two, at the press of a

button. All to an accuracy of £2Hz treference frequency
accuracy on high resolution and manual. Inzernal reference
frequency provided with setting accuracy of | in 10,

% Internal generator supplies synchronous signal source for
measuring such items as networks and filters.

% For comparative measurements, unique memory storage
system will retain one display indefinitely as required, for
simultaneous display with response produced by items under
test.

*k Automatic adjustment of amplifier gains to give optimum
lowest-noise performance with full protection against input
overloading.

* Automatic selection of optimum sweep speed.

% With the 5 Hz filter, signals 100 Hz from a response at

0 dB can be measured to -70 dB.

Please send for full irformation or ask for a demonstration
seeing is believing! Circle 234 on reader service card

o
M. THE INNOVATORS

MARCONI INSTRUMENTS LIMITED,
Lengacres, St. Aibans, Her:fordshire, England, AL4 OJN. Telephone: St. Albans 59292 Telex: 23350.

A GEC-Marconi Electronics Company
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We distribute
the Displays
with more
eye appeal.

Austria and
Eastern Europe

Beckman Instruments GmbH
Helipot Components Division

A-1197 Vienna,
Sieveringerstrasse 81,

Postfach 21
Belgium Regulation-Measure S.p.r.L. 73 Avenue Vandendriessche,
1150 Brussels
Denmark Transcan Electric ApS Rungstedvej 20,
DK-2970 Horsholm
Finland Oy Honeywell AB Ruukintie 8,
SF-02320 Espoo 32
France Beckman Composants SARL 52 Chemin Des Bourdons,
Gagny 93220
Germany Beckman Components GmbH 8 Munich 40,
(West) Frankfurter Ring 115,
Munich
Israel Eastronics Limited 11 Rozanis Street,
Tel-Baruck,
P.0. Box 39300,
Tel Aviv 69018
Italy Beckman Instruments Via Arese 11,
Italiana SpA 20159 Milan
Norway Hefro Teknisk A/S Postboks 6596, Rodelokka,
Oslo 5
Portugal Eltec Eletronica Avenida Almirante Reis,
Com. e Ind. Ltd. 30-2° Floor,
Lisbon
South Africa Beckman Instruments Temple House,
(Pty.) Ltd. 59-61 Buitenkant Street,
Cape Town,
Spain Aeromarine and Avda P10 XI1
Electronics Intl. SA Madrid 16
Sweden AB Nordqvist and Berg Box 9145, Bergsunds
Strand 37,
$-102 72 Stockholm
Switzerland Megex Electronic AG Industriezone Nord,
8902 Urdorf-Zurich
United REL Equipment and Croft House,
Kingdom Components Ltd. Bancroft,
Hitchin,
Herts SG5 1BU

Beckman Instruments Limited
Components International

Queensway, Glenrothes, Fife KY7 5PU, Scotland

BECKMAN:"® &
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by events in transmission,” he adds.
Although the new circuit costs about
45% more than the old standby
MCI1310, four set makers have
already designed it into their new
models.

Problem-solver. It is not hard to
understand why receiver manufac-
turers, notoriously tight-fisted on
components costs, are willing to pay
a premium for the new circuit.
Because of the channel separation
for frequency-modulation broadcasts
in Europe, sidebands of adjacent
transmitters can fall in the 114-kHz
region, which happens to be the third
harmonic of the stereo subcarrier.
Until now, the set makers have been
relying on a notch filter upstream of
the PLL decoder to handle the prob-
lem.

However, a single notch filter
won’t do now for a stereo receiver
destined for the kingpin West Ger-
man market. The Germans have
introduced a road-traffic-informa-
tion system that puts an amplitude-
modulated 57-kHz subcarrier onto
the signal. That arrangement de-
mands a second notch filter, and the
two that are needed make the
higher-cost 1C a viable competitor,
particularly since Motorola has also
included circuits that provide mon-
aural-stereo blend and amplifier
stages in the 4500A.

Operation. Essentially, the layout
is the same as for the earlier IcC
decoders. The composite input signal
from the receiver’s discriminator is
fed to a preamplifier. It supplies two
outputs: one for the PLL and stereo-
switch sections, and another for the
decoder secton.

To render the decoder and pLL
circuits insensitive to interference by
114-kHz and 57-kHz inputs, Motoro-
la uses modulating functions — based
on digitally generated square
waves—from which the third har-
monic has been removed, as well as
the second. This design means that
the modulating functions must have
three-state forms, but they are
obtained by applying two-state wav-
eforms to a chopper modulator. The
driving signals come from a three-
stage register, which is connected as
a Johnson counter. |

Electronics /March 3, 1977



Opening new frontiers with electro optics

PMT with big new “teacup”dynode gives
scintillation counters better PHR.

We expect quite a tempest
over this teacup. It's a racically
different RCA approach to
large-diameter PMT’s: The tea-
cup is a large, cup-shaped first
dynode that is an improvement
over conventional venetian-blind
types. It has better spatial uniformity
and better off-axis uniformity. As a
result, PHR (Pulse Height Resolution)
is improved by 0.3% for Cs'*” [Nal
(Th] and 0.7% for Co*” [Nal (T1)).
RCA 4900 is the first in a whole
new family of 2" to 8" circular and
hexagonal face PMT’s with feacup
first dynodes. It has a 3" diameter, 10
stages, and "blue” cathode re-
sponsivity of 10 w A/blue Im mini-
mum, 10.5 wA/blue Tm typical. Avail-
able with voltage divider network.
High performance in exacting
applications
Besides scintillation counting.,
the teacup PMT can also be use-
ful in gamma ray spectroscCopy

(T

Lp-==""7 " 4

I
TEACUP
DYNODE

PHOTOCATHODE

Integral
voltage divider network
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for medical applications. Sev-

eral leading manufacturers of

medical diagnostic equipment

recently conducted their own

tests on these gamma-camera

type tubes, and pronounced them
a giant step forward in improving
camera performance.

If electro optics can solve your prob-
lem, remember: EO and RCA are
practically synonymous. No one of-
fers 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.
Sunbury-on-Thames, Middlesex
TWI6 7HW, England; Ste.-Anne-de-
Bellevue, Quebec, Canada;

Belo Horizonte, 8razil; Hong Kong.
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Would you helieve
one-part-in-a-million?

Design a DVM of this accuracy, add a true
0.00011% three month stability — without recalibration —
and you're liable to create a credibility gap. That's what
happened with our SM 215

For there was no way that conventional design
could achieve this unique spec’. Certainly notin a

portable lab instrument capable of operating over a wide
temperature range.

A member of the EMI Group of companies.

12E Circle 237 onreader service card

But we did it with a unique combination of two
basically different techniques of digitisation. For the
most significant decades we replaced the conventional
resistor network with an inductive divider system. Then
for the remaining decades we employed integrating
dual ramp technology. The result — the best of both
worlds. Standards room accuracy, while still retaining
the outstanding noise rejection needed for routine
measurements.

Now there’s MK Il —or to give its full title
SM 215 MK Il Programmable dc Voltage Transfer
Standard/Digital Voltmeter — the world’s most
accurate DVM. We can hear you saying — "“with a spec’
like this who needs a Mark |1 7 Simply, to provide
programmability for the ATE man. And would you
believe that SM 215 MK 1l costs less than many lesser
DVM’s ? Don’t take ourword for it. Let us demonstrate

Jjust how far ahead of conventional thinking itreally is.

71| sELabs

SE LABS (EM)) LIMITED,
Spur Road, Feltham, Middlesex TW14 0TD, England.
Telephone: 01-890 1477. Telex: 23995.

International leaders in music, electronics and leisure
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New products international.

Generator covers
eight decades;
output is clean

by John Gosch, Frankfurt bureau manager

R&S test oscillator spans
10 kilohertz to 1 gigahertz
for precision measurements
in shop and laboratory

A signal generator that West Germa-
ny’s Rohde & Schwarz is readying
spans from 10 kilohertz to 1 giga-
hertz, and the spectral purity of its
output is high over the entire
frequency range. “With communica-
tions equipment and associated com-
ponents using ever higher frequen-
cies, the market called for a test-
signal generator capable of oper-
ating as high as 1 GHz,” says Hein-
rich Loffler, who developed the
instrument. “The wide frequency
range makes it possible to use just
one signal generator for measure-
ments that formerly called for
several limited-range instruments.”
The eight-decade SMDS follows

the Munich company’s SMDW sig-
nal generator, which because of its
10-kHz-to-500-megahertz range has
become something of a best seller
since it was introduced in interna-
tional markets three years ago.
However, that range no longer
suffices for many test and measuring
tasks in today’s communications
equipment. The SMDS, which can
be operated by itself or as part of an
automatic test setup, will be intro-
duced at the Hanover Industrial Fair
next month and will be ready for
delivery in July or August. The price
has not yet been determined.

What should prove particularly
advantageous in measurements on,
say, radio-telephone equipment, is
the high spectral purity of the
output. The spurious-response ratio
is 86 dB up to 500 MHz and 80 dB on
up to 1 GHz. The signal-to-noise
ratio, referred to a measuring band-
width of 1 hertz, is typically 90 to
130 dB, depending on how far the

measuring band is spaced for the
carrier.

The signal generator should prove
its worth in a variety of high-preci-
sion measuring jobs, both in the
laboratory and the test shop. Be-
cause of its programmability and the
availability of its output signals over
the entire range without the need for
range switching, the instrument pro-
vides an economical way to handle
many measuring tasks, Loffler says.
It can measure frequencies of filter
and quartzes, check out frequency
meters, and test selective receivers.
Since the frequency electronically
switches from one value to another
virtually without overshoot in 20 to
400 microseconds, depending on the
decade, the instrument is suitable for
digitally sweeping highly selective
two- and four-terminal networks.

Heart of the signal generator is
the master oscillator with its 10-MHz
harmonic-mode quartz crystal in-
stalled in a thermostat to ensure

pr—
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frequency stability under widely
varying ambient temperatures. The
long-term frequency drift rate is
better than 2 parts in 10° while
short-term drift rate is better than 1
part in 10°.

The instrument’s output is pro-
duced by a combination of frequency
synthesis and analysis, and all
frequencies are derived from the
‘master oscillator. Alternatively, an
external frequency source—for ex-
ample, an atomic frequency stan-
dard—can be used for highly ac-
curate measurements, such as offsets
for television-transmitter equip-
ment and the like.

The instrument’s eight decade
switches can set the output frequen-
cy in 10-Hz increments up to 500
MHz and in 20-hertz increments on
up to 1 GHz. The accuracy is
controlled by the master oscillator or
an externally connected frequency
standard. By turning a crank-type
knob, the user can quasi-continuous-
ly vary the output frequency in
either direction and yet retain full
crystal accuracy over the entire
frequency range. Eight Nixie tubes
display the frequency values.

Control knobs and switches on the
front panel are arranged in frequen-
cy-control and voltage-control func-
tional groups to facilitate instrument
operation. Turning the mode switch
to the furthest left position activates
the eight decade switches. The next
four positions are for adjusting the
increments of the quasi-continuous
frequency. When the switch is in the
remote-control position, frequency
commands can be fed to the signal
generator in BCD code. IEC-bus
control is also possible by means of a
code converter and a calculator.

The output voltage is 1 volt into
50 ohms. Automatic leveling ensures
that the frequency-response charac-
teristic is less than 1 dB. When the
instrument is used with the firm’s
programmable attenuator DPVP in
remote-control applications, levels
can be set in 0.1-dB increments. Any
standard modulation method can be
used on the input to modulate the
output.

Rohde & Schwarz, 8 Munich, P.O. Box
801469, West Germany.

14E

Three lock-in amplifiers offer operation in
square-wave, fundamental-only, and ‘‘any-
waveform'' true-correlation modes. Top of
the line is the 9503SC, which includes push-
button switching among its three modes.
Brookdeal Electronics, Bracknell, Berks.
RG12 4PG, England [443]

Dual power-unit packages, the Weir Twin-
pack, are based on the company's Mini 400
series. Each dual package consists of two
bench-variable supplies in a single housing
and a single ac-mains supply input. Weir
Instrumentation Ltd., Bognor Regis, Sussex,
England [444]

A multichannel variable filter, the VBF-19,
can be controlled manually, remotely by a
computer, or in a dc tracking mode from an
external analog signal. Each of the filter's 14
channels has a tunable pc filter card. Kemo
Ltd., Eimers End, Beckenham, Kent, England
[445]

Powered by a single supply of 12 V dc, the
115DR printer operates at 66 characters a
second. It can print any character that can
be formed with a matrix of 5 by 7 columns.
The printer uses standard paper up to 115
mm wide. Philips, P.O. Box 523, Eindhoven,
The Netherlands {446]
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Made for hybrid circuits, miniature Z-diodes
housed in a 23A3 package are rated at
100 mW and frorn 3.3 to 39 V, with a
tolerance of 5%. They come in a special
magazine designed for automatic handling

equipment. Ditratherm, 8300 Landshut,
West Germany [447]

With a screen measuring 8 by 10 c¢m, the
model HM512 oscilloscope ranges in fre-
quency up to 40 MHz at —3 dB and to
50 MHz at —6 dB. The time base is variable
in 21 steps from 1.5 seconds per centimeter
to 0.1 us/cm. Neumueller GmbH, 8 Munich
2, Karlstr. 57, West Germany [448]
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Built for laboratory and service work, a group
of tools called Lab Set includes variable-
temperature soldering irons, a desoldering
unit, a hot-air blower, and thermally oper-
ating insulation remover. Knuerr KG., 8
Munich 80, Ampfingstr. 27, West Germany
[449]

Making eight measurements a second, the
model 4273A preset C-meter is designed for
on-line inspection in the manufacture of
capacitors, as well as for incoming and
outgoing inspection. Accuracy is basically
within 0.1% of reading. Yokogawa-Hewlett-
Packard, Shibuya-ku, Tokyo 151, Japan

Field-effect transistors in the FLC series
deliver linear power up to 8 GHz for full
coverage of C band. The n-channel GaAs
Schottky FETs are suitable for Class A
microwave linear power and for oscillator
applications. Fujitsu Ltd., 6-1-1 Shimbashi,
Minato-ku, Tokyo 105, Japan [451]
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an ever increasing number of visitors :
1974 - 57.000
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Further particulars S.D.S.A.
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Designed specifically to cancel impulse noise
generated by automobile engines, the
LA2100 integrated circuit is specially useful
for fm stereo receivers. It erases the high
frequencies generated by ignition noise.
Tokyo Sanyo Electric Co., Ora-gun, Gumma
370-05, Japan [452]

A 512-stage bucket-brigade device for
audio-signal delays uses p-channel silicon-
gate technology. The MN3004's applications
include variable speech control of playback
and voice control of tape recorders. Matsu-
shita Electronics Corp., Nagaokakyo, Kyoto
617, Japan (453)

A low-profile 12-key keyboard, the KDP 12,
is only 5.3 mm thick. When depressed, the
keys travel less than 1 mm. The keyboard,
sealed against dust and other industrial
contaminants, has contact bounce of less
than 100 us. ITT Instruments and Compo-
nents, 92220 Bagneux, France [454)

16E

Power-supply barriers are designed for use
in the preserice of explosive materials. Three
models are available: the R50:50 (shown),
with an output of 58 mA at 31 V dc; the
R42:20, 32 mA at 43 V dc, and the R26:35,
45 mA at 27 V dc. Control Technology Ltd.,
Peacehaven, Sussex, England [455]

The model OS3000A, a postable dual-trace
40-MHz oscilloscope, offers time-base
speeds up to 20 ns/cm. Sensitivity can be
adjusted from 5 mV/cm to 20 V/cm, with a
5X capability giving 1 mV/cm between dc
and 10 MHz. Gould Advance Ltd., Hainault,
Essex 16G 3UE, England [456]

A line of electronic delay and interval timers,
series 1700, is designed for applications in
production machinery. The family includes a
panel-mounted unit, the 1703, which fits a
DIN-standard 45-mm-square cutout. Con-
trols and Autormation Ltd., Hitchin SG5 1LL,
Herts., England [457

Pocket ohmmeters designated Elohmi 3 and
4 are high-resistance (to 100 M) and low-
resistance (to 50 k() models, respectively.
The Elohmi 3 has an IC-based amplifier with
low power consumption. Hartmann & Braun,
6 Frankfurt, P.O. Box 900507, West Germa-
ny [458]

To avoid error, LEDs identify the measuring
range being used on an instrument scale. As
shown, up to four LEDs are vertically
arranged along the right edge. They are
spaced 6.5 mm apart. Gossen GmbH, 8520
Erlangen, P.O. Box 1780, West Germany
[459]
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Revolution counters use LEDs to indicate
maximum and minimum. The counters are
available in three versions: up to 99.99 rpm,
999.9 rpm, and 9,999 rpm. They have an
analog output for peripheral instruments.
Sinus Electronic GmbH, 7100 Heilbronn,
P.O. Box 3067, West Germany [460)
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| Industry asked us for hundreds of
variations of these switches.
Evidently we're pushing the right buttons.

And we intend to keep
pushing them.

So that every time one of
your new ideas creates a design
problem, MICRO SWITCH will
be ready with the miniature
manual switch that solves it.

At last count, we offered
hundreds.

The Series 8 lineup of
miniature manuals includes
toggles, pushbuttons, paddles
and lighted or unlighted rock-
ers. They're UL listed at 6 amps,
125 VAC. And every one is
available in a low energy
version as well.

Choose terminal varia-
tions ranging from solder to
quick-connect to PC board or
wire wrap. There's also a choice
of panel and bushing-sealed
pushbuttons and toggles. And
non-threaded bushings on PC
mounted toggles. Even colored
sleeves and integral colored
tips for the toggles.

And of course, you'll
find one feature you won't find
anywhere else —the quality
you've come to expect from
MICRO SWITCH. Series 8
switches are inspected to a 1%
Acceptable Quality Level
(AQL).

That's quality you can
put your finger on.

For your immediate
product needs, see your nearest
MICRO SWITCH Authorized
Distributor. If you have other
requirements, contact a
MICRO SWITCH Branch
Office or call 815/235-6600.

MICRO SWITCH

FREEPORT.ILLINOIS 61032
A DIVISION OF HONEYWELL
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MICRO SWITCH products are available world-
wide through Honeywell International.

Circle 195 for Data,
Circle No. 57 for Salesman call.
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Introducing
three new minr’s
that think

like mainframes.

Meet Varian’s
new V77 Family of high-
performance minicomputers.

