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He just completed half
a day’s testing before his
morning coffee break.

The secret? His new 3312A
Function Generator —the new-
generation source that’s actually
two function generators in one
box. It took the hassle out of his
input-signal set-ups. He simply
pushed a few buttons and had the
functions he needed. No custom
equipment...or a kludge of instru-
ments to get a complex waveform.

Because the 3312A has a
main generator that can be trig-
gered by a built-in modulation
generator, it let him select sweep
or gated functions, AM, FM, FSK,
or tone bursts with pushbutton
ease ... plus dozens of other —
functions he never thought he AR - T T mm”m"' =¥
could get. He got better perfor- R
mance too. Like square waves
that didn’t become sine waves at
10 MHz. And all for only $900%*.

So enjoy your morning coffee
break. But have the satisfaction
of some valuable testing under
your belt first. Your local HP
field engineer can give you all the
details on this new-generation
instrument. He’ll also be happy to
tell you about the other members
of our source family. From our
low-cost, general-purpose function
generator to our automatic syn-
thesizers. Give him a call today.
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Generator

3310A Function
Generator
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3320B Frequency

Synthesizer
3330B ,:ulomatic E
Synthesizer ! H
HEWLETT 'ﬁﬁ, PACKARD
. X Sales and service from 172 offices in 65 countries
*Domestic USA price only. 1501 Page Mill Road. Palo Alto, Calfornia 94304 095/48
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K HP CALCULATORS SOLVE YOUR PROBLEMS, YOUR WAY
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Simulate Logic Designs Directly From Your Schematic...

And slash your digital development and leadtime digital simulation with the 9830 adds up to more

costs with the HP 9830 Programmable Calculator. professional satisfaction for you; more profit for
Team the 9830 up with our new Logic Simulation _your firm. Not only does it eliminate the drudgery
Software and you'll have a potent calculator-aided of hand-generated timing diagrams, it also lets
design system that will verify your digital designs—  you neatly sidestep the slow turnaround time of
long before you've spent a nickel on a prototype. outside services. Most importantly, it means an

With incredible speed and precision, the 9830 end to costly prototype reworks.
runs through all possible input conditions and You can reap the benefits of a 9830 for about
associated bit streams, generates the state/time $350* per month. For complete details on our
map, then complete logic documentation. new Logic Simulation Software or a demonstration,
Interconnect lists. Truth tables. Timing. call your local HP Sales Office, or send us the

And since the 9830 sits right on your desk, you coupon. We think you'll agree, it’s the logical
can interact with your design. Use your experience solution te your digital design problems.
and training to guide the model to its optimum *Domestic U S.A, price only. Lease, where available, includes service contract.
configuration in a fraction of the time required e L

N

by other methods.
Combinational or sequential circuits. MOS
logic. TTL/DTL logic. No matter what circuit type,

4 Tell me more about your HP 9830 CAD Logic Simulation System, \
0O Information only. [0 Hands-on demonstration.
I work with these families of circuits: TTL _

: MOS DTL__ ___ Other S
Name. B S

I Title. S R S

l Company_ S S

: Address. R

|

\

HEWLETT @ PACKARD

City._ B — _ State___ S

~

-~

Sales and service from 172 offices in 65 countries. Zip-—— — R T
x PO Box 301. Loveland. Colorado 80537 \ HP Calc. Inq., P.O. Box 301; Loveland, CO 80537 816Q
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SPECIAL
~ 'ISSUE.

If you buy recorders for OEM systems, Hewlett-
Packard has a big selection of special recorders just
for you. With HP, you're assured of world-wide
service. Custom tailoring of recorders to your appli-
cation. And the kind of discounts that make it worth
your while. But most important, you can be con-
fident that each recorder is built for those critical
times when a fine line separates success from failure.
We've shown them all in a handy new special issue
OEM catalog. Send for it today.

Hewlett-Packard
16399 West Bernardo Drive, San Diego, CA 92127

Please send me your new special issue
OEM recorder catalog.
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HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
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Highlights

Cover: The boon of silicon anodization, 109

Anodizing silicon turns it into a dielectric
that can be used to isolate the active ele-
ments in both bipolar and MOS integrated
circuits. The economical process also in-
creases chip density and performance, par-
ticularly in the case of injection logic.

More firms enter auto diagnostics, 87

To meet the need for more precise engine
tuning and emission control, more owners
of automobile repair shops are expected to
buy electronic equipment. The market has
already attracted three newcomers.

Optimizing a data-acquisition system, 114

If the designer of a data-acquisition system
is to capitalize fully on today’s high-per-
formance hardware, he must relate each
system element carefully to his over-all de-
sign. But first, says Part 1 of this two-part ar-
ticle, he must understand each compo-
nent’s capabilities in detail.

Unusual computers use standard parts, 124

As this Product Development Profile of the
Eclipse computer family shows, a system
need not use state-of-the-art components to
attain high performance. A clever architect-
ure plus standard devices does just as well
and should yield as long a market life.

And in the nextissue. . .

Software considerations in circuit-board
testing . . . how to design the optimum
data-acquisition system, Part 2 . . . a pre-
view of the International Electron Devices
Meeting.
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Publisher’s letter

Executive editor Samuel Weber (second from left) and McGraw-Hill Publications Co. presi-
dent John R. Emery (right) congratulate Achievement Award winners Horst H. Berger (left)
and Siegfried K. Wiedmann of IBM's research labs in Boeblingen, West Germany.

n our October 16 Technology Up-
date issue, we named the winners
of our Award for Achievement and,
in this space, ran a photograph of
two of the four winners being inter-
viewed by Electronics’ staff mem-
bers. Here, to more or less balance
things out, are the other two win-
ners, 1BM’s Horst H. Berger and
Siegfried K. Weidman. They are
shown as they, during a trip to New
York, received their awards.

nterviewing Tadashi Sasaki is
always a challenge, says associate
editor Jerry Walker about his most
recent meeting—his fourth in four
years—with the Sharp Corp. execu-
tive in Japan (see p. 94). “They
don’t call him “The Rocket” for
nothing,” Jerry marvels.

“Sasaki leaves and arrives like a
rocket. His staff is usually exhausted
by the pace he sets. In our more-for-
mal conversations, Sasaki switches

between English and Japanese,
causing fits for the interpreters. In
fact, you don’t so much interview
Sasaki as absorb information during
hours of conversation, which ranges
from consumer electronics to Japa-
nese cuisine, how to do business
with the Russians, semiconductor
development, enjoying Kyoto, med-
ical electronics. point-of-sale sys-
tems, electronic watches, and music.

“After continuing our discussion
during a late evening drive from his
offices in Nara back to Osaka and
then over dinner, Sasaki ended my
interview with him by taking my
picture with a pocket camera. The
impression he gave when we parted
was that he was rocketing off to an-
other all-night meeting.”

.
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Whenitcomesto critical
low frequency filtering...
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Turn to the experts: Krohn-Hite's Model 3750 multi-function filter with variable attenuation slopes
lets you custom select operating parameters never before available in one model.
Simply turn the selector dials for the filter you need.

Low-pass, High-pass, Band-pass, Band-reject
Frequency Range: 0.02Hz to 20kHz
Attenuation Slopes: 6, 12, 18, or 24 dB Per Octave
Band-pass Gain: Unity or + 20dB
Frequency Response: Butterworth or Low Q

The versatile 3750 meets the requirements of electromedical research, audio testing, psychoacoustics,
oceanography, vibration studies, or other low-frequency filtering applications, for only $995
(optional battery operation available?.

Krohn-Hite leads the field with the broadest selection of variable electronic filters to meet all of your
fittering requirements from DC to 10MHz.

When it comes to variable filters, it pays to select the best.
For fast action, call us direct or contact your local Krohn-Hite representative listed below.

WLl cnoHN-HITE
CORPPORATION
Avon Industrial Park, Avon, Mass. 02322 e {617) 580-1660, TWX 710-345-0831
(S:SPLJENS OGFIFICES: ALA., Huntsville (20,5 534-9771; ARIZ., Scottsdale .(602 947-7841; CAL., San Jose_z (40&) 292-3220, Inglewood (213 6_74-6850; COLQ., Denver (303) 75Q-1222;
., Glastonbury (203) 633-0777; ., Orlando gg&‘?& 894-4401; GEO., Atlanta (404) 448-2366; HAWAII, Honolulu §808) 941-1574; ILL., Des Plaines (312) 298-3600; IND .,

Indianapolis (317) 244-2456; MASS., Lexington (617) 620; MICH., Detroit (313) 526-8800; MINN., Minneapolisg}s%) 84-4336, MO., St. Louis (314) 423-1234; N.C., Burlington
1919 227-3639; N.J., Cherry Hill (609) 424:1060; N.M., Albuguerque (505) 299-7658; N.Y., E. Syracuse (315; 437- , Rochester (716) 328-2230, Vestal (6?272 785-9947, Eimont

516) 488-2100; OHI0, Cleveland (216) 261-5440, Dayton (513) 426-5551; PA., Pittsburgh (412) 371-9449; TEX., Houston (713) 688-9971, Richardson (214) 231-2573; VA.,
lexandria (703) 354-1222 WASH., Bellevue (206) 624-4035; CANADA, Montreal, Quebec {514) 636-0525, Toronto, Ontario (416) 499-5544, Stittsville, Ontario (613) 836-3990,

Vancouver, British Columbia (604) 278-2009, Halifax, Nova Scotia (902) 434-3402.
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Breakthrough.
\

New PuriTan™
all-tantalum capacitor
from Tansitor

The tantalum-cased capacitor
that meets CLR6S specs.

Developed for the most stingent
condifions in aerospace applica-
tions, the PuriTan all-tantalum
capacitor is a major advance in
capacitor capability. It meets or
exceeds the mechanicai, electical
and capacitance requirements

of CLR6S.

The new PuriTan capacitor solves
your problems with:
« Superior AC ripple characteristics
+» Reverse voltage capability
« Excellent capacitance stability
« True glass-to-tantalum
hermetic seal
« Low ESR
« Low DC leakage

For complete information on the
PuriTan all-tantalum capacitor
and/cr other Tansitor capacitors,
call your local Tansitor representa-
five, or contact:

¥ Tansitor

ELECTRONICS
DIVISION OF AEROTRON, INC.

West Road, Bennington, Vermont 05201
Phone: (802) 442-5473
TWX; (710) 360-1782
Specidiists in Tantalum Capacitors

™ Trademark of Tansitor Electronics

6 Circle 6 onreader service card

Readers’ comments

On organ music

To the Editor: I would like to ex-
press my disappointment over “The
sound of organ music inspires new
bipolar efforts” [Sept. 4, p. 110]. Su-
perficially, the article contains many
inaccuracies and even contradic-
tions; it promises many things (such
as tremolo) that it does not deliver.

Of greatest concern, however, is
that it completely omits the one
question which must be answered
before a designer can decide
whether even to send for a spec
sheet—how does it sound? Forget
about the comparison of the new
method with relaxation oscillators—
they are an archaic method of tone
generation no longer widely used.
The modern method of tone gener-
ation is to divide a high-frequency
signal (generally near 2 megahertz)
with twelve mod-n counters to gen-
erate the top octave, and then use
twelve binary counters to produce
the lower octaves. This method
yields square waves of extremely
high purity. Philips’ method, on the
other hand, generates square waves
with substantial amounts of jitter. A
short discussion of spectral purity
and how it all sounds would have
been appropriate.

In short, I found this article to
have a lot of gravy and very little
meat.

Peter A. Stark
Mt. Kisco, N.Y.

The author replies: In our opinion,
Mr. Stark misses the whole point of
the article, which introduces the
Philips system in a general way
without attempting to give detailed
information. The latter is certainly
available to designers, who can then
develop peripheral circuitry to pro-
vide such features as they require.
On the question of pitch, we
agree there is a jitter but, with a
master oscillator frequency of over 8
MHz, it is normally inaudible. And,
as the article pointed out, the total
frequency deviation is under 50
parts per million over a whole oc-
tave.
W. Adriaans
Philips N.V.
Eindhoven, the Netherlands

PHOEN

DATA
ACQUISITION
SYSTEMS

feature

e High Speed
e High Stability/°C
e Moderate Cost
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Phoenix Data’s new 6000 Series

Instruments in Phoenix Data’s new
6000 Series data acquisition sys-
tems can be matched exactly to
the capabilities and characteristics
of the control unit or data storage
device. Three subgroups feature,
respectively, high speed, high
temperature stability, and moder-
ate cost. All three offer resolution
from 8 to 15 binary bits and will
accomodate up to 256 inputs in a
single chassis. These features com-
bined with a single channel, ran-
dom, and sequential address capa-
bilities make the 6000 Series units
adaptable to an almost endless
variety of system applications.

6900 SERIES. Mmultiplexing rates to 1 MHz

for an 8 bit, 400 KHz for a 12 bit, and
250 KHz for a 15 bit model. This sys-
tem was designed primarily for appli-
cations where the analog input band-
widths are high.

6700 SERIES. Highest thermal stability

with less than 0.001%FSR/°C or 10
PPM. This system was designed speci-
fically for applications where wide
temperature variations might be en.
countered and high accuracy must be
maintained.

6400 SERIES. An attractive compromise

between thruput rate, temperature sta-
bility, overall cost. Lowest priced, it
offers moderate thruput rates, thermal
stability and was designed for applica-
tions where cost is a major factor.

If it's stability, accuracy, speed, or all-
a_round quality you need in Data Conver-
sion, contact Phoenix Data now!

IX DATA,INC.

3384 W. OSBORN RD. PHOENIX, AZ 85017
Ph. (602) 278-8528, TWX 910-951-1364
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How sure
are you of ==
what stands |
behind your |
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Many times when you get behind the LR
facade, there's nothing there. No commit-

ment to stay in the hi-rel business, no strict
conformance to DESC processing regulations, no
commitment to delivery, no broad product line. That's  be sure that a JAN, TX or TXV device from Teledyne

why buyers of both custom hi-rel and standard JAN, has met every applicable DESC testing and process-
TX and TXV devices who want certainty buy from ing requirement. On a custom product, your own
Teledyne. hi-rel specs get this same strict attention.

When you need switching diodes, low power Delivery? We're already number one in breadth
zeners, small signal transistors or JFETSs, look to of product line and quality, and we're fast becoming
Teledyne. In these products, with over 320 MIL- number one in meeting deliveries for hi-rel products.
qualified devices, we're the only source that has all Commitment, broad product line and delivery.
the popular hi-rel types. That's what stands behind Teledyne. Call us today.

At Teledyne, hi-rel is a total business commit- We'll show you what reliability from a hi-rel supplier

ment. And because it's that important to us, you can really means.

“PTTELEDYNE SEMICONDUCTOR

1300 Terra Belta Avenue, Mountain V.ew, California 94043 Tel: (415) 968-9241 TWX: 910-379-6494 Telex. 34-8416

ENGLAND: Heathrow House, Cranto-d, Hounslow, Middlesex, Tel: (44) 01-897-2503 Telex: 851-935008

FRANCE: 90, Avenue Des Champs Elysees, 75008 Paris, Tel: 2563069 Telex: 842-29642

WEST GERMANY: Albert Gebhardtstrasse 32, 7897 Tiengen, Tel: 7741-5066 Telex: 841-792-1462

JAPAN: Nihon Seimet-Akasaka Bidg. (3F), 1-19, Akasaka 8-chome, Minato-ku, Tokyo 107, Tel: 03-405-5738 TWX: 781-2424241
Additional offices in West Germany, Hong Kong and the United States. Representatives and distributors worldwide

Electronics/November 13, 1975 Circle 7 onreader service card 7



INTERFACE

For High-Voltage, High-Current Interface
with PMO0S, CMOS, TTL, DTL... Sprague

Darlington Transistor Arrays Have o qul

A new exclusive Sprague develop-
ment, Series 2000 Transistor Arrays are
high-voltage, high-current integrated cir-
cuits comprised of seven silicon NPN
Darlington pairs on a common mono-
lithic substrate. They feature open col-
lector outputs and integral suppression
diodes for inductive loads. )

Supplied in 16-pin dual in-line plastic,
these devices greatly reduce the num-
ber of discrete components used to
interface between digital logic and high-
voltage and/or high-current loads. In
some applications, all discrete com-
ponents can be replaced by a single

DIP, resulting in substantial space and
cost reduction. )

With broad commercial/industrial ap-
plication, these unique arrays are an
excellent choice for interfacing to LEDs,
solenoids, relays, lamps, and small
stepping motors in printing calculators,
cash registers, and control equipment.

Type ULN-2001A is a general-purpose
array, pinned with inputs opposite out-
puts to facilitate circuit board layout.
Type ULN-2002A is designed for use
with 14 to 25 V PMOS inputs. Type ULN-
2003A interfaces with TTL or CMOS
operating at a 5 V supply voltage.

For more information, write or call Chuck Scott, Semiconductor Division, Sprague
Electric Co., 115 Northeast Cutoff, Worcester, Mass. 01606. Tel. 617/853-5000.

For"Engineering Bulletin 29304, write to Technical Literature Service, Sprague

Electric Co., 35 Marshall St., North Adams, Mass. 01247.

For the name of your nearest Sprague
write or call
Roger Lemere, Sprague Products Company,
North Adams, M‘ass. 01247. Tel. 413/664-4481.

Semiconductor Distributor,

g
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THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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SPRAGUE

THE MARK OF RELIABILITY

News update

B Picturephone never quite
reached the market potential that
AT&T had hoped for. One of its
main problems, for instance, was
bandwidth, an obstacle that might
be overcome when fiber-optic trans-
mission becomes a reality. Mean-
while, phone company marketers
have taken a new tack: selling Pic-
turephone as an intercity video-con-
ference tool. Last month, two law-
yers in a small room in New York
presented oral arguments via Pic-
turephone to three judges sitting in
Washington. According to officials
of the Appellate Judges Conference,
which sponsored the event, it was
the first time such a system was used
in actual court proceeding and the
first time oral arguments had been
held in a different city from where
judges were sitting. AT&T paid trans-
mission costs, estimated at $150 an
hour.

B Precision Instrument Co.’s
$400,000 Model 190 memory sys-
tem, which has a capacity of 16 bil-
lion bytes [July 25, 1974, p. 30], was
installed last month at Ft. Meade,
Md., for the Defense Department;
the next installation is scheduled for
a facility of the Energy Research
and Development Agency in Ten-
nessee. The Santa Clara, Calif,
company says it has four contracts
for the 190 plus “numerous™ letters
of intent from companies waiting to
see how the first few installations
fare. Meanwhile, Precision Instru-
ment is expanding the 190’s soft-
ware to make the system almost
completely transparent to the user.

B The assets of Ohmtec Inc.’s Eco-
nostrate division have been bought
by Christos G. Alex and he has
formed a new company, Econostrate
Corp., in Andover, Mass. Econo-
strate is producing printed-circuit
boards by silkscreening the conduc-
tor and resistor pattern [July 25,
1974, p. 33]. Alex says that there has
been some resistance by companies
to the new method, “but things are
moving to the production level.”
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The Power of Systron-Donner

Systron-Donner Power Supplies
offer it all!

Watts/Dollar

Reliability

Hi MTBF

Remote Programmability
Precision Regulation

Hi-Current Capability
Remote Sensing

5-Year Warranty

Here’s how to get details on the industry’s finest power
supplies: In the United States, give your local Scientific
Devices office a call, or contact us at 10 Systron Drive,
Concord, CA 94518 « (415) 676-5000. Abroad, contact
Systron-Donner GmbH, Munich; Systron-Donner Ltd.,
Leamington Spa, U.K.; Systron-Donner S.A., Paris (Le
Port Marly); Systron-Donner Pty. Ltd., Melbourne.

SYSTRON DONNER
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Editorial

The future of funds-transfer policy and technology

The National Commission on Electronic
Funds Transfer is off to a slow and shaky start,
one that bodes ill for data processing
equipment makers, who view the
commission’s success as critical to the
successful evolution of “the cashless society.”

The commission has several obvious
problems. First, President Ford, without
explanation, waited a year between the
commission’s creation and his October
nomination of former New Jersey
Congressman William B. Widnall as its
chairman. That delay leaves the commission,
which was given $2 million to start, only one
year to come up with its report, rather than
two years.

More critical to the commission’s success is
the absence, thus far, of any data processing or
communications industry specialists among its
26 members, a dozen of whom are selected by
Congress. Mandatory members include such
figures as the Comptroller of the Currency and
the chairmen or delegates of the Federal
Reserve Board, Federal Home Loan Bank
Board, and similar government specialists in
monetary policy. The remaining 14 must
include two involved state officials, such as
banking regulators, seven representatives of
banking interests, and five individuals with no
ties to any institution.

The computer and communications
industries clearly had a stake in those last five
openings, but President Ford chose to ignore
them. They also have a stake in the pending
appointment and Senate confirmation of the
commission’s executive director. In view of the
president’s proclivity for giving such
chairmanships to persons whose principal

10

qualification seems to be that they lost their
last election—plus 70-year-old Widnall’s
advanced age—the executive director is likely
to have more authority than many of his
counterparts. At best, however, the electronics
industries can only hope for the appointment
of someone with a knowledge of, and a
sympathy for, the problems of applying
technology.

National commissions to study this or that
regularly come and go in Washington, leaving
behind one or more volumes thick with
conclusions and recommendations, and the
charts, graphs, and footnotes that support
them. A commission’s delivery of its report to
a President, the Congress, or its sponsoring
agency is usually good for no more than one
press conference before the volumes begin
collecting dust. Sometimes the report is
massaged into law a year or so later,
sometimes not. The latter fate could easily
befall the commission on electronic funds
transfer—hardly a burning issue in the public
eye—if those within the communications and
computer industries fail to participate.

“A national commission,” opines one
congressional cynic, “is a convenient device. It
gives burning issues a chance to cool so they
may be more easily handled. If they burn out,
so much the better. The ashes are easily
disposed of.” But, this should not and need
not be the case with electronic fund transfer.
New technology applications have suffered
from time to time when ineptly applied by
poor managers. Whether or not this happens
again with EFT will depend on how hard
technologists try to influence national policy
while they still have the chance.
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giant step backward
for microprogramming:

Any sequencer can get you there, but It’s going to save you memory, money
only one can get you back: and bushels of MSI. So don’t forget our
Advanced Micro Devices' Am2909. number.
The Am2909 LSI Microprogram The Am2909.
Sequencer is an expandable 4-bit, 45 ns Ao 2909 Bepck AW

device that generates, increments and stores
addresses.

But unlike other sequencers, the Am2909
is the only microprogram sequencer that can
branch anywhere in memory, perform a sub-
routine, then return, with up to four levels of
sub-routine nesting.

It’s the first completely flexible sequencer,
made for high-speed and pipelined micro-
programmed systems.

Bye bye, MSI.

Say bye bye to your complicated, costly
MSI systems. The Am2300 family is here!

We started with the world’s fastest, most
powerful LS| microprocessor, the Am2901.

And went on from there until now we have
eight large scale, low-power Schottky circuits
that combine the architectural simplicity and
functional flexibility of MS| with the performance
and cost advantages of LSI. Check the block
diagram of a typical high-speed microcomputer,

and you'll find everything you'll ever need for
10 | ,-A:I‘%L/o computapon, coptrol. commu.mcatlons and
26570 storage in any high-speed microprogrammed
application.
If you like the picture, you'll love the book.
A’fq?r/a{’a. ERIIERAL Sendyfor the Am2800 stor));, and wave bye bye.
Bye bye, MSI.

Advanced Microprocessors

Advanced Micro Devices » 801 Thompson Place, Sunnyvale, California 94086 » Telephone (408) 732-2400 ¢
Distributed nationally by Hamilton/Avnet, Cramer and Schweber Electronics.
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Lets hear it

The first ever.




See?
Good things are worth waiting for.
Litronix (who else?) is pleased to announce
the industry’s first 1-inch high LEDs—big,
beautiful, and bright. You can easily read them
from 60 feet away without squinting.

That’s nice news for manufacturers of
digital clocks and panel meters.

But that’s not all the news.

These 1-inch digits (as well as our new
lh-inch digits) use a new technology to reduce
costs. This means a price saving to you of more

than 10%. For example, our ¥2-inch reflective
model costs less than 90¢ per digit
vs. about $1.00 per digit for our
l4-inch light-pipe model. Nice?
Here’s the clincher. You can
get an entire array of 2 to 8 digits
already mounted on a single PC
\ board —with colon, AM/PM sign,
or =+ sign, and over-range “1” as
, required. All this reduces your
| \\ [/ ! Z | g/ assembly costs. Makes the pro-
LU A GG Juction easier. And simepliie
If you've been looking at the super
reliability of LEDs (average MTBF of 50,000
hours), our 1" LEDs should make your eyes
light up.

1\
\
!

Get details today from the innovative
/ I people who did it first. Contact Litronix, Inc.,
| 19000 Homestead Road, Cupertino, Calif. 95014.

T Phone (408) 257-7910.
AT

No wonder
we're No.1
in LEDs

litronix
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a little A-300 |
goesa
Iong way. |

e A ‘

In high frequency trans-
mission. RF power generation
for industrial and research
processes. RFI/EMI and
general laboratory
applications, too.

The Model A-300 is a totally
solid state power amplifier,
covering the frequency
range of 0.3 to 35MHz with a
gain of 55dB. Capable of
delivering 300 watts of linear
Class A power and up to 500
watts in the CW and pulse
mode, the A-300 is the
ultimate in reliability.

Although the unit is perfectly
matched to a 50 ohm load,
it will deliver its full output
power to any load (from an

open to a short circuit) without

oscillation or damage.

Complete with power supply,
RF output meter and rack
mount, the A-300 weighs a

mere 89 pounds and operates

from ordinary single
phase power.

High power portability goes
a long way for $5350. |
For further information or a
demonstration, contact ENI,
3000 Winton Road South, Rochester,

New York 14623. Call 716-473-6900
or TELEX 97-8283 E N | ROC

ENI |

The World's Leader |
in Solid State '
Power Amplifiers |
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Challenging IBM in the 1980s
is Shattuck’s task at Amdahl

Thirty-eight-year-old Harold Shat-
tuck is breathing a little easier these
days. He has survived, as has the
company he joined shortly after its
founding in 1971—the Amdahl
Corp. of Sunny-
vale, Calif. And
as its new vice
president of en-
gineering, he’s
concentrating on
Amdahl Corp.’s
“rather bright
future.”

The company
manufactures
what Shattuck
calls the first
“fourth-gener-
ation computer
system,”” the
470V /6, which
has an internal
speed twice as
fast as the IBM
370/168 and re-

Challenger. With production in hand, Har-
old Shattuck is boosting performance.

at 1BM, which he joined directly out
of college in 1960. First a diagnos-
tics engineer on the Stretch com-
puter project, forerunner of the 1BM
360 series, Shattuck held a variety of
engineering, scientific and market-
ing positions. He joined Amdahl as
manager of advanced planning and
then got involved in the inter-
national market-
ing strategy. He
shifted to engi-
neering almost
two years ago, as
senior director,
at a time Am-
dahl was having
a hard time get-
ting off the
ground [Elec-
tronics, Nov. 28,
1974, p. 39]. But
now, says Shat-
tuck, Amdahl is
well on its way
to financial sta-
bility and “ex-
plosive growth.”