Three distinctive new models. All fast.
Each powerful. A family trio most mainframes
can relate to. For help with almost any scientific,
industrial, or data communications application.

The V77 Family delivers all the speed and
performance you expect from Varian. Plus the
unexpected, too. In the form of total family com-
patibility and shared memory capabilities. Up and
down the family tree. For complete open-ended
flexibility. In capacity and price.

The world’s first mainframe-on-a-board.
Our new V77-200.

Quite frankly, the new V77-200 delivers
more computing power than any other computer-
on-a-board you can buy. Handling up to 32K/16-bit
words of 660ns MOS memory.

Big machine features include a fully micro-
programmed architecture, an 8-register CPU,

a 32-bit arithmetic capability, powerful set of 187

58

instructions, hardware multiply/divide, direct
memory access, programmed [/0, real-time clock,
and a teletype/CRT controller.

There’s big machine performance, too.
Example: multiplication functions handled in
4.9 microseconds —divide in just 8.

The new V77-200 means more cost-effective
computing in many scientific, instrument control,
or data communications environments.

The in-between that’s a go-between.

Our new V77-400.

If yours is a multiprocessing or distributed
processing network application, our new V77-400
just might be “the tie that binds”

Because on top of all its standard big
machine features, there’s an incredibly flexible dual
port memory. (With up to 256K/16-bit words of
660ns MOS memory in a single, standard chassis.)

The V77-400’s dual port memory, working
with its unique direct memory access system,
functions as a bridge when linked to other V77
Family computers in closely coupled, shared
memory multiprocessor arrangements.

" An optional Writable Control Store

is also available. Letting you expand the
V77-400’s instruction set to further
improve the speed of both program-

ming and program execution.

Top-of-the-line performance for almost
any application. Our new V77-600.

Varian’s new V77-600 sets new standards
for all would-be high-performance mini’s.

First, with a long list of standard big
machine features. Second, with up to 1024K/16-bit
words of 660ns MOS memory. And third, with a
host of performance enhancing options. Including
Writable Control Store, a floating point processor,
and special scientific and commercial firmware.

For the ultimate in performance enhance-
ment, an optional high-speed cache memory
is also offered — cutting the V77-600’s average
execution time in half.

How our mini’s speak fluent mainframe.

You won't waste any time or money training
our new V77 Family how to communicate with
your mainframe. Or developing your own control
programs.

Because all V77 Family members utilize
Varian’s VORTEX (or VORTEX II) operating
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system — two of the world’s best real-time systems. together — through shared memories, intercom-

Both systems permit concurrent job execu- puter I/0 bus lines, and shared communications
tion by allocating priorities. And help tailor other channels —as new cost-effective replacements
subsystems to fit scientific to commercial, real-time for typical “patchwork” systems.
to batch, and stand-alone to data communications
environments. . . . .

TOTAL, a highly efficient, network-type Varian. A commitment to innovation.
data base management system, is now available Varian Data Machines has played a signifi-
as a VORTEX II subsystem. cant role in the evolution of digital minicomputers

Usually for almost a decade now.
found on only Consistently producing innovations not
larger computers, only meaningful to the industry, but to the end-user
TOTAL allows as well. A look at just the last five years tells
you to define and the story. ..
access your data In 1972, VDM
base with power- developed the first mini-
ful, high-level lan- computer operating
guage processors system with all the
like COBOL, FOR- multi-task and file han-
TRANIV Level G, dling capabilities of a
door to large libraries of already A year later,
developed applications programs. VDM created the first *
microprogrammed mini- Y
The benefits of a well-structured family. computer with a 64-bit PARY
Writable Control Store. 3

Our new V77 Family represents more than In 1975, two VDM
just a continuing commitment to total hardware firsts: @ minicomputer
and software compatibility. Because it’s a commit- with a data base management
ment to solving basic price/performance needs system equivalent to those for large computers,
on several different levels. and, the first 64K word semiconductor memory

For those needing more computing package on a single board.
power, there’s a V77 that’s an affordable, high- Today, it’s the whole new V77 Family.
performance solution. Well-structured and ready. Breaking new

ground in terms of Varian size, compati-

bility, and price/performance. Three new

mint’s that really do think like mainframes.
For additional V77 Family planning

literature, contact any of the 38 Varian

offices listed below, or Varian Data

Machines, 2722 Michelson Drive, P.O.

plan designed to give Box C-19504, Irvine, California 92713,

even modest-volume ' (714) 833-2400. In Europe, contact Varian

OEM buyers a big break. Associates Ltd., Molesey Road, Walton-on-Thames,
Finally, for those Surrey, England, Telephone 28971.

with special multiprocessing or distributed data

processing requirements, there’s an entire V77

Family. Specifically engineered to work well .
varian

Mini’s that think like mainframes.

For those wanting
less wasted overhead,
there’s a less expensive,
high-performance
alternative.

Plus an attrac-
tive new V77 discount

U.S. OFFICES: Los Angeles (213) 598-4438, San Diego (714) 276-9462, San Francisco (408) 736-5630, San Fernando Valley (213) 990-6042, Seattle (206) 641-4500, Denver
(303) 770-2151, Dallas (214) 231-5145, Houston (713) 781-0105, St. Louis (314) 739-6433, Chicago (312) 692-7184, Detroit (313) 645-9950, Cleveland (216) 238-6960, Dayton
(513) 258-1458, Orlando (305) 299-1592, Atlanta (404) 252-0047, Washington, D.C. (301) 773-6770, Philadelphia (215) 643-2355, Englewood Cliffs (201) 569-2323, New York City
(212) 826-1010, Rachester (716) 586-3273, Boston (617) 890-6072. INTERNATIONAL OFFICES: Brussels (02) 4662000, Darmstadt (06151) 7031, Munchen (089) 8126093,
Bensberg (02204) 61066, Amsterdam (020) 15 94 10, Stockholm (08) 820030, Zug (042) 23 25 75, Surrey 093 22 28971, Toronto (416) 457-4130, Montreal (514) 332-2840,
Vancouver (604) 736-5621, Ottowa (613) 224-6521, Calgary (403) 276-4456, Melbourne 560-7133, Sydney 43-0673, Sao Paulo (011) 240-3449, Singapore 379-239, Tokyo 403-7101,
New Zealand 697-099, Taipei 5815158-9.
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Want a different view
with the
touch of a button?

And the 100 MHz 1740A is your
scope. With HP’s push-button third-
channel trigger view, you can see
r : your trigger signal along with channel A
. and B-——three traces in all—so you can
make timing measurements between all
three simultaneously. In most appli-
cations, that means three-channel capa-

Here are two more timesaving fea-
tures you can get at the touch of a
button. For data-domain applications,
you can combine the 1740A with HP’s
1607A Logic State Analyzer and trigger
the scope with the analyzer’s pattern-
trigger or delayed-trigger output. Add
the “‘Gold Button” (an optional logic-
state push button in lieu of A versus B)
for just $105* and (with the 1607A) you
have push-button selection of either
logic-flow or real-time display. That
means you can view the logic states of
operational circuitry for pinpointing a
problem. Then push the “Gold Button™
and see the waveforms you've selected
at that specific point in time. Or, add the
TV sync (optional for just $180*) and
tailor the 1740A for TV broadcast and
TV R&D applications simply by pulling
a knob.

The 1740A also has an X5 vertical
magnifier with the touch of a button
for 1 mV/div sensitivity on
both channels to

bility for the cost of a two-channel scope.

you can directly monitor low-level sig-
nals such as outputs of read/write heads
of disc or mag units, power-supply ripple,
or medical sensor outputs. You also get
selectable input impedance (1 megohm
or 50 ohms) plus the time-tested 8 x 10
cm CRT used in the 180 System
lab scopes.

At just $2095*, HP’s 1740A, with
it's three-trace capability, is an excep-
tional scope value. Call your local HP
field engineer today for all the details.

And here’s something NEW for
scopes. HP’s Easy-IC Probes. A new
idea for probing high-density IC circuits
that eliminates shorting hazards, simpli-
fies probe connection to DIPs and gen-

erally speeds IC trouble

shooting. Ask your

ggslc\gugzn without HP field engineer
Again mgéasure about therry
gain, X *Domestic U.S.A.
ments are sim- price only
plified because
)_\.I-‘ -
&=
Sales and service from 172 offices in 65 countries.
1507 Paga Mul Road. Paio Alo. Caltorma 94304
For assisiance cal Washington (301) 948-6370. Chaci {212) 677.0400
Atianita (404) 434 4000 Los Angeles (213) 877-1282 086/16
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WHEN IT COMES TO 16K RAM TESTING,
YOU'VE GOT TQ HAND IT TO XINCOM.

Technology marches on.
Just as you're beginning to see
the light at the end of the 4K
RAM testing tunnel, you
nolice an even bigger prob-
lem coming at you from the

..,

N other direction. The prob-
) lem is 16K RAM testing; SA;::‘"(
: and it promises to be more
{ complex, expensive, and

time consuming than 4K TEST HEADS
RAM testing by several or
ders of magnitude. But take heart.
Before you've even begun to do
some serious woitying about 16K
RAM testing, Fairchild is here
with the solution.

The soiution is Xincom 11

With Fairchild’'s Xincom 111
system, you can test up to 500,000
{ 16K RAM's per month per shitt,

using as many as 8 dedicated and

e e A -

ing in parallel at a cost of less than
$40,000 per test head.

And while all this rapid,
low cost, pass/lail testing is
going on in the foreground,
the system's host computer
can be compiling and

storing valuable pro-
duction, engineer-

ing, and busi
ness manage-

ment data in the

background.

computer controlled testers operat-

W/, -
A s

Things like shmoo plots, histo

grams, trend graphs, yield anal-

yses, waler maps and lest through
put summaries.
The secret of Xincom

A microcomputer in each
tester has sulficient intelli
gence to allow the tester to
stand alone as a pass/ail
device; the microcomputer

TEST HEADS

can also perform data manipula-

tion, log test resulls, and control

communications with the host com-

puter. Meanwhile, routine data
processing is left to the minicom

puter maker’s operating sysiem,
treeing the bulk of the host com-
puter’s intelligence for such impor-

tant jobs as high level pro-
gram translation, data
reduction to printout,
disc storage of re-
sults, elc.

Of course,
16K RAM testing
is hardly the be
ginning and end of
Xincom 111's capabilities. Using
the complete set of input sottware

TRy e

— ] QD

,r_...

[T is Fairchild’s distrib-
uted processing concept.

supplied with the system, it is
easily adaptable to anything from
TTL/CMOS logic through 64K
RAM’'s and ROM’s. And it's no
problem at all to test various
lypes of devices, simultaneously,
on various test heads within one
Xincom 111 system.

But, for many, 16K RAM
lesting represents the most press-
ing memory tesl problem looming
just over the horizon. And we just
wanted to assure you that, as
always in the field of memory
testing, Fairchild has the problem
well in hand.

For proof, ask for our iree,
22-page, full color brochure con-
taining all the technical data
about Xincom Ill. Better yet, ask
for demonstration of the system.
Write or call Fair
child Xincom Sys

tems, a unit of
Fairchild Cam
era and Instru-
ment Corpora
tion, 8944 Mason
Avenue, Chats
worth, California
91311. Phene (213) 341-5040
TWX 910-494-2769

.-"
-

QYA
e
G\\v\"’\\ .

EeEEm————N
FAIRCHILD
—————
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WAFERTRAC.
STILL STEAMING AHEAD!

Since GCA introduced the revolutionary WAFERTRAC™ a few
months ago—the completely automatic, microprocessor-controlled
wafer processing system, 9 out of 10 of the world’s largest manu-
facturers of semiconductors have purchased their WAFERTRAC
systems. Why?

WAFERTRAC provides higher yields in |
less facility space. 2

WAFERTRAC improves up-time and relia- i
bility to higher levels than ever before possible. F .....ﬂ;

WAFERTRAC eliminates traditional r .
25-wafer group processing limits. v

WAFERTRAC lets you design
your own specific configuration,
according to your firm’s
unigue requirements.

WAFERTRAC.
The first practical
application of
the micropro-
cessor to semi-
conductor pro-
cessing, requir-
iIng only a single
person in your
processing loop
...andthen only to
load and unload /
carriers. /

Don't be the '
last to get on board.
WAFERTRAC's still steaming
ahead...destination: greater profits! /

GCA/SUNNYVALE DIVISION @@A

PART OF THE GCA/IC SYSTEMS GROUP
1050 Kifer Road, Sunnyvale, Calif. 94068 TWX: 910-339-9211 (408) 732-5330
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Probing the news

Analysis of technology and business developments

Army speeds fiber optics

Optical fibers expected to replace cable
in the 1980s; test results exceed specs

by Bruce LeBoss, New York bureau manager

The U.S. Army is confident that by
the mid-1980s it will be replacing
copper wire with optical fibers in its
tactical communications systems.
The fiber-optic conductors, which
are markedly lighter and smaller,
will provide larger bandwidths at
potentially lower costs —perhaps
down to 10 cents per meter.

“Thus far, fiber optics equals or
exceeds our expectations,” states
Robert Christian, electromagnetic-
transmission team leader at the
Army Electronics Command’s Com-
munications Automatic Data Pro-
cessing Laboratory at Fort Mon-
mouth, N.J. Like the Air Force and
Navy, which are working on fiber-
optic replacements for coaxial cable
in aircraft and ships, the Army is
aiming its fiber-optics developments
at that mid-1980 target.

In the words of Gerald Aaronson,
division program manager of GTE
Sylvania Inc.’s Communications
Systems division, “Progress in fiber-
optics techniques is so rapid that,
within the next few years, they will
appear in a number of defense-
communications systems now in the
design and development stages.”
They are particularly suited for
defense communications because of
their immunity to electromagnetic
interference, and they are “only s
the size and weight of "e-inch-diam-
eter copper coaxial cable.”

Setting the objectives. Since 1974,
when the Army first became serious-
ly interested in fiber-optic communi-
cations, its primary aim has been to
replace the twin-coaxial cable used
for long-haul communications
systems and the 26-pair cable used
in local-distribution systems. “To
date,” says Christian, “all of the

Electronics /March 3, 1977

fiber-optic developments for these
two programs, as well as for support-
ing programs, have met all of our
specs with one exception.” That
exception is a hammer test, “which
may not be a necessary spec at all
for the environment that the equip-
ment will be used in.”

For long-haul communications,
the objective is a ruggedized fiber-
optic system that will transmit up to
at least 8 kilometers, unattended,
without repeaters. “Right now, if we
were to go to a 64-km system with
present cabling,” says Christian, “we
would need 19 repeaters every 8 km,
or one in less than every half mile.
But with a fiber-optic cable, the indi-
cations are we could do the same job
with only one repeater every 8 km,
or seven repeaters in all.”” Perhaps
more important, *“this would result
in a big savings in cost and a signifi-
cant improvement in reliability.”

Useful. Under an $80,000 contract
awarded in 1974, Corning Glass
Works of Corning, N.Y., “demon-
strated that we could create a useful
waveguide cable with a reasonable
set of useful properties, such as
lighter weight and smaller size, with
attributes that made it desirable for
long-distance communications,”’
states Al Fairaizl, Corning’s senior
sales engineer in charge of Govern-
ment sales. Corning’s work yielded a
first-generation fiber-optic cable
that has an attenuation of less than
20 decibels per km.

Corning, at its own expense,
further refined the cable, sold com-
mercially as Corguide. The company
is now selling to the military and
commercial markets cables that at-
tenuate less than 10 dB/km, are
more resilient, less subject to tem-

perature variations, and provide bet-
ter optical performance than the
original Corguide. These cables are
part of a Corning proposal to the
Army in competition for a one-year,
$100,000 contract for exploratory
development of a long-haul fiber-
optic communications system.

In the second half of this year the
Electronics Command expects to
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Probing the news

seeck proposals to conduct explora-
tory development of a fiber-optic
cable for such systems as the
AN/TTC-38 tactical switch. The
present cable, says Christian, re-
quires shielding, which adds massive
weight and size, to eliminate cross-
talk. With fiber optics, “we expect
to achieve a 10:]1 volume reduction
and a 14:] reduction in weight.”

Other work is also going on. In
1975, International Telephone &
Telegraph Corp.’s Electro-Optical
Products division in Roanoke, Va.,
received about $90,000 for early
prototypes of a fiber-optic cable to
replace the 26-pair cables used in
command-post-type applications.
Unlike Corning, which developed a
glass-on-glass cable, the ITT division
developed a plastic-clad glass cable
that, says product-line manager
Robert Williams, “was a very rug-
ged, low-cost cable.” The ITT con-
tract, which is about to be extended,
calls for increasing the flexiblity and
handling properties, as well as the
impact resistance.

Tri-Tac input. Meanwhile, GTE
Sylvania’s Communications Systems
division in Needham, Mass., has just
completed work on a $63,000 con-
tract from the Electronics Command
to identify segments of the triservice
tactical communications network,
Tri-Tac, that can use fiber-optic
systems. “The first application may

be as transmission links in the
AN/TTC-39 switch GTE is devel-
oping for the Department of De-
fense’s Joint Tactical Communica-
tions Office network,” says program
manager Aaronson.

GTE was to examine how best to
use fiber-optic cable to replace coax-
ial copper cabling for signaling, but
not power functions. The problems
of powering fiber-optic communica-
tion systems and determining the
data format, among others are being
explored under an $80,000 contract
awarded to ITT last September. That
eight-month contract calls for the
Roanoke division to develop a fiber-
optic system for use in a simple
pulse-code-modulation communica-
tions network.

Backup. The Army also has
several backup programs to develop
methods of manufacturing light
sources and photodetectors, as well
as developing ultra-low-loss cables,
connectors, and rapid payout
systems from which it can distribute
cables from vehicles, including the
helicopter. One of the largest of
these programs is being conducted
by Valtec Corp.’s Laser Diode Labo-
ratories subsidiary. It has two con-
tracts totaling almost $500,000 to
build reproducible high-brightness
light-emitting diodes and injection
diode lasers.

The Laser Diode work, contracted
for by the Electronics Command’s
Combat Surveillance and Target
Acquisition Laboratory, follows

Strictly comparable. These two reels of 26-pair coaxial cable are length for length the
equivalent of the single reel of fiber—vivid proof of the latter's small diameter.
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some preliminary work by the rRCA
Laboratories in Princeton, N.J.,
which developed a triple-stripe laser
that operates in the 820-nanometer
range and emits three beams in
parallel on a laser substrate.

RCA built a system that emits 250-
milliwatt 10-nanosecond pulses and
has a repetition rate of 10 MHz. “We
achieved 6,000-plus hours of life
tests by the time the contract
expired” in mid-1976, notes Henry
Kressel, RCA semiconductor devices
group head. The Army is looking for
10,000 hours of life testing, and
“we’re confident we could have done
it,” he adds. Major contracts for
sources and detectors in the 1.06-
micrometer range will be out later
this year.

Of course, as is so often the case
with emerging technologies, an un-
solved problem lies with the connect-
ors, says the Army’s Christian. “We
don’t yet see a military connector for
a fiber-optic system, but we don’t
doubt that we’ll have them eventual-
ly,” he says. The Army is looking for
connectors that can accurately and
repeatedly align multiple fibers in a
small core in the field.

1TT’s Cannon Electric division in
Santa Ana, Calif,, is trying to build
a six-fiber optical connector with less
than 1-dB repeatable insertion loss.
“But there’s a five-month extension
to the contract at no cost to the
Government,” says Christian. “The
first units didn’t work, but we're
confident that industry will be there
with the connectors that we want
when the need and market arises.”

Perhaps one of the more signifi-
cant promises of fiber-optics is
potentially lower life-cycle costs,
including less expensive repeaters
and fewer repairs and spares, as well
as lower costs for transporting and
storing the smaller and lighter fiber-
optic cables.

As for cable costs, “we firmly
believe we can get the cost of fibers
down to the order of 10 cents per
meter for annual quantities of
50,000 to 100,000 kilometers,” says
Corning’s Fairaizl. Adds the Army’s
Christian, “We had originally antic-
ipated a cost of 40 cents a meter.”
Cable costs are expected to be about
50 to 60 cents per meter for a 0.25-
in.-diameter cable with six fibers and
some strength members. O
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A SCOPE FOR ALL REASONS

Finally a professional oscilloscope to fit your basic needs.
High quality, easy to maintain, and easy to use.
Ideal for production, design laboratories, field service and schools.

Ballantine Model 1010A
Dual Channel and X-Y oscilloscope

FREQUENCY: DC to 10 MHz each channel
35 nanosecond rise time. 15 MHz full scan.

SENSITIVITY: 2 mV/cm to 20 Volts/cm
Continuously variable gain.

TIME BASE: 100 ns/cm to 1.25 s/cm
X10 Magnifier, Trigger beyond 20 MHz

PORTABILITY: Only 7 Kg. (15 pounds)

DISPLAY: 8 x 10 cm CRT with 3600 volts s . a 4
ECONOMY:  §$ 5095 = @HH@ ﬂ]ﬁﬂ ﬁ\
Available on GSA Contract GS-00S-04619, Stock Number 6625-00-472-9910. Ballantine Laboratories, Inc., Boonton, New Jersey 07005 USA
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We'll flip you _ _
over your ceramic capacitor specs...

heads you win
tails you win

Heads are our stan-
dard line of
MONO-KAPS™,
Radial-leaded,
epoxy-coated mono-
lithic ceramic
capacitors with
noble-metal elec-
trodes whose proven
formulation has not
been modified or
compromised. They
meet MIL require-
ments, and are
available off-the-
shelf in a broad
range of capaci-
tances and voltage
ratings to meet your
specific needs.

— L
=/
CENTRALAB/USCC 4561 Colorado Blvd. e Los Angeles, CA 80039 « (213} 240-4880

Electronics  GLOBE-UNION INC.

So you see, it's up to you — MONO-
KAPS or BME-Radials. Both are im-
mediately available in quantity from
the only people who give you the
choice. Either will do the job without
compromise. Call or write for all the
details today.

Tails are our
BME-Radials™.
They protect you
from the notle
metal cost spiral,
and save you money
right up front. They
are the product of
our unique BME
capacitor tech-
nology which
eliminates noble
metal entirely from
electrodes and
terminations. But
they’ll meet most of
the same circuit
requirements with
no sacrifice

“See our complete catalog in EEM pages 317 to 335, anc gold book pages 103 to 121, or contact us directly.”




Probing the news

Communications

Aiming satellite TV at rooftops

Delegates to ITU conference agree on orbits and allocate frequencies
in Eastern Hemisphere for direct broadcasting after mid-1980s

by Arthur Erikson, Managing Editor, International

Telecommunications officials from
around the world are already plan-
ning how to beam television broad-
casts through communications satel-
lites in geostationary orbit to indi-
vidual rooftop antennas. While it
will be the mid-1980s or later before
significant numbers of viewers will
be receiving programs that way, the
prospect of broadcast-satellite ser-
vice—or BSS as it’s known—already
has national radio-Tv organizations
excited, particularly in highly devel-
oped countries where terrestial net-
works are out of the question.

The tab for full-fledged BSS will
run in the hundreds of millions of
dollars for most countries, and none
yet has a clear idea of how or where
to raise the money. Nonetheless,
systems planners around the world
can go to their drawing boards right
now if they want to. The technical
parameters for BSS were blocked out
by experts from 111 countries during
a five-week International Telecom-
munications Union World Adminis-
trative Radio Conference in Geneva
that ended in mid-February.

Moreover, channel allocations in
the 12-gigahertz band, and satellite
positions as well, were worked out
for countries in Europe and Africa
(1Tu Region 1) as well as Asia and
Australasia (Region 2). North and
South American countries, urged by
the United States to postpone
detailed planning, assigned no chan-
nels but did set aside positions in
space for BSS. Channel assignments
will come out of a conference by
1982 at the latest. In all three
regions, the frequency band of 11.7
to 12.2 GHz (12.5 GHz in Region 1)
can be used also for satellite and
terrestial services, further compli-
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cating the problem of allocations.
Delay. U.S. delegates wanted a
delay because, as one put it, “we
don’t want to get locked into 1970
technology.” And, although the 25-
man U.S. delegation was not fully
persuasive, it did convince the repre-
sentatives of other American coun-
tries to set slightly more stringent

Carrying the flag. Heading the United
States team at last month's Geneva confer-
ence on broadcast-satellite service was FCC
Commissioner Robert E. Lee.

system parameters—implying better
technology —than did the Africans,
Europeans, Asians, and Australa-
sians. “We can live with this flexible
plan; it’s not too bad,” says FCC
Commissioner Robert E. Lee, who
headed the U.S. delegation.

By and large, the delegates from
the other 110 countries went home
satisfied. “This is the first adminis-
trative conference I known of where
we didn’'t have to take votes f[in
plenary session] to settle issues we
couldn’t get a consensus on,” says
one ITU official.

For BSS, the conference agreed
that the basic broadcast signal would
be frequency modulated, although
other types of modulation were not
ruled out so long as they do not
interfere more than straight fm;
beam polarization will be circular. In
Regions 1 and 3, the power-flux
density was set at — 103 decibel-watt
at the edge of the coverage area
(about the same as the half-power
contour around the axis of the
beams’ intersection with the earth).
At the —103-dBw level, a receiver
with a figure of merit (G/T) of
6 dp/kilometer and an antenna
0.9 meter in diameter will do for
individual reception. At the satellite,
this level works out to an effective
isotropic radiated power (EIRP) of
67 dBw. For systems designed for
community antennas, flux density
was set at — 111 dBw.

Lower power. The American
countries plan to transmit slightly
less power, providing a power-flux
density of —105 dBw at the edge of
the coverage area for individual
reception. This translates into
63 dBw EIRP at the satellite, and a
1-meter will be needed for the
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tiny
but tough
...arayhill

push-button
switches

.U
from logic levels
to UL-listed

power switching

B As small as .250” diameter,
675" over-all length

B Wiping or butt contacts:
momentary or alternate
action; SPST, SPDT, DPDT

B Bezel, bushing, or sub-
panel mounting, variety of
button colors and shapes

Available iocally
through these representatives
Copenhagen, DENMARK
E. vV JOHANSSEN ELEKTRONIK A-S

London, ENGLAND
HIGHLAND ELECTRONICS LTD

Neuilly-Sur-Seine, FRANCE
RADIO TELEVISION FRANCAISE
Munchen 21, GERMANY

DATA MODUL GmbH

Tel-Aviv, ISRAEL

RAPAC ELECTRONICS LTD
Rome and Milan, ITALY
MICROEL-ITALIA SRL
Stockholm, SWEDEN

BO PALMBLAD AB

Zurich, SWITZERLAND
WALTER BLUM LTD

or send for free literature
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receiver. This density is higher than
the 58 dBw of the U.S./Canadian
communications-technology satel-
lite, which uses a record-high-power
200-w traveling-wave-tube amplifier
for direct broadcasts.

The American countries also will
work with smaller bandwidths than
the Region 1 and 3 countries. In
their frequency plan, the necessary
bandwidth was set at 27 MHz with
guard bands of 14 MHz at the lower
edge of the band and 11 MHz at the
upper edge. Region 2 bandwidths
are 8 and 23 MHz, with guard bands
of 12 and 9 MHz.

As for the satellites, the plan laid
down for regions 1 and 3 presup-
poses a nominal spacing of 6°
between BsS satellites around the
equatorial orbit. Lower-powered sa-
tellites for telecommunications ser-
vices can be slipped between them
with adequate precautions against
interference. After the Bss satellites
have been lofted to their assigned
stations, they must not be allowed to
drift more than £0.1°. The antenna
beam, too, is limited to a deviation of
0.1° in any direction. There is a +2°
limit on angular rotation of the beam
unless the beam is circular and
circularly polarized.

Allocation. Region 2 countries set
aside two big segments of their share
of the equatorial orbit where Bss will
rate as a primary service. This allo-
cation assures the Latin-American
nations that the skies of the Western
Hemisphere won’t get filled up with

fixed-service satellites put up by the
U.S. and Canada before direct
broadcasting comes of age. The
segments are 75° to 100° west longi-
tude (95° for services to the U.S.,
Canada, and Mexico) and 140° to
170° west longitude. In addition,
each country in Region 2 is assured
of getting a minimum of four chan-
nels when the region’s frequency
plan is stitched together in 1982.

During session breaks at the
conference, systems costs—although
not on the agenda—were on many
delegates’ minds. For a satellite
alone, an official of the National
Aceronautics and Space Administra-
tion hazarded an estimate of $50
million to $150 million. On top of
that outlay come up-terminal costs
and more money for receivers.

Receiver cost projections ranged
from several hundred to several
thousand dollars. Japan’s public-
broadcasting service, NHK, has devel-
oped a front end for 12-GHz color-Tv
reception that has an antenna only 2
feet in diameter and converts the fm
signal from the satellite into an
amplitude-modulated signal that can
be fed to the antenna terminals of a
standard cable-Tv set. The target
mass-production price is $200.

But, even though the Japanese
apparently have half the problem in
hand, they are not yet ready to try
beaming BsS directly to homes. The
experimental system they have
scheduled to start up next year will
have community receivers with an-
tennas of 1.6 meters diameter at the
center of the beam and up to 4
meiers at the fringes. O

In action. U. S. team at the World Administrative Radio Conference included (fromright) Lee,
Edward Reinhart, Neil McNaughton, Peter Sawitz, William Jahn, and Francis Urbany.
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WE RE
WARNING
YOU...

... these new audio indicators are just right for letting
you know something’s wrong. ldeal for computer
terminals, remote control warning, fault detection and

alarm devices. Six models . . . featuring 35mm diameter piezo crystal . . . rated to 35 dbA
at 3.3kHz...3to 16 vdc, drawing just 10 mA maximum current. Supplied with .187
quick disconnect tabs, wires or PC mounting pins. Black . .. 40mm square x 10mm high
(X-10), or 15mm high (X-11). Life-tested for at least 1000 hours. Ask for free catalog.

Where to buy an audio indicator for every need

( ;Q projects®
gl Unimited

3680 Wyse Road, Dayton, Ohio 45414
Tel. (513) 890-1918, TWX 810-450-2523

Distributorships and sales territories available.

SWITZERLAND, ZURICH
EGLI Fischer Co.
Tel. 2502 34

DENMARK, HERLEV
Inotec A/S
Tel. (02) 94 80 33

NETHERLANDS, ROTTERDAM
Van Dam Elektronika
Tel. 010 67 00 22

ny

Actual Size
Series X-10 Continuous
Series X-11 Pulsing

GERMANY, NORDERSTEDT
WPB Digisound
Tel. 040 522 3031

SOUTH AFRICA, DUNSWART
Pace Electronic Components Ltd.
Tel. 616-5303

FRANCE, PARIS

Decelect Electronique
Tel. 33198 14

NORWAY, OSLO
Henaco A/S
Tel. (02) 16 75 50

ITALY, MILANO
Forind-Avio S.r.l,
Tel. 324 120

SPAIN, MADRID
Diode Espania
Tel. 455 01 40
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MDB SYSTEMS presents... The INTERDATA Connection

GP Logic Modules - Peripheral
Controllers - Communications
Interfaces - Special Purpose
Modules - Accessory Hardware

New: PASLA and Universal
Clock Modules.

MDB Systems products always
equal and usually exceed the
host manufacturer’s specifica-
tions and performance for a
similar interface. MDB interfaces

selectable.
Current Loop Interface for

TTY device; multiple baud
rate selection, one of sixteen,
from 50 to 19.2K baud.
O Device Controllers for most

major manufacturer’s
Printers
Card equipment
Paper tape equipment

All Controllers are software

wrap with 197 socket
positions.
0 Universal Clock Module

are software and diagnostic
transparent to the host computer.
MDB products are competitively
priced; delivery is usually within
14 days ARO or sooner.

Here are some MDB Systems
connections to Interdata
computers:

O General Purpose Interfaces
Universal Logic Module
provides handshake plus 92
wire wrap positions;
handles two independent
device controllers.

G.P. Interface board; full wire

clock).

controlled baud rate.
Communications con-

and speeds DIP switch

(includes line frequency

Line Frequency Clock Module.
0 Communications Modules
PASLA, programmable crystal

nectors mounted on rear
edge of board (male and
female, can be both terminal
or data set). All addressing

transparent using Interdata

diagnostics.

Check first with MDB Systems
for your Interdata computer
interface requirements.

MDB also supplies interface
modules for DEC PDP-11* and
Data General NOVA* computers
and for DEC’s LSI-11
MiCroprocessor.

DB

MDB SYSTEMS, INC.

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

*TMs Digital Equipment Corp. & Data General Corp.

CIRCLE 198 FOR INTERDATA; 199 FOR PDP-11; 200 FOR NOVA; 201 FOR LSI-1.
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Top ministers of ESA nations decide to put agency into
communications-satellite business as catch-up phase ends

by Arthur Erikson, Managing Editor, International

The Western European countries
now have a pretty good idea of what
their place in space will be by the
mid-1980s. So far, they've been
pressing to acquire the capability to
put working satellites into orbit—all
too often squabbling among them-
selves how best to do it. This catch-
up phase of their space effort will be
largely achieved by the end of this
decade, and they have started plan-
ning for the “industrial” space era to
follow.

To be sure, no one intends to
match the programs of the U.S. or
UsskR. The European Space Agency
estimates that spending for space
projects by its 11 member countries
last year totaled some $750 million.
In the U.S., the National Aviation
and Space Administration’s budget
for the current fiscal year runs some
$3.7 billion, and the Defense Depart-
ment also spends heavily for space
programs. But the Europeans expect
to meet their own needs for satellite
systems by mid-decade and also pick
up business from the Third World
and international groups like Intel-
sat.

Funded by contributions from its
member states, ESA now writes the
checks for about two thirds of the
European space effort. The agency
has budgeted some $500 million this
year and wants to hold at that level
through 1980. But the spending for
the two largest programs—the Ari-
ane launcher and the Spacelab that
will ride NASA’s Space Shuttle—
peaks this year. “We're trying to
avoid a slump in funding like NASA
had after Apollo,” says Andre
Lebeau, ESA’s deputy director and
chief planner.

ESA apparently will get the back-
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ing it needs, even though most of its
member countries— particularly
Great Britain and Italy —are striving
for austerity. At a mid-February
space ministers’ council, the first
since ESA was formed 18 months ago
by merging the launcher organiza-
tion ELDO and the satellite organiza-
tion ESRO, general manager Roy
Gibson pitched for a commitment to
a budget of a little more than $1.5
billion for the three years ending in
1980. That is more than the minis-
ters want to spend, but their
response to the proposal left staff
members optimistic.

Although the ministers decided
nothing definite about’ money, they
made two key commitments—to
extend the ESA telecommunications
program and to go on to a produc-
tion phase for the Ariane launcher.
That work must be started before
the last of the four qualification
vehicles is launched in 1980.

The council directed the agency to
get Europe—not ESA itself—into the
telecommunications-satellite busi-
ness. Of the two resolutions the
ministers passed during their mid-
February meeting, one spelled out
guidelines for the agency’s role in
managing full-fledged operational
systems. One of the key clauses
limits ESA’s operation activities to
the launching, placing in orbit, and
orbital control of satellites or space-
transport systems, and to the provi-
sion of technical assistance in the
design and exploitation of systems,
either to the users themselves or to a
body designed by them. The state-
run telecommunications administra-
tions will probably operate Europe’s
future domestic-satellite systems.

By the end of 1980, Europe should
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will go up in 1979 and
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production models will “ﬂlﬂm”lﬂm(”
follow. The first half yfil"l
dozen will be ordered | /
in 1978 from France’s W{” I”"Wmn
space agency, the

prime contractor, un- ,(l Hlllml”l,
less ESA’s plans go I ||||
considerably awry. {/
Four wil ot esn sar. [
ellites and two Third

World satellites. ESA WHUHHHHH
figures the Ariane can “l“llll
put a 900-kilogram d““”" Nﬂ"ll
payload into a geosta- llll i I
tionary and 4,000 kg I ”ﬁ["”"
into a low circular 1[!”// |
orbit. For solar orbits,

the payload drops to

400 kg. Improved versions that
would up these performance figures
are, of course, a good possibility for
later in the program.

As for the communications satel-
lites, the first experimental models
should be on orbit by mid-year.
Known as oTs (for orbital test satel-
lite), it will be followed early next
year by a marine-communications
version called Marots. A second
Marots could well go up in 1979; it is
on the list for the extended telecom-
munications program the ministers
in mid-February approved in princi-
ple. Delta 3914 launchers will flash
these three satellites into orbit. But
in 1981, ESA plans to use its own
Ariane to launch the first satellite

for a European regional comsat
system into orbit. ]
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HP 9830A/B"USERS.

You're closer to the
world’s best desk top computer
than yvou think!

By adding INFOTEK’s
field proven accessories,
your 9830A/B will out-
perform any other general
purpose desk top system.