By the end of
this year, six of
the $4.5-million

quires one-third
the floor space because it’s designed
with 80% fewer interconnections
and components [ Electronics, March
29,1973, p. 51].

Markets. Amdahl will be directly
challenging IBM in two of its most
lucrative markets involving users of
multiple central processors such as
the 370/155 and 370/158 and those
customers developing the require-
ment for an IBM top-of-the-line
3707168, according to Shattuck. As
engineering vice president, he sees
his job as “improving Amdahl’s
hand” in its head-to-head battle
with 1BM.

“Over the short term this means
improving the current designs,”
Shattuck says, perhaps eyeing the
possibility of increasing his com-
puter’s speed and storage capacity.
Specifically, this includes the possi-
bility of a shift from 1,024 to 4,096-
bit n-channel MOS random-access
memories and improving the sys-
tem’s diagnostics software.

With Amdahl since the begin-
ning, he had 11 years of experience

systems will have been delivered, an
average of one a month since June.
“And our momentum is still build-
ing,” he says. Financially, the com-
pany is in good shape, with a $25
million line of credit from one of its
major backers, Fujitsu Ltd. of Ja-
pan, as well as $160 million in lease
financing. This, says Shattuck, “as-
sures us of adequate resources.”

For Stadin, electronic
watches are pieces of jewelry

By hiring its second experienced
executive from a conventional-
watch manufacturer, National
Semiconductor Corp. is intensifying
its drive for massive sales to try to
become the Timex of the digital
electronic-watch industry. Perhaps
not so coincidentally, Richard Sta-
din, the new watch-marketing man-
ager at Novus, the consumer-prod-
ucts division of the Santa Clara,
Calif., semiconductor manufacturer,
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ADbi hit:
Teledy
TO-S relays

Improve shallow depth operation. Counter target decoys.
Enhance rejection of false echoes. Tough goals for any
torpedo acoustic guidance/control system. But Northrop did
it — turning misses into hits — with a little help from
Teledyne TO-5 relays.
Whenever military,
commercial or industrial
switching jobs call for
high packaging density,
low power consumption
and low heat dissipation

— coupled with high reliability — we answer
the need with our TO-5 relays. They’re less than half

the size and weight of 1/2 crystal can relays, and use
up to 5% less coil power. What’s more, our TO-5s
are all-welded, hermetically sealed, and fully
qualified to MIL-R 39016B, “L” and “M” levels.

And you have your pick from a wide selection of
TO-5 relays — including ultra-sensitive types,
maglatches, internal suppression diodes and drive
transistors, and many contact arrangements.

In short, there’s a Teledyne TO-5 relay ready to
meet your requirements. For full data or applications
help, contact your local Teledyne Relays people.
We’re sure to make a big hit with you, too.

Logic Package Module for
NT 37C Torpedo Guidance System
(with 8 Teledyne TO-5 Relays)

NT 37C Torpedo
Courtesy of Northrop Corp.

‘) TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250
Telephone (213) 973-4545
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DEPEND

DOESNT
cogT

There's a lot more than meets
the eyein Delevan's lineup of
miniature RF inductors and
transformers. Like the
unmatched dependability
built into each component.
Thanks to a lot of things that
go on at the factory. Hard-
nosed quality controls . . .
complete material analysis
.. . advanced in-plant
environmental testing . . .
automated techniques for
winding, soldering and
molding . . . and
conscientious people who
take pride in true “no-fault”
production. And.of course,
the dependable delivery and
service you always get from
Delevan.

I
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DELEVAN ™=

BILITY
i

Remember . . . the proven
reliability of these superior
made-in-U.S.A. inductive
devices means greater
reliability for the products and
assemblies made from them.
Sure, you can save a few
pennies by using cheaper
components. But this could be
expensive in terms of
premature failure of the
finished product. When your
company's reputation is on the
line, you can't afford not to
use Delevan components.
Their premium performance
more than justifiestheiruse

. .. because Delevan
dependability pays for itself.
Why not prove ittoyourself!

Delevan AMERICAN
@ PRECISION
Division INDUSTRIES INC.

270 QUAKER RO./EAST AURORA, N.Y, 14D52

TELEPHONE 718/852-3800 TELEX 091-293

OTHER OIVISIONS OF AMERICAN PRECISION INOUSTRIES INC.:
BASCO®OUSTEX

People

comes from Timex. Stadin is joining
Novus’ product manager for time-
pieces, Pierre Essig—formerly with
Waltham Watch Co.—making
Novus one of the few consumer-
electronics firms with former watch-
company executives in key manage-
ment positions.

Dominant. Stadin asserts that
Novus is well on its way to being a
dominant force in the electronic-
watch business because it has
learned a lesson that few semicon-
ductor companies have really taken
to heart, that “the electronic-watch
business is a watch business and not
an electronics business.”

This means at least two things, he
says. Foremost is the provision for
financial and management backing
for a long-term commitment to stay-
ing in the watch business. The other
is concentration on a policy of distri-
buting electronic watches through
jewelry wholesalers and retailers.

Many electronics firms are ignor-
ing the jewelry trade and looking for
non-traditional ways of distribution,
asserts Stadin, whose positions at
Timex included stints as a sales
manager for exports and at division
level. “Watches are jewelry,” he
says, “whether they are low-, me-
dium-, or high-priced. And elec-
tronic watches are no exception.”

Novus is going after the broad
middle range of the market by pric-
ing its solid-state light-emitting-
diode digital watches from $80 to
about $170, says Stadin. This posi-
tions the company in a buffered
area between “the chaotic discount-
ing trade and the slower-moving up-
per end” of the electronic-watch
market.

Processes. In terms of technology,
National is looking at several new
processes for reducing the size and
extending the lifetime of its watches.
Among them are silicon-gate, com-
plementary-MOs and integrated in-
jection logic. But the crucial param-
eters, Stadin says, will be reliability
and cost.

“The company that will dominate
will not be the one with the cheapest
or the flashiest modules, but the one
that offers dependable, moderately
priced products,” he maintains.
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LET ERIE DESIGN and BUILD YOUR HIGH VOLTAGE
POWER SUPPLIES and VOLTAGE MULTIPLIERS

When you talk about designing and packaging miniature, low current High Voltage Power Supplies and
Voltage Multipliers, the name ERIE should come to mind first Why? No other manufacturer of these
sophisticated devices has its own capacitor and rectifier technology in-house. Only ERIE does it all. Our many
years experience in producing State of the Art high voltage capacitors and high voltage silicon rectifiers —
plus an unsurpassed technology in circuit designing, packaging and encapsulation,

makes ERIE an ideal source for your high voltage component needs. From very

_

low ippu} voltages, ERIE can pro@uce output voltages up to 50,QOO vo.lt§. : Write for our 32-page catalog . ..
Application for these compact, high reliability devices includes night-vision image High Voltage Components and
intensification systems. Apollo TV cameras. CRT displays. Avionics systems Devices . .. or for technical
exposed to rugged environments. Industrial, commercial and military equipments assistance, call

... an almost infinite variety of applications. So bring ERIE in early. Let us 613/392-2581

design and build your High Voltage Power Supplies and Voltage Multipliers. We're
equipped to handle large or small volume orders . . . in-house.

ERIE TECHNOLOGICAL PRODUCTS, INC.
Erie, Penpsylvania 16512
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WhY more engineers
than all other microcom

The 8080 system comes with four CPU options, twenty-five performance matched
peripheral, /O and memory components, and the industry’s most useful software and
hardware development systems. We've had the 8080 in volume production since
April 1974 and there are now major second sources. These are just a few of the reasons
why more engineers use the Intel 8080 system than all other microcomputers com-
bined. Join them and you'll eliminate complex random logic, save design time, and get
your products to market faster and at lower cost.

Start by replacing hundreds of TTL packages with the three LSI circuits in the
MCS-80™ CPU Group —the 8080A CPU, 8224 Clock Generator and 8228 System
Controller. Built into the Intel 8224 and 8228 are many of the extra functions that most
designs require, such as TTL & MOS clocks, auxiliary timing functions and current
iC5. 007 SVETEM COMPONENTS sinking capability that keeps memory

ST — and I/O interfaces simple.
CPU GROUP 8080A 8-bit Central Processor Unit, 2uscycle| . A dozen I/O an.d perlpheral
8224 Clock Generator circuits that attach directly to the
8228: | SystemCordrolier system bus make it easy to add on
CPU OPTIONS ggggﬁ: ] }gﬂg gvg:g peripheral subsystems. Five are
MBOBOA | 2 usec eycle (~55 to +125°9C) programmable LSI devices. These

operate under software control in
numerous modes and can often re-
place up to 75—or more—TTL

'PERIPHERALS | 8205 1 out of 8 Binary Decoder

packages each. For example, the
gg}g gynamic RAM Dg\éer (81 873) Intel 8251 Programmable Communi-
riority Interrupt Control Unit ; : ;
8216 | Bidrectional Bus Driver, Non-inverting| C2tion Interface provides virtually
(50 mA) all serial data transmission protocols
8226 Bi((iggctigr;al Bus Driver, Inverting - in use today, including IBM Bi-Sync
m ! . :
8222 Dyggmic RA?A Refreje,h Or, for easy interface to printers, key-
ntroller (81078 ; i

gosat | Programrabilfianel Timer boards, displays and motor derQS,

8257* | Programmable DMA Controller use the 8255 Programmable Peri-

82597 | Programmable interruptController | pheral Interface. You can reorganize
PROMs 8604 512x8, 100 ns - - -

B P its 24 I/O lines with software as your

8704 | 512x8Erasable. 450 ns needs change.

8708 1K x 8 Erasable. 450 ns You have thirteen options in
ROMs a2 2066, 1us performance matched standard

8316A | 2Kx8 850ns memory circuits, such as 16K ROMs,
RAMs 5101 256 x 4 Static CMOS, 650 ns 8K erasable PROMs and 4K RAMs

8101-2 | 256x 4 Static, 850 ns for high density at low cost, plus

e Bl S i CMOS RAMs for lowest power.

81078 | 4Kx 1 Dynamic, 420 ns You also get four CPU choices,

8111-2 256 x 4 Static Comn.ﬁon I/0, 850 ns including the M8080A for operation

*Available 1stquarter 1976.



ase the Intel 8080 system
suters combined.

= at —55to +125°C, and the 8080A-1 with a 1.3 microsecond
| / P | instruction cycle for higher speed applications.

To help minimize system.
development time use the
third generation Intellec®
MDS microcomputer hard-
ware/software develop-
ment system. This de-
velopment system
with its unique ICE-
80 in-circuit emu-
lator lets you

8251 simultaneously

A TeRracE debug software
and hardware,
from initial proto-

typing right through

production. The Intellec
MDS is supported by six comprehensive software packages including a macro-
assembler, ICE-80 interactive software driver and a diskette operating system.

In addition to the software packages in the development system, three cross
product software packages are available on magnetic tape and on several time share
networks. The Intel 8080 system is also supported by the industry's largest user's
library, training courses and field applications assistance.

Start now with the new MCS-80 System Design Kit. It's a complete system for
only $350 and includes: An 8080A CPU, Clock Generator, System Controller, Pro-
grammable Communications Interface and a Programmable Peripheral Interface. You
also get two 1 of 8 binary decoders, 256 bytes of static RAM, two kilobytes of erasable
PROM (with the system monitor supplied in one kilobyte), a PC board, clock crystal,
connectors, other assembly parts, plus a user's manual and programming manuals.

To order the MCS-80 kit, contact our franchised distributors: Almac/Stroum,
Component Specialties, Cramer, Elmar, Hamilton-Avnet, Industrial Components,
Liberty, Pioneer, Sheridan or L.A. Varah.

For your free copy of the new 8080 system brochure and our Intellec MDS
brochure, write: Intel Corporation, 3065 Bowers Ave., Santa Clara, Calif. 95051. For
$5.00 we'll send you a copy of our new 236 page 8080 Microcomputer Systems
User's Manual that includes complete hardware, software and interfacing data for
all 8080 systems.

|nte| Microcomputers. First from the beginning.
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CONSUMER LINEAR
INTEGRATED CIRCUITS

NPC offers a wide range of sophisticated Consumer Linear Integrated Circuits
at competitive prices. Here are 8 examples.

UNIT COST
TYPE DESCRIPTION APPLICATION AT 1,000
TBA 800 Audio Power Amplifier; Thermal protection. TV Receivers, Phonographs,
Tape Recorders $ 1.42
TBA 810 A/AS | Class B Audio Power Amplifier; TV Receivers, Mobile Radios,
Thermal protection. Phonographs, Tape Recorders $ 1.65
TBA 820 Low Voltage Audio Amplifier Mobile, battery operated equipment $ 90
TBA 920 “Jungle” Circuit Horizontal Deflection (TV) $220
TAA 661 A/B IF Amplifier-Limiter and FM Detector TV Receivers $ .68
TDA 1040 Speed Regulator for DC Motors Phonographs, Tape Recorders $1.30
TDA 1042 High Power Audio Amplifier, short Car Radios, Hi-Fi Systems $222
circuit protected.
TCA 475 Metal Proximity Detector Revolution Counters, metallic parts counting $1.30

For our catalog, call your NPC representative or write: ' ‘

Where Pricing is as
Important as Technology

ELECTRONICS

6660 VARIEL AVENUE « CANOGA PARK, CALIFORNIA 91303
(213) 887-1010 « TELEX 65-1479 « TWX 910-494-1954
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Meetings

International Electron Devices
Meeting, IEEE, Washington Hilton
Hotel, Washington, D. C., Nov.
30-Dec. 3.

National Telecommunications Con-
ference, 1EEE, Fairmont Roosevelt
Hotel, New Orleans, Dec. 1-3.

Conference on Loran-C, U.S. Coast
Guard and Sea Grant Advisory Pro-
gram of Oregon State University,
Sheraton Inn, Portland, Dec. 2-3.

Conference on Government Com-
puter Applications, American Insti-
tute of Industrial Engineers, Inter-
national Inn, Washington, D.C,
Dec. 3-5.

Electronic Components Exhibition,
U.S. Department of Commerce
(Washington, D.C)), U.S. Trade
Center, Paris, France, Dec. 8-12.

Magnetism and Magnetic Materials
Conference, IEEE, Benjamin Frank-
lin Hotel, Philadelphia, Dec. 9-12.

Third Annual Symposium on Com-
puter Architecture, 1IEEE, Fort Harri-
son Jack Tar Hotel, Clearwater,
Fla.,Jan. 19-21.

Reliability and Maintainability Sym-
posium, IEEE, et al, MGM Grand
Hotel, Las Vegas, Jan. 20-22.

Design and Finishing of Printed
Wiring and Hybrid Circuits Sym-
posium, American Electroplaters’
Society (East Orange, N.J.), Fort
Worth Hilton Inn, Fort Worth,
Texas, Jan. 21-22.

Power Engineering Society Winter
Meeting, IEEE, Statler Hilton Hotel,
New York, Jan. 25-30.

Twelfth Modulator Symposium,
IEEE, Statler Hilton Hotel, New
York, Feb. 4-5.

ISSCC-76, International Solid State
Circuits Conference, IEEE, Sheraton
Hotel, Philadelphia, Feb. 18-20.
Compcon Spring, IEEE, Jack Tar Ho-
tel, San Francisco, Feb. 24-26.
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New snap-in rockers
with Cutle-Hammer
reliability.

Here’s a completely new line of snap-ins,

each engineered with the kind of solid
dependability you expect in Cutler-Hammer
Rockette® switches. Bright metal bezels,
illuminated and non-illuminated, A-c and D-c
capabilities up to 20 amps.

Sub-panel rockers in a variety
of colors, rocker or paddle
designs in standard, special, or
proprietary models.

Switches snap in and stay in
permanently. Speed up
assembly time, cut costs.

Flush-mounted rockers in the
same wide range of designer-
oriented colors and styles.
One- and two-pole models.

IMluminated single-pole e 7
rockers. Choice of red, green, =&
amber, white, or clear. -
Hot- stamped legends indicate
switch functions.

For more information, call
your Cutler-Hammer Sales
Office or Switch Distributor.

E CUTLER-HAMMER
SPECIALTY PRODUCTS DIVISION. Mitwaukee, Wis. 53201

/r Switch toNo.1

Circle 21 on reader service card







1.When you need a
very high speed RAM.

Intersil's IM55S508/18 is a 1024
x 1 TTL Schottky RAM in a 16 pin
CerDIP. Pin for pin and totally
compatible with the 93415/25, it's
ideal for high speed scratch pad,
buffer and main frame memories.
Maximum access time from 0° to
+75°C is 70nS, and 75nS from
—55° to +125°C. An “A’ version
guarantees 45nS.

2. Highest performance
in a 4K hit RAM.

A true plug-in replacement for
the MCM6605A family. Intersil’s

IM7505 family provides proven

reliability with highest performance
(150 to 300nS access).It's available
in production volumes, and sells in
100+ quantities from $16.70 to
$24.70, making it the best all-
round RAM for mainframes you
can buy.

3. Low cost industry
standard 4K RAMSs.

The IM7507 and IM7505 are
Intersil's 4096 x 1 NMOS RAMs,
ideal for replacing core memory.
The IM7507 is available in Tl or
Intel equivalent 22-pin packages,
and this month in the Tl-equivalent
18-pin package. It sells for $24.25
in 100+ quantities.

Intersil stocking distributors

Arrow Electronics (Conn., Dayton, Minn.,
Md./D.C.,N.J., N.Y., Wisc.)

Century Electronics (N.M.)

Elmar/Liberty Electronics

Kierulff Electronics (Mass.)

R.A.E. Ind. Elect. Ltd. (Van. B.C.)
Schweber Electronics
Semiconductor Specialists
Southland (Fla.)

Weatherford

4. Or alow power,
high performance RAM.

The IM6508/18 1024 x 1 CMOS
RAM has the best speed/power
product you can buy. With only
SuW standby power, typical
access at 5 volts is 200nS. But
the IM6508A-1 has access be-
low 100nS with .. of 10uA at 11
volts. (Using the 93L415? Try the
IM6508.) Price at 100+ is $8.95.

9. A low power, high
performance 12K bit ROM.

The 1024 x 12 IM6312 is the
industry’s first CMOS ROM! With
it, you now get low (1.22uW/bit)
operating power with very high bit
capacity plus access speeds of
500nS max. IM6312 interfaces
directly with Intersil's IM6100
microprocessor.

6. Very high speed,
high density ROMs.
IM53S10/20 (1024 x 10),
IM53S09/19 (1024 x 9) and
IM53S08/18 (1024 x 8) are bipolar
Schottky ROMs, pin-for-pin re-
placements for the MM6255/56,
MM6260/61 and MM6280/81
respectively. All three feature
access times below 70nS

1. P/ROM memory _al
lowest cost per hit.

Intersil's family of Programable
ROMs, including the IM5605/25
(512 x 8, 24 pin DIP) and the
IM5604/24, 1M5603/23 and
IM5600/10 (512 x 4, 256 x 4 and 32
x 8 respectively, in 16 pin DIPs),
provide per-bit costs to below 0.25¢
in volume. All are programable in
seconds, ideal for last-minute
customization, prototypes or long
runs.

Every one of Intersil's P/ROMs,
as well as the IM5200 Field Pro-
gramable Logic Array (FPLA).
utilize Intersil's exclusive (U.S.
patent no. 3,742,592) Avalanche-
Induced Migration (AIM) bit pro-
graming process which has pro-
duced more than 3 billion trouble-
free programed bits over the last 4
years. In addition to much greater
reliability, AIM programing is much
faster than with other methods.

8. For any —repeat any -
memory need.

Remember to call Intersil when
you have a memory problem. And
get full detailed particulars on our
outstanding new memory products
listed in the table below. Intersil,
10900 No. Tantau Ave., Cupertino,
CA 95014.

Max. Price Reader
New Intersil memories Archit. Access 100+ Serv. No ]
IM55S08A/18A Schottky RAM 1024 x 1 45nS  $33.00 56
IM55508/18 Schottky RAM 1024 x 1 70nS  $22.00 57
IM6508/18 CMOS RAM 1024 x 1 200nS $ 895 58
IM7505 dynamic RAM 4096 x 1 300nS $16.70 59
IM7505-1 dynamic RAM 4096 x 1 150nS $24.70 60
IM7505-2 dynamic RAM 4096 x 1 200nS $20.50 61
IM7507 dynamic RAM 4096 x 1 300nS $21.95 62
IM6312 CMOS ROM 1024 x 12 350nS $36.00 63
IM53S10 Schottky ROM 1024 x 10 100nS $49.50 64
IM53S09 Schottky ROM 1024 x 9 100nS $45.00 65
IM53S08 Schottky ROM 1024 x 8 100nS $36.00 66
IM5605/25 bipolar P/ROM 512x 8 70nS  $24.70 67 —J

Intersil area sales offices

Boston (617)273-2055
Chicago (312)371-1440
Dallas (214)387-0539

Los Angeles (213)532-3544 Upstate New York/Canada (315)463-3368
Miami (305)971-6160

Minneapolis (612)925-1844
New York (201)567-5585
San Francisco Bay Area (408)984-2170

Representatives in all major cities



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

The Resistance Temperature Coefficient of Allen-Bradley hot-molided 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-Bradiey
resistors offer the lowest cost—on the board—where it counts!
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is unsurpassed. Over 700 Insulation and resistance characteristics offer out-
million unit test hours with- element integrally moided standing protection against
out a single failure. into one solid structure. surges and transients.

Quality in the best tradition.

ALLEN-BRADLEY
o7

Electronics Division
Milwaukee, Wisconsin 53204
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Army seeking
to replace radios

Process controller
from Honeywell
uses microprocessor

Fairchild maps
counterattack
on Intel’s 2115

Semiconductor buys
down 19% in ’75,
Motorola estimates

Electronics/November 13, 1975

Electronics newsletter

The Army is planning to replace all of its aging single-channel AN/VRC-12
vehicular, AN/PRC-77 manpack, and AN/ARC-114 airborne vhf-fm radios
during next several years. Col. James E. Wyatt, who will be project
manager at the Army Electronics Command, Fort Monmouth, N.J., says
that a request for proposals for competitive advanced development will
be issued to industry in January 1976, pending final approval of the
Defense Department.

Wyatt says the Army wants the latest electronics technologies for
communications security and electronic counter-countermeasures in a sys-
tem to be deployed in the 1980s.

Most process-control manufacturers admit there’s a microprocessor in their
future, but only Acco Bristol of Waterbury, Conn., has used one in a
system. Now Honeywell Inc. has taken the plunge with the introduction
of its TDC 2000 system.

A joint offering of the Phoenix and Ft. Washington, Pa., Process Control
divisions, the TDC 2000 is the end result of the company’s development
program with General Instrument Corp. that led to 6t's CP 1600 [Elec-
tronics, Feb. 20, p. 25]. a single-chip, 16-bit processor. Honeywell’s allows
the user to combine microprocessor-based controllers and stand-alone
cathode-ray-tube displays into a modular distributed-control system together
with a data highway for information transfer. While suitable for controlling
only a few loops, a number of modules can be linked to a minicomputer
for advanced applications in the chemical, petroleum, metal, and electric
utility industries. The controller design saves the user money by using
one microprocessor to handle eight controllers.

Fairchild Camera and Instrument Corp. is attempting to counter the threat
to its market dominance represented by Intel Corp.’s 2115 family of static,
1,024-bit n-channel random-access memories. The Intel parts feature 525-
milliwatt, 60-to-120 nanosecond operation. Fairchild has started produc-
ing its own -k static n-Mos RAM, the 3542, a 250-t0-300 mw device
with speeds of 100 to 150 ns. It will sell for $2 to $2.50 in large quantities.

According to Thomas Longo, vice president and general manager of
Fairchild’s 1c group, the marketing strategy will be to block Intel’s parts,
which sell for $10 to $15 in quantities of 100 to 999, on three sides.
This will be done with the 3542 on one side, Fairchild’s 93415 standard
I-k bipolar RAM (600 to 800 mw 35 to 45 ns) on another, and its low-power
931415 device (250 mw, 80 to 90 ns) on the third.

With the year almost over, Motorola Inc. estimates that worldwide semi-
conductor consumption fell 19% from 1974. The U.S. and European
segments dropped 21% and 22% respectively, while Japan was down only
10%. On a brighter note, Motorola expects 1976 to see a 20% increase
over-all with Europe recovering slowest to climb only 14%. The U.S.
should climb 22% and Japan 25%, according to the forecast.

Leading the *76 upsurge, Motorola predicts, will be the Mos lines, which
are looking at a 38% jump worldwide after a 7% decline this year. In
fact, the only plus figure for 1975 is Japanese consumption of MOS ICs,
up 4%, Motorola estimates.
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Sarnoff departure
unlikely to change
RCA’s course

Fairchild markets
ignition kit

Dillard elected
IEEE president

Electronics newsletter

The surprise resignation of Robert W. Sarnoff as chief executive officer
and chairman of RCA has accomplished at least one thing: it put an end
to rumors that the board of directors has been pressing him to quit. The
rumors started in September 1971 when RCA decided suddenly to get out
of the computer business and absorb a $490 million loss, reportedly leaving
some board members determined to force him out. But Sarnoff survived.

One Wall Street observer, James 1. Magid, vice president for research
at Drexel Burnham & Co., believes that Sarnoff has been preparing to
leave. Only last Sept. 19, Sarnoff announced formation of a new office
of the chairman consisting of himself, Anthony L. Conrad, and executive
vice presidents Edgar H. Griffiths and Howard R. Hawkins. Conrad, who
has been president and chief operating officer, succeeds Sarnoff as chief
executive officer. And as Kent A. Logan, a partner in H. C. Wainright
& Co., sees it, Sarnoff’s departure will have miniscule effect on RrCA.
He says, ““RCA is so big, so diversified—how dramatically can it
change?”’

After testing the automotive aftermarket for about six months with a $39.95
transistorized breaker-point electronic-ignition kit, Fairchild Camera and
Instrument Corp. of Mountain View, Calif., is feeling confident enough
to jump in all the way with a variation: a breakerless system using an
inductive, rather than capacitive, storage approach. The points are
replaced by a magnetic pickup that senses the passage of the cam lobes
and then generates the voltage needed. Sold as a standard product under
the Fairchild name through auto parts stores, department stores, and service
stations, the 12-volt negative-ground system will sell for $59.95 and come
in three models, the E-300 for all U.S. six- and eight-cylinder cars, except
Chrysler; the E-400, for all four-cylinder cars; and the E-500, for Chrysler
autos. Fairchild estimates the size of the market it’s entering at $220 million
annually, shared by dozens of suppliers.