Completely compatible
with all 9830A/B conven-
tions, our units give your
system a combination of
speed and versatility
superior to any other desk

top computer...any make...
any model. )
The cost is a fraction of what 1

you’d pay for any other approach
offering similar capabilities.

32,192-Byte Memory

Where more memory is important, the
user area may be increased to 32K bytes
with our EM-30.. .the first and only
16,096-word memory for the 9830A/B!
Compared to newly introduced models
equipped with commonly used ROM
options, the 9830A/B with the EM-30
provides 8,192 bytes more user memory.
A truly significant increase in capacity!

With the 9830A/B, the EM-30 provides
2,048 more bytes of memory, is

priced right, and is fully warranted

for a year.

FAST BASIC ROMS

Infotek’s FAST BASIC ROMS add to
the machine instruction set where HP
left off. These ROMS provide spectacu-
lar increases in the work throughput of
your 9830A/B. For example, you can
process arrays at speeds of 40,000 words
per second, attain an 1/O capability of
10,000 bytes per second, greatly
increase the power of a 9880A/B disk
system, and print from a buffer while
computing.

By providing 46 additional functions,
statements, and commands, the FAST
BASIC ROMS give your 9830A/B the
most powerful BASIC language repertoir
short of $200,000 systems.

If you need FAST BASIC but don’t have
enough unused ROM slots, don’t give
up! You can install our FAST BASIC
ROMS without losing any present capa-
bility. Contact us, we’ll show you!

*A Product of Hewlett-Packard Company
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HP 9830A/B with the Infotek FD-30 Mass Memory

Floppy Disk Memory
System

The FD-30A provides 305K bytes of
on-line data that can be searched 50
times faster than your present cassette
system. Data throughput is actuall
four times faster than the 9880A/g
Mass Memory. Best of all, no software
modifications are required since the
FD-30A obeys all cassette syntax.

The FD-30A is the optimum magnetic
memory for the 9830A/B. It has the
right capacity, speed, and price.

Prices that you’ll appreciate

EM-30 Memory, 16K Words ~ $4,600

Less radurinaf HP B Wods 1100 § 72t $3.500
FAST BASIC | ROM 675
FAST BASIC || ROM 525
FASTBASIC | & Il as a set 1,050
FAST BASIC IIl ROM 525
FD-30A Mass Memory 3,895
FD-308 Slave Drive 1,780
FD-30D Dual Drive System 4,900
RS-30 High Speed RS232C Interface 750
RC-30 Real Time Clock 825
LP-30 Heavy Duty Line Printer 6,850
CP-30Q Character Printer 3,400
PS-30 Paper Tape Punch /Reader 3,850
BP-30 Interrupt Service Printer 1/0 525
Fi-30 10K Byte/Sec TTL 1/0 395

All Prices Are U.S. Qomestic

NEW! The FD-30S low cost Slave Drive
for the FD-30A. Multiple slaves can be
used with a single FD-30A so you can
increase on-line capacity in blocks of
305K bytes. Also, the FD-30S provides
one minute disk duplication under
program control or stand-alone.

NEW! BP-30 automatic buffered print-
ing. Your '30 will continue program
execution while driving a printer as a
background task under interrupt control.

Save $2,100

In our Word Processing Package
you get the EM-30, FD-30A,
FAST BASIC | and Ill ROMS,
and the CP-30, including
software, for a special
package price of $10,850.

Other 9830A/B
Accessory Equipment

RS-30 High Speed RS232C Interface.
Provides seven crystal controlled Baud
rates from 150 to 9600/sec.

TC-30 Real Time Clock. Provides time
in 10-millisecond increments, is set or
read via the OUTPUT and ENTER
statements.

LP-30 Heavy Duty Line Printer. A 200
line-per-minute, 132-column printer
(128 character set is standard). Compar-
able in every way to the 9881A, except
the LP-30 is lower in price.

CP-30 Correspondence-Quality
Character Printer. Provides 14 easily
changeable fonts including scientific
symbols, UK, German, Scandia, and
Cuyrillic. Prints and plots at 45 cps

Contact us direct or through our
representatives. Infotek products are
sold and serviced through 33 offices in
the U.S. and 11 in other countries.

Let us show you how to make your '30
the best desk top computer in the world.

Infotek
i i

1400 N. BAXTER STREET - ANAHEIM, CALIF. 92806
(714) 956-9300 * TWX 910-591-2711

U.S. and Worldwide Distributor Inquiries Are Invited.
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Computers

Encryption standard protects data

Semiconductor makers expect major market in devices,
as Fairchild, Rockwell, and Motorola get early start

by Ray Connolly, Washington bureau manager

As the use of computers—and the
wealth of data they contain— have
grown, so have the fears of govern-
ments, businessmen, and private citi-
zens that important information con-
cerning their operations or lives
would fall into the wrong hands.
Now the National Bureau of Stan-
dards has moved to allay those fears
with the adoption of the first data
encryption standard for government
and industry use.

Makers of semiconductors and
communications equipment see the
standard as the source of a major
new market when it is officially
implemented on July 15. “It will
probably be one to two years before

a full range of devices is widely
available,” estimates Dennis Bran-
stad, project leader for the standard.
“Then the market will build from
there.”

Even as NBS and Government
computer users detailed plans for
implementing the new data encryp-
tion algorithm during a mid-Febru-
ary conference,three electronics
manufacturers were already moving
on the hardware market. Fairchild
Semiconductor disclosed plans for
using its new, high-speed 9414
Isoplanar integrated injection logic
chip [Electronics, Feb. 17, p. 82] for
the job. Motorola Semiconductor
indicates it will employ its M6800

Who sets the standards?

While the National Bureau of Standards has employed an IBM concept to
develop its new data encryption standard, computer users are already
looking for a standard-setter for hardware to guarantee compatibility and
interchangeability of parts. Some of those problems are already being
addressed by the American National Standards Institute. Government
computer users are likely to be the earliest and largest users of the
| encryption standard, an even larger influence can be expected to come from

the Federal Telecommunications Standards Committee, a group that is
composed of representatives from diverse agencies.

While the committee is struggling with hardware standards, the Federal
Reserve Board’s Howard Crumb says it will begin testing devices using the
algorithm by mid-1977 with an eye to measuring its operational impact and
crypto-key-management and storage approaches. Meanwhile, Jack McDon-
nell of the National Commission on Electronic Fund Transfers says the
commission will recommend technical guidelines for EFT, including imple-
mentation of the standard, to the Congress by the end of the year.

-One of the earliest tests will come with the standard's use by the
Pentagon’s Advanced Research Projects agency, whose ARPA network
decided to test the encryption algorithm in 1975, long before its adoption,
according to Stephen Walker, ARPA’s program manager for network secu-
rity. The Arpanet will employ 13 encryption control units between each
terminal used in the test, including the key management facilities. These
units, developed by Collins Radio, will use two Digital Equipment Corp.
LSI-11 microprocessors for encryption control at each terminal plus a
PDP 11/40 for system control and as a key distribution center.
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security module, scheduled to be-
come available in small quantities in
April, for the task. Rockwell Inter-
national’s Collins Radio is working
on yet another large-scale-integrated
approach that Branstad describes as
“a fully-buffered input, compute,
and output device in which the
input-output provides simultaneous
encryption and decryption.”

Fairchild’s 9414, which evolved
from classified military programs at
its Syosset, N.Y., Space and Defense
Systems division, is scheduled for
sample distribution later this year,
says Krishna Rallapalli, advanced
products manager. Using what NBS’s
Branstad calls “a very innovative
approach,” Rallapalli says the 9414
uses four “identical” bit slices mea-
suring 125 mils on a side to achieve
greater reliability and lower cost in
production than could be achieved
by putting all functions on a single
350-mil chip. Each chip will use two
8-bit shift registers for error detec-
tion, while the remaining four will be
used for code key.

Motorola’s medium-speed M6800
security module for microprocessor
interfaces uses a simpler approach,
says Branstad, which the company
believes will be adequate for the
foreseeable market. The 9-by-6-inch
board contains the MC6800 micro-
processor package plus all buffering
and an optional erasable read-only
memory for storing keys or smart
address control. Keith Warnable of
Motorola’s Data Security Devices
operation says it can be used in block
or cipher-feedback modes.

Origins. Development of the 64-
digit algorithm employed in the
standard formally known as FiPs PUB
46 (Federal Information Processing
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Records in record time.

In seconds you can have a

- permanent copy of your cathode ray

.S tube display with Polaroid’s CU-5 Hard Copy

Land Camera. Whether you have a computer terminal, an

oscilloscope, a closed circuit TV or scanning electron micro-

scope, you'llget economical 3% x 4% inch (8.3 x 10.8 cm) photos

for study, comparison, pass-along information, reproduction or
filing.

Whatever size screen you have, we can probably fit it with the
proper hood. Whatever your film needs (black and white, posi-
tive/negative, color), Polaroid makes a professional pack film tc
fill your needs.

Youdon'thaveto <nowathingabout
photography to use the CU-5. The ex-
posure setting always remains the

®
Polaroid
The CU-5 Camera for CRT
image recording in seconds.

sameonceit'sbeensetforyour

particular screen or scope. There's

no focusing. All you do is hold the CU-5 with a CRT hood
against the display you want copied, squeeze the trigger-like
shutter releaseand you'verecorded instantly the data without
tying up your terminal.

If you're interested we’ll direct you tc your nearest Polaroid
Professional Products Dealer. Return the coupon or call
Polaroid toll free: 800-225-1618 (in Massachusetts, call col-
lect: 617-547-5177).

Polaroid Corporation, Dept. A360,
575 Technology Square, Cambridge, Mass. 02139

I'm interested in Polaroid’s CU-5 for CRT recording.

Name
Company.
Address

City.
State Zip.
Telephone.

. ‘ -
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Read BYTE, the leading national publication covering the fantastic new field of per-
sonal computer applications. Today, larFe scale integration has made it possible for the
individual to enjoy the unique benefits o

entire micro industry markets microcomputer related items, products that range from
com
sho

Read BYTE, the Small Systems Journal devoted exclusively to microcomputer
systems. Every issue a monthly compendium of lively articles by professionals, com-
puter scientists, and serious amateurs.

Fill in subscription coupon today, or phone your request directly — call 603/924-7217 and
ask for subscription department. Read your first copy of BYTE, if it's everything you
expected, honor our invoice. If it isn’t, write *CANCEL’ across invoice and mail it back.
You won’t be billed and the first issue is yours.

u?d you go for all the details about your personal involvement in computer
technology?

BUT
The Small Systems Journal

Isn't it time you had your
own personal computer?

a general purpose computing system. Now, an

uter system Kits to peripherals, software and literature on the subject. But where

Allow 4t0 6 weeks for processing.

Probing thﬂ\ews

Standards Publication 46) is cred-
ited to International Business Ma-
chines Corp., which has granted non-
exclusive, royalty-free licenses for
the manufacture, sale, and use of
hardware employing it [Electronics,
Dec. 23, 1976, p.42]. But N8BS
specifies that implementation of the
standard must be in hardware,
rather than software, and employ
chips using LS technology, medium-
scale integration components, or oth-
er devices such as read-only memo-
ries or microprogrammed units using
microcode for hardware control.

'____—__—_—————__—_—___—_-I.ﬂ

Bringing the data encryption stan-

I BU'[ 70 Main St., Peterborough, N.H. 03458 20A3 | dard into the workaday world of
| : Flease enter my subscription to BYTE . .. | markets like electronic funds trans-
1 CJ $120ne Year [ $22 Two Years [J $30 Three Years | fer—where it is expected to answer
I C B A card [ Check Enclosed G | many criticisms of potential invasion
[ = e mencand i L 2 D n s 2 e Bill MieterCharge I | of privacy—still requires substantial
I Credit Card Number | UL UL O O i f h B hs C A

Credit Card Expiration Date - - l eliort, however. urroughs orp.’s
| Name (Please Print) B - Ed Lohse warned the NBS conference
| Address - o B 1 thgt stgndardization of parts l.ike Lsl

City = State__________ Zip | chip pinouts and power dissipation

S |
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will be critical to the success of

| device interchangeability. Similarly,

| data rates and communications in-
terfaces must be meshed.

Links. Levels at which encryption
takes place also was a major topic at
the meeting at NBS's Gaithersburg,
Md., headquarters. Link-by-link en-
cryption, where devices incorporat-
ing the algorithm are placed in series
with the circuit between a terminal
and the communications equipment,
is most commonly used today. But it
is limited by letting data traffic pass
through any node of a system in
plain text. Node-by-node encryption,
in which each line uses a unique key
and “translation” from one key to
the next occurs in a peripheral secu-
rity module is considered promising.

But Interbank Card Association’s
Carl M. Campbell Jr. believes end-
to-end encryption appears to be the
obvious choice for systems where
conversations are relatively long, as
in the military. Such encryption uses
a key control center in the communi-
cations link that can be reached by
each of a system’s terminals through
its own key. The key control center
then verifies a terminal’s authority

| to communicate with others and
| generates a temporary key for that
particular communication.

ANALOG 1/O SYSTEMS.
FOR INTEL SBC 80, DEC LSI-11,
CA LSI-2 & 3,
NATIONAL SEMI IMP & PACE,
PCS SUPERPAC, ZILOG MCB...

DATA TRANSLATION is the world’s Leading Developer of

Analog Systems for Microcomputers. We offer:

@ Complete Single Board
Analog Interfaces

@ Test & Calibration Software
Shipped with each System

@ Analog FSR from 10mV to
10V at 12-bits

8 High Speed, Industrial D/A
Outputs (4 to 20 mA)

@ Prices Start at $295

CALL the Company dedicated to your needs for Microcomputer Analog I/O
Systems at (617) 655-5300. A Complete set of Applications Data is available.

DATA TRANSLATION
INC

23 Strathmore Rd., Natick, MA 01760/(617) 655-5300 Telex 948474
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WE DONT
MAKE
TERMINALS!

But, we make it
a heck of a lot easier
for you o make them!

Now, with SMC'’s standard computer peripheral MOSILSI circuits,
most standard peripheral functions can be “plugged-in”. Design
is easier. Products are more reliable. Assembly is faster - and that
keeps costs down.

Cassette Printer
Character Generatar
CG4103
URST COM2601  Jr—* Processor ¥—N  Static Shift Register
with 1PC6001 Interface Circuits N SR5015

*Cassette Cantraller "T
‘A 11 iJEEN

Shift-RightiLeft Shift
Register SR5017/18

UART COM201712502 CRT Timing CR5027
URST COM2601 Ch‘Field A'gibufes Keybaard Encoder
] Di I Baud Rate Generator aracter Generator KR2376/3600
loppy Disc Contraller COMS0155086 CG5004 ROMtoee kovboord
Multi-Protocol USRT High-Speed Character e?d eyooar
COMS5025 Generator CG8004 (CnSlee Lf
*Astro COM1671
Floppy Disc Communications CRT Keyboard

*To Be Announced

For complete technical information, call or write:
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Standard Microsystems Corporation

35 Marcus Boulevard, Hauppauge, N.Y. 11787
(516) 273-3100 TWX-510-227-8898




Electronics abroad

¥ KT
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Chinese put priority
on semiconductors

by John Gosch, Frankfurt bureau manager

Although not yet a factor in world
markets, the People’s Republic of
China is making big strides in elec-
tronics technology, particularly in
semiconductors. It is producing MOS-
memory circuits with good yields
and has made semiconductor lasers
that can operate at room tempera-
tures for more than 5,000 hours. It is
also intensively investigating mag-
netic-bubble memories and other
sophisticated devices.

These observations were made
during a three-week tour of China
by Hans-Joachim Queisser, director
of the Max Planck Institute for Solid
State Research in Stuttgart, West
Germany. He and four other Ger-
man researchers were guests of the
Chinese Academy of Science.

“Semiconductor electronics,”
Queisser reports, “is a top-priority
endeavor in China, and work in solid
state is being pushed at universities
and by the academy at the expense
of many other fields in physics.”
Many small electronics factories are
producing transistors, integrated cir-
cuits, and other components. Signifi-
cantly, the institutes, universities,
and factories cooperate closely, and
“there is little duplication of effort
at the various facilities,” says
Queisser, a former associate of tran-
sistor co-inventor William Shockley.

So far, a relatively small output,
lack of automated techniques, and
high component costs have prevented
China from entering world markets.
But Queisser, for one, does not
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quarrel with Western sources who
put China among the world’s top 10
electronics producers and who see
the nation of 750 million challenging
the Soviet Union and West Germany
in a few years. China watchers peg
the country’s 1974 electronics output
at $2 billion.

No basics. As for fundamental
research, however, “in the western
sense it is virtually nonexistent in
China,” Queisser says. The emphasis
is almost wholly on semiconductor
development. Even the institutes
associated with the Chinese Acade-
my of Science are devising fabrica-
tion methods and making compo-
nents and crystal materials—in some
cases on pilot production lines that,
Queisser concedes, are technically
superior to those at West German
universities.

Peking is the center of a lot of
activity in electronics. For example,
the Chinese science academy’s Semi-
conductor Institute there is working
on gallium-arsenide crystal growth,
liquid epitaxy, luminescence, and
material analysis by spectroscopy,
and it has silicon and GaAs micro-
wave diodes as well as MOS devices in
pilot production. Then, too, the
semiconductor department of the
Peking-based Institute for Physics is
engaged in solid-state laser work, as
well as artificial diamond, spinel,
and garnet fabrication and experi-
ments with bubble memories. Tsin-
hua University, also in Peking, is
fully equipped to produce and test

mMOs devices such as 1,024-bit
p-channel memories.

Also active in the MoOs field is
Nanking University’s Institute for
Physics, now primarily engaged in
semiconductor work. It has charge-
coupled devices like shift registers in
pilot production and is involved in
transistor-transistor-logic device de-
velopment, material analysis, and
experiments with silicon-on-sapphire
components.

In Shanghai, at the academy’s
Institute for Metallurgy, Queisser
witnessed work on GaAs materials
and components, field-effect tran-
sistors, and Schottky diodes.

Canton’s Sun Yat-sen University
is producing silicon varactors, devel-
oping sputtering techniques, and
experimenting with nitrides with a
view toward metal-nitride-oxide-
semiconductor components.

But some areas are neglected in
China. Among them are micropro-
cessors, glass fibers, and certain
other fields of optoelectronics.