With 36% of the eligible members voting, Joseph K. Dillard, manager
of advanced-systems technology for Westinghouse Electric Corp., Pitts-
burgh, has beaten Irwin Feerst to become president of the 1IEEE. Dillard’s
margin of victory was approximately three to two, or around 30,600
to 20,400.

Feerst, who got on the ballot by petition, has stated that he will carry
on his newsletter reporting on IEEE activities, but has not decided whether
or not he will go after the presidency again next year. This election was
the first contested race for the office.

This year’s 36% turnout compares with the 32.5% of the eligible
members who voted in the 1974 election. The highest percentage of
members ever to send in ballots was 36.6% in 1971. However, because
membership has increased since then, some 3,000 more ballots were
received this year than in 1971.
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Meet the

1500w
Zener.

The zener with the specs of a transient suppressor.

When you use power zeners capability —higher thanany | / our number on the
as transient voltage suppres- conventional zener. And it’s / reader service card —
sors, you need to know availableataveryreason- |/ / ,  wellsend youthe
whether the zener will protect  able price —about athird  / /‘/ / whole story on our

our circuit. And the usual of what you’d pay for a IN5629A series of
y y ,

specs aren’t much help. S0W zener. / power zeners.

Here’s the zener you've For qualification Rt : Unitrode Corporation,
been waiting for. It’s designed  samples, call Howard - /580 Pleasant St., Watertown,
and spec’d as a suppressor, Kaeppleinat617- # Massachusetts 02172.

with 1500W peak pulse power 926-0404. Or circle

mmm UNITRODE
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well-stacked floppy

disk systems and
software

Stack our features against anyone’s!

You do no programming to run these operating sys-
tems.

Hardware, not software, performs all searching, data
blocking, CRC handling, address verification and
head unloading. Smart controller!

IBM 3740 compatible at all levels, including use of
any sector sequence.

Dual and single drive systems with field proven inter-
faces.

256K byte diskettes available with various sector se-
quences to optimize data access time.

Well stacked and well stocked, call us for immediate
delivery.

quantity 1
with interface

drivers

Now running:

DEC

® 0S/8
® RT-11
® 4K disk monitor

NOVA

® SDOS Oper. System
® APL Loader

VARIAN

® VORTEX
® MOS
® E-Basic

H. P.

® DOS N
® MTS

INTERDATA

® DOS
® OS/16MT

SYKES OATATRONICS INC.» 375 ORCHARO ST.» ROCHESTER, N.Y. 14606 « 716-458-8000 « TELEX S87-8326

234 for PDP-11, 235 for PDP-8, 236 for NOVA
237 for Varian, 238 for H.P., 239 for Interdate
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Manufacturers replace
defective antilock
braking systems

More than 18,000 units are
being pulled from vehicles
in retrofit; truckers want
delay in safety mandate

Rockwell International and B.F.
Goodrich Co. are replacing more
than 18,000 controllers and other
electronics making up new antilock
braking systems supplied for trucks,
buses, trailers, and other heavy-duty
road vehicles. The two companies
may have to absorb a loss of $2 mil-
lion, it was revealed during testi-
mony late last month at a special
hearing before the National High-
way Traffic Safety Administration.
In addition, Kelsey-Hayes Co., Ro-
mulus, Mich,, has had to replace a
much smaller number of systems
because of malfunctions caused by
radio-frequency interference.
Faulty. At the hearing, both dri-
vers and operators of truck and bus
fleets continued to charge that far
too many of the
Government-man-
dated antiskid con-
trol systems are
faulty [Electronics,
July 24, p. 63]. The
defects include
jerky decelerations,
air-brake valves
being released by
rfi, and dashboard
warning lights sig-
naling phantom
malfunctions.
Accidents. All
told, 24 accidents
and hundreds of
near misses ‘have

Electronics/November 13, 1975

No skidding. Electronic bra
jackknifing and other dangerous skids. But some systems are proving faulty.

been counted by the operators. In
fact, Rockwell’s bus systems have
performed so poorly that NHTSA has
permitted operators to disconnect
the units. For these reasons the op-
erators continue to urge that NHTSA
postpone for one year implementa-
tion of Federal Motor Vehicle
Safety Standard 121, which requires
the controls, while the electronics
manufacturers work out the bugs.
Officials at the safety agency say a
decision on the fate of the regu-
lation will be made by the end of
the year.

At stake is $375 million a year in
sales of approximately 500,000 axle
sets, including hard-wired control-
lers, wheel-rate sensors, wiring,
hardware, and test systems. Fleet
operators also complain that the
systems add as much as $500 mil-
lion a year to operating costs.

Other manufacturers that have
fared better than Rockwell and
Goodrich are suffering only what
officials say were “typical start-up
problems.” Among them are Gen-

eral Motors Corp.s AC Spark Plug
division, Flint, Mich., Berg Manu-
facturing Co., Iola, Kan. and Wag-
ner Electric Co., St. Louis.

Retrofit. Rockwell began this
month to deliver replacement con-
trollers and sensors to retrofit its en-
tire 10,000-plus shipment of vehicle
axles, report officials at the com-
pany’s Automotive Operations divi-
sion, Troy, Mich. Indeed, drivers
say Rockwell and Goodrich systems
often malfunctioned within hours of
delivery. Rockwell cites an inade-
quate sensor housing that caused
misalignment of the wheels and
wheel-rate sensors, leading to
frequent fuse blow-outs and erratic
braking. Inadequate quality control
during the manufacture of Rock-
well’s MOs-LsI digital controller also
caused frequent failures.

“Better quality-control is solving
this problem,” says Gerald J.
Flannery, Rockwell’s director of
Government relations. Rockwell is
also shipping a redesigned sensor
protected by a new cast-metal hous-
ing that should
prevent misalign-
ment. The com-
pany is also adding
a solenoid circuit
breaker equipped
with a dashboard-
mounted reset
switch for checking
false alarms.

Of 18,000 con-
trollers shipped, by
the Engineered
Systems Co., in Ak-
ron, Ohio, a Good-
rich division, more
than 8,200 have
been replaced, says
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Richard Brandewie, antilock-pro-
gram manager. Early units failed
when potting compounds, used to
protect discrete devices in the con-
trollers, shrank and pulled compo-
nents out of the printed-circuit
boards, he explains.

Disruptions. Radio-frequency in-
terference is also causing problems.
Rockwell, Goodrich, and Kelsey-
Hayes have verified that rfi some-
times disrupts both aralog and dig-
ital controllers, caus...g erratic brak-
ing. “Rf fields encountered are more
intense than had been anticipated,”
says Flannery of Rockwell, which
has not yet determined the extent of
its problem. But its new controllers
have additional rfi filters and heav-
ier metal cabling and shielding,
Flannery says. Goodrich has had
two reports of rfi, at the 1-megahertz
level and from sources with more
than 150 watts of output, notes
Brandewie. Its controllers had been
shielded to the 100-watt level.

Kelsey-Hayes has boosted its rfi
protection to transmitter outputs of
more than 50 watts in the 35-45-
MHz range. A recall of an unspeci-
fied number of affected units, to add
rfi filters, has been completed. O

Military

Aircraft may use
IR transceivers

How does the crew of one Navy P3
antisubmarine-warfare aircraft com-
ing off duty communicate covertly
with the crew of another P3 coming
on station to replace it? Very care-
fully, as it turns out, or not at all.

“There are ways of communi-
cating,” says Rudolph A. Stampf,
director of the Aero Electronics
Technology department at the
Naval Air Development Center,
Warminster, Pa., but apparently
they’re not very satisfactory for rea-
sons Stampfl declines to discuss.

To make it easier to achieve secu-
rity and communicate, Stampfl’s
Electro-Optics section has devel-
oped a relatively simple hand-held
optical voice and data-communi-

30

cations system that it claims is vir-
tually impossible to intercept.

Stampfl says that most of the sys-
tem was made with off-the-shelf
items. The optical transceiver, for
instance, uses a Bell & Howell Co.
combined silicon-diode-detector op-
erational amplifier and a Texas In-
struments XL-16 infrared light-
emitting-diode radiator operating in
the 9,300-angstrom range. The only
unique feature—the circuitry for in-
terfacing the airborne mini-
computers with the optical trans-
ceivers—was designed in-house and
is integrated into the communi-
cators, says Larry Ott, Electro-Op-
tics section chief.

Testing. The system has already
flown at least one mission and Lt
Cmdr. Joseph Kiel, a member of the
P3 program office in Washington,
D. C., who is responsible for P3 sys-
tems upgrading, says that, although
“there are other possibilities open to
us to perform covert communi-
cations, the optical communicator
definitely is something we’re looking
at very strongly.” He indicated that
more flight tests will be scheduled.

During a mission, the crew of one
P3 aircraft could talk to or transmit
data to another P3 covertly via the
optical transceivers by flying in a
tight circle, within a few thousand
feet of each other, one plane directly
above the other. The communi-
cators are aimed at each other
through an optical peepsight
mounted on the unit, but aiming ac-
curacy does not have to be very pre-
cise, Ott says. Also, the system
transmits on low power to further
ensure that the communications will
not be intercepted.

Ott estimates the communicators
could be produced for about
$10,000 per system. The Navy now
has 36 squadrons of land-based,
long-range ASW aircraft—24 active
and 12 reserve—with nine P3 air-
craft in each squadron. At least
three quarters of the total number
of operational P3s are the newer
P3Cs, says Commander Kiel. The
P3Cs are fitted with computer-inte-
grated avionics and acoustic pro-
cessing systems to improve over-all
ASW effectiveness. O

Solid state

Holes in CCD vyield
FET amplifiers

Although promising for mass sto-
rage and signal processing, the serial
structure of conventional charge-
coupled devices is unsuitable for use
in main random-access memories.
To make it randomly accessible,
Mullard Research Laboratories su-
perimposed an array of field-effect
transistors onto the basic structure,
allowing each storage site, or bit, to
be directly addressable.

The technique is also useful for
tapped delay lines in complex signal
processing where access to each ele-
ment is also desirable, says John M.
Shannon, leader of the semicon-
ductor physics and devices group.

Mullard, in Red Hill, Surrey,
builds the array by etching holes in
the top of the ccD and forming
transistor gates in the aluminum
electrode layer. This changes the
CCD line into a line of FETs. Besides
nondestructive readout, the charge-
coupled FETs feature high charge
gain and a capability, like other
CCDs, for processing analog signals.
Moreover, the punchthrough effect
can be used to introduce new
charges at the source and to reset
the whole array to reduce gain vari-
ations across the array, Shannon
says.

Edge sensing. Usually, charge
packets are sensed at the edge of the
CCD either at the surface or in the
semiconductor bulk. Instead, the
Mullard device exploits the fact that
the surface potential under any CCD
electrode and consequently the
depth of the depletion layer reflects
the amount of charge stored there,
explains Shannon.

Each FET gate has access to the
current flowing in the semicon-
ductor bulk. Since the gates can ac-
cess every stored charge in the CCD,
the charge-coupled FET becomes an
amplifier array, unlike conventional
charge-coupled devices in which the
charge out approximately equals
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charge in, Shannon says.

To be described at the Inter-
national Electron Devices Meeting,
Washington, D.C., on Nov. 30, the
surface-channel device is an ion-im-
planted two-phase CCD having an
n-type layer on a p substrate. Into
each electrode is etched an FET gate
with a central drain. Drain current
is directly related to the size of a
charge packet held under a particu-
lar electrode.

“It’s a surface cCD with a bit of
difference,” Shannon comments.
And the difference shouldn’t make
the device much harder to manufac-
ture, he says.

Four-bit chips. Mullard currently
is using 4-bit chips and rather large
gates, 15 micrometers long and 460
um wide. Shrinking gate size should
increase speed, Shannon says.

In one of Mullard’s development
devices, the charge-coupled FET was
operated above pinchoff, where the
drain current was insensitive to
drain voltage, and was read for 40
microseconds. This read time can be
increased up to the limit where in-
ternal generation adds significantly
to the charge packet, Shannon says.
In what the company terms experi-
mental devices, the maximum read
time was 10 milliseconds, yielding a
maximum charge gain of about
280,000. But a read time of 10 ms
would diminish the gain by a thou-
sand times, according to Shannon.[]

Holography

Holograms sharpen
images from space

Soviet scientists are using a U.S.-de-
veloped image-focusing technique
to detect possible oil and natural-
gas reserves from blurred photo-
graphs taken by earth-resources sat-
ellites. George W. Stroke, a physi-
cist at the State University of New
York at Stony Brook, developed the
technique. He believes the Soviet
application, reported in a recent
proceedings of the USSR Academy
of Sciences, opens an important
area of refinement in the aerial
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Sharp. Photo blurred by camera movement
is focused using holography. Russians apply
technigue to photos from sateliites.

mapping of earth resources by satel-
lite.

Retrievable. The method uses the
principles of holography to encode
the image in a retrievable form,
“just as a long-playing record en-
codes music in the seemingly illeg-
ible wavelike pattern of its grooves,”
says Stroke. The required mathe-
matical operations can be per-
formed either by digital computa-
tions or by optical analog
computations based on the use of
lasers and holography.

NASA generally has been more in-
terested in digital rather than op-
tical techniques for image-deblur-
ring, although Stroke says that bet-
ter results are being attained with
the optical method. However, NASA
has used only the digital method
with its earth-resources satellites,
notes Stroke. He indicates that
NASA’s renewed interest in the op-
tical system may be related to re-
ports of the Soviets’ success with this
technique. He says the Soviets be-
came aware of his work in the field
by following several papers he de-
livered in recent years and through
discussions at international techni-
cal conferences.

Stroke, director of the university’s
Electro-Optical Sciences Labora-
tory, says the technique enhances
details of valuable space photos
which might otherwise be un-
readable because of blurring caused
by random movement of the cam-
era-carrying satellites. Indeed, notes
Stroke, “Almost half of the photo-
graphs taken during the first Ameri-
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can lunar-orbiter satellite mission to
learn more about the moon’s sur-
face were spoiled by camera move-
ment and blurring.” Similarly. he
says, images were blurred in photos
of the back of the moon by Russia’s
Lunik 111.

The image-deblurring method,
conceived by Stroke in 1965 has
been perfected in recent years in
collaboration with Maurice
Halioua, an assistant. Stroke’s re-
search has been supported in part
by the National Aeronautics and
Space Administration’s Physics,
Geophysics, and Astronomy divi-
sion in Washington, D. C.

Transform. The advantage of the
holographic process, he adds, results
from the natural capability of lenses
to carry out the fundamental
Fourier-transform operations  in-
volved in image-deblurring. In prac-
tice, deblurring produces the spec-
trum analysis (or architecture) of
the blurred photograph in the focal
point of a lens by illuminating it
with a laser. The spectrum of the
blurred architecture of the photo is
recorded holographically and is
used to create a compensating
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holographic filter, consisting of a
sandwich of two photographic trans-
parencies—the amplitude-intensity
component and the holograph. De-
blurring is achieved by using the
holographic filter and allowing the

laser light to pass through a second
lens to sharpen the blurred image.
Stroke believes the Soviets are the
first to use the deblurring method in
search of oil and natural-gas re-
serves. O

Military

Navy adapting commercial concepts in
interim standard avionics computer

While many military programs are
racing ahead in cost but falling be-
hind in performance, the Naval Air
Systems Command is going off on a
different tack with its interim stan-
dard airborne digital computer.
Rather than initiate costly new re-
search and development, it’s using
available technology like core
memories, at least to start with, and
support software in Fortran. “We
will work with commercial concepts
as closely as we can,” says Ronald S.
Entner, who directs the ISADC effort
in Navair’s avionics division.

The first 10 test machines are
scheduled to be bought between
January and March 1976. But as of
now, a formal Navair project office
has yet to be established—it will take
another several weeks before the
necessary funds can be transferred
from this fiscal year’s budget.

When that’s done, though, Navair
will move ahead with development
of three basic packages—an ex-
tended minicomputer with 32,000
words of 16-bit core memory and a
forecast unit price of $45,000; a
smaller minicomputer in the
$30,000-$35,000 range, and a
$10,000-$15,000 microcomputer.
The interim system is to be avail-
able before the all-avionics digital
computer, currently in the hands of
the Naval Electronic Systems Com-
mand, from which it evolved.

Market. Partly from the use of
common software and logistics, but
partly also from large-scale procure-
ment, the Pentagon expects substan-
tial savings from the program. The
potential market is a minimum of
1,600 computers—two per plane for
the 800 Navy F-18 fighters if the
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computer becomes Government-
furnished equipment for the
McDonnell Douglas plane. But the
family could find use in an esti-
mated 12 different Navy airborne
systems, plus a minimum of 20 more
air and ground systems of the other
services. The Directorate of Defense
Research and Engineering is begin-
ning to encourage Army interest in
the system, and the Air Force is
monitoring the program.

Hardly surprisingly, therefore,
military computer makers see a ma-
jor sales opportunity. Already in
line for the bidding, say industry
sources, are Sperry Rand’s Sperry
Univac division, General Motor’s
Delco division, International Busi-
ness Machines Corp., Singer Co.’s
Kearfott division, and Lear Siegler
Inc.

What Navair wants for ISADC is a
processor weighing no more than 30
pounds that will occupy half a cubic
foot and initially use 16-bit core
memories already produced for
other systems by a variety of ven-
dors. While noting that the price of
the core memories is “very reason-
able,” Entner is quick to add that a
compatible semiconductor memory
is proposed for later use in the com-
puter that would have double the
density of the core system.

ISADC’s operating software will
use the Navy’s CMS-2 higher-order
language, a variation of that used
by the AN/UYK-20 small ship-
board system. But its support soft-
ware will be Fortran, which offers
“ease of software handling and sys-
tem logistics,” Entner explains. “It is
a means of unifying the market for
software development using the

same equipment”—either the ven-
dor’s own large, ground-based com-
puter or one of the new model 732
minicomputers just ordered from
Interdata Inc. by the Navy’s Auto-
matic Data Processing Equipment
Selection Office.

Choices. The decision to begin
with commercially available core
memories and use Fortran for sys-
tem support software came after the
solicitation of the views of computer
makers as well as those of multiple
Naval laboratories and prospective
user commands. For example, the
original specification called for
375,000 operations per second using
32-bit arithmetic with a 16-bit ma-
chine. “This was rejected as poor
design practice,” according to Ent-
ner. “We just couldn’t make 16-bit
machines meet those performance
specifications.”

With much of the preliminary
Navy work nearing completion and
the specifications for next year’s RFP
being drafted, the program may be
out of the hangar. But it has yet to
begin its takeoff roll. That will come
when the 10 “first buy” machines
start preproduction testing at the
contractor’s plant. This, Entner says,
is expected to produce over a period
of six to nine months “a best and fi-
nal” configuration on which to es-
tablish an ISADC baseline—a mini-
mum capability with options. O

Automotive

Spark advance
hits snag

Both Chrysler and Ford have run
into snags on their electronic spark-
advance programs. Both have de-
layed equipment introductions,
pending certification by the Envi-
ronmental Protection Agency of
new versions. It’s believed that the
first engines equipped with the so-
phisticated control of spark advance
and retard presented to the EPA won
gains in fuel economy of only 1% to
2%, instead of the 5% to 7% pro-
jected by the auto makers.

“When we announced earlier
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that go
siX-in-a-rack
including
custom circuits.

« digital multimeters

¢ counters

¢ generators

« amplifiers

* power supplies

¢ oscilloscopes

* a blank plug-in for your own circuitry
* and more

TEKTRONIX modular instrumentation offers your QC,
production test, or built-in test equipment a highly com-
pact, extensive line of test instruments ... TM 500. They
are designed to work totally independently or as a sys-
tem with each other. Blank plug-in kits make it easier for
you to build in your own testing circuits compatible with
TM 500. The RTM 506 rackmounting power module/main-
frame (only 5%4 " high) provides six compartments to ac-
commodate TM 500 plug-in modular instruments and the
plug-in kits. It is available for benchtop or portable use
(TM 506), as well as for rackmounting (RTM 506).

A common interface circuit board within the main-
frame permits the intercommunication of inputs, output,
and various parameters among the plug-ins. Tektronix
will supply you with data on voltages, currents, and pin
connection diagrams, so you can determine the feasibil-
ity of assembling your special circuits in blank TM 500
plug-in Kits.

The TM 500 family of instruments is designed to fulfill
your test and system needs in such widely divergent
areas as high-speed logic; dc, power line frequency,
audio, and rf to 5650 MHz; oscilloscope and other instru-
mentation calibration; and even medical instrumentation
calibration. They represent Tektronix standards of
quality in design, performance, and ease of opera-
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T
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For a demonstration circle 32 on reader service card TEKTRON'X®

tion. Included are pulse generators with features such as
independent pulse top and bottom controls and repe-
tition rate to 250 MHz. And the DC 505A Universal
Counter/Timer features direct counting to 225 MHz and
time interval averaging with resolution to 100 ps.

Here is a growing, compatible family of 29 plug-in mod-
ular instruments, accessories, and one, three, four, and
six-compartment mainframes providing the common
power supply. All mainframe/power modules may be
hand-carried, all go on the bench, and there are SCOPE-
MOBILE® configurations as well. Some instruments are
general purpose, such as DMMs, some are highiy spe-
cialized, such as those for oscilloscope calibration. They
comprise test and measurment systems that are difficult
to duplicate with monolithic instruments.

Send for the 56-page TM 500 catalog A-3072 with full
specifications and suggested selections of instruments
for typical applications. Or contact your local Tektronix
Field Engineer for a demonstration of how
TM 500 instruments can solve your = &w.
needs. Write to Tektronix, Inc., P.O.
Box 500, Beaverton, Oregon 97077.
In Europe write Tektronix Limited,

P.O. Box 36, St. Peter Port
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[Electronics, Oct. 2, p.42] that the
new computer-controlled timing
(ccT) feature would be introduced
as standard equipment on the 1976
Continental Mark IV, it was esti-
mated that the system would im-
prove fuel economy in the vehicle
by about one-half mile per gallon,
or about 5%,” states Howard P.
Freers, chief power-train and chassis
engineer at Ford Motor Co., Dear-
born, Mich. However, fuel-economy
objectives for the car were met with-
out CCT, “so we now have decided
to work on the system further to de-
termine if additional fuel-economy
gains are possible,” he continues.

Later delivery. The system, built
by Aeronutronic Ford and Motorola
Inc.’s Automotive Products division,
was originally slated for October in-
troduction and then slipped to No-
vember delivery. The firm will not
rule out a debut of the system in
460-cubic-inch engines later in the
model year.

Chrysler Corp., on the other
hand, has never publicly promised
an introduction date, except some
time during the 1976 model year
[Electronics, April 3, p.38] on cars
equipped with 400- and 440-in.? en-
gines. Since then, Chrysler has de-
cided not to implement the system
on 440-in.2 engines and will make
its so-called lean-burn system op-
tional on all standard-size, as well as
intermediate cars. As many as
60,000 cars could have the device,
which costs between $20 and $25,
installed, according to Chrysler.

Certified. The 400-in.3 engine,
with electronic spark advance has
been certified by EPA, notes Earl W.
Meyer Jr., assistant chief engineer
for engine electrical systems at
Chrysler, “but we’ve gone back to
the EPA with further improvements.
We expect to have the new ones cer-
tified within a month and should go
into production in January.” The
firm has already submitted the en-
gine with six different calibrations
to the EPA for city/highway dyna-
mometer testing. The differences are
largely changes in resistor values
that change the output waveforms
of the analog computer, he says.

“This change to electronic spark
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advance is more significant than
most people thought it would be,”
Meyer points out. “It’s taken longer
than we thought to optimize the
programing of the device, and I
would anticipate that optimization
of the programing of the spark com-
puter will go on for the next 50
years, just as programing the con-
ventional distributor has gone on
for the past 50 years,” he continues.

Despite the weak performance
thus far, the firm is still sticking to
its estimate of 6% to 7% improve-
ment in fuel economy when the sys-
tem is finally introduced, compared
to ratings for comparable engines
equipped with conventional spark
advance and a catalytic converter.
Another improvement: “We’re run-
ning close to zero deterioration—
emission levels are not changing
over 50,000 miles,” Meyer says.
“Typically, most other systems see a
deterioration of some sort, and that
has to be allowed for in EPA certifi-
cation.” O

Consumer

Fm function joins
a-m on radio chip

Integrating their efforts, a pair of
West German and American com-
panies have succeeded in putting all
the active-component functions of
an a-m radio and a major section of

an fm radio on a single silicon chip.
The aim is to use the IC in low-
priced a-m/fm radios which the
American firm will market in the
U.S. early next year for under $20.

The analog “one-chip radio” cir-
cuit, developed by AEG-Telefunken,
is now in large-scale production at
the company’s semiconductor facil-
ities in Heilbronn, West Germany.
First deliveries to the American
partner, which Telefunken describes
as a large U.S. electrical/electronics
producer but declines to name, have
just begun, and follow-up shipments
“will be in the hundred thousands
of circuits per month” range, says
Reinhard Gereth, deputy director of
production. About a year after the
radio’s introduction in the U.S.,
German set makers may follow suit
with radios for European markets.

An fm demodulator. The new
chip, designated the U115B, inte-
grates into a 2-by-2-millimeter area
all functional units for an a-m re-
ceiver plus an fm demodulator. Ex-
ternal to the chip are only the pas-
sive components for the resonant
circuits, a potentiometer for volume
control, and discrete devices for the
remaining fm circuitry. Efforts by
other manufacturers to integrate ra-
dios on an IC chip have stopped at
the a-m portion [Electronics, July
17,1972, p. 25].

The Ul15B is a medium-scale IC
that packs about 100 transistors,
diodes, and resistors onto the chip.
It contains the tuner, oscillator,
mixer and demodulator for
a-m reception, an inter-
mediate-frequency stage,
an audio-frequency ampli-
fier, and the fm demodula-
tor. Operation is over a 3-
to-11-volt range. The device
delivers a maximum of 0.8
watt to an 8-ohm loud-
speaker. “For the set maker
the one-chip solution spells
more economical radio pro-
duction,” Gereth says. “The
producer can fabricate dif-

Fm radio. Integrated H810 tuner
developed by AEG-Telefunken will
be made available by the West
German manufacturer next year.
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The new TR502 and TR501 tracklng
generators are worklng partners for
7L13 and 7L12 spectrum analyzers.

Make frequency response measure-
ments on rf devices with the TR 502
and 7L13. This combination of a con-
stant level, calibrated rf source and
high performance spectrum analyzer
provides you with a wide dynamic
range (110 dB) and narrow resolution
bandwidth (30 Hz) ideal for crystal
filter or cavity measurements.

For selective frequency counter ap-
plications use the TR 502's Aux. R.F.
output to drive a frequency counter.
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Select and determine signal fre-
quencies up to 1800 MHz with —128
dBm sensitivity at 30 Hz resolution
bandwidth. When used with the DC
502 550 MHz Frequency Counter the
spectrum display center frequency,
indicated by a bright dot, is automati-
cally counted.

In addition, the TR 502 and 7L13 form
a super-stable CW source. The TR
502/7L13 system has 10 Hz stability
in zero-span (non-swept) mode.