Equipment. At the disposal of
Chinese development engineers is a
large array of production apparatus,
instruments, and test equipment:
microwave testers, evaporation and
sputtering apparatus, multichannel
analyzers, oscillographs, and vac-
uum equipment with helium-leak-
age detectors and oil-less pumps. All
equipment is of Chinese origin, and
that, Queisser says, “particularly
amazes a West German” used to
imported equipment in his own lab.

What also struck Queisser is the
relatively high technical level of
some production and test equipment.
Examples he cites are exposure
machines with a = l-micrometer
resolution over the wafer, dual-trace
sampling oscillographs rated at 1
nanosecond per division and 10 milli-
volts per centimeter, and high-preci-
sion controllers said to be capable of
regulating diffusion oven tempera-
tures to within £0.1°C at 1,100°C.

Hard work at semiconductor facil-
ities seems to be the order of the day.
One factory that Queisser visited
employs some 800 people in two, and
sometimes three, shifts. Work on
Sundays is not uncommon, and,
what with automated or computer-
supported mass-production tech-
niques all but nonexistent, manual
labor is very much in evidence. [J
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ANOTHER VINTAGE YEAR
FOR CHERRYS

We planted the seeds for these Cherrys 25 years ago.
Today they're the pick of the switching crop. Good, sturdy,
hardworking switches with years of know-how, experience
and refinement behind them . . . and a bright future ahead.

What kinds of switches? You name it, Cherry’s got it.
Snap-action switches with unique Cherry coil spring mech-
anism for long mechanical life. Gold crosspoint contact
switches for low energy solid state circuits. Thumbwheel
switches in a full range of alphanumeric readouts and
output codes. Individual keyboard switches and complete
keyboard assemblies with electronics. Rotocode™ switches
. .. a new rotary switch with coded electrical output.

CHERRY

N

: :’/ :"‘é}?. 4

If your products are made or sold overseas you'll be glad
to know that Cherry’s switches are available worldwide
from our modern manufacturing plants in the USA, England,
Germany and Japan and a licensee in Australia. All our
switches have passed rigid performance requirements of
independent testing laboratories. Many of our switches
have been listed, certified or approved by various inter-
national testing and approval agencies.

Check the complete crop of Cherry switches. Ask for our
latest 84 page catalog. For immediate action just phone
(312) 689-7700.

CHERRY ELECTRICAL PRODUCTS CORP.
3608 Sunset Avenue, Waukegan, lllinois 60085

SWITCHES and KEYBOARDS — Available locally from authorized distributors.
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Because of an LSI-11
microcomputer,

when this woman speals,
her computer listens.

Since EMI Threshold Ltd.’s
introduction of the voice-input
computer terminal, man and
computer have begun a totally
new relationship. A speaking
one.

Their EMI Threshold 500
terminal actually allows people
to talk to their computers just
like they talk to their other
co-workers.

Atthe heart of the EMI
Threshold 500 is the highest
performance, most software-
supported microcomputer on
the market. The LSI-11.

For Bob Cox, Chief Engineer
at EMI Threshold Ltd., any-
thing less wouldn’t have been
enough.

" At first we offered our voice-
input terminal using a mini.
But that put the price of the
system too high —a price that
was way out of line with a lot of
applications. So to cut costs, we

Electronics /March 3, 1977
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developed our own micro from
chips. Then the LSI-11 came
out. Right off, we knew it was
the answer.

"By incorporating the LSI-11
into our system, a lot of good
things started happening.

"First, the price was reduced
by 45%. We were also spared
the time and capital investment
involved with setting up manu-
facturing facilities for a micro,
as well as all the testing and
support services we would have
to provide.

oAl
"\ 3T 10/ YU

Bob Cox, Chief Engineer at Threshold
Technology, Delran, New Jersey

dlijglilt]all
COMPONENTS
GROUP

“The fact was that the LSI-11
cost no more than the micro we
had designed ourselves. Best
of all, we were getting a com-
puter that performed just as
effectively as the mini we had
used before. Solutions don’t
come much better than that.”

For alot of applications —like
EMI Threshold Ltd.’s and per-
haps your own —anything less
than the LSI-11isn’t really
enough. Why not ask us more
about it.

We're as easy to talk to as
our computer.

For 600 pages of solid tech-
nical information, plus our new
brochure of microcomputer
case histories, “Why Anything
Less than the LSI-11 Wasn't
Enough for Me,” write to
Digital Equipment Corporation
International. 81 Route de
I’Aire, 1211 Geneva 26,

Tel. 42 79 50.

Circle 80 on reader service card

L . } .

81



The Electronics Book Series offers you:

Electronm
Book Series

l MICROPROCESSORS

The microprocessor has permanently
changed the methods of designing and
building electronic equipment—from
process and industrial control to
computer-based designs in instruments
communication and consumer/
commercial equipment.

This book cuts through the confusion,
presenting the design and application
potential of this exciting technology in a
manner that will appeal to the design
engineer who needs to know how to
use microprocessors as well as the
system analyst who must assess the
tradeoffs between microprocessors
and other techniques to accomplish his
system goals.

Using articles from the pages of
Electronics, this book contains practical
and up-to-date information on available
microprocessor devices, technology
‘and applications.

LS| Segromce
Book Series

LARGE SCALE
INTEGRATION

The Electronics Book Series offers you
a handbook on the current and
revolutionary impact of LS on digital
design. This 220-page book presents a
unique opportunity for circuit designers,
systems designers, and engineering
managers and supervisors to bring their
expertise into line with today’s

LSl design requirements.

"“Large Scale Integration” is a
compendium of recent articles
published in Electronics. Although in
some ways it is a companion piece to
*Microprocessors’’ because it explains
the new circuits that play in mp systems,
it is much more. '‘Large Scale
Integration’ deals with the entire range
of design applications: main memory
systems, peripheral memories, memory
controllers, on-line industrial
controllers, data acquisition boards,
communication systems, calculators,
watches, etc.

Bectronics
Book Series

BASICS OF DATA
COMMUNICATIONS

Data communications is one of the
fastest-growing electronic equipment
markets in the U.S.—during the decade
of the '70's, better than 15-20%

per year, compounded!

Chances are you are going to be a part
of the data communications market.
There's no better place to start than
getting a copy of “'Basics of Data
Communications’'—a 316-page
compilation of essential articles which
have appeared in Data Communications
magazine. From the basic, tutorial,

still state-of-the-art information
published in the 1972 and 1973
Deskbook issues (now out of print), on
through information on the practice of
present-day data communications, this
book includes forty-seven articles
covering more than eleven key areas.

10Sendme
at $8.95 per copy.
20Sendme__
at $9.95 per copy.
3 0 Send me

Naime

copies of "'LSI”

__ copies of "Basics of Data
Communications’ at $12.50 per copy.

Electronics Book Series ¢ McGraw-Hill Publications Co., Shoppenhangers Rd.,
Maidenhead, Berkshire SL62QL, England.

copies of ""Microprocessors’

each book.

tion.

Title

Company

Discounts of 40% on orders of ten or more copies of

I must be fully satisfied or you will refund full payment
if the books are returned after ten day trial examina-

00 Payment enclosed

Credit Cards Charge My Book To:

| /X
o
il

O Bill firm O Bill me

Street

0 American Express

City

[J Diners Club

Country

Acct. No.

Signature

Date Card Expires
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RACAL RECORDING TECHNOLOGY
GUARANTEES ACCURACY OF REPRODUCTION.

Throughout the world, hundreds of Racal “Store”

nstrumentation tape recorders faithfully record
and reproduce vital data with precision, sensitivity
and reliability. There are users in many different

ields, including scientific research establishments,

medical “intensive-care” units, and companies in
chemical, geolcgical and civil engineering.
Store recorders have 4, 7 or 14 tracks, for FM
and Direct Recoraing Replay at frequencies up to
300kHz. Store 4 and Store 7 (which is IRIG
sompatible) can have any combination of
FM or Direct Recording Replay cards
oy simply plugging in the
appropriate PCB.
FM frequency range is DC to
20kHz, with a signal-to-noise ratio
oetter than 55dB—even at low
speeds, under vibration conditions
This performance is achieved by a ¢
uniquetape handling system, which
incorporates a tape tension trans-
ducer and a servo capstan drive.
Tnheseensureperfecttapealignment
and accurately meter tape speed.

Racal-Thermionic the ecording peop|e> ™
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Such critical accuracy of tape control means that
Store recorders can be usedin any environment;
not only in laboratories, but in vehicles, aircraft,
helicopters, ships.

In fact, wherever dala has to be recorded and
reproduced with absoluie dependability.

Standard features of all Store recorders include:
7 record replay tape speeds, from '%4¢in to 60in

per second (each speed having full
) electrically-switched filiers)e off-tape servo
speed control ® voice notation ® remotely-
programmable tape deck controlse unique
calibration facility ® input signal monitor e
switchable flutter compensation, for
improved signal-to-noise at low speeds®
operation from AC or DCe compact,
lightweight case, for easy portability.

N P8 The Electronics Group

Racal-Thermionic Limited
Hardley Industrial Estate

Hythe, Southampton

Hampshire, SO4 6ZH

Tel: Scuthampton (0703) 843265
Telex: 47600




If you're not now in the fast-growing
data communications equipment
market, chances are you will be.

Data communications is one of the
fastest-growing electronic equipment markets in
the U.S.—during the decade of the '70’s, better
than 15-20% per year, compounded!

Manufacturers of data processing equipment
have recognized the unique nature of data
communications and have established profit
centersto pursue the market for data
communications equipment. IBM, Burroughs,
Sperry-Univac, Honeywell and Digital Equipment
Corp. are just a few of the major data processing
companies who have separate marketing arms
for data communications, complete with new
products, sales forces, etc. The Bell System, too,
through its Teletype Corp., Bell Labs, and
Western Electric, has introduced new

data communications equipment,

Chances are you are going to be a part of the
data communications market. There's no better
place to start than getting the flavor of the
marketplace, equipment, and services than from
a copy of “‘Basics of Data Communications''.

““Basics of Data Communications” is a 316-page
compilation of essential articles which have
appeared in Data Communications magazine.
From the basic, tutorial, still state-of-the-art

F---_--——------

Electronics Book Series
PO Box 669, Hightstown, N.J. 08520

O Send me _ copies of '"Basics of Data
Communications' at $12.50 per copy.

I must be fully satisfied or you will refund full pay-
ment if the books are returned after ten day trial
examination.

0O Payment enclosed O Bill firm
Credit Cards Charge My Book To

O Master Charge
O BankAmericard

O Bill me

O American Express
O Diners Club

Acct. No.
Date Card Expires

Interbank No.

(1st No's. above name on Mastercharge only.)

information published inthe 1972 and 1973
Deskbook issues (now out of print), on through
information on the practice of present-day data
communications, this book includes forty-seven
articles covering more than eleven key areas.

"“Basics of Data Communications’ was edited by
Harry R. Karp—Chief Editor of Data
Communications magazine. It is the only book of
its kind available anywhere that deals with
practical aspects of data communications.

Available this month.

Price: $12.50

Discounts of 40% orders of
ten copies or more. '

1
.

Name -
Tite
Company
Street

|
|
|
|
|

Signature

Electronics
Book Series Nl

Electronics /March 3, 1977



CS-1559

——
& THRIO 30me Decninscarm caaere

CS-1562

CS-1560A

CS-1570

Which one do you select?

Oscilloscope CS-1500 Series

The demands for low cost oscillosccpes are of view, We started developping our osillo-
now in remarkable growth. MNo one can ignore scopes by utilizing the full know-how that we
the popularity of those oscilloscopes because accumulated in years of experience. We are
of the price, variety of different models, and now proud of offering you the inexpensive
above all availability everywhere. However stop  CS-1500 Series having variety of features and
to think it! Naturally, the reliability and stability reliability. As the results of market reaction, the
limits their applications, and then creates Four Models are enjoying remarkable demands
dissatisfaction in many cases. From such point not only in Japan but throughout the world.

10MHz Oscilloscope CS-15659
@ 130mm CRT
® DC-10MHz ' 19mV

& Automatic sweep (AUTO FREE RUN) 10 MHz Oscilloscope CS-1 562
. ® 130mm CRT
15 MHz Oscilloscope CS-1560A ® DC 10VHz  10mV
® 120mm CRT ® Automatic sweep (AUTO FREE RUN)
® DC-15MHz ' 10mV ® Displav moces (CH1 CH2 DUAL)
® Actomat.c sweep (AUTO FREE RUN) 30MHz Oscilloscope CS-1570  ®Ful sensitivity X ¥ operation

® Display modes (CH1 CH2 DUAL ADD SUB)

® Full sensitivity X Y operation ¢ 130mm mesh PDA

® DC-30MHz / 5mV

® Delay line

® Auto level triggenng

® Display modes {CH1 CH:2 DUAL ADD)
® Trigger modes (AC LF Fe; HF Rej DC

TRIO-KENWOOD CORPORATION
TEST INSTRUMENT DIVISION
21-24,3-CHOME, IKEJIRI, SETAGAYA-KU, TOKYO 154, JAPAN CABLE: TRIOINSTRUMENT TOKYO, TELEX: 242-3446 TRITES
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UNRETOUCHED

Note rough
jagyed edges
always

Arrows indicate scars and abrasions made by
rough edge of lead frame.

Arrows indicate contact surface still smooth,
clean. free from abrasions

present >

22X magnification,
unretouched

22X magnification,
unretouched

Your IC lead frames look like
this at 30X entargement (unre-
touched). Because they are punched
out of metal, the edges are rough.
jagged and irregular. In contrast, the
flat sides of the lead frame are
smooth, even and perfectly plated

An ordinary edge-bearing
socket contact after 5 insertions
of DIF lead frame. Contact

has been spread apart to

show inside faces of contact.

Notice Fow the contact has

scars and abrasions from

rough, irreqular edge of IC

lead frame. Electrical ccon-

tact is degraded and resist-

ance isincreasec. Reliabil ty

is obviously reduced.

Lead frame in place in an
ordinary edge-bearing
contact.

Robinson-Nugent

OURS

ROBINSON-NUGENT *“side

wipe” socket contact after 5 in
sertions of DIP lead frame
Contact has been spread
apart to show inside faces
of contact. See how the R
contact—because it mate
with the smooth, tlat side o
the IC lead frame—retains
its surface integrity. Thi
100% greater lead frame
contact results in continued
high reliability.

Lead frame in place in
RN “side-wipe” contact.

WORLD WIDE DISTRIBUTORS

Australia General Electronic, Sidney. 439 2488 Canada Bowtek Electric, Netherlands Mulder-Hardenburg,
Austria Compex, Vienna. . . .. .{02243) 66-254 Winnipeg {204) 786-7521 Amsterdam. . .. . ....023-319184
Belgium Mulder-Hardenburg, England Astralux Dyamlcs Norway Hans H. Schwe Oslo. . . .55-76-92
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6.
exposec junk’socket problems
Secret of RN high reliability
‘side-wipe’ DIP sockets

revealed by microphotos

Here’s microscopic proof that high reliability
Robinson-Nugent “side-wipe” DIP sockets
make 100% greater contact than any edge-
bearing socket on the market. This advance
design provides constant low contact resist-
ance, long term dependability— trouble-free
IC interconnects. Yet RN high reliability DIP

sockets cost no more than ordinary sockets! Get the high reliability that eliminates trouble.
RN “side-wipe” DIP sockets make contact with the
wide, flat sides of your IC leads. You get 100% greater
surface contact for positive, trouble-free electrical

connection.
WRITE TODAY Ii | ||| ig
for catalog and informative
book “What to Look for in They’re even packaged for thh reliability.
IC Interconnects”’ Free “Protecto-pak”® packaging delivers consistently per-
from Robinson-Nugent—the people who make more fect RN sockets to your production line—for auto-
kinds of high reliability IC sockets than anyone. mated or manual assembly.
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The sweep signal generator
world has a new leader to look
up to. Model 2002 sweeps from
1 to 2500 MHz in four bands. Or

it can sweep the entire range
using the band stacking
option. It has more flexibility
than any broadband sweeper

we've made, along with owner. Circle our reader

+13 dBm output, 0.5 dB flat-  service number for details.

ness, 0.005% marker accuracy, WAVETEK Indiana Incorporated,
and +1% display linearity. Look P.O. Box 190, Beech Grove,

at the Model 2002 from any Indiana 46107. Telephone

angle and you'll become a (317) 783-3221. TWX 810-341-3226.

follower. Send us $2700
and you'll become an WAVE I E%

The new 2002
will sweep you
off your feet.

Circle 88 on reader service card




Technical articles
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Hexadecimal sighatures
identify troublespots
in microprocessor systems

by Gary Gordon and Hans Nadig, Hewkett-Packard Corp., Santa Ciara, Calir

O The number of microprocessor-based products manu-
factured each month is approaching the total of all
installed computers and minicomputers, raising the ques-
tion: “How will they be serviced?” Traditional digital
servicing, in which defective modules are swapped for
good ones, creates substantial inventory and handling
costs. A much more economical alternative is a new
technique called signature analysis, with which a product
can readily be serviced down to the component level.
Signature analysis is based on the time-honored tech-
nique of signal tracing. When its requirements are
designed into a product, a new test instrument can map
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lengthy bit streams from the product into short four-
digit hexadecimal *“‘signatures.” These the technician
compares with the correct signatures noted on the
system’s circuit diagram. If a bit stream is faulty, he
traces it back through gates and memory elements until
he can isolate an element with correct inputs but faulty
outputs. The method has a 99.998% certainty of spotting
a faulty bit stream, regardless of its length or the
subtlety of its faults.

Signature analysis is more than a new measurement
technique. It is a wholly new service philosophy, for the
decision whether to adopt it requires a thorough evalua-
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1. A new form of digital ID. Diagrams of analog circuits, as for a television set (a), have voltage levels and waveforms noted on them to aid
service technicians (circuit is taken from a Howard W. Sams Photofacts service manual). But in digital circuits, all waveforms look alike, and
the schematic shown here (b) is annotated instead with hexadecimal signatures that characterize the bit streams unique to each circuit node.
A new test instrument derives actual signatures for the technician to compare with the correct ones on the schematic.

tion of its applicability while a product is still in the
development stage.

The final decision will usually be based on economics.
On the plus side, the technique:
® Increases a product’s value to the customer by
lowering his cost of ownership.
® [owers warranty costs for the manufacturer.
® [owers production-line troubleshooting costs, because
it simplifies the job of isolating the speed-related fail-
ures, which cannot be caught by present board testers.
® Lowers materials costs, because the product no longer
needs to be divided into replaceable modules.
On the minus side, designing signature analysis into a
system does add back some other material expenses and
alsolengthens development time.

On balance, though, the pluses outweighed the
minuses in Hewlett-Packard’s first applications of the
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technique to two digital voltmeters. As will be described
later, development time and costs rose roughly 1%. But
the return on this investment was substantial. Factory
costs dropped, since the 1% or so increase in parts cost
caused by adding jumpers and extra read-only-memory
space was more than offset by the roughly 5% decrease
in other materials costs. As a matter of fact, HP has
opted for signature analysis for the majority of its
upcoming microprocessor-based instruments and other
data products.

Analog roots

Signature analysis reverts to the advantages of analog-
equipment servicing. There, too, the serviceman uses an
annotated schematic (Fig. 1a), which clearly shows
voltages and waveforms and allows him to make repairs
without a detailed understanding of the circuits. By
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How accurate is signature analysis?

For any technique intended to pick up errors in bit
streams, it is important to have a measure of the accuracy
with which it performs that function. To calculate the
accuracy of signature analysis, the first step is to define an
error bit stream as a hypothetical sequence related to an
erroneous data bit stream in the following way: in the error
bit stream, the bit or bits that are in error in the data
stream show up as 1s, while bits not in error —regardiess
of whether they are 1s or 0s in the data stream—show up
as 0s. Then, in, say, a 500-bit data sequence, if bit 42 is in
error—whether it is @ 1 or a O0—bit 42 of the corre-
sponding error bit stream will be a 1 and all 499 other bits
will be Os.

The second step is to invoke the principle of superposi-
tion, which is applicable because the feedback shift
register is linear. This states that the response of the
register to the sum of two inputs is the same as the sum of
its responses to the individual inputs. (Note that superpo-
sition is used only for this analysis and is not used in the
actual instrument.)

From this it follows that if the register input is considered
to be the sum (modulo 2) of two sequences—a data bit
stream and an error bit stream-—then the signature it
should display will be equivalent to the sum (modulo 2) of
the individual signatures.

Consider this case of summing the two signatures. If
there are one or more errors in the data bit stream, the
error bit stream will contain 1s in those locations. Then,
the sum of their signatures should be different from the
signature of the data bit stream itself. it follows that the
signature of the error bit stream must be anything but O for
errors to be detected. This deduction then leads us to
examine the conditions under which the signature of the
error bit stream becomes 0—the case where errors would
go undetected.

With a 16-bit shift register the error bit stream’s signa-
ture is never O for streams of 16 bits or less that contain a
1. This happens because the first 1 to enter the register
never has time to leave it before the signature is complete
and can never be canceled by a fed-back bit. Thus all
errors are caught.

For length 17, one error-bit-stream sequence will be
missed; that which starts with a 1, and then has a 1
present at each bit-time where the first 1 is fed back, thus
canceling each subsequent error bit. Then, as the 17th bit
enters the register, the first and only remaining error bit
exits from the register. Thus the signature will be O even
though there were 1s in the original error bit stream. This
means that with 17-bit-sequence inputs, one of the 27
possible combinations may be in error and will not be
caught. For length 18, three are missed; for length 19,
seven are missed; and so on.

In general, the percentage probability of catching an
error in a sequence length m with register length n is:

100 —100[H(m—=n)]{(2™"—=1)/(2™—1)]

where H is the step function (required to make the func-
tion zero for sequences of n or less).

In more useful terms, with register length n equal to 16,
the error is always less than 1in 26, regardiess of m, the
length of the input stream (as m gets very large, the error
term approaches 2). This gives rise to the certainty of
99.998% that an error, if present, can be spotted.

For transition counting, the corresponding probability

that it will detect an error in a sequence of length m is
expressed by the equation:

P(%) = 1‘)O'I:zm(;*(')"o—n f}, [(mT!r)rr!][(mT!r)!r!"]

where r is the dummy variable. This function increases
with increasing m (see graph).

Although these two equations are valid when errors
affect the entire bit sequence, that situation is seldom
encountered, even in board testers with algorithmic stim-
ulus generators. More typically, digital errors are subtle
and affect only a few bits. This is especially true when one
is looking for faulty bit streams some number of gates
away from the source of a fault, as happens in the course
of backtracing.

Thus an equally meaningful figure of merit for signatures
is their ability to catch the most subtle of ail faults—the
single bit error. Signature analysis really excels here,
catching every such error. Transition counting, in compari-
son, misses (m-1)/2m of the errors, nearly 50% for
lengthy sequences. Logarithmic graph paper, in fact, is
required in the figure to show the formidable superiority of
signature analysis.
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SIGNATURE

INPUT SEQUENCE
(EXAMPLE: 11111100000111111111)

LEFT-SHIFTING [76 P 5 7 : R -
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| ! T T
O ——
‘|, TAPNO. 4 —
] ] i :
| | i |
[ | ! 1
1 ] | T
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Lo CONTENTS OF SHIFT REGISTER T TOSHIFT SEQUENCE
o o REGISTER 8IT
0o /1o o 0o 0 0 0 0 0 0 0O O 0 0 0! /_"EF——\E]
|
1 © 0 0 0 0 0 0 0 0 O O O O O 1 1
2 O 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
3 0O 0 0 0 0 0 0 0 0 0 0 0 O 1 1 1 1 1
4 0 0 0 0 0 0 0 0 0 0 0 O 1 1 1 1 1 1
5 06 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1
6 06 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0
7 6 0 0 0 0 0 0 0 of1[1r 1 1 1 1 o0 \@
8 © 0 0 0 0 0 0 0 1 1 1 1 1 1 0 1 0
9 06 0 0 0 0 0 0 1 1 1 1 1 1 0 1 1 0 0
w
5 10 06 0 0 0 0 0 1 1 1 1 1 1 0 1 1 0 0 0
'.—
1 6 0 0 0 0 1 1 1 1 1 1 0 1 0 0 1 1
12 6 0 0 0 1 1 1 1 1 1 0 1 1 0 0 1 0 1
13 6 0 0 1 1 1 1 1 1 0 1 1 0 0 1 0 1 1
14 6 0 1 1 1 1 1 1 0 1 1 0 0 1 0 1 0 1
15 o 1 1 1 1 1 1 0 1 1 0 0 1 0 1 0 1 1
16 1 1 1 1 1 1 0 1 1 0 0 1 0 1 0 1 0 1
17 1 1 1 1 1 0 1 1 0 0 1 0 1 0 1 0 0 1
18 1 171 1 0 1 1 0 0 1 0 1 0 1 0 0 1 1
MY 1 1 1 0 1 1 0 0 1 0 0 1 0 0 1 1 1
20 1 1 0 1 0 0 0 1 0 1 0 0 1 1 -

2. Shifting. The basic component in the signature analyzer is a linear shift register with feedback. This converts the bit stream from a
particular circuit node into a four-digit hexadecimal signature. The table shows how a 20-bit input sequence is processed.

comparing actual voltmeter readings and oscilloscope
traces to those displayed on the schematic, he determines
the point at which circuit operation becomes faulty and
from there traces the problem back to a failed compo-
nent in the unit.

But in the programmed digital world, service sche-
matics are devoid of waveform, voltage, and other
service information, for the not very comforting reason
that all bit streams look pretty much alike on an
oscilloscope. The problem is compounded with micropro-
cessors, state machines, and controllers, for a more
subtle reason: with them there is no longer a one-to-one
association between product features and particular
sections of hardware. For example, if a keyboard-
debouncing function fails in an older random-logic prod-
uct, a service manual might advise checking the inte-
grated circuits that control that function. With micro-
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processors, on the other hand, key debouncing is more
likely a time-shared function tying up the whole
processor for a brief moment. When it fails, any one of a
large number of iCs could be faulty.

The price of board exchange

As a solution, subdividing the circuitry into replace-
able modules has worked reasonably well till now. For
one thing, board exchange places relatively few demands
on the technical abilities of the serviceman. For another,
it is and will remain the fastest way to make repairs
when down time is costly, as in large computers and
process-control systems. A further advantage is the
economy of scale inherent in centralizing repair at the
manufacturing site.

But these advantages carry a price. The economy of
scale is offset by substantial administrative and inven-
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tory costs. A manufacturer may have up to 5% of his
assets tied up in service-module inventory, which
includes both replacement-board kits and “float” boards
in round trip to the factory or waiting in bins. Adminis-
trative and handling costs for such a program can also be
quite high, particularly as a product approaches obsoles-
cence in the marketplace.

Also, the problem looms of faulty boards in the loop.
“Soft” or system-related failures are difficult to detect at
repair centers, some of which have reported *“no problem
found” on 50% of certain returned boards.

Finally, board-level repair is particularly unattractive
for supporting products overseas. Turnaround times for
modules stretch way out, and import duties of several
times the price of the module are often encountered.

For these reasons, centralized board-exchange pro-
grams are being widely reevaluated. A partial answer is
to move service closer to the customer. For very high-
volume products, where board exchange and automated
test remain popular, many companies are moving their
repair to outlying depots. For lower-volume products
where up time is again critical, signature analysis is
viable for depot repair of exchanged boards.

Signature analysis was primarily conceived, however,
as a more radical change in service strategy. It is a way
to substantially reduce repair costs on microprocessor-
based products and ROM-based controllers that can stand
a few extra hours of down time. Most instruments,
computer peripherals, point-of-sale terminals, desk-top
calculators, video games, and future citizens’ band and
television applications fall into this category. The list
also includes equipment for which backups are often
available: controllers, communications or military equip-
ment, and some of the newer digital products as diverse
as taxi-meter and gas-pump controls.

Here the administrative simplicity and cost savings of
signature analysis are quite compelling. Troubleshooting
by this method requires only a universal $1,000 test
instrument, the HP 5004A signature analyzer (sec p.
95), and the service manual of the product, which of
course must have been specially designed to contain the
necessary modest self-test program.

Deriving the signature

Everything depends on the signature. A kind of
compressed “fingerprint” of the data present on a node,
it is compared with the correct signature printed on the
schematic of the product (Fig. 1b) so that any discrep-
ancy may be noted and traced to the source. Clearly, the
major figure of merit for any such signature must be the
accuracy with which it allows faulty bit streams to be
spotted.

HP realized some years ago the potential of the signa-
ture-tracing method and investigated numerous ways in
which bit streams could be compressed or mapped into
signatures. Possibilities are transition counts, 1s counts
to generate check sums, and even entropy, the communi-
cations measure of information. But a linear-feedback
shift register, the method eventually chosen, does a
superior job in this regard (see “How accurate is signa-
ture analysis?” p. 91).

Linear-feedback shift registers have been used as
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generators of pseudorandom binary sequences in cryp-
tography, mechanical-vibration control, communications
channel testing, and digital radar. But for signature
analysis, the register is configured as shown in Fig. 2. Bit
sequences being measured are summed in modulo 2 with
the register feedback. The register is clocked by the same
clock as the bit stream under measurement. Input
sequences may be any length, but at the end of the
measurement only the residue remaining in the register
is looked at. These 16 bits, when displayed in a hexa-
decimal format, comprise the ‘signature” of the
measured bit stream. A nonstandard hexadecimal char-
acter set (0123456789ACFHPU) was chosen for easy
readability and compatibility with 7-segment displays.

The table in Fig. 2 shows how the register generates a
signature from the 20-bit sequence 11111100000-
111111111, Initially (time O thru 7) the register acts
merely as a shift register. At time 7, the first 1 of the
input sequence has reached the first feedback tap (tap I,
Fig. 2). It is fed back and mixed with the input 0, with
the result that a 1, not a 0, is next clocked into the
register (time 8). This behavior continues until the end
of the measurement when a residue of 16 bits,
1101100101010011 (time 20), is all that is left from the
20-bit input sequence. (Note the total dissimilarity in
appearance between this residue and the original
11111100000111111111 input sequence.) This residue is
displayed in hexadecimal format as H953, the signature
of the 20-bit sequence.

Designing in signature analysis

In an actual circuit designed to incorporate signature
analysis, the bit sequences may be any length, probably
much longer than 20 bits. A portion of the circuit’s read-
only memory—perhaps 5%—contains a special program
for stimulating the various nodes in the circuit (Fig. 3).
The stimulation serves more to “wiggle” or force a state
change on the nodes than to generate meaningful data.
Frequently this stimulus program may be merged with
the product’s performance-verification program. The
correct signatures are developed by simply exercising the
various parts of a circuit that is known to be good and
noting the results on the circuit diagram.

A second requirement, beyond stimulating nodes, is to
break feedback paths within the circuit either by using
hardware switches, jumpers, or connectors, or by dis-
abling gates with software. This requirement is necessary
to prevent a fault from being fed back around and
perturbing all data nodes. In practice, adding the ability
to break feedback paths incurs an incremental hardware
expense of less than 1%. (The cost is more than offset,
however, by the savings resulting from no longer needing
to subdivide the product into small, replaceable
modules.) When these two requirements are met, back-
tracing a fault to its source is a straightforward process
of tracing faulty signatures.

In using signature analysis, the procedure varies
slightly depending on whether the fault lies in the kernel
(the minimum configuration of microprocessor and ROM
necessary to run the simplest test program) or in the
outlying circuitry.

If the fault is in the outlying circuitry (a keyboard or
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3. Adapting the product. To incorporate signature analysis in a microprocessor-based product, the designer has to add extra program steps
to the read-only memory, some switches to put the system into the signature-analysis mode, resistors to force a no-operation instruction when
the ROM is disabled, and jumpers that can be removed to isolate portions of the circuit. Here, a 16-pin jumper in a dual in-line package (type

AMP 435704-8 or equivalent) is inserted in the data bus.

display scanner, input/output latch, etc.), the field engi-
neer simply switches the circuit to the diagnostic mode.
Then, guided by a troubleshooting tree, he uses the test
instrument to trace faults back to their source.

But what if the problem lies in the kernel, and even
the ROM stimulus program will not run? Here, the
microprocessor itself can provide a stimulus if its address
counter is allowed to sequence through the address field.
To do this it is only necessary to open the data/instruc-
tion bus and force the no-operation instruction onto it.
This stimulus program checks out all the address lines
and the individually enabled ROMs as well. All of these
nodes are readily characterized with signatures.

Since signature analysis relies on the ability of a
system to control itself in a synchronous manner, asyn-
chronous circuits, like monostables, direct-memory
access, dynamic memory, or interrupts, need to be
carefully controlled. Generally, simple provisions in the
hardware can be made to force them into a synchronous
or disabled condition when that is required for a
particular test.

The technique in use

As an example, consider the first HP instrument to use
signature analysis—the 3455A system voltmeter from
the HP Loveland Instrument division in Colorado. The
digital portion is quite extensive. It is microprocessor-
controlled and contains a self-test program stored in
ROM. If the self-test fails, a jumper inside the enclosure
is removed, breaking feedback loops and also enabling
the signature-analysis routine which is used now to
diagnose the instrument.

The decision to go with signature analysis influenced
the design in several ways, all of which make it easier to
troubleshoot down to the component level. The whole
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digital portion is on one board. The elimination of
connectors and a multitude of smaller pc subassemblies
reduced the production cost and also made all the parts
easily accessible for testing without the use of special
extender boards.

Naturally, some extra design time, a few more ROM
locations, and the extra jumper wire were the price paid
for this kind of serviceability. The cost evaluation proved
to be interesting: the production cost actually fell, and
the extra design time amounted to approximately 1% of
the overall development time.

Manual aid

Besides the design engineer, the writer of the service
manual made an important contribution to the suc-
cessful application of the signature analysis to the 3455A
voltmeter. After learning the internal algorithms of the
product almost as well as the designer and having no
precedent to fall back upon, he developed a number of
innovative ideas for the service approach that were
enthusiastically received by the field engineers.

The service manual is written in such a way that a
person unfamiliar with the signature analyzer can walk
up to a sick voltmeter, read the instructions, and within a
short time locate the fault. One element in the manual is
a troubleshooting flowchart or tree (Fig. 4), which
systematically guides the technician through the fault-
finding process.

The initial tests may rely very little on signature
analysis, yet may allow isolation of the fault down to a
specific area. Diagnostic programs cannot carry on from
here, since they do not have access to individual nodes,
but it is from here on down to the components that
signature analysis excels.

At this level, the repairman uses the annotated sche-
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The 5004A signature analyzer checks out a compatibly
designed digital product by detecting the bit streams at
various circuit nodes and displaying them as hexadecimal
signatures, which may or may not agree with the correct
values noted on the schematic. It is a lightweight, portable
instrument, built around the feedback-shift-register circuit-
ry that produces the signatures, and it is equipped with an
active probe for data input.

The probe has dual threshold levels that are compatible
with transistor-transistor logic. It also serves as a TTL
probe, rather like the HP 545A, and in this capacity
provides additional troubleshooting information by indi-
cating high, low, bad-level, and pulsing states.

Through an active “pod"” on the 5004A’s input cable,
the product under test supplies the instrument with three
gating signals: start, stop, and clock. Start signals the
beginning of a measurement window, preparing the shift
register to receive information from the data probe. Stop
closes the measurement window. Clock is the system
clock of the product under test and assures synchronous
acceptance of data and gating signals by the shift register.
The active edge of each of these gating signals can be
selected at the front panel, giving the designer more
latitude in applying signature analysis to his product
without adding hardware.

The front panel also includes a gate light and an
unstable-signature light. The gate light indicates proper
start/stop gating operation, remaining on during the
measurement window, with stretching to make it visible to
the operator during very short on times. The unstable-
signature light indicates a difference between signatures in
adjacent windows, alerting the user to intermittent faults
that may not be apparent from the display.

Two useful controls are the hold and reset switches. The
hold feature allows observation of single-event (one-shot)
signatures, such as a power-on-restart routine. The instru-
ment will display only the signature associated with the
first valid window and will hold the display until the probe
reset switch is pressed. The hold/reset controls are also
useful for taking signatures in awkward locations where it
is impossible to simultaneously probe and watch the
display.

Since the 5004A is synchronized to the system clock of
the product under test (up to 10 megahertz), setup times
become important. Setup time is the period during which

The signature analyzer

data must be stable before arrival of the selected clock
edge. In the 5004A, the maximum data setup time is 15
nanoseconds (but typically 8 ns). This leaves the balance
of the clock cycle for the settling times of components in
the product under test. No hold time is required after the
selected clock edge.

Any data state changes between clock edges are
disregarded. The first data bit accepted during a measure-
ment window is the one coinciding with the synchronized
start-signal edge. The last bit accepted is that preceding
the synchronized stop-signal edge (see figure).