The TR 502 or TR 501 are powered
with a TM503 Power Module, leaving
room for a DC 502 or other counter.

TR502 Tracking Generator $4500
(recommended for use with
7L13)

TR501 Tracking Generator $3500

(recommended for use with
modified 7L12)

TM503 Power Module Opt7  $ 175
DC502 Digital Counter Opt 7 $1095

See the TR502 or TR501 work in your
application. Ask for a demonstration
or more information. Write: Tektronix,
Inc., Box 500A, Beaverton, Oregon
97077. In Europe, write: Tektronix
Limited, P.O. Box 36, St. Peter Port,
Guernsey, Channel Islands.

U.S. Sales Prices F,0.B, Beaverton, Oregon 97077
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Radio pair. Active functions of a-m/fm radio are periormed by two ICs being built by AEG
Telefunken. U115B chip was developed jointly with an American company.

ferent receiver models by merely
varying the peripheral circuitry
around that chip.”

Second circuit. AEG-Telefunken
engineers have also designed a cir-
cuit that integrates the fm tuner on
a single chip. But as the diagram
above shows, such a radio is based
on two chips, rather than one chip.

As Gereth sees it, a single chip in-
corporating both the uhf tuner and
the a-m portion “would not make
economic sense.” For the tuner’s
mixer stage to have optimum large-
signal-handling capability its tran-
sistors must be designed for transit
frequencies of 3 to 4 gigahertz, he
explains. This requires pn junctions
as flat as 0.1 micrometer and lateral
structures of from 2 to 4 um. Such
high-frequency components call for
self-aligning structures, ion-implan-
tation and steep doping profiles—a
more complex technology than is
needed for the a-m portion. Mixing
complex and less complex steps on
the same chip, though tech-
nologically possible, would result in
higher production costs than putting
them on two separate chips.

AEG-Telefunken’s second chip is
called the H810 integrated tuner. It
incorporates four frequency-tuning
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diodes, a preamplifier stage, a
mixer, a low-level oscillator, a con-
trol-signal generator and a low-pass
filter at the mixer output. The IC has
high large-signal stability, low noise
(5.5 decibels), and high (30-dB) am-
plification. The H810 will be avail-
able some time next year. |

Solid state

T1 offers 16-bit
MICroprocessor

The announcement by Texas Instru-
ments’ Digital Systems division of a
new series of 16-bit minicomputers
[Electronics, Oct. 30, p. 38] included
news of something else that may
have far greater significance for
electronic-design engineers—a full
parallel 16-bit processor built in n-
channel MOS, the TMS 9900.

The chip, Tr's first proprietary
n-channel silicon-gate micro-
processor (it second-sources Intel
Corp.’s 8080), operates with a 3-
megahertz, four-phase clock and
does 16-bit register-to-register addi-
tions in 4.67 microseconds, accord-
ing to TI. The key to the operation is

its full 16-bit data bus and 16-bit
arithmetic-logic unit, which can also
operate on two 8-bit bytes in paral-
lel.

For TI, the TMS9900 adds to its
family of microprocessor chips: the
TMS1000, a 4-bit p-channel MOS
device, and the SBP0400, a 4-bit-
slice bipolar chip. In the over-all mi-
croprocessor picture, the 9900 joins
General Instrument Corp.’s CP1600
as the only American-made 16-bit
n-channel microprocessor chips. Na-
tional Semiconductor Corp.’s 16-bit
PACE chip uses p-channel tech-
nology.

Registers. Unlike most micro-
processors, the chip contains no gen-
eral-purpose registers. Instead the
user assigns these functions to loca-
tions in the random-access memory.
The chip does have three “house-
keeping” registers—program coun-
ter, status register, and a work-space
pointer that points to an address in
one of the registers assigned to the
RAM. This allocation of registers to
external memory saves space on the
chip—space required by the full 16-
bit parallel buses on the chip—and
also allows the user greater flexibil-
ity in programing, according to TI.
Addresses are designated by 15 bits
plus one extra bit to show whether
the contents of that address are to
be interpreted as a full 16-bit word
or two eight-bit bytes.

The chip handles up to 15 exter-
nal interrupts, while four bits in the
status register store the priority of
the interrupt currently being ser-
viced and only an interrupt with a
higher priority can be serviced by
the device.

Instructions. The chip has a set of
69 instructions, including hardwired
multiply and divide, which speed up
those operations. Seven addressing
modes are available: work space
register, indirect, indirect with auto
increment, indexed, immediate,
symbolic (direct), and program-
counter relative.

One advantage of introducing the
chip simultaneously with the mini-
computers, says TI, is that the one-
board minicomputer, model 990/4,
which uses the 9900 as its central
processing unit, will serve as the
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TEKTRONIX T900
Oscilloscopes

from $695
probes included and more...

Here's important news for engineers, technicians and
educators who want the quality, reliability and support
associated with TEKTRONIX Oscilloscopes - all at a mod-
erate price.T900* Oscilloscopes are an entirely new line
designed for cost savings without sacrifice of basic per-
formance.

This New Line Includes:
T921—Dc to 15 MHz; single-trace,

monotime-base ................ $ 695*
T922—Dc to 15 MHz; dual-trace,
monotime-base ................ $ 850**
T932—Dc to 35 MHz; dual-trace,
monotime-base ................ $1050**
T935—Dc to 35 MHz; dual-trace, dual
time-base with delayed sweep .... $1250**

T912—(Storage model) Dc to 10
MHz, dual-trace mono time-base .. $1195**

Easy to Use
T900 Oscilloscopes are simple to use. All have
a large, bright (8 x 10 cm) crt, beam finder,
single knob trigger control, delay line to enable
viewing of waveform leading edge, automatic
selection of tv line or frame display and func-
tionally color-coded control panels. Conveni-
ence is also enhanced by a full complement of
accessories including 10X probes (included in
Erlce ), optional scope stand, camera, rain jac-
etand more...T900 Osculloscopes are easy to
handle and fit into small spaces. They weigh
only 15-18 Ibs. and measure only 7" x 10" x 19".

Tektronix Support

T900 Oscilloscopes are warranted against de-
fective materials and workmanship for one
year. There are over 37 service centers and 50
field offices across the U.S. Whenever you need help in the
selection, operation, application or servicing of T900 Oscillos-
copes your local field engineer is available to help you...no
extra charge...just extra value.

For a copy of the new T900 Brochure (includes complete
specifications), or ordering information write to Tektronix, Inc.,
P.O. Box 500, Beaverton, Oregon 97077. For immediate infor-
mation call your local

Tektronix field
engineer or @

Tektronix, {nc. TEKTRON|X®

(503) 644-0161
extension T7900. - ) (0
*Available presently in U.S.A. only. technical excellence

**U.S.A. price FOB Beaverton, Oregon.
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prototyping unit for most users. And
the availability of larger mini-
computers in the series offers users
the upward compatibility they often
desire but cannot get. O

Banking

IBM’s funds transfer
gets high marks

Electronic switching systems to
automate currency transfer among
the nation’s savings-and-loan associ-
ations look like a $10 million mar-
ket—and International Business Ma-
chines Corp. looks like the front
runner in that market.

IBM’s advantage became clear
with the Federal Home Loan Bank
Board’s issuance of a report to its 13
regional members in late October.
The 171-page document assessed
technologies available for funds-
transfer tasks in metropolitan areas
with five million residents.

The cost per transaction is the fig-
ure that means most to bankers.
IBM’s two proposals, a System/370
for both accounting and switching
or a System/7 for switching only,
projected a cost of 87 and 41 cents
per 100 transactions and were
cheaper than the competition. Nine
other companies submitted system
proposals to the Federal bank
group’s solicitation for qualified
vendors to guide its members. In-
cluded were Burroughs Corp., Com-
pata Inc,, Concord Computing
Corp., Control Data Corp., Finan-
cial Industry Systems Inc., Honey-
well Information Systems Inc., NCR
Corp., System Development Corp.,
and Sperry Univac division.

Issues. Before the regional sav-
ings-and-loan groups can imple-
ment systems of their own, however,
key policy and operational issues
dealing with system security, stan-
dards, and software for monetary
settlement remain to be resolved
“With few exceptions,” the Federal
board said, “vendor responses shed
little light” on these subjects, adding
in the report to the regional banks
that ““a considerable amount of
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News briefs

Motorola seeks to stop microprocessor foe

Motorola said last week it would seek an immediate injunction to stop MOS
Technology Inc., Norristown, Pa., from making and selling microprocessor
products, including its MCS6500. The action would be a stopgap measure,
pending trial of a suit filed in Federal Court in Philadelphia. Motorola, which
charges its rival with patent infringement and misappropriation of trade se-
crets, is asking triple damages plus all profits MOS Technology has made
on the devices. The suit, which cites Motorola patents that led to develop-
ment of its own MC6800 microprocessor, alleges that seven former employ-
ees of Motorola Semiconductor Products division joined MOS Technology
and helped establish that company’s microcomputer line. MOS Technology
says Motorola’s claims are unfounded.

Gl sues Mostek on processing patent

General Instrument Corp. has filed suit against Mostek Corp. for allegedly
infringing eight of GlI's metal-oxide-semiconductor processing and device
design patents. The most significant of these involves Gl's patented
(3,388,009) process for forming a pn junction with an ionic beam. Robert
Shapiro, Gl's director of legal affairs, says Mostek is a ‘‘substantial prac-
titioner” of the process and that Gl has been unsuccessful in negotiating a
patent agreement with Mostek. Mostek has declined to comment.

Minl maker to Introduce POS system

Data General Corp., Southboro, Mass., says it will introduce its 9036 point-
of-sale system for supermarkets before May, 1976. The company, in addi-
tion to making key system components like the processor and disk memory,
has also developed and will produce its own laser scanner to read labels.
The 9036 is a dual parallel system, with two central processing units and
two disk memories connected by interprocessor buses.

Du Pont signs Soviet trade deal

The Du Pont Co. has signed an agreement with V-O Techmashimport, a So-
viet trade organization, to sell Du Pont technology for making chromium
dioxide used in audio and video magnetic tape. Du Pont also has concluded
negotiations with Sumitomo Shoji America Inc. and the Soviet trade agency
for the sale of chromium-dioxide manufacturing equipment.

GE’s microwave headaches continue

The Food and Drug Administration has ordered General Electric Co. to in-
spect 36,000 more microwave ovens for radiation leakage and make free
repairs where necessary. But GE, which was earlier directed to recall about
17,800 older Versatronic and Hotpoint microwave-thermal ranges, is resist-
ing the order. FDA also advised GE to stop distributing the two models.

Medical-device standards due

Almost all electronic medical devices will be subject to minimum perform-
ance standards, the Federal Food and Drug Administration recently an-
nounced. A new list of device standards to be developed in the next three to
five years includes high- and low-voltage generators for the $500 million
annual X-ray equipment market and products in the $61 million hearing-
aid market. Other systems are shortwave and microwave diathermy (heat
treatment) apparatus, ultrasonic body scanners and electrocardiograms.

Interconnect rule to be set by FCC

April 1, 1976, is the effective date of the Federal Communications Commis-
sion’s decision on Oct. 31 to permit AT&T customers to interconnect data
modems and data terminals to telephone lines without an AT&T inter-
connection device. If the modem or terminal is equipped with an FCC-regis-
tered protective circuit, the user will avoid installation and rental fees for an
AT&T protective module [Electronics, Oct. 31,1974, p. 20].
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SURPRISE!

We buildin the decoder/driver
s0 you don’t have to.

Not only the decoder driver but memory too'!
HP's family of integrated displays was designed with an on-board
IC to save you time and up to 50% of the space required by
conventional LED display systems. These bright 0.29 inch
high, shaped character displays are completely TTL compatible. All
you do is address them directly with four-line BCD input.
HP's 5082-7300 series displays include numeric displays with
right- or left-hand decimal points, a hexadecimal display
(09, A-F), and a “=1" polarity /overflow indicator.
For immediate delivery of any quantities you need, call Hall-Mark, Schweber,
Wilshire, or the Wyle Distribution Group (Liberty, Elmar) today.

01329A
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MONOLITHIC CRYSTAL FILTERS

SPEAKING TO THE DEAF

Our monolithics find their way into
some fascinating and unusual appli-
cations. For instance — a narrow-
band FM system which allows chil-
dren with severely impaired hearing
to participate in normal classroom
activities. One of the requirements
of the system was that both the stu-
dents’ receivers and the teacher's
transmitter allow unhindered
movement by the wearer. Another
was freedom from interference, in-
cluding interference from other
systems in nearby classrooms. Cost
was also an important factor. One
of our standard 10.7 MHz tandem
monolithic crystal filters in each
receiver takes care of the interfer-
ence. lts size is consistent with the
needs of the wearer. Its cost is con-
sistent with educational budgets.

HRVE IT YOUR WAY

As regular readers of this column
know by now, we offer the broadest
line going of standard monolithic
crystal filters. It may be worth men-
tioning that we’re just as interested
in helping you with a custom mon-
olithic as we are in showing you
new ways to use our regular models.
We've done hundreds of production
“specials’ from 5 to 180 MHz. May
we do one for you?

What's your production application?
Talk with us about it. We may be
able to help. And if your interests
include teaching the deaf, we'd be
happy to put you in touch with the
manufacturer of this equipment.

Piezo Technology Inc.

2400 Diversified Way Orlando. Florida 32804
305-425.1574

The Standard in monolithic crystal filters.
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work remains to be done.”

IBM’s hardware costs of $465,000
for a System/370 installation and
$226,000 for a System/7 installation
are not far under the $237,000 of
System Development Corp., its
nearest competitor. However, the
SDC proposal, which features three
Hewlett-Packard 21MX-M/30 mini-
computers, projects a cost of 90
cents per 100 transactions.

IBM’s edge comes from its pre-
viously developed communications
control application program “which
provides message-handling capabil-
ities. . . in a network of remote ter-
minals,” notes the FHLBB review
team. IBM can sell its software pack-
age for $22,000, while the FHLBB
says the SDC software cost is
$402,500. 1BM’s switching system
consists of a model 5010 processor,

By announcing late last month that
it will procure $1 million worth of
photovoitaic solar cells, the Energy
Research and Development Admin-
istration is heating up silicon-cell
production for terrestrial use. The
cells, to be delivered in four to six
months, will be capable of a peak
output of 40 kilowatts [Electronics,
March 6, p. 29]. Annual output is
now 100 kw. Moreover, ERDA should
order an additional 130 kw of cells
by the end of December.

Five companies have been se-
lected to provide off-the-shelf de-
vices in panels measuring up to 4 by
6 feet and supplying up to 5.6 watts
per square foot, depending on the
vendor. An estimated 90% of the to-
tal are being shipped by Solarex
Corp., Rockville, Md., and Spectro-
lab Inc., Sylmar, Calif., a subsidiary
of Hughes Aircraft Co. The other
three firms are relative newcomers:
Sensor Technology Inc., Chats-
worth, Calif., M7 International Inc.,
Arlington Heights, lil., and Solar
Power Corp., Wakefield, Mass.

Most of the modules will be used
in photovoltaic systems in remote,
battery-operated equipment on
which ERDA is running a series of
tests in cooperation with the Depart-
ment of Defense. The remainder will
be devoted to applications in the
civil sector by NASA-Lewis Research
Center, Cleveland.

ERDA'S photovoltaic program,
being managed by Jet Propulsion
Laboratory, Pasadena, Calif., seeks
to reduce the cost of photovoitaic
power to $5 per peak watt by 1979,
down from the present $17 to $20,

ERDA’s photovoltaic-cell effort
kicks off with procurement, research

and to demonstrate the feasibility of
50-cent cells by 1980 [Electronics,
June 12, p. 75]. For these goals,
ERDA has allocated $12 million to 16
contractors for four research tasks
to last up to 18 months.

Thus, seven organizations will in-
vestigate developing less expensive
but sufficiently pure silicon mate-
rials. They are: Battelle Memorial In-
stitute, Columbus, Ohio; Dow Corn-
ing Corp., Hemlock, Mich.;
Monsanto Research Corp., St.
Louis; Motorola Inc., Phoenix;
Texas [nstruments, Dallas; Union
Carbide Corp., Sisterville, W.va.,
and Westinghouse Research Labo-
ratories, Pittsburgh.

Also under study will be methods
of producing silicon in large sheets,
among them vacuum deposition,
dendritic web, and Czochralski
growth. Nine organizations being
funded for this are: Crystal Systems
Inc., Salem, Mass.; General Electric
Co., Schenectady, N.Y.; Honeywell
Corp., Bloomington, Minn.; Mobil-
Tyco Solar Energy Corp., Waltham,
Mass.; Motorola; RCA Laboratories,
Princeton, N.J.; Rockwell Inter-
national, Anaheim, Calif.; University
of South Carolina, Columbia, S.C.,
and Varian Inc., Lexington, Mass.

Still another task is to develop
automated equipment to assemble
the cells into arrays, and this will be
studied by Motorola, RCA Labora-
tories and Texas Instruments. Fi-
nally, techniques must be perfected
for encapsulating and weather-
proofing the arrays, and Battelle,
Rockwell, and Solar Power are
being funded for these tasks.
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“0ld Shoe” logic won't

keep you on your feet

We hear it all the time. “I’d
rather use TTL because I'm used
to it. It’s comfortable . . . com-
fortable as an old shoe.”

Most of us are inclined to operate
that way on occasion, but can you
afford it in competitive times like
these, with more and more people
scrambling for a piece of your
action?

There’s no denying that TTL is
the most appropriate logic form
now available for a very large num-
ber of systems. But it’s also true
that it’s used for more systems than
it ought to be. Because:

For [ Lower power
 Noise immunity

[jSupply voltages above and
below 5 V
Wider commercial product
temperature range

Money savings#

GMOS beats any TTL

Not only does CMOS beat TTL
in the areas critical to many sys-
tems, but it does better on the
speed/power plot than some folks
would have you believe. Just look.

The graph reiterates something
we’ve probably all taken for
granted, that single gate vs. single
gate, CMOS is tops below 1 MHz.
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Look closely and it indicates
something far more revealing.
When complex functions, MSI,
are compared, CMOS more
than holds its own to the end
of its frequency range.

After thinking this over, if
that old TTL shoe looks like it
might pinch your system, then
think about this.

For ¥ MSI

@ Full line 3V to 18 V
supply range
# Reliability

Motorola’s GMOS,
MCMAOS, leads the rest

McMOS+t puts more CMOS
MSI at your disposal than any
other brand, with complete
coverage for CMOS logic sys-
tem requirements, and there’s
also a plus in MPU and data
comm systems MSI.

McMOS reliability has climbed
steadily to the top while prices have
dropped into direct competition
with TTL, reflecting benefits of the
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ultra-modern Austin, Texas facil-
ity. Naturally, McMOS provides
all inherent CMOS cost savings.
Don’t make systems rely on an
“old shoe.” For McMOS informa-
tion and a thorough analysis of
CMOS vs. bipolar, circle the reader
service number or write to Moto-
rola, P.O. Box 20912, Phoenix, AZ
85036. Give your Motorola sales
office or authorized distributor the
business . . . McMOS business.

“*Saves money by using smaller,
less expensive power supplies, wire
and connectors. Dispenses with
cooling equipment. Saves money
because the system neednt operate
in such a tight voltage range. In
battery systems, batteries last
longer two ways . . . drain is slower
and CMOS continues operating
properly after the voltage drops
below TTL levels. Saves money
because TTL noise suppression
requirements needn’t be met.
CMOS not only resists greater
levels of noise. but generates less
on its own because it switches at
lower current ievels.

tTrademark of Motorola Inc.

MOTOROLA McMOS

- complementary MOS for contemporary systems
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Thinking about
custom hybnds? Collins

has alot to offer.

If you are considering hybrids, consider
Collins. Our capabilities include:
For Conventional Hybrids:

e Thick Film

e Thin Film

e Laser Resistor Trim

e Low and High Density

e Multiple Packages

e Beam Lead
For RF Hybrids:

e Microstrip (UHF and Microwave)

e Up- and Down-Converters

e Power Amplifiers

e Low Noise Amplifiers (LNAs) .

e Local Oscillators

e Integrated RF Systems
They are proven in Aerospace and Aviation
Applications.
We meet MIL-STD-883/MIL-M-38510.
Our capabilities include Analog/Digital Auto Test
at Temperature, Custom Design Implementation,
and Design Specification.
Our production facilities are among the most
advanced in the world. Collins has, in its more than
12 years of hybrid experience, built over 4,000
hybrid designs. They’re all in our database.
Our technical teams are eager to work with you.
Put us to your test.
Call: Marvin Steffen, Marketing Manager, at
(214) 690-5937. Or write: Hybrid Microelectronics
Marketing, Collins Radio Group,
Rockwell International, Dallas, Texas 75207.

N

Rockwell International

..where science gets down to business
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new market opportunity spurred by
the desire to conserve energy. The
automated central stations could
monitor and control heating and
air-conditioning systems, sending
signals to on-site actuating devices
and control equipment and match-
ing the energy supplied to actual re-
quirements. And down the road,
Ditch says, ADT anticipates moving
into monitoring conditions relating
to Federal oSHA (Occupational
Safety & Health Administration)
standards.

“We’re doing some market re-
search in this area now,” adds
Ditch, “and while it may be too
early to speculate as to what kinds
of things we might look for, the
monitoring of fumes or even the ef-
fluent in certain types of industrial
facilities seem to be likely appli-
cations.”

Alarm. In the Houston system, in-
coming alarm signals flash onto a
CRT screen and are recorded by a
high-speed printer. Simultaneously,
emergency information retrieved
from the computer’s memory is dis-
played and recorded. This informa-
tion tells the ADT operator, among
other things, where the endangered
premises are, whether the emer-
gency is a fire, burglary, or holdup,
and what remedial action ought to
be taken. The display also lists num-
bers of police and fire departments,
as well as such information as
home-telephone numbers of bank
managers, merchants, or others re-
sponsible for the alarm-protected lo-
cation.

Unlike the other 157 ADT central
stations across the country, the
Houston station handles all routine
scheduled signals, such as when an
alarm-protected bank vault is
opened in the morning and closed at
night, without the aid of an oper-
ator. According to Ditch, the routine
procedures account for well over
90% of activity at the ADT security
operations center.

The computer also is programed
to assign priorities to incoming
alarm signals. For example, a bur-
glar alarm would take precedence
over a signal indicating a problem
on the signal-transmission line. [
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TDA 2020-20 watts from a chip: hi-fi!

Meaning only 1 per cent distortion over the dimensions are not critical and the integral copper
audio band for a typical eutput of twenty watts. slug ensures efficient heat transfer.
All for a few hundred miilivolts in. The single No problems with loudspeaker connections
or spiit supply arrangement lets you eliminate either, because the output is short -circuit proof.
costly and troubiesome electrolytics. The TDA 2020 shares its versatile power op
The standard package allows easy assembly. amp configuration with the lower -rated TDA 2010.
Thanks to thermal shutdown the heatsink Two soloists, but a full symphony of applications.

SGS-ATES Semiconductor Corporation - Newtonville, Mass. 02160 - 435 Newtonville Avenue - Tel 617-0691610 - Telex. 922482 Stocking Distributors: Edmar Electronics Co., Des Plaines,
ILL, (312) 298-8580 - Energy Elzctronic Products, Los Angeles, CA, (213) 670-7860 - Esco Inc . Dayton, OHIO, (513) 226-1133 - KA Electronic Sales, Dallas TX, (214) 634-7870

Radar Electric Co , Seattle, WA, (206) 282-2511 - Re-Cont Electronics Inc , Santa Clara, CA, (408) 9840400 - Rosy! Electronics, Bayshore NY, (516) 586-1800 - Wilshire Electronics,
Burlington, MASS, (617) 272-8200 - Zeus Components Inc, Eimsford. NY, (914) 592-4120 - Burlington, MA, (617) 273-0750 - Pompano Beach, FLA. (305) 942-4312

Prelca Electronics Ltd . Montreal 357, Guebec, (514) 389 8051
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SAVE 30% TO 50%
ON THE COST OF MONOLITHIC
CERAMIC CAPACITORS

— =

~!0~

This major cost saving is the result
of our new BME™ capacitor tech-
nology. We've eliminated precious
metals entirely from the electrodes
and terminations of our BME™
capacitors. No precious metals means
lower cost. So now we offer you our
complete line of monolithic ceramic
capacitors — BME Chips™, BME
Radials™ and BME Axials™ — at a
genuine savings of 30% to 50%.

This significant reduction is not based
on a momentary drop in precious
metal prices. This is a long-term so-
lution due to the replacement of
precious metals by non-noble metals
which are not subject to the same
dramatic cost spirals.

SAVE WITH RELIABILITY

Our BME™ capacitors have not sac-
rificed the inherent electrical and
mechanical Ceramolithic® quality.
Their reliability can be demonstrated
by the extensive test procedures to
which they have been subjected.
Write to our Applications Engineer-
ing Department for complete test
reports.

SAVE WITH DESIGN
FLEXIBILITY

Now you can seriously consider
monolithics to replace micas and tan-
talums. Our BME™ capacitors fea-
ture non-polarity, a wide range of

TYPICAL SELLING PRICES PER UNIT FOR
USCC’S BME-KAPS™ ON
QUANTITIES OF 5000 OR MORE

BMETM «J” DIELECTRIC (COG) BME-Chip™ BME-AxialTM BME-RadialTM
I thru 100 pF, 5%, SOWVDC 5.1¢ 6.8¢ 7.5¢
1000 pF, 5%, 50WVDC 12¢ 16¢ 16¢
BMETM “§” DIELECTRIC (X7R) BME-ChipT™ BME-AxialT™M BME-RadialTM
.01 uF, 20%, SOWVDC 3.5¢ 5.8¢ 5.8¢
.1 uF, 20%, 25WVDC 9¢ 16¢ 14¢
1.0 uF, 20%, 25WVDC 52¢ —_ 73¢
BMETM “R” DIELECTRIC (Z5U) BME-ChipT™ BME-AxialTM BME-RadialTM
I uF, 480 —20%, 25WVDC 5.7¢ 8.8¢ 8.8¢
47 uF, 480 —20%, 25WVDC 13¢ 16.5¢ 16.5¢
1.0 uF, 480 —20%, 25WVDC 19¢ 27¢ 25¢
2.2 uF, 480 —20%, 25WVDC 35¢ — 49¢

capacitance value, low leakage, high
volumetric efficiency, availability in
chip, radial and axial packages at
prices competitive with mica below
1000pF and tantalum up to 2.2uF.

SAVE ON DELIVERY TIME

Elimination of precious metal ma-
terial costs have permitted us to
stockpile chips. We now have five
to ten million units in over 40 pop-
ular values ready for two-week de-
livery in chip style or four-week
delivery in leaded configurations.

JOIN THE USCC/CENTRALAB
BME™ CAPACITOR
SAVINGS PLAN

Get all the details today. Write on
your company letterhead for your

USCC/Centralab

Electronics Division # Globe-Union Inc

concise Savings Plan Price list —
your pass book to the lowest mono-
lithic ceramic capacitor prices avail-
able. Compare it with anyone else’s
price list and see.