Tri-state bus architectures are common in many types
of equipment and pose the problem of how to interpret the
floating state for the purposes of consistent signature
detection. Pullup resistors in the circuit under test would
force a bus high in the third state, but would slow down
the state transitions and possibly cause inconsistent
signatures. Instead, the 5004A data probe pulls to the 1.4-
volt level, through a 50-kilohm input resistor, and employs
hysteresis. This causes the floating state of a tri-state bus
to be entered without ambiguity into the signature as the
same state (0 or 1) as the most recent valid bit.

To increase the confidence of on-site service, the front
panel seli-test feature allows a go/no-go checkout of the
entire 5004A, including probe, pod, and cables. An
internal program exercises the analyzer and displays the
result. If this display indicates a malfunction, the 5004A
itself can be switched to its own test mode and diagnosed
to the component level with another signature analyzer.

CLOCK

START

STOP

WINDOW

DATA

DATA
ENTERED -

o — —_— e —_——————— —
O ———— e —— e —_——
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matics and graphs of board layouts, together with the
flow chart, to find the bad node. In some cases, the
manual includes instructions as to which IC to replace. In
other cases the use of a logic probe, which is an integral
part of the logic tracer, may be required. A current
sensor, such as the HP 547A, helps to find short circuits
between traces or to ground and is particularly helpful
when bus problems are encountered.

In the case of the voltmeter, the first test checks its
kernel, which consists of the microprocessor, the clock
circuit, the power supply, and a number of external
gates. After the proper functioning of the kernel has
been verified, the test setup is changed (one control wire
of the logic tracer is moved to another pin in the 3455A),
and the remaining portions of the circuit are tested. A
special portion of the ROm control loads and reads the
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random-access memories. Some asynchronous portions
require a third test setup. Again, the connection of the
start wire is simply moved to the next pin designated for
this purpose, and troubleshooting can continue.

Several methods of documentation have been tried
successfully. The 3455A service manual shows pictures
of the board and defines the setup for each test (Fig. 4).
Each picture shows only the signatures related to the
particular test, directing the field engineer’s effort
towards the important areas on the board. The rROM
program even simulates interrupt signals, ensuring,
however, that they occur predictably at the same spot
within a window so that stable signatures result.

The signature analyzer has its own self-check. Each
test setup is tested by touching the power-supply voltage
with the instrument’s probe to input a sequence of all Is.
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4. Troubleshooting tree. The service manual for the HP 3455A digital voltmeter, the first instrument to use signature analysis, contains a
troubleshooting tree and a list of signatures that should be found at the designated pin numbers of the various devices.

If this characteristic signature is correct, the setup
conditions and the framing of the measurement window
are verified. Specifically, this tells the user that the
switches on the signature analyzer, as well as all the
jumpers, switches, and control buttons in front and rear
of the voltmeter are correctly set. Thus, the confidence
level of the user is very high at the start of a test.

This application of signature analysis went particu-
larly smoothly, because the engineer developing service
techniques worked closely with the design engineer.
Generally, the design engineer wrote the stimulus
routines while the service engineer involved himself with
documentation and overall test strategy. This early
involvement also ensured that the designer, with the
many demands on his time, did not neglect to think
about serviceability and, for example, put off allocating
read-only-memory space till inconveniently late in the
design cycle.

The fact that signature analysis is built into the 3455A
voltmeter also made final testing on the production line
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much easier. A signature analyzer is now a favorite piece
of production-line test equipment for the 3455A.

Thus, the signature analyzer promises to have a
significant impact on present service costs. With the
industry presently spending roughly a billion dollars
annually to find the 10 million ICs that fail each year in
the field, such a technique is needed. Although 1C pre-
testing and burn-in programs have gone a long way
toward weeding out weak devices, changes are neverthe-
less needed in service strategy as well. The signature
analyzer offers a new option for those who are planning
service strategies. ad

Closing the loop

Pending 1pP's completion of an applications note on how to
build signature analysis into new equipment, Gary Gordon
and Hans Nadig will be happy to answer readers’ questions
on their article directly by telephone. They can be reached at
Hewlett-Packard’s Santa Clara, Calif., division plant at
(408) 246-4300 between 9 and 5, Pacific Standard Time.
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Thin-film magnetic heads excel
in packing and moving data

New approach should spawn computer disk and tape drives
with larger storage capacities and higher rates of data transfer

by Thomas A. Roscamp and Paul D. Frank, Aappiied Magnetics Corp., Goleta, Cail.

J Magnetic read/write heads with sensors of thin-film
materials have left the laboratory and are entering the
commercial realm. They bring with them the promise of
a new generation of computer disk and tape drives with
larger storage capacities at lower costs per bit and higher
rates of data transfer.

The steady improvements in tape and disk drives have
been primarily the result of incremental advances in
recording media, reduced head-to-media spacing, and
increased head and system reliability. However, thin-
film technology represents a breakthrough in head
design. A thin-film head being produced by Applied

Magnetics Corp. is a combination of vacuum-deposited
sensors and traditional housings packaged into a
complete recording head (Fig. 1). It offers designers of
disk and tape drives at least five significant advantages:
® |Improved frequency response because the sensors are
made with laminated layers of magnetically oriented
films that better couple flux between coil and gap.

® Higher bit-packing density because of the improved
characteristics of the head’s magnetic field.

® Higher track density with more cost-effective, precise
track definition.

® [ncreased reliability and longer head life because of an

CONVENTIONAL COIL/CORE/GAP ASSEMBLY

THIN-FILM SENSOR ASSEMBLY

ll-—— POLE FACE -:l FGAP
2

— CORE

CORES

DIGITAL TAPE HEAD

J/f,__- TRACK WIDTH ——17___

DIRECTION OF
TAPE MDTION

PDLE FACE
GAP LENGTH _’TL’-;
LAY 7

» DIRECTION OF

DISK MOTION

—

FLYING DISK HEAD

1. Head to head. The thin-film sensor used in magnetic recording heads is produced by vapor deposition as a single structure, giving greater
contro!l over its characteristics, while the conventional head is produced from separate parts. (The assemblies are not drawn to scale.)
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2. Step upward. The thin-film magnetic head will significantly
improve operating frequency, linear bit density, and radial track
density. These curves trace the improvements over the past several
years for various IBM-compatible moving-arm disk drives.

integrated structure, better uniformity in manufacturing
processes, and new materials.

®m Cost advantages in volume production because of
automated fabrication.

This year disk drives with single-track thin-film heads
moving on low-mass sliders will achieve bit-packing
densities of 10,000 bits per inch and track densities of
1,000 tracks/in. Figure 2 shows how such performance
fits into the development history of 1BM-compatible
actuated disk heads.

For disk drives with multiple-track fixed heads, thin-
film technology permits increasing the number of tracks
per head to achieve twice as much data storage with the
same number of heads (or the same amount with half as
many heads). The combined improvements in bit and
track densities mean that total data storage in fixed-head
disk drives can be three or four times greater than the
data storage possible in machines with conventional
heads.

Performance up, costs down

For digital tape heads, thin-film techniques offer
marked performance improvements and lower system
costs in high-performance nine-track heads of the dual-
gap read/write design used widely in the computer
industry. All nine sensors can be produced simulta-
neously by vacuum deposition. Closer dimensional toler-
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3. Sequence. The production of a thin-film sensor begins with the
vacuum deposition of the laminated lower pole piece and proceeds
through depositions of the coil, and upper pole piece. The leads,
protective coating, and superstrate are then added.
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ances can be achieved, and there is reduced crosstalk and
less need for magnetic shielding.

Moreover, a new generation of 18-track read/write
heads designed for standard '/-in. computer tape with
10,000 b/in. on each track is feasible. Together with
higher track densities, the improved bit-packing densities
will make possible as much as three times more data
storage than existing tape drives, at a lower cost per byte
for the user.

Thin-film technology also looks promising for instru-
mentation recorder heads that will permit higher data
rates. The heads also will be useful for video-recording
applications where images are recorded linearly at high
tape speeds. However, present limitations on gap sizes
and the number of turns of the conductor make unlikely
any use soon in diskettes, audio tape recorders, and
lower-speed video recorders.

Making thin-film heads

Once a sensor design has been established, hundreds
or even thousands of them can be produced simulta-
neously during a single vacuum deposition. Thin-film
head manufacturing may lend itself to further simplifi-
cations, such as deposition of the sensor directly on the
air-bearing slider of a disk head or construction of
hybrid heads where the read/write circuitry is integrated
into the total head package.

The steps in the deposition and packaging of a multi-
turn thin-film sensor are shown in Fig. 3. The substrate
and superstrate may be of a variety of materials, such as
special glasses, titanates, ferrites, Fotoceram, or
sapphire. Several hundred layers of different materials
may be deposited to form the pole piece, coil, and gap
required for a particular type of sensor.

In this design, the pole pieces consist of layers of
magnetic material with layers of an insulating material
deposited between them. The coil consists of multiple
turns of a conducting material deposited in a square
helical arrangement, also with an insulating layer sepa-
rating the turns. Figure 4 is a microphotograph of the
thin-film sensor as seen through the protective coating.
The total thickness of material between substrate and
superstrate typically ranges from 0.0005 to 0.003 in.

The design of thin-film heads is considerably more
complex than that of their conventional counterparts.
The most important design factors in conventional heads
are gap length and depth, core material and geometry,
and head contour. However, gap length is the primary
variable in tailoring the head to an application.

Computer aids analysis

In thin-film heads, the geometry of the entire pole
piece plays as important a role as does gap length. This
factor, plus the complex physics of thin-film-head opera-
tion, requires a computer-aided design analysis to fit all
the variable parameters to system requirements, such as
velocity of the medium, packing density and transfer
rate of the bits, head-to-media separation (flying
height), medium material and thickness, write current,
desired playback voltage levels, and characteristics of the
read/write electronics.

The table gives a comparison of typical performance
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characteristics and ranges of operating conditions for
conventional and thin-film recording heads. Also
included is a comparison of the measured performance
of a standard 3330-11 disk head and a thin-film version
of the head operating under the same conditions. The
differences in performance can be understood by
studying the differences in construction.

In the conventional head design, the pole face must be
extremely long compared to other important dimensions
such as gap length, head-to-medium separation, and
medium thickness. It is so much longer, in fact, that in
theoretical calculations it is traditionally considered to
be infinite. For the thin-film sensor, the length of the
pole face is less than a hundredth of that of the conven-
tional pole face, and it is an important design variable.

Thin-film core materials offer significant improve-
ments in permeability and frequency response, allowing
higher transfer rates. These core materials have higher
saturation flux densities than do standard ferrites. This
factor allows stronger fields to be used during recording
and makes feasible the utilization of newer ‘“high-
energy” recording media.

The write current levels and playback voltages
produced by these multiturn thin-film designs are gener-
ally compatible with conventional read/write electronics.
Therefore it is possible to extend the performance of
storage systems without significant advancements in
electronics technology. An example of this is the
improved resolution of the 3300-11 thin-film head,
shown in the table.

For both conventional and thin-film heads, control
over the gap lengths and their tolerances is roughly the
same. However, with the thin-film head, such tolerances
as gap scatter (the gap-to-gap misalignment in a multi-

TABLE: CONVENTIONAL VS. THIN-FILM HEADS

Head Typical ranges 3330-11 disk head
characteristic Conventional Thinfilm | Conventional |  Thin-film
Coil turns 10-1,000 10-30 50 20
FGap length, uin. 20— 250 20 -100 100 100
VPole-face length 0.030-0.300in. |50— 500 uin. | 0.030 in. 220 pin,
Track width, in. ’ 0.001—0.050 |0.001 - 0.050 |0.002 0.002
Inductance (full coil) | 10 uH—100 mH |100 nH—1uH 123;.1H 600 nH
Resonant frequency | 100 kHz — 50 —200 MHz | 9 MHz 60 MHz
10 MHz
Cable and read- usually critical  |usually not i 15 pf 15 pF
nput capacitance important |
Write current limited by faster: limited | 62 ns 13 ns
rise time head by cable and
electronics
Write current 10—200 100 - 400 150 200
{peak-to-peak), mA
Output voltage l 100 uv - 100 uV — 2mV (a0 uv/ |13 mV (sgouw
100 mV 10 mV turn) @ 4,000 |turn) @ 4,000
b/in., 5 MHz |b/in,, 5§ MH2
Resolution compromised optimized 50% @ 4,000 |78% @ 4,000
L o b/in., 5 MHz |b/in,, 5 MHz
Permeability less than 1,000 | greater than 600 @ 5 MHz [1,500@ 5 MHz
| @2 MHz ;I,DDD@ZDMHI
e = :
Core saturation limits the | higher 3,500 gauss | 10,000 gauss
flux density core field
= = |
Flying height, nin. | 20100 |20 -100 40 140
99




4. The sensor. A single thin-film sensor is shown in a microphotograph as viewed through the protective coating. All sensors in the linear array
are deposited during a single series of vacuum depositions, allowing more precise track placement and better gap-to-gap alignment.
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5. Fringing fields. The gap fringing fields for conventional (a) and thin-film (b) heads show the thin-film head's field has steeper sides and
reaches a negative, minimum value before turning upward. Corresponding negative dips for the conventional head are far from the gap.

channel head) can be better controlled. because all the information is recorded longitudinally in the medium.
sensors are deposited simultaneously. The manufac- For a conventional head, H, reaches its maximum
turing technology generally allows better control of track  above the gap center and decreases to either side of the
widths and locations than would be economically gap, appearing to approach zero asymptotically at large
possible with techniques used to produce conventional distances. This basic shape of the H, “pulse” is the same
heads. for any head-to-medium separation.

For the thin-film head (Fig. 5b), H, again reaches its
maximum above the gap center. However, H, decreases

A vector representation of the gap fringing field fora more rapidly than in the conventional head, passes
conventional head (Fig. 5a) shows a longitudinal compo-  through zero, dips to a minimum value near the outer
nent H, in the direction of the medium’s motion and a  edges of the pole pieces, then asymptotically approaches
perpendicular component H, at right angles to the zero from below.
medium’s surface. For most digital recording applica- The location of the negative dips in the thin-film
tions, H, is the component of primary interest because  head’s field is a result of the small dimensions of the pole

Pulse shape is the key
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face combined with the requirement from Maxwell’s
equations that the integral of the H, pulse for any
recording head must be zero:

[”H,dx=o

The location of the negative dips close to the gap region
means they interact with the gap field to form an H,
pulse narrower and steeper on the pulse edges than is the
case with the conventional head. In the conventional
head, the negative dips occur at points that lie far from
the gap, so they do not play a significant role in the gap
fringing field.

For digital recordings, the playback voltage pulse
(Fig. 6) for an individual recorded transition (a bit of
recorded information) tends strongly to resemble the
shape of the H, pulse. As a result, narrowing the H,
pulse tends to decrease the playback pulse width, thus
decreasing crowding of these pulses and allowing higher
bit densities to be read. Similarly, the increased steep-
ness of the H, pulse edge causes a shorter transition to
be written on the medium, which gives less crowding of
write pulses and allows higher bit densities to be
recorded.

Setting write current

With conventional digital recording heads, one of the
usual compromises in setting the write current is
between resolution (or playback voltage) and overwrite
of old information. As the write current is increased, the
depth of penetration into the medium increases, and the
playback voltage tends to increase.

However, as the depth of penetration increases,
demagnetizing fields build up in the medium to oppose
the transition being written. This phenomenon is often
referred to as self-demagnetization. Simultaneously, the
steepness of the H, pulse of the conventional head
decreases with increasing write current, which tends to
produce a longer transition (Fig. 7a). This degradation
of steepness results in what is commonly called recording
demagnetization.

Thus, as the write current is increased, the effects of
self-demagnetization and recording demagnetization
cause a wider transition to be written, increasing write-
pulse crowding at typical recording densities and
reducing the playback voltage output. The optimum
write current is the point on the curve in Fig. 7b where
the tendency for increased playback voltage from
improved penetration reaches a maximum before it
begins to be reduced by increasing demagnetization
effects.

Unfortunately, this current is not high enough to give
satisfactory overwrite of old information in most applica-
tions, because the resulting depth of penetration is too
shallow. This forces operation at a write current consid-
erably higher than this optimum value, which means a
sacrifice in resolution.

Reversing recording demagnetization

For the thin-film head, however, the steepness of the
H, field continues to increase with higher write current
because of the physical requirement imposed by the
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READ PROCESS SIMULATION

L |

6. Playback. The playback voltage pulse for a thin-film head resem-
bles the gap fringing field shape of Fig. 5. The plot shows the results
of a computer simulation of the read process that closely models the
actual pulse displayed on the oscilloscope.

presence of the negative dips (Fig. 7a). The effects of
recording demagnetization are reversed, and written
transitions become shorter.

Self-demagnetizing effects still occur, but they are
balanced by the improvement in recording demagnetiza-
tion. The result is a flat saturation curve for the thin-film
head (Fig. 7b). This allows operation at a write current
where good resolution and good overwrite can be
achieved simultaneously.

Thin-film heads avoid the problems associated with
the high inductance of conventional heads—although in
doing so they develop their own problems that must be
solved. High inductance during recording leads to limita-
tions on the write-cufrent rise time, in turn increasing
transition width and then write-pulse crowding. During
playback, this inductive behavior can also cause reso-
nance problems that limit the number of turns in the
coil. These problems also restrict the electronics used for
the read process.

The small dimensions of the thin-film pole piece result
in inductances typically much less than that for the
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7. Read and write. Computer analysis (a) shows the thin-film head's
steeper longitudinal component of field for a head-medium separa-
tion of 40 win. Saturation curves (b) measured at 3.24 MHz show
playback voltage stays flat over broad range.
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8. Permeability. Thin-film materials maintain superior permeability
over a broad range of frequencies, compared with conventional and
high-frequency ferrites and conventional permalloy materials. This
characteristic translates into higher data-transfer rates.
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conventional sensor. These inductances do not present a
design limitation.

Unfortunately, the small dimensions of the pole piece
can significantly increase core reluctance. If corrective
design steps are not taken, this increase would reduce
core efficiency (the ability to couple magnetic flux
between the coil and the gap).

Modern conventional heads also are facing core effi-
ciency problems at higher recording densities. These
problems are due to the rapidly decreasing permeability
of conventional core materials at the high frequencies
required for these densities (Fig. 8).

Increasing core efficiency

It is possible to increase core efficiency in thin-film
heads by constructing the pole pieces from oriented thin
films of a doped permalloy material. Such a material has
much better permeability at high frequencies (Fig. 8).