Remember, USCC/Centralab—
Quality, Volume, Savings.

USCC/Centralab &,

SAVINGS py AN
BME™
3010502 SAVINGS

4561 Colorado Boulevard ® Los Angeles, Ca. SO0039
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Has your 3500 micro ended up costing more

than our$2600 mini?

If youve had to spend a lot of
money on a low priced micro, you may
be in a position to appreciate the cost
advantages of a higher priced computer.

Our $2600 Nova 3:

When you buy a Nova 3, you don't
have to put as much into it to get it to do
your job.

You don't have to create your own
operating systems. Nova 3 is software
compatible with our other Novas. So
you get to use all the existing Nova
operating systems, language processors
and utilities.

And you don't have to worry about
performance. Nova 3 executes
instructions in 700 nanoseconds using
MOS memory. And its sophisticated
architecture lets you use up to 128K
Words with the optional Memory
Management Unit.

You don't have to buy more

computer than you need. Nova 3 has
the broadest range of compatible
configurations you can get in an OEM
minicomputer line. Theres a 4 slot
Nova 3. A 12 slot Nova 3. (It has an
optional expansion chassis that gives
you 12 more slots of 1/0.)And you can
configure multiple processor Nova 3
systems.

You don't have to worry about
Nova 3 availability. Were manufacturing
virtually every part of the Nova 3.
Including the silicon gate N-channel
MOS RAM memories. ( Theyre coming
from our Sunnyvale, California facility.)

And you don't have to go it alone.
Because when you buy a Nova 3, you
can get all the support Data General
offers an OEM.

Write or call for the Nova 3 brochure.

It may persuade you to buy more and

Spend leSS. *$2600 is the single unit price for a 4K MOS memory Nova 3.
Before the OEM and quantity discounts get figured in.

DataGeneral

Nova 3: The biggest thing to ever hit the OEM market.

¢ Data General, Dept. LI, Route 9, Southboro, Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario. Data General Europe, 15 Rue Le Sueur, Paris 75116, France.
Data General Australia, Melboumne (03) 82-1361/Sydney (02) 908-1366.
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Justice urges delay
of BFT switch buys

Navy orders 100
Interdata minis
in $12 million pact

NiOH:2 batteries
seen as standard
for next decade . ..

Electronics/November 13, 1975

The Justice Department has thrown cold water on the San Francisco Federal
Home Loan Bank Board’s (FHLBB) plan to buy an electronic system to
channel deposit and withdrawal information among 195 saving and loan
associations in its region [Electronics, Oct. 2, p. 59]. The antitrust
division says the FHLBB decision to buy a system, at a cost of up to
$700,000, was premature. ‘‘Competitive pressures have already generated
a wealth of private BFT systems [but] a Federal EFT system could deter
private competitors,”” says Assistant Attorney General Thomas E. Kauper.
Bank board officials have ‘‘indefinitely postponed’ the contract award
and the procurement may be cancelled. Bankers insist, though, that the
Federal agencies responsible for transferring currency among banks—the
regional bank boards for s&Ls and the Federal Reserve system for com-
mercial banks—should develop regional switching systems. But the new
challenge from Justice has stalled both agencies. Many national banks have
organized independent corporate entities to develop their own switching
systems [Electronics. April 17, p. 38] and industry observers suggest that
s&Ls may be forced to do the same thing. (See related story, p. 38).

Minicomputers have intrigued the Navy sufficiently for it to award a $12
million, three-year contract for 100 Interdata 732 systems, plus a wide
variety of peripherals, with C3 Inc.. a Fairfax, Va., systems house. The
annually renewable contract guarantees the purchase of at least 10
systems by the Navy’s automatic data-processing equipment selection
office. Prospective users within the service ‘‘will be able to place orders
against the contract,”” says selection-office deputy Raymond Huber, for

“a system that meets their particular requirements. The 16-bit Interdata minis

have a cycle time of three quarters of a nanosecond and a memory capacity
of up to 1 million 8-bit bytes. The large order size, Huber explains, was
designed to hold down the Navy’s costs of internal competition ‘‘every
time someone needed a small machine’” as well as shorten the time lag
between a user’s determination of need and the delivery of operational
hardware. Included in the C3 order for peripherals are three different types
of printers and disk drives, two different card readers, tape units, CRT
displays, and terminals.

The next-generation battery for commercial and military satellites will get
its first flight test late next year when the Navy’s Navigation Technology
Satellite 2 is launched with nickel-hydrogen (NiOH,) batteries developed
by Comsat Laboratories, Clarksburg, Md. With a power density level of
“‘at least 15 watt-hours per pound and a potential density of wn/lb.,”
the new cells have 2.5 to 4 times the 6-wH/lb. density of state-of-the art
nickel-cadmium cells, Comsat officials say. Officials estimate that the
NiOH, battery can save more than 100 pounds, or 10% of the gross
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weight of a typical communications satellite. And the batteries™ 10-year
lifetime will permit their use as storage batteries for terrestrial photovoltaic
cell arrays.

... as Lockheed Enthusiasm for the NiOH, battery is so great that California’s Lockheed
Missiles and Space Co. in Sunnyvale and Hughes Aircraft Co. in El Segundo
and Hughes propose have included Fi)t in their proposils to supply the International Telecommun-
NiOH: to Intelsat ications Satellite Organization (Intelsat) with up to 15 new satellites worth
$250 million. The new Intelsat V satellites would replace units now
currently relaying voice and television signals around the world |Elec-
tronics, Oct. 16, p. 34]. Industry officials say the battery may be
exempted from Intelsat’s policy against flying unproven technology if
the Navy tests are successful. But Lockheed and others are hedging their

bets by suggesting NiCd cells if the NiOH, units fail the Navy test.

Roles of OTP and Speculation that the White House Office of Telecommunications Policy
was about to go out of business and its role absorbed by the Commerce
Eger are boosted Department has been put down by President Ford. **No consideration is
by White House being given to the elimination of oTP or to its transfer from the Executive
Oftice of the President,”” Ford says in a written reply to a query from
Sen. Howard H. Baker Jr. (R-Tenn.). But the President’s statement
leaves open the prospect that oTp could become part of a reactivated
Office of Science Adviser to the President, which the White House has
said will be revived and given larger responsibilities than it had before
it was dissolved by Richard Nixon.
At the same time, OTP’s acting director John Eger gained a measure
of job stability as the White House pulled back from nominating former
Federal Communications Commissioner Robert Wells to succeed him.
Wells™ long service and close ties in the broadcasting industry were
considered a major liability. Discussion of a successor to Eger is now
dormant.

ERDA is urged The Energy Research and Development Administration’s plan to demon-
- g strate power systems using silicon photovoltaic cells while keeping advanced
to build thin-film thin-film technologies such as cadmium sulfide on the back burner has
photocell systems been challenged on Capitol Hill. The congressional Office of Technology
Assessment has questioned the decision and given a vote of confidence

to the advanced concepts.

‘A number of other materials, such as gallium arsenide and cadmium
phosphide, are receiving considerable attention from the private sector,
and some of them appear quite interesting,”” OoTA says. Congress should
also require ERDA to include more photovoltaic demonstration projects than
currently planned, ora adds.
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Time interval measurements like
you've never seen before.

Plug the HP 5379 A Time Intcrval Unit
into the HP 5360A Computing Counter
and things happen faster than they could
ever happen before.

This unique combination resolves time
intervals to 100 picoseconds. With

absolute accuracy of 1 nanosccond. And
you can measure zero, positive and
negative intervals, which makes it idcal
for checking coincidence.

By adding the HP 5375 A Kcyboard,
you can enter programs to produce
instantancous answers about phenomcm
that you could never previously measure
with a counter. Things like peak-to-peak
jitter; rms Jitter; phase measurements;
duty cycle; and radar ranging in feet,

02920A

60A COMPUTING ¢
WLETT . '“:.A'ODUNTER

56

e
5:3

inches, meters or any other units you want.

Thanks to the 5379A, dozens of jobs
can be handled easily and accurately. Thesc
includc calibration of radar, lasers, and
laboratory instruments; testing semi-
conductors and computers; cable fault
location; delay line adjustment; ballistic
and nuclear measurcments.

It does all this while saving you the
cost of a computer, because the computer’s
built in. And you're not buying a counter
that only mcasures time interval. You're
getting the most advanced frequency
measuring system available today, ideal
for measuring pulscs, pulse trains or any
time-based events.

The cost is $1350 for the plug-in and
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88500 for the mainframe. Your local HP
field enginecr will be glad to arrange a
demonstration. Give him a call. Or writc
for complete information to Hewlett-
Packard, Palo Alto, California 94304;
Europe: 1217 Meyrin-Geneva, Switzerland.

HEWLETT w PACKARD

Sales and service from 172 oftices in 65 countries.
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Electronics international

Color-facsimile signals multiplexed
on TV broadcasts in Japanese system

In an experimental system, facsimile
signals ride piggyback on a color-
television broadcast so well that a
home TV set can in two minutes re-
ceive a letter-size page of copy in
four colors. Matsushita Electric In-
dustrial Co., which developed the
system with NHK, Japan’s public-
service broadcasting network, esti-
mates that a color-facsimile adapter
could be made at less than the cost
of an ordinary color-Tv set. How-
ever, some obstacles must be over-
come first.

Government approval must be
obtained, and broadcasters have to
figure out how to tie facsimile in
with their programing and how they
would be paid for their service. Fac-
simile copy could either be related
to the Tv programs or differ com-
pletely.

But before the system goes into
broadcasting service, it is likely to
be used for such applications as fac-
simile transmission on private lines
and computer output. Neither of
these tasks would require strict stan-
dardization or licensing.

Innovations. To make the system
possible, a new type of head was de-
veloped to shoot ink jets, and a tech-
nique was developed to transmit
facsimile signals on a subcarrier
modulated on the sound-signal car-
rier in a dot-simultaneous mode.
The color-printing process is based
on the absorption of portions of in-
cident white light as it passes
through successive layers of subtrac-
tive primary-color pigments; con-
versely, color-television trans-
mission forms colors by adding the
light of the three additive primary
colors. However, black ink must be
added in the printing process to give
the primary colors enough bright-
ness contrast.

An assembly of four heads shoots
the ink in the four colors on plain
uncoated paper. Signals to the later-
ally displaced jets are delayed by
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successive 8-millisecond intervals.
The yellow head writes first in real
time, the magenta head writes next,
then the cyan, and the black comes
last, 24 ms later. Resolution is six
lines per millimeter.

The ink streams, which print
without odor, are not deflected, as in
conventional systems. The size of
the droplets, which are produced
only when needed, is proportional
to the desired printing densities at
the points being written. This tech-
nique, which permits printing in
varying tones, also prevents circula-
tion of excess ink.

Analogous to the intensity modu-
lation of electron guns, the droplet
size is regulated by the magnitude
of driving pulses to piezoelectric ele-
ments that actuate movable dia-
phragms to eject the ink. The hori-
zontal scan comes from rotation of
the paper wrapped around the fac-
simile drum, and the vertical scan
comes from motion of the heads
along the axis parallel to the drum.

Delaying. The ink-color signals
are delayed by the same kind of
bucket-brigade devices Matsushita
uses in its recently announced vari-
able-speech-control tape recorder.
The applications are surprisingly
similar because the highest fre-

quency in the facsimile system is be-
low 10 kilohertz.

The basic format of the multi-
plexing system is similar to that
used for multiplexed fm broad-
casting in the U. S., except that fac-
simile replaces the subsidiary com-
munications-authorization channel
on the second subcarrier of the
sound signal. However, the fre-
quencies differ because of the need
to space the pilot frequency at an
odd multiple of half the television
horizontal-scan frequency.

For transmission, a color-facsim-
ile signal similar to the NTSC color-
television signal used in Japan and
the U. S. is modulated on the second
subcarrier. The luminance signal,
which occupies the frequency range
from O to 10 kHz, can be used alone
for black-and-white reception. The I
color-difference component of the
chrominance signals is transmitted
between 10 and 15 kHz, and the Q
component is transmitted between
15 and 20 kHz. Since these signals
are discrete, they can be separated
by tuned filters. In contrast, the I
and Q signals for color-television
transmission are combined in phase
quadrature, and fairly complex cir-
cuits are required to reconstitute
them. O

West Germany

X-ray system provides real-time view
of semiconductor devices on TV screen

Both the yields and the reliability of
semiconductor devices are likely to
improve, once an X-ray/television
system now in the final stages of de-
velopment becomes available. The
equipment presents pictures of crys-
tal growth on a TV monitor for di-
rect viewing in real time, in contrast
to hours-long exposure of photo-
plates that is necessary in other

methods. The system, being devel-
oped at West Germany’s Max
Planck Institute for Solid State Re-
search in Stuttgart, is being funded
by Bonn’s Ministry for Research
and Technology.

The new equipment can be used
in semiconductor research as well as
industry for nondestructive investi-
gations of crystals and devices dur-
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ing component manufacture. In de-
vice production, for example, crystal
layers can be viewed after high-tem-
perature diffusion steps or before
the various masking steps.

Werner Hartmann, whose group
devised the technique, says that the
system has already aroused much
interest among semiconductor man-
ufacturers. When development is
completed, the equipment will prob-
ably be manufactured by Garching
Instrumente GmbH, a subsidiary of
the Max Planck Society. Production
may also be licensed.

Viewing. The crystal to be exam-
ined is oriented so that its atomic
lattice planes reflect light from X
rays of constant wavelength. The
crystal in front of the X-ray beam is
shown on the monitor as a topo-
graphic image of the crystaline body
and its structural imperfections,
such as unwanted grain boundaries
and dislocations.

These imperfections adversely af-
fect the mechanical stability and
electrical characteristics of crystal
and limit the yield and reliability of
semiconductor devices. Perfect
planes produced under normal con-
ditions show up as a uniformly gray
image on the monitor, but imperfect
planes, which reflect the light differ-
ently, show up as contrast fields on
the monitor.

The TV picture can also be
presented in color. For viewihg in
color, a converter changes light-in-
tensity values into color signals so
that lattice imperfections show up in
one color and the perfect sections in
another. By remote control, any de-
sired section of the crystal can be
moved into the field of view. A se-
quence of crystal pictures can be
stored on magnetic film for later
evaluation.

Magnification. The equipment
can clearly show crystal details less
than 10 micrometers wide on the
monitor, and viewers can watch any
imperfections in lattice structure as
they are formed. Hartmann says
such high magnification, unattained
before in direct image representa-
tion, is a prerequisite for basic re-
search on crystal lattices, structures,
and imperfections.
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The system has a 30-kilowatt
X-ray source with a rotating molyb-
denum anode. The crystal to be ex-
amined is placed near this source,
and the X-ray image is converted
into visible light. The resulting pic-
ture is projected through an optical
system onto a sensitive television
camera, which sends the picture sig-

The Stuttgart team is now plan-
ning to investigate dislocations in
semiconductor crystals subjected to
high mechanical stress and tempera-
ture-loading. Such investigations,
Hartmann says, are necessary to un-
derstand the aging processes and
causes of failure, especially in such
devices as laser diodes and inte-

nals to the TV monitor.

grated circuits.

O

Around the world

French company provides nonvolatile SOS memory

Long dependent on U.S. companies for advanced circuit technology,
France is now fostering an embryo design company that is aiming at sales
in U.S. and West German markets. The French hope that the combination of
powerful research resources and a small, market-oriented engineering
team will set an example to others in the French semiconductor industry.
Efcis (Etude et Fabrication de Circuits Integrés Speciaux) is a spin-off from
a large electronics-research establishment, the 500-man Laboratoire
d'Electronique et de Technologie de I'Informatique, which handles funda-
mental, applied-electronics, and computer-technology research for the
French atomic-energy commission.

Now, as a separate company, the same design team is completing devel-
opment of several custom-made silicon-on-sapphire circuits. Next year, the
company plans to start selling MIIS (metal insulation insulation semicon-
ductor) SOS memories. The market for MIIS memories, which are nonvola-
tile, promises to be huge. Although power failures wipe out data on conven-
tional semiconductor memories, MIIS circuits retain data in the form of
electrical charges between two layers of insulation and remain independent
of an outside power supply. The first 1,000-bit industrial samples will go out
next year, and Efcis is pushing ahead to develop a 4,000-bit chip.

But Efcis could hardly move into standard products even if it wanted to.
This year, the company will produce about 60,000 circuits and plans an in-
crease to 200,000 next year. At best, the company figures it could expand
up to a production of a million chips a year, but so far most of its sales have
been for small runs of 1,000 to 10,000 circuits, far below the 200,000 mini-
mum volume set by such big semiconductor makers as Motorola and Texas
Instruments.

Norwegians bulld military-communications gear

Norway's armed forces now are putting into service a new generation of
portable field-communications hardware—a manpack transceiver and an
electronic-telephone set. The new hardware was designed as well as built
in Norway to cope with the severe winters and the 1,100-mile length of the
country. ‘Aksjeselskapet Mikro-Elektronikk has a $17 million contract to
supply 2,600 of its NO/PRC 111 manpack transceivers over the next three
years. A/S Elektrisk Bureau has a $4 million order to deliver 16,000 of its
TP-6N field-telephone sets this year and next, plus an option for an addi-
tional 10,000 sets in 1977.

The Norwegian army is getting leading-edge hardware from its native
suppliers. AME’s single-sideband manpack radio can send or receive on
any of 285,000 frequencies over a band from 1.5 to 30 megahertz at output
power up to 25 watts. In the TP-6N, the Norwegian armed forces are get-
ting—for about the same price—a set that's about one third as heavy and
nearly double the range of a conventional field phone. The new electronic
hardware can transmit a maximum of 35 kilometers over a standard twisted
pair. All the elements are solid state and mounted, along with three special
lithium D cells, on one printed-circuit board. All told, the set weighs less
than 2 kilograms and can be carried in a field-jacket pocket.
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we'll lease you this scope
for $42 per month.

You can't buy a better deal.

If you bought a Tektronix 465 outright, it
would cost you about $2.100.* If you lease it from
REI for 36 months, it’ll cost you $42 a month.
And, we can give you immediate delivery of these
brand- new instruments, even in multiple

Rental Electronics, Inc.,
99 Hartwell Avenue, Lexington, Mass. 02173.

Please send me: [J information on your TEK 465 offer.
[J information on the following test equip-

—
I |
I I
| |
quantities. | ment |
No matter what kind of test instrumenta- | |
tion you need . . . scopes, analyzers, counters, re- Name Title
corders, generators, power supplies, vou nameit . . . | |
we can lease it to you at a rate that lets you get | Company |
more equipment out of your equipment budget. | |
For the full story of how REI can solve your Address
electronic test equipment acquisition problems . . . I ‘ I
through rental, leasing, or outright purchase . . . | Gy State Zip |
call your nearest Instant Inventory Center, | Tl Number |

or send the coupon. L

*Based upon Tektronix curvent list price.

Rental Electronics, Inc.

A REPSICO {EASING COMPANY

Burlington, MA 1617) 273-2770 « Gaithersburg, MD (301) 948-0620 ¢ Oakland, NJ (201) 337-3757 ¢ Ft. Lauderdale. FL (305) 771-3500
Des Plaines. IL (312) 827-6670 o Dallas, TX (214) 661-8082 ¢ Mountain View, CA (415) 968-8845 e Anaheiny, CA (714) 879-0561
Rexdale, Ontario (PLC Leasing Ltd.) (416) 677-7513
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Intermetall slates
three I12L devices
for next year

Market hopes rise
for electronic
gear in Spain . ..

... as Univac helps
form Spain’s second
computer company

Toshiba C-MOS chip
selects TV fare
at preset times

Electronics/November 13, 1975

International newsletter

Two integrated injection-logic devices for electronic organs and one for
alarm clocks are to be marketed early next year by Intermetall GmbH,
Freiburg, West Germany. The member of the 1Tt Semiconductor group
will begin sampling the organ 1cs this month, and begin delivering
large quantities in January. The clock circuit will come along later.

The organ circuits, the SAA 1004 and SAA 1005, are frequency-divider
circuits Intermetall is offering *“at the price of conventional 1cs.”” Each chip
has an area of 2.4 square millimeters. The clock circuit, the UAA
1007, integrates on a 2.9-mm? chip the clock-drive circuitry, a 2-kilohertz
oscillator, the output stage for the alarm tone, and the circuitry for the
alarm program.

Barring upheaval, electronics markets could grow in Spain next year for
communications gear, computers, consumer-electronic equipment, and in-
struments. That is the consensus of electronics executives who are worrying
about what the government would do if Franco should die. Another worry
is, however, whether a new government can stimulate the once-booming
economy without overheating an inflation rate of at least 17%.

The hope is that investment will return, as public confidence in stability
grows, to help rekindle the boom that fizzled in 1975. If that happens,
the turnaround could begin by mid-1976, says Jose M. Coronado, assistant
to the president of ITT's Standard Electronica, S.A. Pacing the upturn
would be government outlays for communications, increasing business
automation, and rising sales of color-television sets as the country
expands its de facto recognition of the paL system.

Spain will get its second national computer company when papers are signed
between the Instituto Nacional de Industria (1R1) and Sperry Univac. The
companies are forming what junior partner Univac calls Uniforesa. To
begin full operation by late 1976, Uniforesa plans to make 150 Univac
model 90/30 computers, worth $50 million a year. One third of them
are to be exported. Sperry Rand Espanola. which views Uniforesa as a
new European-based plant, will independently market Univac 1100-series
computers. The new company follows creation of Secoinsa by a consortium
created around Japan's Fujitsu to make minicomputers for telecommunica-
tions switching.

The most elaborate channel-selection device yet developed for color-Tv
sets is due on the market from Toshiba in February. The viewer programs
his selections for the day into the device, and the Tv screen displays the
time and lists the channels as he chooses them.

Actually a clocked complementary-Mos chip, the device automatically
switches a varactor-tuned television set to a desired channel at a preset
time. The circuit, which contains about 8,200 transistors on a chip
5.4 mm square, is furnished in a 42-pin dual in-line package. Buffers
prevent latching that might be triggered by high-voltage surges from a
color-television set.

The channel selector can bé preset for a maximum of 16 programs,
which consist of the on and off times and the channels desired at those
times. The device operates at 4.5 megahertz from a 4.5-volt supply, and
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Computers to save
British Rail net
triple their cost

Sescosem upgrades

56

power transistors
for switching

Canon projector
reduces lihe
widths for ICs

West Berlin to try
fiber-optic net

International newsletter

three dry cells prevent loss of program and keep the clock running in
the event of a power failure.

A new on-line computer system is expected to save British Rail three times
its price of $33 million by keeping close tabs on some 300,000 freight
cars in the United Kingdom. The system, built around two 1BM Sys-
tem/370-168 computers, is expected to save 20,000 freight cars plus $6
million a year in operating costs. The mammoth network, augmented by
a phalanx of 1BM and Control Data Corp. disk drives, receives continuously
updated information from the 155 area centers on the status of every
car in each jurisdiction. Automatic polling by the ToPs (total operations
processing system) reveals the unused cars available for trains, thereby
reducing the number of idle cars in marshalling yards.

The Sescosem Semiconductor division of France’s Thomson-csr has started
to position itself for a strong share of the burgeoning market for switching
power transistors in Europe. Officials maintain that their company has
pushed its technology to the point where figures of merit for power
transistors in switching applications approach those for signal transis-
tors. The high performance levels of these switched power supplies should
open new industrial applications of all sorts. Sescosem is backing this
belief with a heavy development program to boost ratings. The short-term
aim: an 800-volt, 60-ampere transistor on the market by mid-1976.

Sales of a projection-type pattern-exposure unit for extreme reductions of
integrated-circuit patterns began this month. Canon Inc., developer of the
$107,000 model FPA-141, says the system can reproduce the submicro-
meter line widths needed in fabrication of very-large-scale 1cs and
microwave transistors, as well as magnetic-bubble, charge-coupled and
surface-wave devices. Canon claims that the FPA-141 can resolve line
widths down to 0.8 micrometer and that optical-system distortion is less
than 0.01%.

When projecting a mask on a wafer, a high-performance optical system
can reduce photomask dimensions to 25% of their original linear dimen-
sions. The system was designed for 2-inch wafers, but larger sizes can
be accommodated. After reduction, the maximum effective pattern size
is 14 millimeters in diameter. Larger portions of the wafer can be
exposed by step-and-repeat operations—an area of a wafer 30 by 30
mm square can be covered in nine exposures. Both the G line of 436
nanometers and the H line of 405 nm are used for exposure to minimize
standing waves.

An experimental glass-fiber-optic communications network that would
transmit 480 speech channels over several kilometers is being planned in
West Berlin by Germany’s Ministry for Research and Technology and the
Bundespost. Expected to get under way in 1977, the project is designed
‘‘to test optoelectronic components under actual operating conditions
in local trunk lines and to give the industry practical experience with
such components,’’ says a Bundespost official. Requests for bid proposals
have gone out to a number of electronics manufacturers.
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THERE'S A [ == s DISTRIBUTOR NEAR YOU

Circurt Speciahists
1110 N. Scottsdale, Tempe 85281
6029660764

E‘!edrcn-cs Etc.

2205 Fourth St., Berkeley 94710
415-845-0169

Al Lashers Electronics

1734 University Ave., Berkeley 94703
415-843-5015

Orco Electronics

2003 Harbor 8ivd ., Costa Mesa 92627
714-646-5037

Ancrona

11080 Jetferson, Culver City 90230
213-390-3595

Inter-Link Systems

10601 Highway 85, Cupertino 95014
Suite #212

408-257-7165

Dunlap Electronics

1750 E. McKinley Ave., Fresno 93703
209-268-6111

Bastc Systems Corp.

5021 San Vicente Bivd., Los Angeles 90019
213-938-2833

Dynaservice Company

1020 S. Atlantic 81., Los Angeles 90022
213-268851

IC Electronic Supply
618 W. Katella Ave., Orange 92667
714.997.5343

Katherine Atwood Enterprises
1859 N. Sacramento, 92667
714-637-7080

U.S. Electronics

4081 €I Camino Way, Palo Alto 94306
415.493-8166

Dow Radio Inc.

1759 E, Colorado 8ivd, Pasadena 91106
213-793-1195

Materiel Techniques Inc.

2677 Matn St., Riverside 92501
714.686-6186

Lombard's Lafayette Radio

1201 Shore St., Sacramento 95691
916-371-2760

Zackit Store

1831 “J” St., Sacramento 95814
916-446-313

Digi-Tronix

600 §. Man St. #10, Salinas 93301
408-7580543

James Electronics

1021 Howsard St., San Carlos 94070
415.592-8097

Electronics Plus

823 Fourth St., San Rafael 94901
415-457-0466

2Zackit Store

1815 Sonoma Blvd., Vallejo 94590
707-644-6676

I1C Electronics Supply

16723 Roscoe 8ivd., Van Nuys 91406
2138948171

Timeo Sales

16024 Sherman Way, Van Nuys 91406
213.8734940

For Overseas Distributors
Contact East or West
Coast Otfice

Or you may order by dialing

on the East Coast

Lombard's Lafayette Radio
5152 Holhister Ave., Santa Barbara 93105
805-964-6706
Valley West
879 LaBurnam Dr., Sunnyvale 94086
408-738-3566

_hrY _
Hatry Electronics
610 Boulevard, New Haven 06519
203-787-5921

Electrex Company
200 N.E. 162 St., N. Miami Beach 33162
305-945-6483
J & H Etectrontes Co.
1615 W. Waters Ave., Tampa 33604
813935.1208

4
Umited Electronics
328 3rd St East., Twin Falls 83301
208-733-7324

Klaus Radio Inc.
905 S. Ne:l St., Champargn 61820
217-356-1896
Joseph Electronics
8830 N. Milwaukee Ave., Nifes 60648
312-297-4200
Maretsen Electronscs
PO Box 375, Prospect Heights 60070
3125932766

(RN
Acro Electronics Corp.
1101 W, Chicago Ave., East Chicago 46312
219-397.8681
Graham Electronics
133 8. Pennsylvania St_, Indianapoiis 46204
317-634-8486
Indiana Electronics Contractors
1603 Deloss St., Indianapohs 46201
317.636-2571
Ra Dis Co Inc
814 N. Senate Ave., Indianapohs 46202
317.637-5671
Midwest Supply Electromics
1216 Wabash Ave., Terre Haute 47804
812-232.0187
Ralph's
3004 Cameron St., Lafavette 70501
318.234-4507
Wm. 8. Alten Supply Co Inc
1601-21 Basin Orleans, New Orleans 70116
5045258222
Brooks Electrontcs
1307 Natchitoches St., West Monroe 71291
318-3230344
Ht-F1 Buys
1101 € Grand River,, East Lansing 48823
517-337-1767
Main Electronics Co.
5558 S. Pennsylvania, Lansing 47910
517-882.5035

SR

Edtronics Company
3840 Rhode |s. Ave., St. Lours Park 55426
612-938-7541
P
Gateway Electronics Corp.,
8123-25 Page 8ivd ., 5t. Lows 63130
314.427.6116

CANADA:
Available through Len
Finkler, Ltd., Ontario

Scott Electronic Supply

4040 Adams St., Lincoln 68504
402-464-8308

- R

Feedback inc.

438 Springfield Ave., Berkeley Haights 07922
201-464-5181

William Electronics Supply

1863 Woodbridge Ave., Edison 08817
201-985-3700

Jackson Distributors Inc.,

1900 Genessee St., Trenton 08610
609-392-8008

s 1IN

Car-Lac Electronics industrial Sis.

75 Orvilie Drive, Bohemra 11716
5165674200

Fordham Radio
558 Morns Ave,, Bronx 10451
212-585-0330

KRP Electrontcs Supermart
219 West Sunnse Highway, Freeport 11520
616-623-3346
Nobel Electronics
265 Lntle Tor Rd S., New City 10956
914.634-3535

w0 P o L am Wa

Hammond Electronics

2923 Pacific Ave., Greensboro 27406
919-275-6391

e

Hosfelt Electronics

224 Opal Bivd., Steubenvilie 43952
614-264-6464

TR

Component Speciaities Inc.

7920 E. 40th St., Tulsa 74145
918-749-6981

Steve Dunn Electronics
PO Box 11294, Portland 97211
503-622-3597
JaMac Products Co
8600 NE Sandy Bivd., Portland 97220
503-252-2929
o=t pa e .
Black Electrical Supply
203 westheld St., Greenwille 29602
803-233-4142
Hammond Electronics
100 Auvgusta St.. Greenwilte 20602
803-2334121
TRAM)
KA Eiectronic Sales
1220 Majesty Drive, Dallas 75247
214 634.7870
10
Central Utah Electronics Supply
735 South State St., Provo 84601
801-373.7522
A 80 b T -
Robert E. Priebe Co.
2211 Fifth Ave , Seattle 98121
206-682-8242
LA L R RN
Etectro Distributing Co. iInc.
507 Beechurst Ave., Morgantown 26505
304-296-5647
R
Amateur Electronics Supply
4828 W, Fond Du Lac Ave., Milwaukee 53216
414.442-4200

=== CONTINENTAL SPECIALTIES CORPORATION

44 Kendall Street, Box 1942, New Haven, CT 06509 ¢ 203/624-3103
West Coast Office: Box 7809, San Francisco, CA 94119 e 415/421-8872

You get a FREE Metric/English Conversion Slide Rule with each order, All CSC devices are
made in USA. All prices are subject to change.
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THE Oh: SOURCE
FOR EVERYTHING
IN BREADBOARDING

© COPYRIGHT CONTINENTAL SPECIALTIES CORPORATION 1975
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U|ckTest SOCKETS

They're called °

Keep going non-stop, fromidea
stage to final design, using the
same components over again
without bending, twisting or
loading with solder. The fast,
reliable Quick Test Sockets
and Bus Strips let you try out
new ideas or rejuvenate old
ones with complete safety to
your discrete and IC compo-
nents and your fingers.
WNPLE /2 Mount-
ing holes in the plastic housing
let you top mount to any flat
surface with 4-40 flat head
screws, or 6-32F self-tapping
screws for behind-the-panel
mounting.

Quick Test
Sockets and Bus Strips con-
form to 1/10’’ grid and are DIP
compatible. ICs, diodes, resis-
tors, capacitors, transistors, etc.
are plugged right into the sock-
et and/or strip, without mes-
sy, time-consuming soldering.
oL All you need is a
wire stripper and #22 AWG
solid hook-up wire. Connect
power and ground leads to your
bus strip. Plug in your [Cs,
transistors, resistors, etc. Now
interconnect components with
#22 wire. Connect a signal
source to bus strip or directly to

I B " :

Sockets: Groups of 5 Connected Tie Points

K ’ because now you can
breadboard any cnrcunt faster than drawing. These snap-

input point of your circuit. Each
socket has 5 tie points per ter-
minal; each bus strip has 2
separate rows of interconnect-
ing terminals. Turn on the pow-
er and signai source. Hook-up
a scope probe, counter, etc.
Then, if you have to add a wire,
need another IC or component
— just plug it in. You'll never
burn your fingers or get solder
shorts. And you don't need any
specual patch cords, either.
Each
termmal consists of § con-
nected solderless tie points
formed from a pre-stressed,
spring loaded, non-corrosive
nickel silver alloy to insure se-
cure mechanical and low resis-
tance electrical connections.
Simply push in your lead, wire
or component and you've got a
connection, quickly and
easily, without dam-

age to either the ’
socket or your
components.

INNRECTIONS

sl

AN -

TOP VIEW

BOTTOM VIEW

it's that simple!
All Sockets are oL Al
Bus Strips are 11 wile. All
Sockets and Bus Strips are
.33'’ thick. And all are great for
high temperature operation —
for worst case circuit design to
over 100°C.
¥ 200 allows
you to expand or contract your
breadboard by snapping to-
gether as many sockets or
strips as you need. Look at the
picture, and see how quick and
simple A LLCE expan-
sion is.

BB ERES
I E 2 2 B B X N2 R J
([ E B2 X B2 N KR J
[ E X X NN 2N ¥ J
(X A E XN 2 N R J

r(-;::::: EE ,=z|

2 Buses of Interconnected Terminals — 5 Tie Points Each




and BUS STRIPS

together, compact breadboards let you plug-in, test,

wire, modify, build ...
3 ,

|

without solder or patch cords!

10 Modestly Priced Models . . . off-the-shelf

Order yours i

today!

Use the handy"....fff

order form!

U.S. Patent Design No. 235,554

R

Hole- |[Termi| Unit

length|to-Holel nals |Price $
aT-5 6.5"|6.2" |118 | 12.50
OT-598B| 6.5" | 6.2" 20 2.50
Q7475 ( 5.3 5.0" | 94 | 10.00
QT478| 5.3" | 5.0" 16 2.25
0T-355 | 4.1 | 3.8" 70 8.50
QT-358| 4.1 | 3.8” 12 2.00
QT-18S | 24" | 21" 36 4,75
QT-125| 1.8" | 1.5" 24 3.75
QT8s (147 1.1" 16 3.25
)T-7S | 1.37 1 1.0" | 14 3.00




=E= now offers

6 expanded breadboards. ..
from easy-to-assemble
kits to built-in,
regulated power
supplies!

CONTINENTAL SPECIALTIES

PROTO
BOARDS

CSC combines QT Sockets and Bus Strips into a
variety of versatile ProtoBoards. Make all your circuit
and power interconnections with inexpensive

solid #22 wire. Aluminum base plates offer solid,
ground plane work surfaces. Rubber feet prevent
scratching. 5-way binding posts tie into sys-

tems or power supply grounds. And, all

are compatible with digital or linear ICs,

in TO5s, DIP packs and discrete com-

ponents. With the exception of

the inexpensive kit, all are

assembled and ready

for you to start build- .
ing right away. GroUnd PIane and solld eriace

All are compatible
—— with digital/linear
ICs, in TOSs, DIP
packs and discrete
components

All connections
made with
common #22
AWG hook-up
wire

Rubber Feet prevent scratching

“Patent Pending



For openers, here’s
the popular mini-
breadboard kit with
10 IC capacity and
low, low price

We’'ve put the best together (2 QT-
35S Sockets and a QT-35B Bus
Strip) . . . 760 tie points (less than
2.7c ea.) . .. throw in all the ruts,
bolts, screws, binding posts 'n rub-
ber feet . . . even simplified direc-
tions . . . and the fun of building
your own working ProtoBoard be-
gins. DIMENSIONS: 4.50” (114.3
mm) Wide. 6" (152.4mm) Long.
1.35” (34.3mm) High. Ordzar today.
Start building. Start testing. Start
saving.




PROTO BOARD,

101

A compact mini-
breadboard at a
mini-price, but
with expanded
10 14-pin DIP
capacity.

Continentat Spec. Co. ‘
p., 44 Kendall St., Now Haven, Conn. 08511 f

2995
if you're on a budget, here’s the PROTO BOARD
ProtoBoard for you. 10 14-pin DIP 102
capacity. 940 solderless tie
points (less than 3.2¢ ea.). 8
distribution buses; 2 horizontal,
6 vertical; 30 contacts each.
Weighs only 9 oz. (.255
Kg). 5.8 x 4.5 (147mm x 3995
114mm). Complete and
ready to start testing.
And that price.
How sweet it is!
Order today.

A mid-size mid-
priced ProtoBoard
with 1,240 solder-
less tie points that
has as many uses
as you can create.

The PB-102 is a step up

from PB-101, offering 12 14-

pin DIP capacity and the same

mechanical/electrical features.

The 1,240 solderless tie points

costless than 3.2¢ ea. 8 distri-

bution buses on each; 2 horizontals

with 30 contacts each. Lightweight,

only 11 0z. (.312 Kg). Compact. 7"’

x4.5"" (178mmx 114mm). It's assem-
bled and ready to start testing the minute
you open the package. What are you

waiting for? Order yours today.

Continental Spec. Corp., 44 Kendail St New Haven, Conn 06511



PROTO BOAR

103

The versatile,

expanded,
granddaddy of all
the ProtoBoards.

5995

BOARD.
104

The

King Size
ProtoBoard
that offers it
all ... atavery
easy price.

You name it. PB-104 has it.

3,060 solderless tie points at only

2.6¢ ea. 32 14-pin DIP capacity to

build an entire system, including

power supplies. Four 5-way binding
posts; one grounded, three floating.
Rubber feet. 14 distribution buses; 4
horizontal with 50 contacts each, 10
vertical with 50 contacts each. Light-
weight, only 1 1b. 12 0z. (.794 Kg). Mea-
sures 8''x9.76" (203mm x 248mm). It's all
here. Ready to use . . . and reuse. And,
the price isn't bad either, when you
consider everything you’re getting!

EERT
7995

S
; ﬂ® U o

ﬁgj\#\ vy ,.‘~ ;

Continenial Speciaities Corporation. 44 Kendall St.. New Haven, Connecticul 08514

PB-103 was our first ProtoBoard be-
cause (until now) it had just about

everything you could need . . . and
still does. 2,250 solderless tie points
at less than 2.7¢ ea. Four 5-way
binding posts; one grounded. 24
14-pin DIP capacity. 10 distri-
bution buses; 2 horizontal

with 40 contacts each, 8 ver-

tical with 50 contacts each.

Weighs only 1 Ib. 4 oz.

(.567 Kg). 6''x9’’ (152

mm x 229mm). It may

be the first. But it's

the livin’ end when

- it comes to proto-

\ testing. It's
ready-to-use.
\ The price is

\, great. Order



You asked for them. Now here are two powerhouse
ProtoBoards . . . with built-in regulated
short-proof power supplies!

Here is the uitimate in prototesting. New PB-203 and PB-203A
protopowerhouses are ready to use. Just plug ‘em in and start
building. The PB-203 offers 2 extra floating 5-way binding posts
for external signals. Both are self-contained with power switches,

Fantastic price.

w,“.\_ ) '

203

3 QT-59S Sockets
4 QT-59B Bus Strips
1 QT-47B Bus Strip
Fuse . Power Switch
Power-On Light
9.75"'L.x6.6"'W
x3.25""H Weight 5 1bs.
5V, 1 AMP regulated
power supply

DY f
r ®

Output voltage 5V+%V

Ripple & Noise @ 2AMP
10 millivolts

L.oad Regulation

Better than 1%

7’ 00

each

indicator lamps and power fuses. 24 14-pin DIP capacity. All
metal, two-tone quality cases. Good looks. Great technology.

3 QT-59S Sockets
4 QT-59B Bus Strips
1 QT-47B Bus Strip
Fuse. . Power Switch
Power-On Light
9.75"L.x6.6""Wx3.25"'H
Weight 5.5 Ibs.
5V, 1 AMP regulated power
supply (same as PB203)
+15V, %AMP regulated
power supply
-15V, %2AMP regulated power supply
Output voltage
15V, internally adjustable
Ripple and noise
@¥%AMP 10 miliivolts
Load Regulation
Better than 1%

12

00
each




LOW COST ... COMPACT ...
CONTINENTAL SPECIALTIES “Patent Pending

PROTOCLP y i

Test with power on and hands off . . . with
out shorting leads. All for under $5. j

Here's the micro-troubleshooter you've looked for.
I'ts narrow, deep throat brings IC leads up from crowded
pc boards for fast signal tracing. Or even injecting signals
and wiring unused circuits into existing boards. See those
unigue gripping teeth (below); scope probes and test
leads lock onto them instantiy, easily to free your hands for
other work. The plastic construction eliminates springs
and pivots. And, the molded flexible web* insures thousands of
sure operations. Non-corrosive nickel/silver contacts
give simultaneous low resistance connections to
all your IC leads. | f you work with ICs you
need these inexpensive CSC ProtoClips.
So, order yours today .

PC-14 (14-pin ProtoClip). . . . . $4.50 each
PC-16 (16-pin ProtoClip). . . . . $4.75 each

PRE-WIRED

PROTO CLIPS

WITH CABLES

. .. a new dimension in interfacing

How easy can you get? Pre- Cable| Price Each
wired ProtoClip Cables length| Single[ Dual
simplify IC connections to inches| clip [ clip

other ICs, pc boards, test PC-14 12 | 7.50 | 14.50
fixtures . . . evenintercon- PC.14 18 [7.75 |14.75
necting ProtoBoards, Avail- PC.14 24 |8.00 (15.00
ableup to 36” {914mm), pr.14 30 |8.25 |15.25
these factory-tested, ready- pPC-14 | 36 |8.50 1550
to-use, cables are rated up
to 150V and 105°C. #28 PC16| 12 |825 [15.75
AWG stranded conductors, pc.qg 18 (850 [16.00
with vinyl PVC insulation. pc.ig [ 24 8.75 [16.25
Here’s how to order . .. o9 | 30 9.00 [16.,50

FC16 ] 36 19.25 [16.75

NOTE: S=Single Clip

D=Dual Clips
When ordering include Part
No.-Cable Length-Single(S)
or Dual (D} Clips



If you want to check logic levels without an
expensive scope ... here is Continental
Specialties Logic Monitor . . . that brings ICs to
life ... as it tests DTL, TTL,
HTL and CMOS on one
accurate monitor

2.5
DY
DA , o
gga { NENTRL JPECIA
BN 2
D 3 o
T
| Logic
B} 5
A ;’ °
= ONILOf

« Self powered e Self contained

» Pocket size ® No adjustment or calibration

+ One unit for testing DTL, TTL, HTL and CMOS

« Put life into your digital designs

+ Watch signals work their way through counters, shift registers,
timers, adders, flip flops, decoders, entire systems

» Concentrate On Signal Flow, input/Output Truth Tables

» Forget probe grounds, pin counting and sync polarity

* Versatile ® Fast ® Accurate e Indispensable

Order your Logic Monitor 95
today. Use handy order

form enclosed. each

b % | T

Input Threshold 20+ 2V

Input Impedance 100,000 ohms

Input Voltage Range 4V min. to 15V max. across
any two or more inputs

Maximum Current Drain 200ma @ 10V

Temperature Range 0°C to 50°C

Weight 3 oz. (85 grams)

Maximum Dimensions (LxWxD) 4x2x1.5'’ (102x51x38mm)



What the
Logic Monitor

does

Continental Specialties’

Logic Monitor simultaneous-
ly dispiays static and dynam-

ic logic states of DTL, TTL,
HTL or CMOS DIP ICs in a
compact, self-contained,
pocket-sized unit, Never
needs calibration or adjust-
ments. Traces signals
through counters, shift reg-
isters, gating networks, flip
flops, decoders. . .entire
systems, made up of mixed
logic families. Now that's
versatility and value from
one low cost instrument!

How the
Logic Monitor

works

Each of the 16 input con-
tacts are connected to
independent single 'bit"”’
go/no go detectors with
LED readouts. Each detec
tor circuit turns on a high
intensity LED when its in-
put voltage exceeds a fixed
2V threshold. A power-
seeking gate network auto-
matically locates supply
leads and feeds them to the
Logic Monitor internal cir
cuits. Simple, but effective
.. .and a must for your lab.

It's so easy
to use

Simply clip the Logic Moni-
tor to any DIP 1C up to 16
pins. Precision plastic guides
and the unique flexible web’
insure positive connections
between non-corrosive
nickel/silver contacts and 1C
leads. Logic levels appear in-
stantly on 16 large (.125"”
dia.), clearly marked, high
intensity LEDs. Logic '1"
(high voltage) turns the LED
on. Logic “O" (low voltage
or open circuits) LED off.
Best of all, it fits in the palm
of your hand and operates
instantly. Order today.

‘Patent Pend




A&«'h?suz? S entation concept that
you' Q‘%f@lity laboratory-
grade t ents » . , at prices

B & \m%]o;'é can apfford.
Designe*n'd b?:xl;.fbnﬁ yrofessional and
__ the'hobbyist.". . DESREN MATES work
independently or 1‘nte%ed ‘to solye complex
" problems quigkly, easily.

ii. f Completely aésembled. Defailed ipstructions.

~

“““Special application notes. R¢ady-to-use.
Order now.Start'solying now . . .




OMI is where answe
Metal finishers have been bringing us their tough
ones for years. Fine. We've got the answers.

For example:

A manufacturer of hydraulic cylinders was producing
precision parts faster than existing plating facilities
could handle them. OMI’s Udylite Division installed
its Ultrachrome™ ACS process and production capa-
bility jumped 70% with no sacrifice in quality.

The world's largest coil-coating line must process
more than a mile of strip at a - reed of 600 fpm. Its
designers looked to our Parker Division for the super
line's complete wet section—cleaning and prepaint-
treatingchemicals and control equipment. They gotiit.

Dissatisfied with cost and production levels for critical
gold plating processes, a maker of telecommunica-

tions devices switched to a new process from OMl's
Sel-Rex Division. Plating time was cut in half...gold
consumption was reduced by 15%. And the resulting
boost in production allowed for a 50% saving in labor
cost alone.

Need a better answer...a better way to increase the
capability and profitability of your operation? Chances
are OMI can help. Ask for our brochure “The World
of OMI," write:

Oxy Metal IndustriesCorp.,21441 HooverRd.,Warren,
Michigan 48089.

OMI

OXY METAL INDUSTRIES CORPORATION

U DY L I T E S E L R E X P AR KE R
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Through Omron’s 43-year
history, each product has been
designed and built as we
have seen needs and filled
them. One by one, year after
year, as your needs grew, so
did our family. And our family
continues to grow—so that
today Omron offers some of
the broadest lines of control
components available.

Omron enjoys a worldwide
position of leadership—a
position built on excellence in
engineering, manufacturing,
and marketing. And Omron’s

|

commitment to quality prod-
ucts and service means you’ll
get what you need, when

you need it.

So welcome Omron as your
component supplier. Tell us
your needs. Our applications
engineering department will
respond to your phone inquir-
ies for key performance
data within 48 hours.

Omron will prove—you’re
not alone anymore!

Omron Corporation of America
Corporate Headquarters
Sears Tower, Chicago, Illinois

Sales and Service

1051 State Parkway
Schaumburg, Illinois 60172
Phone: (312) 885-9500

Welcome
to the family,
little fella




Omron
Representative
Organization

EASTERN REGION

Andres Component
Sales, Inc.

(716) 244-2445

Upstate New York

The Candor Co., Inc.
(803) 448-8361

No. Carolina, So. Carolina,
Tennessee, Mississippi,
Georgia, Alabama, Florida

Gerber Sales Co., Inc.
(617) 890-8040

Maine, Vermont,

New Hampshire,
Massachusetts,
Connecticut,

Rhode Island

S-J Associates, Inc.
(212) 291-3232

Metro New York,
Northern New Jersey
Trinkle Sales, Inc.
(215) 922-2080
Southern New Jersey,
Delaware, Maryland,
Virginia, West Virginia,
Pennsylvania, D.C.

CENTRAL REGION
Bear Marketing Inc.
(218) 659-3131
Ohio

Mark Kruvand Co., Inc.

(214) 691-4592
Arkansas, Louisiana,
Oklahoma, Texas

R. C. Nordstrom & Co.
(313) 559-7373
Michigan

Quantum Sales, Inc.
(612) 831-8583

North Dakota, South
Dakota, Minnesota,
Western Wisconsin
The John G. Twist Co.
(312) 593-0200
Eastern Wisconsin,
Illinois, lowa, Kansas,
Missouri, Eastern
Nebraska

James Woolgar Co.
(317) 546-6888
Indiana, Kentucky

Circle 79 on reader service card

WESTERN REGION

N. R. Schultz Company
(206) 454-0300
Washington, Oregon,
Northern idaho, Western
Montana, Alaska
Straube Associates, Inc.
(415) 321-9050

Northern California,
Nevada, Colorado, Utah,
New Mexico, Wyoming,
Eastern Montana,
Southern fdaho, El Paso
County, Texas,

Western Nebraska

Q. T. Wiles & Assocliates
(213) 478-0183

Southern California,
Arizona, Hawaii

For more information on
branch offices, call
representative's office
or contact Omron Sales
and Service office.



At some point in your system, all the panels and
black boxes must get together, so you can get your
system all together.

And Sylvania has that point.

Our new 50-position rack and panel connector.

It's available with either point-to-point or crimp
snapg-in contacts.

Contacts are on a standard 0.200-in. matrix for
automatic wiring applications. The position of each
contact is held within a diameter ¢f 0.20-in. of its
true position.

The phenolic molded connector has copper-alloy

vania getsitall

contacts with gold or tin plating.

The 50-contact model is available now, off-the-
shelf, and additional models will be in production
soon.

As with all Sylvania connector products, custom
modifications or completely new custom designs are
aveilable.

We are able to maintain the highest quality control
over all of these connector products because we con-
tro! the complete operation from molding the plastic
through stamping, plating and assembly.

Right up to the finished product.



together.

You get the same quality control whether you
want our 50-contact connector, your own modifica-
tion, or something completely special.

We can put it together for you because when it
comes to connector technology, Sylvania has it all
together.

So get together with us. Call or write: GTE
Sylvania, Parts Division, 816 Lexington Avenue,
Warren, Pa. 16365, 814-723-2000.

We're helping you make it.

SYWANIA
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EASIEST-TO-USE

45
r

7438
SENSE

FLAG
7438

------1

2650
WRP
R/W
OPACK

OPREQ

4 R/W

2606
256 X 4 RAM

2606
256 X 4 RAM

2608
1024 X 8 ROM

CE CE Ccs

f

Voe GND

L

CLOCK

6]

SIX PACKAGE MINIMAL SYSTEM

ADDRESS BUS

The 2650-static, 5V, TTL compatible, 8-bit T -

Conceptual simplicity is the key to the 2650’s ease of
design. This P is static, not dynamic. Its multiple
addressing modes mean fewer instructions. Even the
instruction set is extra powerful, to increase coding effi-
ciency. Features that add up to less memory required,
less design time. Less parts cost and assembly time.
More value.

Illustrated: Parts for 6-package system. Can be
purchased for under $100 in quantities of 1.

How much less than $100? In large quantities,
the parts could go below $50. But what’s most important
is that if you build a larger system— perhaps with 5 or 10
times the memory, plus more I/0—you’ll do it with the
greatest of ease, and increase your savings still further.
Because the 2650 won’t need the special (and expensive)
memory and LSI I/0 chips required in other microcom-
puter systems. What’s an outstanding value in small sys-
tems becomes an unbeatable value as the systems get

larger. Convince yourself by looking at this beautifully
simple Teletype system, a typical example.
1 Only one +5V power supply drives everything in the
system; and this microprocessor is really low power:
just 525mW max.
Standard, low-cost memories— your choice. This 6-
package system with TTY interface uses only 3 ICs
to give you 1024 bytes of standard ROM, 256 bytes of
standard RAM. ROM can contain bootstrap loader and
I/0 driver programs for the TTY, plus operating programs
for the system. Other programs plus data can also be in

the ROM or written into the RAM by the TTY. Or use a
PROM instead of a ROM for maximum flexibility.

Single-phase, TTL-compatible clock input eliminates

the nest of transistors, crystal and extra ICs some
other microprocessors require. Simple. Cheap. Works
better.




--oooéooza

o

Photo approximately twice actual size.

4 On-chip serial interface eliminates a 24-pin IC. And on-the-spot Field Applications Engineer assistance.

its cost. And its space. And its connections. You get more computer with fewer parts at less cost

5 Where are the special interface chips? There aren’t with the 2650. That’s high-technology value. Send now
any in this sample system. And not much in any for complete details and prove it to yourself.

other system you might design with the 2650. With much

of the I/0 built into the 2650, you can interface the I/0

devices with simple, low-cost, industry-standard 74LS,

7400 and 8T circuits. % geng me {1}:11 specsl&beal))éif)%ged mar;ua}é hfree.i o .