An oriented film is a magnetic material that exhibits
uniaxial anisotropy, meaning that it has a preferred axis
of magnetization called the easy axis. In the thin-film
head, it is deposited with the easy axis lying along the
track width and perpendicular to the direction of motion
(Fig. 9a).

When the head is idle, the magnetization in the pole
pieces will lie along the easy axis with a magnitude equal
to M,, the saturation magnetization of the material.
When the head is operating, the magnetization will
rotate out of the easy axis so that it has components
along the hard axes: the X axis (parallel to the direction
of motion) and the Y axis (perpendicular to the surface
of the medium).

This rotation of the magnetization produces a net flow
of flux in the head. As seen in Fig. 9b for the write
process, the magnetization tends to rotate into the direc-
tion of the field produced by the coil (the drive field).
This process—switching by rotation—is very fast, giving
high permeability and excellent frequency response.

The drive-field strength necessary to obtain complete
rotation is called the anisotropy field, H,. The perme-
ability is proportional to the ratio of M, to H,. Using
proper magnetic materials, it is possible to produce
oriented films with high M, and low H,, thus yielding
high permeability.

Along the easy axis, the films are inherently bistable
since the magnetization can lie in either direction. The
magnetization will remain unchanged until a large
enough field is applied in the opposite direction along the
easy axis to switch it 180° into its other stable state. The
drive-field magnitude necessary to produce this switch-
ing of the magnetization is called the coercive field,
H..

Overcoming domain formation

Reliable recording heads cannot always be made with
pole pieces consisting of single-layer oriented films. Such
heads are likely to experience severe problems with
Barkhausen noise during the playback process because
of the presence of numerous magnetic domains in the
film. The problem stems from the behavior of oriented
films as permanent magnets in the absence of a drive
field. This behavior causes a demagnetizing field inside
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9. Fast switching. When the thin-film head is idle, magnetization
vectors lie along the direction of the easy axis, perpendicular to the
direction of motion. During operation, the magnetization rotates,
producing a component along the hard axis that causes a flux flow.

the film opposed to its first magnetization (Fig. 10a).

The demagnetizing field is due largely to magnetic
surface charges that occur whenever the magnetization
is not parallel to an edge or surface of the film. When the
films are limited in width, as with a narrow-track
recording head, the demagnetizing field may become
larger than H., causing an unstable condition.

In this unstable situation, magnetic domains with
reversed magnetizations will form (Fig. 10b). Switching
is no longer strictly by rotation, but also by movement of
domain walls, which tends to occur in jumps rather than
smoothly —causing what is known as Barkhausen noise.

Of the several ways to avoid domain formation in the
pole pieces, there is one that does not compromise the
permeability, design flexibility, or track density: lamina-
tion of the pole-piece structure (Fig. 10c). The magneti-
zation in each successive layer alternates in direction
along the easy axis, with each layer essentially a single
magnetic domain. In effect, there are no domain walls.

At the same time, the demagnetizing fields of the
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10. Domains. Without a drive field, films behave as permanent
magnets causing demagnetizing field (a). In narrow films, domain
walls form (b). Lamination of the films (c) makes layers single
domains with alternating magnetizations.

successive layers also alternate in direction, so that the
demagnetizing fields cancel one another to a large
extent. Moreover, this structure minimizes the possibility
of eddy-current losses in the permalloy core, because
each lamination provides only a very small cross-
sectional area where the currents might flow.

Applied Magnetics Research has been working with
several makers of computer peripherals on applying thin-
film heads to tape and disk drives. Such cooperation is
essential because the parameters are numerous and
complex enough to require computer analysis based on
data inputs from the peripheral designer as well as from
the magnetic-head engineer.

Such cooperation between the peripheral designer and
the head manufacturer has already provided results.
This year will see the beginning of a new generation of
peripherals using thin-film heads for greater data capac-
ity, higher transfer rates, and improved track-to-track
uniformity. It promises better peripherals and more cost-
effective computer systems. O
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Designer’s casebook

High-accuracy calibrator uses
no precision components

by Walter Allen
The Audichron Co., Atlanta, Ga.

A calibrating voltage source with an output of 1 to 10
volts in 1-v steps can achieve an accuracy of within 0.1%
even though all the resistors in the circuit have *+10%
tolerances. The precision is obtained by digitally chop-
ping the reference voltage with a decade counter and
then integrating the varying duty cycles back into
voltage steps.

As the schematic shows, the 10-v reference source is
built around a feedback-stabilized operational amplifier
that is one section of an MC3403 quad op amp. This
reference voltage is the V pp supply for a CD4017 decade
counter and powers all the digital chips in the circuit as
well. The CD4017 is a Johnson counter that produces 10
decoded outputs (0—9) that are pulsed sequentially.

Half of the CD4001 quad, two-input NOR gate is
connected as an astable multivibrator that, going to the
clock input, drives the counter at approximately 200
kilohertz. The other half of the CD4001 is configured as
a set-reset flip-flop.

The flip-flop is set by the counter’s decoded output 0
and reset by one of its 1 —9 decoded outputs, depending
on the position of the voltage step-selector switch. The
flip-flop’s output is therefore a rectangular pulse train of
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) + \
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0kQ &
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oo ol & oy %CD4001 L
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i —O0e——0— - 0- 10V
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Digital division —analog accuracy. Changing the duty cycle of the pulse train is the key to accurate voltage division. Frequency and duty
cycle of clock at left do not affect output, since decoded counter outputs accurately determine duty cycle.
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approximately 20 kHz that has a duty cycle varying from
0% to 100% by 10% steps.

The signal is then integrated by the RC low-pass
network and buffered by another section of the MC3403
quad op amp for output. An adjustable divider and
additional op-amp follower provide stable voltages
between steps.

The MC3403 quad op amp is used for its high current
capability—up to 30 milliamperes—and also for its
ability to swing down to within a few millivolts of the
negative supply rail.

Potentiometer R, sets the 10-v reference voltage.

When this is precisely adjusted, the 1-v switch-select-
able output steps are accurate to within 0.1% with any
loads up to 20 ma. The adjustable output tracks between
steps with high linearity, and the 20-kHz ripple compo-
nent in the output is less than 1 mv.

The capacitor in the integrating network should be a
high-quality, low-leakage unit, though its value is not
critical since it determines only the step response time.
With the value of 0.2 microfarad shown, the response
time is about 100 milliseconds. A 1.0-uF tantalum
capacitor would give better filtering characteristics, but
its response time is on the order of 0.5 s. O

Inductive kick gates
SCR motor crowbar

by Buck Postlewait,
Instrumentation Specialties Co., Lincoin, Neb.

A dc motor can be made to stop itself with a little help
from an SCR. Applying a “crowbar,” or direct short,
across its terminals will prevent the motor from coasting.
Using a silicon-controlled-rectifier crowbar permits
gating by the inductive kick of the motor’s collapsing
fields and stops rotation of the armature within 50
milliseconds.

As shown in the figure, the switch controlling the
motor is in the negative supply lead. When it opens, the
tank circuit formed by capacitor C, in parallel with the
motor’s windings will ring with a damped sinusoidal
waveform. The negative transition of this waveform, plus
the windings’ back emf (which is the same polarity as
the supply voltage) drive the voltage at the motor’s
negative terminal below ground.

Since the ScR’s gate is tied to ground through the
1-kilohm resistor it is then forward-biased with respect
to the cathode. The ScRr fires, slowing the motor
abruptly. The rectifier remains in conduction until the
current flowing through it drops below the holding
value—but by this time the motor is nearly halted.

This circuit is used in a motorized rotary valve system,

where the desired valve opening is obtained by running
the motor for a specific amount of time; thus, quick
stopping is a must. However, the crowbar can brake any
small dc motor. The only design considerations would be
the SCR current rating, which must be greater than the
stalled current drawn by the motor, and the value of C,,
which may have to be adjusted for optimum response. (J

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly
the circuit's operating principle and purpose. We'll pay $50 for each item published.

N PITTMAN 0.001 uF
TYPE 8212 g
STALL 149
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)
I

Quick crowbar. Opening the motor circuit generates an induced
voltage which, added to signal in tank circuit formed by windings and
C,. gates the SCR. The rotation of the armature is thus crowbarred to
a halt within 50 ms. Capacitor C, prevents false triggering.

Comparator switches regulator
for foldback current limiting

by R. H. Richardson
Melbourne, Fia.

The three-terminal regulator, while easing the design of
regulated power supplies, does limit the adjustability of
their output parameters. Here is a circuit that couples a
comparator with a National LM317 adjustable, three-
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terminal power regulator to provide independent control
of output voltage and current limiting.

The power supply shown in the figure was designed as
a 9-to-16-volt, 20-ampere bench regulator for automo-
tive transceiver applications. It therefore employs high-
power regulating transistors, but the technique of
comparator-controlled current limiting in the output is
adaptable to any power range. In this case, the current
limit of the supply can be set from 1 to 20 A, independent
of the output-voltage setting.

The circuit employs a foldback type of current limit-
ing; that is, once the current limit is exceeded, the output
voltage drops nearly to zero. The LM311 comparator,
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monitoring the current flow, switches the supply into the
limiting mode.

The output of the comparator goes high whenever the
voltage drop across the current-sense resistor, R,
exceeds the bias level set by the limit control, R,. A high
level at the output of the comparator turns on transistor
Q., which in effect shorts out the voltage-adjusting
resistors R, and R,, thus dropping down the output
voltage.

The design has an inherent hysteresis: in the limiting
state, just enough current flows through the sensing
resistor R to keep the comparator turned on. Therefore
the circuit does not oscillate as many other limiting
regulators do—the output voltage remains near zero
until the overload is removed. The action of the compar-
ator also provides automatic recovery from the foldback
point, since the circuit cannot latch in the current-
limiting mode.

Transistor Q, turns on an incandescent lamp to indi-

cate the limiting state. Since the value of the current-
sensing resistor R is not critical, the device may be
replaced with the internal resistance of a 0- to 20-a
meter, if desired.

The dial of the current-limiting control can be cali-
brated with known output loads at a set output voltage.
Control of the limiting function is primarily dictated by
the biasing resistors surrounding the comparator,
R;—Ry. Designs for output voltages and currents in
other ranges may employ the same basic configuration of
regulator and comparator, with only the biasing compo-
nents needing to be changed.

The LM317 adjustable regulator, available in either
TO-3 or TO-220 packages, is capable of driving loads up
to 12 amperes without the aid of power-transistor
followers. In the supply shown, five power transistors —
four 2N5885s and a 2N6053 —are required to handle
the 20-A loads. All power transistors and diodes, as well
as the regulator, must have adequate heat sinking. O
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' S '
[}
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/\ o )
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4 AAN—4
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Foldback current-limiting supply. This supply, which has an output voltage adjustable from 9 to 16 V and provides independent current
limiting from 1 to 20 A, uses a comparator to drop output voltage when the current limit set by potentiometer R, is exceeded.
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The biggest erasable PROM yet
puts 16,384 bits on a chip

Using just one 5-V supply, the ultraviolet-erasable device is interchangeable
with 16-k read-only memories—a boon to designers of microprocessor systems

by Robert Greene, George Perlegos, Phillip J. Salsbury, and William L. Morgan, inter Corp., Santa Ciara, Caiir

(J In just two or three years, from being barely on the
edge of visibility, a field-erasable read-only memory has
blazed its way to prominence in the system designer’s
world. Because its contents can be erased with ultra-
violet light, its user can program and reprogram it at
will—an unaccustomed liberty.

Known as EPROMs (for erasable programmable ROMs),
the devices in heavy use today are the 2,048-bit 1702A
and the 8,192-bit 2708, both of which have been de-
signed into a wide variety of equipment over the past few
years. But the new 16,384-bit model, which is also faster
and easier to use than its predecessors, is bound to
attract old and new users alike.

The attraction, of course, is the devices’ extreme
usefulness for prototyping software code in microproces-
sor-based designs. It typically takes tens of passes
through a system before a program’s code can be
optimized, and each pass requires a new ROM program.
But a ROM that can be erased and reprogrammed quickly
from standard address signals makes it much easier to
optimize a program.

Indeed, individual words can be rewritten in today’s
uv-erasable PROMs, so that programmers can fine-tune
their software well into the development cycle or change
a portion of the program to accommodate new system

features. Then, once satisfied with the program, the user
can switch into production with factory-programmable
ROMs that have identical pin assignments and use similar
power supplies.

Alternatively, as the availability of erasable PROMs
increases, system designers are beginning to use them in
place of standard ROMs in the production equipment
itself, especially in the early sample stage and also in
small-volume designs. It is an all-too-familiar problem,
getting small numbers of mask-programmed ROMs from
the factory in anything like a reasonable time and at less
than an exorbitant per-piece cost. Here the erasable
PROM is the perfect answer, for it goes straight into the
equipment once its program is fixed.

A good deal in all respects

The new Intel Corp. 2716 16-k device has all this
versatility, and then some (see table). It offers twice the
memory capacity on a chip only 20% larger than the 8-k
version—and the smaller the die, the lower its produc-
tion costs eventually fall. Its performance is better.
Though its maximum access time stays at a short 450
nanoseconds, its active power dissipation per bit has been
reduced to 40% of the 8-k device level, so that the chip’s
total power dissipation is 20% lower for 16,384 bits than
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1. Doubling up. By using two levels of polysilicon, this stacked-gate
version of the floating-gate avalanche-injection MOS cell occupies
half the area of earlier Famos cells. As a result, the 16,384-bit 2716
chip is only 20% larger than the 8, 192-bit 2708 devices.
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2. Aimed at microcomputers. The 16,384 cells in the 2716 device
are organized into two 64-by-128-cell arrays or 2,048 8-bit words, an
arrangement that makes the device useful for byte-oriented micro-
computer designs and also compatible with 16-k ROMs,
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ULTRAVIOLET-LIGHT-ERASABLE PROGRAMMABLE ROMs

Year 1972 1975 1977
Model 1702A 2708 2716
Basic features
Technology p-MOS n-MOS n-MOS
Organization 256 X 8 1,024 X 8 2,048 X 8
Chip area {mil? equiv.) 134 160 175
Package pins 24 24 24
Read performance
Access time {max) (ns) 650 450 450
Power dissipation (mW) 700 730 500
" per bit {(mW) 04 0.1 0.04
Standby power (mW) . . 125
£ per bit (mW) . . 0.006
Power supplies {V) +5 -9 +5,+12, -5 +5
TTL compatibility yes yes yes
Programming requirements
Supply voltages (V) +12, - 35, —48 +26,+5,+12, -5 +25,+5
N : puised, Vp yes yes no
Program control levels (V) 0/—48 0/+12 TTL
Address and data inputs (V) 0/--48 TTL TTL
Duty cycle (%) 20 80 —100 80 - 100
Programming performance
Programming time of all words (s) 120 100 100
- per word (s) 0.4 100 0.05
Single-pulse programming no no yes
Singte-location programming yes no yes
Erase time of all words {minutes) 10-20 10 - 30 10 — 30
“Power disstpation can be reduced by clocking power supply or turning off during deselect

it was for 8,192 bits. In fact, the 2716’s speed-power
product, at 450 ns and 500 milliwatts, puts it on a par
with standard high-density ROMs. Moreover, the chip’s
low standby power mode, in which it dissipates only 125
mw, affords further power savings at the system level.

Equally important, the 2716 works off a single 5-volt
power supply, in contrast to the earlier multiple-supply
1702A and 2708 devices. This change is vital for today’s
designs, since it allows the device to be used with the
new, more powerful S5-v microcomputers. In fact,
another device using the same basic cell concept, the
8755, has been designed with special input/output ports
and control lines to work directly with the 5-v Intel 8085
microcomputer, as well as with other types of S-v
micCroprocessor systems.

In applying the new 16-k 2716 in microprocessor-
based systems, the system designer not only replaces two
2708 packages with one 2716, but he or she can also
eliminate the 1-of-4 decoder chip that is needed with the
two earlier devices. Indeed, when hooking up the 2716 to
single-chip microcomputers such as Intel’s 8048, only a
standard, commercially available 8212 latch is used, as
with the 2708 configuration, and nothing else. All other
control signals and address signals are supplied by the
processor.

Finally, the new devices are easier to program than the
earlier ones. They need only two programming supply
voltages (+25 and +5 V) instead of three and four
different voltage levels (some as high as 48 v) typical of
uv-erasable PROMs. Moreover, the program voltage Vo,
need not be a low-duty-cycle pulse, so that program time
is greatly reduced—from 100 seconds to 0.05 s per bit—
even while control levels and address and data inputs are
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The Famos principle

Famos describes the floating-gate avalanche-injection
metal-oxide-semiconductor transistor that Dov Froh-
man-Bentchkowsky developed at Intet Corp. in 1971.

The Famos device is essentially a silicon-gate MOS
field-effect transistor in which no connection is made to
the floating silicon gate. Instead, charge is injected into
the gate by avalanches of high-energy electrons from
either the source or the drain. A voltage of -28 volts
applied to the pn junction releases the electrons.

Data is stored in a Famos memory by charging the
floating-gate insulator above the channel region. The
threshold voltage then changes, and the presence or
absence of conduction is the basis for readout.

The Famos cell has generally been considered more
reliable than nitride storage mechanism used in repro-
grammable metal-nitride-oxide-semiconductor memo-
ries. In MNOS memories, carriers tunnel through a thin
oxide layer into traps at the oxide-nitride interface. But
a partial loss of stored charge during readout limits the
number of readout cycles to approximately 10'.

In Famos memories, on the other hand, there is no
loss of charge due to reading. Moreover, over time, the
loss of stored electrons is negligible, less than one per
cell per year. and information retention is excellent.

kept at straight S-v transistor-transistor-logic levels.
All these improvements flow from a new n-channel
stacked-gate cell that uses just one transistor. This cell is
fabricated with a dual-layer silicon-gate process that
closely resembles the one used in today’s 16-k dynamic
random-access memories. As the cross section in Fig. |
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3. Picking and choosing. The 2716 erasable PROM has a program inhibit mode, to allow the designer of a multipackage system to program
some of the devices and not others. Only those devices that receive a TTL-level pulse on the PGM/PD pin will be programmed.

shows, a lower floating gate stores the cell’s charge, and
an upper control or select gate operates the cell. Being
stacked one over the other, the gates create an extremely
compact structure —the smallest cell of any uv-erasable
PROM in production. Including decode, address, drive,
and sense circuitry, the entire memory fits on a chip well
under 40,000 mil? in area.

As for the cell’s operation, the fact that it has a fairly
complicated stacked-gate configuration is completely
transparent to the user. Unlike the 1702A erasable-
PROM floating-gate cells 