For instance, get both input and output with the end me the complete 2650 manual with update service
8T31 Bidirectional I/O Port. Or take the 8T26 Quad Bus m] ((?:1?1,3: rtl(s,::::fecrt E’:ﬁ;t?é’fi"fdﬁfv'é."c’ms‘ s R
Driver as another example. Signetics offers fifty 8T types O Have a Field Applications Engineer make an appointment
and nearly everything in 74LS and 7400—all low cost, with me soon.
all industry standards. Lower parts cost means much
greater value. NAME

Software and people to back the 2650 are here now.

Cross assemblers and simulators are available in [ELLLE T
batch and on timeshare. (The assemblers come in both -
32-and 16-bit formats because we realize that not every- “ t ns
one has a 32-bit machine.) And there’s a prototyping card I
(CPU, RAM, ROM) with debug firmware. Documentation, 811 E. Arques Ave., Sunnyvale, CA 94086
manuals, application notes. Plus training seminars and

Attach this to your letterhead for fast response

EL.
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Meet the new
990 Computer Family
from
Texas Instruments

Introducing the 9900 Microprocessor
and 990 Series Micro/Minicomputers




Upward Compatible Software and
Downward Competitive Prices

At TI, we've started a new family
tradition in micro/minicomputers
with the 990 computer family . . . a
new tradition based upon a heritage
of semiconductor leadership.

The 990 computer family sets
new price/performance standards
because of an important milestone
in MOS technology . . .

The TMS 9900 single-chip,
16-bit microprocessor.

Powerful enough to be the heart
of a full minicomputer, the TMS
9900 is also the best microprocessor
going for terminals, machine
monitoring and control, and a host
of OEM applications.

All in the Family

The same company . . . Texas
Instruments . . . makes every
member of the family, and makes
every member software
compatible, from the bottom up.
The new Model 990/4 micro-
computer and Model 990/10
minicomputer use the instruction
set of the TMS 9900 micro-
processor. This means that
software developed for the low-end
computers will be compatible with
the higher performance models.
And, users can expand their
systems with a minimum of
interface and software adaptation.

The TMS 9900 Microprocessor

The TMS 9900 is a 16-bit,
single-chip microprocessor using
MOS N-channel silicon-gate
technology. Its unique architecture
permits data manipulation not
easily achievable in earlier devices.
With its repertoire of versatile
instructions and high-speed
interrupt capability, the TMS 9900
microprocessor provides computing
power expected from a 16-bit TTL
computer.

The Model 990/4 Microcomputer

It’s a complete computer on a
single printed circuit board using
the TMS 9900 as its central

processor. The 990/4 is ideally
suited for terminal control,
peripheral device interface control,
and as a CPU for OEM customers.

In addition to the TMS 9900
microprocessor, the 990/4
microcomputer contains up to 8K
bytes of dynamic RAM, up to 2K
bytes of static RAM and/or PROM,
eight vectored interrupts, front

anel interface, real-time clock
input, two 1/0 buses for low- and
high-speed devices, and optional
ROM utilities.

With the 990/4, you can select a
low-cost OEM package, a 7-inch or
12%-inch rack-mountable chassis,
or a table-top enclosure . . . and

memory expansion to 58K bytes.
Price: The Model 990/4 micro-

computer with 512 bytes of memo-

ry is.only $368* without chassis

and power supply. This same

model with 8K bytes of memory

is only $512*.

S art TMS 9900 micoprocessor
.. .16-bit, single-chip CPU with minicomput-
er instruction power.

The Model 990/10 Minicomputer

The most powerful member of the
family is the Model 990/10
%(}e‘neral- urpose minicomputer.

€ 990/10, a TTL implementation
of the 990 architecture, provides
the high-performance speeds
demanded in many applications.

A memory mapping feature
providing memory protection and
privileged instructions supports
memory expansion to two million
bytes. And TILINE**, an
asynchronous high-speed I/0 bus,
supports both high-speed and
low-speed devices. Chassis options
are the same as those for the 990/4.

Price: With 16K bytes of memo-
ry, chassis, power supply and pro-
grammer’s panel,the Model 990/10
minicomputer is only $1968*.

Built Better
Backed Better

In addition to the family of
compatible hardware, Texas
Instruments backs you with
complete software and support.
Standard software packages
include memory-resident and
disc-based operating systems;
FORTRAN, COBOL, and BASIC
compilers; and program
development packages with
utilities. And, for you to develop
application programs for the
990/9900 family, we offer cross
support on timesharing networks
and standalone software
development systems. Oneis a
low-cost system using the 990/4. . .
the other 1s a disc-based system
using the 990/10. And, a
prototyping system is offered for
TMS 9900 users to develop custom
software and firmware modules.

T1I supports you with training and
applications assistance, plus an
installed nationwide service
network backed by TI-CARE T, our
automated remote diagnostic,
service dispatching, and real-time
field service management
information system.

Get to know our new family. Call
our nearest TI office, or write
exas Instruments Incorporated,

P. O. Box 1444,

M/S 784, Houston, S
Texas 77001. Or, phone
Computer Equipment
Marketing at (512) 258-5121.

Arlington, Va. (703) 527-2800 - Atlanta, Ga. (404) 458-7791 - Boston, Ma. (617) 890-7400 - Chicago, . (312) 671-0300 + Clark, N.J. (201) 574-9800 - Cleveland, Oh. (216) 464.2990 - Costa Mesa, Ca. (714) 5407311
+ Dallas, Tx. (214) 238-5318 » Dayton, Oh. (513) 253-6128 + Denver, Co. (303) 751-1780  Detroit, Mi. (313) 353-0830 » El Segundo, Ca. (213) 973-2571 » Hamden, Ct. (203) 281-0074 - Houston, Tx. (713) 494.5115 »
Indianapalis, In. (317) 248-8555 + Milwaukee, Wi. (414) 475-1690 + Minneapolis, Mn. (612) 835.5711  Philadelphia, Pa. (215) 643-6450 + Rochester, N.Y. (716) 461-1800 - San Francisco, Ca. (415) 3920229 - Seattle, Wa.
(206) 456-1711 + St. Louis, Mo. (314) 993.4546 « Sunnyvale, Ca. (408) 732-1840 - Winter Park, F1. (305) 644-3535 - Amstelveen, Holland 020-456256 - Bedford, England 58701 « Beirut, Lebanon 452010 « Cheshire, England
061 442 8448 + Copenhagen, Denmark (01) 917400 + Croydon, England 01-686-0061 + Essen, Germany 01241/20916 + Frankfurt, Germany 0611/39 90 61 - Freising, Germany 08161/801 - Milan, Italy 6888051 » Montrea,
Canada (S14) 341.5224 - Nice, France (93) 20-0101 -+ Paris, France (1) 630-2343 - Slough, England 33411 « Stockholm, Sweden 62 71 59/62 71 65 + Sydney, Australia 831.2555 « Tokyo, Japan (3) 402-6181 » Toronto,

TEXAsS INSTRUMENTS

Canada (416) 889.7373

*QEM quantity 50, U.S. domestic prices.
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INCORPORATED

** Trademark of Texas Instruments.
1 Service Mark of Texas Instruments.
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~ TERADYNE'S NEW
MALL BACKPLANE TESTER.

POINT BY POINT.

The Teradyne N123 backplane test
system makes quality testing afford-
able to manufacturers of smaller back-
planes. Let us point out a few of its
many advantages.

Point 1.
SIMPLIFIED FIXTURING.
Two-cable daisy-chain connection
with interchangeable fixture cards
eliminates time-wasting wire-per-
point fixturing. Only two cables are
ever needed no matter what the back-
plane complexity or configuration.

Point 2.

YOUR OWN TERMINOLOGY.
The N123 delivers error messages

in your own product language. Lost

time and the chance of mistakes in

translation are completely avoided.

Point 3.
PRECISE DIAGNOSTICS.

Until now you might have been
receiving error messages that made it
seem as if you had as many faults as
there were points in the network. The
N123 gives you one unambiguous
error message per fault, permitting
fast repair by nontechnical personnel.

Point 4.
SIMPLE OPERATION.

The N123’s dedicated front panel
enables nontechnical personnel to
learn its use in minutes. By answering
a series of questions, the operator
sets up the pin-naming scheme. Then
the system automatically programs
itself from any verified backplane.

TERADYNE BACKPLANE

PIN TaRES 0
ERTER

w03 mges

g =m

AT BT L

v . TEI At Yo ome
& eagg

Point 5.
EXPANDABILITY.

When you change the size or con-
figuration of the backplanes you're
testing, there’s no need to invest in a
completely new fixturing system. Just
add or remove the necessary fixture
cards.

e ————re ST

TERADYNE BACKPLANE

Point 6.
RELIABILITY.

The N123 comes with Teradyne’s
own 10-year warranty on all circuit
modules. And is built for hard use on
the factory floor. What's more, all
Teradyne systems are backed by a
world-wide network of field service
and parts stocking centers, as well as
a 24-hour telephone troubleshooting
service.

Point 7.
HIGH THROUGHPUT.

Fast point-to-every-other-point
testing, efficient fixturing, and accu-
rate diagnostics are going to give you
consistently high throughput and
improved yield. Count onit.

Point 8.
FAST PAYBACK.

The N123 is surprisingly affordable.
But your real savings will come in
lower repair and rework costs at sys-
tems test and in the field. Think yield.
Your competitors do.

Teradyne, Inc., 183 Essex Street,
Boston, Massachusetts. In Europe:
Teradyne Ltd., Clive House,
Weybridge, Surrey, England.

TEST SYSTEM N123
l’ m.a-lv_ i l

j ERADYNES

CHICAGO (312) 298-8610/DALLAS (214) 231-5384/NEW ENGLAND (617) 458-1256/NEW YORK (201) 3349770

SUNNYVALE (408) 732-8770/LONDON (0932) 51431/PARIS 265 72 62/ROME 59 47 62/MUNICH (089) 33 50 61/TOKYD (03) 4064021
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Probing the news

- >

From the Sun. Model 2001 Diagnostic Computer from Sun Electric will sell for $13,950. It steps mechanic through test procedure.

Auto diagnostics market widens

by Margaret A. Maas, Industrial Electronics Editor; Larry Armstrong, Midwest bureau manager

You used to be able to adjust your
car’s carburetor yourself: if a nickel
stood up on the fender and vibra-
tion didn’t topple it, you’d be pretty
close to doing what a well-equipped
mechanic could do.

Now the auto makers’ legislated
push to drive emissions down and
fuel mileage up has dictated a new
breed of faster, smaller, and more
critically balanced engines. If timing
is a degree or two off, nitrogen ox-
ides increase; a 10-to-20-rpm error
in engine speed can cause the ex-
haust-gas-recirculation valve to
open prematurely, and the car will
idle roughly, or the engine will con-
tinue running after the ignition is
shut off. Moreover, skilled mechan-
ics are becoming scarce, and the cost
of repairs is rising.

As a result, the automotive ser-
vice industry over the past year has
seen an influx of electronic diagnos-
tic equipment ranging widely in so-
phistication. One, from the industry
leader, is even microprocessor-
based. Another, from a newcomer,
does away with the scopes and me-
ters that auto mechanics have been

Electronics/November 13, 1975

using since 1954. And some manu-
facturers are talking about adding
calculator chips to low-cost portable
instruments.

The big three of the business are
Sun Electric, Allen Testproducts di-
vision, and Marquette Perform-
ance/Safety Test division of Ap-
plied Power Inc. But the enticement
of 350,000 repair facilities as poten-
tial customers has brought new
faces into the field they have long
dominated. Among the newcomers
is a medical and scientific instru-
ment maker, Beckman Instruments
Inc., Fullerton, Calif., whose $2,500
entry was announced last month
[Electronics, Oct. 30, p. 37]. An-
other, Hamilton Test Systems, a
subsidiary of United Aircraft Corp.,
Windsor Locks, Conn., is known for
its aircraft-engine and military test
systems. And Heath Co. of Benton
Harbor, Mich,, is actively soliciting
service-station business with a
preassembled Professional Ignition
Analyzer. “While it’s the most ex-
pensive automotive unit we’ve ever
sold,” says a Heath spokesman, “we
can sell it for up to $1,000 less than

competitive units because our devel-
opment costs are absorbed by the
kit version. We’re aiming at one
portion of the market—the small ser-
vice station who never before could
afford this kind of equipment—that
has been overlooked by the larger
traditional suppliers like Sun Elec-
tric and Marquette.” The Heath
unit, which sells for $695 assembled
and $379.95 in kit form, includes a
12-inch oscilloscope and a tachome-
ter/voltmeter and can be used to
tune any standard, transistorized, or
capacitive-discharge ignition sys-
tem.

In harness. Hamilton Test Sys-
tems has committed itself to the full
diagnostic concept with an $11,900
system called Autosense, built
around a 16-bit serial minicomputer
with a 4,000-word memory plus
tape cassettes to load automotive
specs and diagnostic sequences into
the computer.

To use Autosense, the mechanic
connects a harness of 10 connections
to the car, then identifies the make
and model with a four-digit number
entered into the keyboard of his
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hand-held controller. The computer
puts the car through the test se-
quence, indicating with lights when
the mechanic must perform some
task, such as revving the engine.
Test results are displayed on the
controller and printed out, together
with the specifications for that car,
in hard copy.

The traditional powers in the
market aren’t sitting back quietly
while the newcomers partake of
their thunder. The leading company
in the field, Sun Electric Corp. of
Chicago, has also taken a sophis-
ticated route. It has just started to
make its model 2001 “Diagnostic
Computer.” The $13,950 unit steps
the mechanic through a prepro-
gramed, automatic, sequential test
procedure. The system’s emphasis is
on data acquisition—engine param-
eters digitally displayed on a cath-
ode-ray tube while go/no-go deci-
sions are left to the mechanic.

Though Sun is keeping technical
details of the system close to its vest,
the 2001 is built around a 16-bit mi-
croprocessor using 4,000 words of
read-only memory for program sto-
rage and at least 1,000 words of ran-
dom-access memory. Also imple-
mented on the six printed-circuit
cards that make up the controller
are multiplex circuitry to sample the
analog inputs from under-the-hood
leads, an analog-to-digital con-
verter, and the electronics needed to
drive the 2001’s alphanumeric and
analog CRT displays.

Automation. Another comment
on computerized testing comes from
Robert Swarts, manager of special
projects at Allen Testproducts of
Kalamazoo, Mich. “As long as a
computerized tester is going to be
used where you need a qualified
technician to determine which com-
ponent to replace, it won’t go. But if
it develops to the point where it
opens diagnostic lanes, it might
make it.”

All the action is not just at the
high end of the test-equipment line.
“There’s a very big market for low-
end hand-held equipment for mak-
ing rapid diagnoses,” says Roland
C. M. Beeh, vice president for re-
search and engineering at Peerless
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Instruments Corp., Niles, Ill. Peer-
less is the manufacturer of Sears
Roebuck’s Penske line.

“There’s quite a bit of room for
improvement in this area,” adds
Beeh. “In two or three years we’ll be
going from analog to digital on the
smaller equipment. And once we
have digital equipment, we could
use a calculator chip to lower the
price. A digital tachometer reading
could be divided by a constant to
calculate timing and spark advance,
and we could use preprogramed
cards, like Hewlett-Packard’s pro-
gramable calculator, for constant
data for specific engines.”

Frank Hill, marketing executive
for Clayton Manufacturing Co., El
Monte, Calif.,, a manufacturer of
electronic engine analyzers in the
$4,000 to $5,000 range, says auto re-
pair facilities are upgrading their
equipment as cars are becoming
more complex. Clayton’s latest entry
is the 5100, a unit designed to inter-
face with a dynamometer as part of
an entire system. The 5100 features
12 programed tests. The operator
may select the tests and conduct
them from the driver’s seat, watch-
ing the results on the scope and me-
ters arrayed on a console. Changes
in auto models are handled by plug-
in modules which modify the test
circuits primarily to accommodate
the rise times of different electronic
ignitions.

The automotive manufacturers
enthusiastically back the move to
better diagnostics and have been
working with several suppliers on

Autosense. That's what Hamilton calls its
new auto-diagnostic system, built around a
16-bit minicomputer with a 4,000-word
memory. It costs up to $11,900.

diagnostic systems for use by their
dealers. By 1980 the Big Three will
have incorporated a universal diag-
nostic connector, a terminal through
which the mechanic can check the
vital signs of the car without break-
ing any existing connections in the
car. The first step in this direction is
the newly announced connector
which General Motors has incorpo-
rated into the 1976 Chevette and in
some models of the Chevelle.
Through this connector, an appro-
priate diagnostic system can check
ignition, starter, and other electronic
circuits. Right now only Kent-
Moore, Sun Electric, Allen Test-
products and Hamilton have sys-
tems that mate with it. |

Too much, too soon

Allen Testproducts was ahead of its time 10 years ago when it introduced
its model 1280—a computerized system with cold-cathode-tube display and
printer. It sold for $10,500—or $15,000 with all options, including a radio-
_controlled remote clipboard that could be tuned to the frequency of the op-
erator’s voice so that a shout from him would advance the system to the
next step in its sequence. ‘‘We sold about 150 of them,
Swarts, special products manager, ‘‘and there are maybe six or eight still
running today. But the quantity of sales didn't justify manufacturing the
equipment. We entertain no thoughts of going back into that business.”
Even by today’s standards, the model 1280 was sophisticated. It ran a
series of about 50 tests, including mechanical and vacuum spark advance
at 2,000 rpm, average and individual sparkplug-wire resistance, rotor-air
gap, fuel-pump pressure, average kilovolts to fire plugs, and kilovolt de-
mand for individual cylinders. The machine did not include an oscilloscope;
instead, it accepted a punched card for individual car specifications and
compared measured values to the manufacturer’s specs. Each test re-
ceived a good, marginal, or fail rating.

recalls Robert
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Probing the news

The Olympics: money games

To electronics firms, 1976 winter and summer events
are big business; Conrac gets $2&.,4 million contract

by Ron Schneiderman, New York bureau manager

It was a lot simpler in 776 B.C.
Then, pilgrims and envoys from
neighboring states traveled to the
city of Olympia in the ancient
Greek state of Elis for the first re-
corded Olympic Games. There were
few competitors and only one event,
a footrace.

But times have changed. The
modern Olympiads involve thou-
sands of athletes and officials from
well over 100 countries, they require
a good deal of advance preparation,
and they’re big business, partic-
ularly for electronics companies. In-
deed, athletes’ performances at both
the winter games in Innsbruck,
Austria, and summer Olympiad in
Montreal next year will be electron-
ically timed, measured, scored,
monitored, and, of course, televised.

“We started about two years
ago,” says Maurice Louvet, assistant
director of construction and tech-
nology for Canada’s Olympic Or-
ganizing Committee, “by sending
out requests for proposals for elec-
tronic scoreboards to 24 inter-
national companies.” Although sev-
eral European firms qualified for
the summer games, the big winner is
Conrac Corp. The company, which
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is based in New York, has a $2.4
million contract to provide com-
puter-controlled Telscreen score-
boards at five Olympic sites in Mon-
treal.

The Olympic stadium will have
two 33-by-65-foot boards, each con-
sisting of a solid bank of 19,200 light
bulbs. Each bulb is individually
controlled by the computer, and the
boards can display pictures in nine
shades of gray. In addition to regu-
lar messages, statistics, and timing
and scoring information, the Tel-
screen will provide close-ups of field
action, instant and slow-motion
replays, and highlights of events
taking place at other locations.

Conrac also built the scoreboards
for the 1972 Games in Munich, but
the Montreal installation will be the
first Olympic use of spectator dis-
plays having video capability. Con-
rac will supply indoor Telscreen sys-
tems at four other Olympic sites in
Montreal, including one installation
to be rented. The indoor systems
will use Eidophor television projec-
tors to display timing, scoring, mes-
sages, and video pictures on 12-by-
16-foot screens for spectators at the
swimming, diving, boxing, wres-

tling, and handball events in the Ca-
nadian city.

Elektro-Impex, a Hungarian firm,
which makes an electronic score-
board specifically for weightlifting
results, will provide the system for
that event. Otaco Ltd. of Montreal
will supply the scoreboard for water
polo. All of these scoreboards will
be tied into an IBM Corp. “results”
computer, to generate information
and statistics for spectators and the
news media.

Swiss Timing, a consortium of
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Compagnie des Montres Longines
Francillon S.A. and Omega, will
supply timing devices for both Inns-
bruck and Montreal. In addition,
says Louvet, Swiss Timing plans to
use a laser optical system developed
by Carl Zeiss of West Germany to
measure javelin- and discus-throw-
ing events. A small computer con-
nected to the instrument determines
the distance thrown and feeds it di-
rectly to a scoreboard for display.

For security purposes, RCA Ltd.
(Canada) will spot closed-circuit TV
monitors at every competition site.
RCA Mobile Communications Sys-
tems in Meadow Lands, Pa., also
has a $1 million contract from the
Canadian organizing committee to
provide two-way radio systems for
security-force communications dur-
ing the Games. The uhf system in-
cludes 600 Tactec portable two-way
radios and 20 Series 700 radio base
stations. Joseph P. Ulasewicz, inter-
national operations vice president,
RCA Commercial Communications
Systems division, says more than
400 of the portables in the system
will operate on up to six radio chan-
nels, and the rest will be single-
channel units. To prevent any inter-
ference between neighboring chan-
nels, the 25-watt RCA radio base sta-
tions can be preset to operate at low
power, thereby reducing their effec-
tive range to only several hundred
yards, if required.

Equipment galore. Electronically,
broadcasters will, literally, carry the
biggest load at both Innsbruck and
Montreal. More than 60 television
and 110 radio organizations will
cover up to 15 of the 20 competition

least expensive route—electronics.

Otlympic stadium at Montreal.

Hold high the sensor

How do you get the Olympic flame from Olympia, Greece, to Montreal for
the traditional torch-lighting ceremony that opens each Olympiad? You
might do it by air or by sea, or you might take the quickest, most reliable,

Researchers at Canada's Bell Northern Research have come up with a
technique that would use a portion of the original flame—or at least the
flame's energy—to light the torch at Montreal. They plan to convert a small
amount of thermal energy to an electrical current by means of a thermal
sensor. That signal would trigger a microwave transmitter, which would
send coded tone signals via Intelsat satellite to a receiver in Nova Scotia.
From there, a demodulated signal would be sent over conventional tele-
phone lines to Ottawa. It would then be compared to a preset code. If cor-
rect, the signal would cause a laser to ignite material in an urn, which would
be carried by relays of runners to ignite the large, symbolic torch high in the

|

sites in any one day in Montreal.
This will require 19 mobile produc-
tion units, with all the ancillary
equipment (88 cameras, 17 video-
tape recorders, 10 slow-motion
videotape recorders, and 16 charac-
ter generators).

Cable by the mile. To coordinate
the broadcasting effort, the host
broadcaster, Canadian Broadcasting
Corp., formed the Olympics Radio
and Television Organization. That
group is working with a $56 million
budget.

Meanwhile, Bell Canada and its
manufacturing arm, Northern Elec-
tric, are to install more than 3.5 mil-
lion feet of cable tubing to transmit
the show to the estimated one bil-
lion TV viewers throughout the
world. Northern Electric officials
have estimated that it would require
a full year to manufacture and in-
stall the 58 miles of video cable for
the games—an event that would last
no more than two weeks.

The dilemma was solved with
Northern Electric’s LD-4 coaxial
cable, designed for the LD-4 digital
communications network now being
built to link Montreal, Toronto, and
Ottawa. In ordering two modified

versions of the standard LD-4 co-
axial cable, Bell Canada says it can
meet the short-range requirements
for Olympic Games transmission fa-
cilities and a long-range require-
ment for digital-transmission facil-
ities for use by telephone customers
during the next few years.

At ABC-TV, which is covering both
the winter and summer games for
U. S. audiences, Phil Levens, the
network’s engineer in charge of
Olympic coverage, says only a few
technical problems have to be over-
come. At Innsbruck, for instance,
the American network will work
with ORF-TV, the Austrian broadcast
organization, and the British Broad-
casting Corp., to convert from the
625-line Austrian TV standard to the
U. S. 525-line standard. “Obviously,
this won’t be a problem in Canada,”
says Levens.

The ABC official says his crew will
be using Philips’ LDK-5 cameras
(equivalent to the Philips PC-100
models used in the U.S.) at Inns-
bruck. As for special equipment at
Innsbruck, Levens says, “We’re tak-
ing electric blankets for the cameras.
It gets pretty cold up on those hills
in Austria.” 0

Olymplan task. ABC technicians are building a studio in the U. S. It will then be taken apart

and shipped to the site of the games, where it will be put back together again.
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$100.00:



Here’s why anything less is a sacrifice.

“Scientific” pocket calculators abound these days, at
prices that are superficially attractive. But ours stand
apart, and ahead. We started it all when we introduced
the first scientific pocket calculator back in 1972, and
we’ve shown the way ever since.

The calculators you see here are our newest, the first
of our second generation. Both offer you technology
you probably won'’t find in competitive calculators for
some time to come, if ever.

Our HP-21 performs all arithmetic, log and trig cal-
culations, including rectangular/polar conversions and
common antilog evaluations. And it lets you do your
trig calculations in either radians or degrees.” You just
flip a switch.

It also offers you full display formatting, so you can
choose between fixed decimal and scientific notation.
At $100.00%, its price: performance ratio just plain
exceptional.

Our brand new HP-25 does everything the HP-21
does—and much, much more. It offers you 72 prepro-
grammed functions and operations, eight addressable
memories (you can do register arithmetic on all of
them), and, most important, it’s programmable.

With the HP-25, you enter the keystrokes necessary
to solve your repetitive problems only once. Thereafter,
you just enter the variables and press the Run/Stop
key for an almost instant answer you know is accurate.

You can add, change or skip steps. You can program
the HP-25 to perform direct branches or conditional
tests. And you can display your answers in fixed dec-
imal, scientific or engineering notation. (The latter
freezes scientific into multiples of 10%+2.)

You gain time, precision, flexibility. You can test
alternate approaches to a problem without sacrificing
half a morning. And, at $195.00*, you can afford the
calculator without giving up next year’s vacation.

Both the HP-21 and HP-25 are easy to use (the
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HP-25 requires no prior programming experience).
Both can take a beating (we know how people treat
pocket calculators) . And both give you HP’s time: and
error-saving RPN logic system.

Here’s what Harvard professor John Ball wrote
about RPN in Electronic Design (1/18/75): “In an
objective evaluation, based on algorithms for all basic
arithmetic operations with four variables, RPN gets
the best score.” (Of all logic systems tested.)

He continues: “Though RPN uses fewer keystrokes
on the average, which system is easier to use is a sub-
jective decision. For the author, again RPN won. He
made fewer mistakes and selected it for his personal
use.”

Fewer keystrokes. Easier to use. Fewer mistakes.
That’s what RPN is all about. Can you afford a pocket
calculator that lacks it? '

Can you afford a calculator whose price:perform-

ance ratio is less than exceptional, whose capacity to
withstand punishment might be less than yours to dole
itout?
. Before you invest in a lesser machine, by all means
test ours. Feel their heft. See how effortlessly they
handle your problems. Experience an uncompromising
instrument.

800-538-7922 (in Calif. 800-662-9862) are the num-
bers to call for the name of a dealer near you. He’ll
give you a “hands-on” demonstration of the HP-21,
HP-25 or any of our other business and scientific
pocket calculators.

P.S. You might also talk to a couple of the million+
people who already use HP calculators. They include
Nobel Prize winners, astronauts, conquerors of Everest,
America’s Cup navigators and, almost certainly, some
of your associates. They know how our calculators
perform.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.

*Suggested retail price, excluding applicable state and local taxes— Continental U.S,, Alaska & Hawaii.

Dept. 214Y, 19310 Pruneridge Avenue, Cupertino, CA 95014
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Executive

Calculator pioneer

awaits LSI

Sharp's Sasaki also foresees dealer programing of machines
to meet special requirements of individual customers

Among the first to recognize the po-
tential consumer market for low-
priced electronic calculators was Ta-
dashi Sasaki, corporate executive di-
rector and managing director of the
Industrial Instruments group of
Sharp Corp. in Japan. Sasaki has
seen the calculator market explode
worldwide since the initial joint ven-
ture between Sharp and what was
then called North American Rock-
well that led to the application of in-
tegrated-circuit technology to the
hand-held calculator.

At each of the calculator market’s
many ‘mad gyrations, - Sasaki has
managed to keep Sharp in the run-
ning, and, equally important, to sus-
tain its profits. Now having survived
what may well be the final major
shakeout in this rough-and-tumble
business, Sharp and Sasaki are pre-
paring for the next bold venture—
microprocessor-based products.

This year, Sasaki turned 60,
which is an important birthday to
the Japanese. To them, it symbolizes
an individual’s rebirth, and, in a
sense, that is what Sasaki expects for
the calculator industry. Other prod-
ucts under his purview include
watches, office machines, medical
equipment, point-of-sale systems,
and semiconductor development
and production. Here are some of
his views, expressed recently in an
interview in Japan with Electronics:
Q. What is the condition of the calcu-
lator market today in Japan and
overseas?

A. In 1975, the estimated number of
calculators produced in Japan was
expected to be 19 million units. But
the industry did better than ex-
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pected. The actual figure should be
around 26 million units—6 million
sold domestically, and 20 million
exported. However, while the quan-
tity was up, the average selling price
was down. In October. 1974, the av-
erage domestic price was 12,000 to
13,000 yen [$40 to $43.33] for an
eight-digit, LED, four-function, no-
memory machine. In October 1975,
it was 5,500 yen [$18.33].

We estimate production in Amer-
ica this year will be around 7 million
units and in Western Europe about
5 million units. Consumption in the
United States should' be about 19
million units and perhaps 10 million
units in Europe.

Q. Will the market’s growth rate fi-
nally level off? If so, what affect will
that have on the industry?

A. T expect world production will
peak in 1977 for Japan, the U.S,,
and Europe at about 40 million to
41 million units. But production in
the Far East, emerging nations, and
elsewhere will continue to increase
from 12 million units in 1977 to a
little over 17 million units in 1978.
Consumption in the U.S., Japan,
and Europe will also level off in
1977 at around 44 million units.
Price per function, on a merit scale,
will also tend to level out in 1977 for
various types of calculators. Aver-
age selling price for an eight-digit,
four-function, no-memory machine
will be approximately $10.95 and
for a unit with memory around
$14.95.

Q. What will happen to calculator
technology?

A. By 1977, unless the calculator
firms in the advanced countries

Future map. Tadashi Sasaki, who runs
Sharp’s Industrial Instruments group, sees
microprocessors coming for calculators with
programing done by dealers.

want the advantage to go to the low-
labor-cost countries, there must be
technological innovation in LSI.
Also, for us, production equipment
is now more important than assem-
bly labor because more functions

- can be designed into the LSI pack-

age. Until now, calculator makers
have cut costs by using LSI. From
now on, prices will stop dropping,
but profit margins will rise.

Q. How can you make the distinction
between LSI to cut costs and LSI to
boost profits? What impact will this
change have on the product?

A. In the future, we'll see a great va-
riety of calculators at about the
same price level tailored to each
user. Yet, from the production side,
these calculators will be mainly
variations of the same basic LSI
chip, programed for the special fea-
ture. The manufacturer will make a
few basic models, each having a
wide range of capabilities and in-
cluding a programable read-only
memory. The dealer will program
the calculator at the point of sale to
fit the variety of uses requested by
the consumer. LSI makes it possible
to add these features easily. Auto-
mation makes it possible to manu-
facture with minimum assembly.
The result will be more profits, even
with low price levels.

Q. Do you anticipate microprocessor-
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based calculators? And if so, how will
a company like Sharp compete with
the microprocessor producers capable
of assembling their own calculators?
A. For the present, microprocessors
are not adequate for the hand-held
calculator market in cost. But, in the
near future, there will be two types
of companies serving the micro-
processor-calculator market—the
systems company such as Sharp,
and the microprocessor maker such
as Intel, Rockwell, Fairchild, and
the others. I think there will have to
be a return to joint ventures be-
tween the systems companies and
semiconductor makers.

Q. Why is that so?

A. Because of software. The micro-
processor maker must develop oper-
ating software, and the systems
company must have applications
software for individual users. If the
MICTOpProcessor company goes to
market alone, it has the operating
software, but it must also develop
special-applications software, which
is costly. If the systems house goes
to market, it has the applications
software of its own, and the basic
software is obtained from the micro-
processor company.

Q. What is Sharp doing about this?
A. We are developing applications
software for microprocessors and
looking for a joint venture for the
operating software.

Q. Has the pendulum swung back to
the earliest applications of LSI in
consumer products when the semicon-
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ductor companies provided the basic
technology, and the systems com-
panies provided the applications
know-how?

A. That’s right. But in micro-
processors, the difference is software
cost and development. Micro-
processor corapanies may want spe-
cial relations with systems com-
panies in order to cut out
competition for that customer.

Q. Do you plan to enter the digital-
watch market directly?

A. Sharp is producing electronic
watch modules in Japan for [watch-
maker] Orient, which is a good ar-
rangement. I don’t think many
Japanese companies will enter the
watch business directly because the
three major producers here—Seiko,
Citizen, and Orient—have a strong
hold on the domestic market. So far,
only two electronics companies in
Japan have begun marketing their
own watches.

By 1977, new displays will be de-
veloped to phase out LED and lig-
uid-crystal displays. A likely combi-
nation would be 1I2L and
electrochromic displays. Develop-
ment effort at Sharp is concentrated
on microprocessor CPUs and waich
chips, as well as displays. We have a
new facility for both I2L and MOS, so
we will be in position to follow ei-
ther, depending on the applications.
The Japanese campanies are watch-
ing the Americans to see which way
to go in I2L and MOS. But it is a mis-
take to do too much watching. (O

High-Q
Tunable

The EDMAC Hi-Q Tunable
Filters are general purpose
active filters which can be used
in either a bandpass or a
bandreject mode of operation.

FEATURES

= Tunable bandwidths corres-
ponding to circuit Q’s to
1000.

== Tunable frequencies from
1 Hz. to 30,000 Hz.

== Dynamic range to 95 db.

== Residual noise; 100 micro-
volts RMS.

== Independent controls for
bandwidth and center
frequency.

= Simultaneous bandpass and
bandreject filter functions.

= Controlled input-output
phase relationship.

== Zero phase shift at center
frequency.

== Selectable automatic tracking.
== Circuit overdrive indication.
== Selectable calibration mode.

G.S.A.Contract #GS-005-28766
WRITE FOR COMPLETE SPECIFICATIONS

EDMAC Associates Inc.

333 West Commercial Street,
East Rochester, New York 14445
(716) 385-1440
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Companies

Motorola seeks to end skid

Reorganization of Semiconductor Products division, change in approach,

and more layoffs follow four losing quarters in succession

by Larry Waller, Los Angeles bureau manager

After carving its Semiconductor
Products division into two parts,
changing the management philoso-
phy, and laying off 1,000 more
white-collar workers, Motorola Inc.
executives still face the ultimate
challenge. They must put it all to-
gether to stop a four-quarter profit
plunge that has pushed the division
deeply into the red and seriously af-
fected corporate profits.

In admitting to financial-security
analysts Oct. 31 at a Phoenix meet-
ing that a formidable list of prob-
lems afflicts the semiconductor oper-
ation, Motorola corporate and
division officials are attempting to
clear the air of rumors and specula-
tion and get off to a fresh start.

Although Motorola doesn’t break
out separate division results from
corporate-earnings reports, some fi-
nancial analysts estimate that those
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mistakes add up to semiconductor
losses for the last four quarters ex-
ceeding $30 million before taxes.

Wrong way. Perhaps the most tell-
ing admission comes from chairman
of the board Robert W. Galvin, who
says, “We did not choose the right
leaders in the Semiconductor Prod-
ucts division.” However, he gives
high marks to the division’s present
top officials, John R. Welty and
Robert Heikes, for previously warn-
ing corporate executives on ‘“the
wrong way we were going. But we
didn’t listen.”

Discrete and integrated-circuit
operations have been split into sep-
arate divisions, and Heikes is acting
general manager of the IC division.
In addition, he has retained his role
as assistant to Welty, who has
moved up to become vice president
and Semiconductor group execu-
tive. Both Welty and Heikes con-
firm that a top-notch outsider even-
tually will be brought in to head the
new IC division. However, the Dis-
crete division, under Gary Tooker,
has had relatively little trouble, ex-
cept selling into depressed markets.
Discrete operations have been prof-
itable right through the recession,
and are now improving somewhat.

Heikes says his two jobs are com-
plementary while the IC division is
in its formative stage, and he is pre-
pared to act as general manager for
10 to 18 months “unless a plum
would drop in our laps.” Welty be-
lieves Heikes’s presence there is a

Reorganized. With the changes at Motorola
Semiconductor in Phoenix, Colin Crook, left,
heads the new IC division, while John R.
Welty, right, has been named vice president
and Semiconductor group executive.

decided strength because it is “the
first time since 1968 that a tech-
nologist is in the top office.”

As for the problems to be tackled,
Welty spells them out in detail, be-
ginning with a poor job by manage-
ment in assessing both the over-all
economic environment and the re-
lated demand for semiconductors.
Motorola had misread the signals
from the first, expecting a shallow
recession and an upturn in mid-
1975.

Flabby. Making matters worse,
the division’s management structure
grew flabby and failed to retain its
quick, responsive attitude of the
1960s. Welty says the semiconductor
sales organization lost its sensitivity
to customer needs and couldn’t
make speedy decisions. Many times,
delays in responding to price cuts
meant that customers bought else-
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Cutout
shorts.

Unique, low-cost, all-plastic AMP
right-angle conmnector. Now circuit
paths can be located directly under /
the connector without shorting.
The need for insulating the right-
angle mounting brackets used
with metal shell connectors is
eliminated. The new AMP 94V-0
thermoplastic AMPLIMITE
HDP-20 right-angle miniature
pin-and-socket connector has
.109” centerlines. This low-cost high-
density connector intermates with
all other similar connectors. Plus
AMP’s standard HDM-20 and
HDP-20connectors. The gold-flashed

or selectively gold-plated precision-
formed phosphor-bronze contacts are
preloaded with posts bent 90°. Housings
have built-in stand - off relief. Available
in 15-,25- and 37- position plug and recep-
tacle versions. All this and economy, too!

And
| short-cut
COStS.

Mass-terminate any standard flat-cable fast. :
We put teeth in low-cost mass termination =
with the 25-position AMPLIMITE HDEF-20.

A simple arbor press terminates all
insulation-displacing contacts to the cable
simultaneously. Two fork-like teeth
penetrate the cable from opposite sides,

trapping each conductor and interlocking

with the housing. HDF-20 plug and

receptacles are intermateable with all
existing 25-position connectors.

Accommodate any 26-position solid or
stranded round-conductor flexible cable
on 0.050” centers—with no preparation
other than squaring the end. Use the
HDF-20 for highest production
rates and lowest applied cost.

For further details on the unique
AMPLIMITE HDP-20, or
HDEF-20, call (717) 564-0100.
Or write AMP Incorporated,
Harrisburg, PA 17105.

AMP & AMPLIMITE are trademarks
of AMP Incorporated.

INCORPORATED R
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Nuisance

rips!

Eliminate them with

Circuit Protectors

with patented Inertial Delay

7

Many circuit protector applications involve a

transformer turn-on, an incandescent lamp load,

or a capacitor charge from a dc source. Each

of these appiications have one common factor:

APG/UPG a steep wave front transient of very high current

g s amplitude and short duration. This takes the

form of a spike, or a single pulse, and is the

cause of most nuisance tripping associated
with circuit protectors

Airpax circuit protectors, with patented iner-
tial delay, assure positive protection without
nuisance tripping by providing tolerance of
short duration inrush currents without
decreasing steady state protection. This
ARPAX ELECTRORCS does not affect standard de-
o lay curves and trip points.

Just another example of Air-
pax ‘‘application-oriented"
engineering

Get the full story on Airpax electromagnetic
circuit protectors. Write for Short Form
Catalog 2013

Airpax Electronics Type 208
‘ ‘ ~ CAMBRIDGE DIVISION (E-Frame)

Cambridge, Maryland 21613

Phone (301) 228-4600

Other Airpax Divisions:
CONTROLS DIVISION, Ft. Lauderdale, Fiorida 33313, Instruments for Induslry
AMERICAN DATA, Huntsville, Alabama 33805, TV Producls
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Probing the news

where. Also, technical problems
plagued IC production. Welty’s boss,
John F. Mitchell, corporate execu-
tive vice president, stated that these
troubles are “not in design, but in
chip and die yields.” Welty identi-
fied MOS production in the new Aus-
tin, Texas, plant as the most recent
and critical production problem, but
officials say they have been solved.

Now that Welty and Heikes are in
control, an evident comer in the
group is Colin Crook. When he was
named director of LSI systems this
fall [Electronics, Oct. 30, p.35], it
was his second major promotion in
six months; the first was to assistant
director of marketing. Crook will su-
pervise all LSI activities from design
to sales, except for manufacturing.

Reduction ahead. But even with
all the reorganization and manage-
ment optimism, there are rumors
that Motorola plans to drop or sell
entire product lines. Heikes will say
only that his division will reduce its
number of programs. “We tried too
long to be all things to all people,
and we can’t cover the waterfront.”

Against all these woes, what is the
bedrock on which Motorola Semi-
conductor plans to build? For open-
ers, Welty and his men are unani-
mous in enthusiasm about their
6800-series microprocessor, which
arrived in November 1974.

Welty says Motorola has the
broadest line of complementary-
MOS and ranks second in the world
in C-MOS sales. The line of emitter-
coupled-logic memory products is
also making headway.

Improvements planned. Other
product improvements are sched-
uled for the months ahead, and a
major program for increased mech-
anization of manufacturing is near-
ing completion. The division is also
sampling its 16-pin 4-kilobit ran-
dom-access memories and expects
to go into volume production soon.

Financial analysts who follow the
company think operations could
near the break-even point in the
fourth quarter and may edge into
profitability in the first half of 1976
if things go well. After that, the ef-
fects of the reorganization will start
to show. O
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Too bad the people who operate

automatic board testers
aren’t the same ones who paid for them.

Then maybe we wouldn'’t have to
build them so tough.

But we know automatic board
testers have to stand up to produc-
tion-line demands. So we give you
tough, production-line hardware.

Butwe don't stop there. Because
equally important in a production
environment is the tester's ability
to meet changing requirements. So
we also give you truly flexible
software.

We start with a standard software
package that makes set-up, testing,
and manual troubleshooting
asnap.
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Add our CAPS Computer-Aided
Programming Software and you
get ihe only software gackage that
combines the speed of a fault
dictionary with the accuracy of on-
line fault simulation, and the
resolution of a computer-guided
probe. For the lowest set-up and
lowest troubleshooting costs of
any automatic board tester you
can buy.

And along with all this super
software comes the super support
that’'s made us number ong in
automatic board testing.

Call orwrite for our new brochure

“The Difference in Software Is the
Difference in Testers."” It'll tell you
all you need to know about our 1792
series of logic and hybrid circuit
testers. The systems.

And the savings.

General Radio, GR Test Systems
Division, 300 Baker Ave., Concord,
Mass. 01742,617-369-8770

The difference
in software is
the difference
in testers.
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Computers

Standards for Europe?

by Sarah Kemezis, McGraw-Hill World News

Bright hopes. With Unidata dead, this computer is once again carrying the Siemens name-
plate—and the European Common Market is moving ahead to prop up Europe's industry.

Unidata or no Unidata, the Euro-
pean Commen Market Commission
is charging ahead with its effort to
save the Europear data-processing
industry. That effort consists of a
series of technical and financial aids
aimed primarily at the software and
peripherals sectors.

The demise of Unidata has made
the commission’s program the only
game in town if IBM and other
American computer makers are to
be kept from swallowing even more
of the Eurcpean market. Unidata
was supposed to have done that, al-
though all it ever became in its short
life was a loosely knit sales organi-
zation. The blueprint for the tripar-
tite organization—launched in July
1973 by Siemens of West Germany,
Philips of the Netherlands, and the
struggling Compagnie Inter-
nationale pour I’Informatique of
France—called for coordination of
software and hardware develop-
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ment and negotiation of production
contracts for specific machines. But
the French government’s decision to
merge CII with Honeywell-Bull led
to Unidata’s death [Electronics,
Sept. 18, p. 55].

Enter the new program. Its first
step came last year when the com-
mission proposed five community-
funded applications projects, with
contracts to be granted to consor-
tiums of European firms [Electron-
ics, July 11, 1974, p. 55]. Initial reac-
tion of the national governments
has been favorable, and passage by
the Common Market’s Council of
Ministers is expected within the
next few months.

Emboldened, the commission has
moved beyond its first modest step
to issue a new set of proposals de-
signed to prevent IBM from sewing
up the software and peripherals
businesses. The means 15 develop-
ment of a framework of software

standards and aids to commonality,
with a still more comprehensive
program promised for early 1976.

The first of these proposals calls
for creation of a standard Common
Market language for real-time pro-
graming. Commission computer
czar Christopher Layton is con-
vinced that development of stan-
dards—with acceptance of IBM’s the
alternative—is a must if any sem-
blance of competition is to be re-
tained. An expert working group on
standards set up earlier this year is
already drawing up European sub-
sets of Cobol.

“In general terms, we agree with
the approach,” says a Common
Market expert at Philips in the
Netherlands. However, the spokes-
man adds, “Standard languages
could be of use if we had a political
body to enforce using them, but at
the moment we don’t.” Never-
theless, the Common Market is un-
deterred.

The second Commission pro-
posal, for five projects to improve
software commonality, reflects the
same sort of pragmatic thinking.

Of the last two new proposals,
one calls for studies of general inter-
est to the industry on data security
and confidentiality, programing
techniques, and evaluation of data-
base systems. Studies would be done
in national research centers; an aim
of the program is improved cooper-
ation between such centers. The
other would add two new appli-
cation projects to the five proposed
earlier. They would then cover:

s Establishment of computerized
records of available human organs
and blood.

® A study of data-processing tech-
niques for monitoring agricultural
imports and exports.

® Automation of access procedures
to legal documents.

® A study of the possibility of de-
veloping data-processing techniques
for European air-traffic control.

® Economic assessment of the feasi-
bility of developing logic circuits in
electronics and management of inte-
grated design systems.

® The specification of a computer-
based information storage and re-
trieval system.

® Experimental application of high-
speed data communication. O
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Mini-Circvits’ answer to holding
down your costs of

Double Balanced Mixers
Specify our model SRA=1...

1971 = $7.95 Mini-Circuits Laboratory, now the 1OF7 4 ==Y, 985

world’s largest supplier of double-bal- (T " .

4 S IR anced mixers, guarantees to maintain
E its tamed low-price structure through- E
- out 1975 and 1976. $7.95 (model SRA-1, "< __
2 500 quantity). You, the design engi-

neer, have made this offer possible.
Your large volume orders, from over
500 companies throughout the world,
have enabled us to purchase our com-
ponents and packages at lowest pos- .
|912 [ 51.95 sible costs with guaranteed delivery |915 - s1.95
SRA-1 (in 500 quantities) schedules from our vendors. And we SRA-1 (in 500 quantities)

P think it’s appropriate to pass these sav- ]
) ings to you. Need fast delivery? One -
week or better is routine; for your
emergency needs, 24-hour turnaround

is possible.
Our history of quality and perfor-
mance is unmatched. All our units are

unconditionally guaranteed for 1 year. 5'."._._ gul_v $7.95

Every Mini-Circuits employee, from the
|913 —= 51.95‘ president to the tinal test operator, is m EZQ

committed to excellence in perfor-  sra(ins00quantives) .
v So el e00 quanttes) mance and quality for every unit pro-
§ ) duced. For reliability, performance and / /
z quality more and more systems engi- {
¥ ;

2= neers are specifying Mini-Circuits
mixers as the industry standard.

$9.95 {1-49)
SRA Series
Conver- (sointion (4B} .Convllr- fselation (¢8)
sion Loss sion Loss
Lower band edge to Upper band edge to Lower band edge to Upper band edge lo
"'I‘.:":“ T(:l'u)l one decade h?('h'u - i r:n;e one octave lower Price F"I'.:":" T(:llljl one decade higher ¥ range one octave lower Price
(MK2) Aange | LO-AF LO-IF | LO-AF] LO-IF | LO-RF | LO-IF | (Quantity) {MHz2) Range | LO-AF LO-IF | LO-AF| LO-IF | LO-RF  LO-IF | (Qwantity)
SRA-1 SRA-4
L0-0.5-500 |65 typ (50 typ. [45 typ. 45 typ. | 40 typ. [ 35 typ. | 30 typ $9.95 10-5-1250 651typ |501typ |50typ |40 typ. {40typ |30typ 30 typ. | $26.95
RF-0.5-500 |85 max [[35min ]30 min |30 min. {25 min.{ 25 min | 20 min {1-49) RF-5-1250 85 max. |40 min |40 min |20 min. {20 min {20 min. 20 min.| {1-24)-
|F-DC-500 1F-0.5-500
- — L SEEESY —CN -
SRA1-1 SRA-3
L0-0.1-500 [|6.5typ. |50 typ |45 typ. |45 typ. | 40 typ. | 35 typ. | 30 typ. | $11.98 10-0.025-200 |6 5 typ. 60 typ. |45 typ. |45 typ. |40 typ. |35 typ. 30 typ. | $12.95
RF-0.1-500 |85 max [45 min_ |30 min |30 min.| 25 min.| 25 min. 20 min | (6-49) RF-0 025-200§8 5 max. | 50 min. |35 min. |35 min | 30 min_ | 25 min. 20 min.| (6-49)
1F-DC-500 IF-DC-200
& — — 1 —
SRA-1W SRA-6
L0-1-750 651typ. |50 typ |45typ. |45 typ. |40 typ. |35typ. [30 typ | S14.95 10-0.003-100§6 5 typ |60 typ |50 typ 145 typ. {40 typ. |35 typ. 30typ. | $19.98
AF-1-750 85 max. |45 min.| 30 mun. [ 30 min.| 25 min.| 25 min.| 20 min.| (6-49) RF-0.003-1004 6 5 max |50 m«n. {45 min | 30 min_| 25 min. § 25 min. 20 min.| (5-24)
{F-DC-750 (F-DC-100
-4 - 4 +4— 1+ B

SRA-2 SRA-8
LO-1-1000 6.5typ. |45 typ. [45typ. |35 typ. [ 35 typ. | 30 typ. | 30 typ. | $24.95 L0-0.005-10 |651yp 60typ [60typ |50 typ |50 typ. {45 typ. 45typ. | $24.95
RF-1-1000 85 max. |30 min.] 30 min. | 20 min_| 20 min.{ 20 min.} 20 min (1-24) RF-0.005-10 | 8 5 max |50 min. [ 50 min | 40 min | 40 min. | 35 min. 35 min (5-24)
1£-0.5-500 I1F-DC-10

Common specifications for all models

Signal. 1 48 compression level . | dBm Phase detection  OC oftset | m tynicat

Impedance all ports 50 obms OC polanty  negative

For complete proquct specifications and U.S. Rep. listing see Microwaves' “Product Data Directory,”
Electronic Design’s “Gold Book™ or Electronic Engineers Master “EEM" Circle 101 on reader service card

m Mi . c- -t L bMCL t 837-843 Utica Avenue, Brooklyn, NY 11203
- q
NI-CIFCUITS LADOratory (212)342-2500 int’) Telex 620156 Domestic Telex 125460
A Dwision Scientific Components Corp

Foreign Sales Representatives: [ AUSTRALIA General Electronic Services, 99 Alexa.der Street. New South Wales. Australia 2065 [ ENGLAND
Dale Electronics, Dale House, Whar! Road, Frimley Green, Camberley Surrey; [] FRANCE S. C. 1.E.-D. . M. E. S., 31 Rue George - Sand. 91120
Palaiseau, France; [] GERMANY, AUSTRIA, SWITZERLAND Industrial Electronics GMBH, Kluberstrasse 14, 6000 Frankfurt/Main, Germany; ] ISRAEL
Vectronics, Ltd., 69 Gordon Street, Tel-Aviv, Israel; (] JAPAN Densho Kaisha, Ltd., Eguchi Building, 8-1 1 Chome Hamamatsucho Minato-ku, Tokyo:
[ EASTERN CANADA B. D. Hummel, 2224 Maynard Avenue, Utica, NY 13502 (315} 736-7821; [0 NETHERLANDS, BELGIUM, LUXEMBOURG: Coimex
Veldweg Il, Hattem, Holland.

US Distributors: [] NORTHERN CALIFORNIA Cain-White & Co.. Foothill Office Center. 105 Fremont Avenue. Los Altos. CA 94022 (415) 948.-6533;
[J SOUTHERN CALIFORNIA, ARIZONA Crown Electronics, 11440 Collins Street, No Hollywood, CA 91601 {213) 877-3550

For complete U.S. Rep listing and product line see Microwaves’ Product Deta Directory
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“‘siqri from scraich
MICroprocessors.

We've aiready developed
the subsystems, mstruments
and education you need.

4004, 4040, 8008, 8080, and
6800 logic processor and
microcomputer cards.

Off-the-shelf delivery on
one-, two-, and three-card
4004 and 4040 logic processors.

Off-the-shelf delivery on
three- and five-card 8080, 8008
and 6800 microcomputers.

All our systems are imple-
mented to use 1702A MOS
PROMs or equivalent.

We also have a wide line
of input and output interface
cards compatible with all our
microprocessor systems.

For customers who order
250 systems, we throw in free
a complete set of manufactur-
ing and assembly plans allow-
ing you to build your own

Introducing the only
logic processor system

w}cliat would ciit }c):osltd you pricels under $100*, o hardware, relying on us as an
t i i S our one-car - i
TS i logic based PLGA0LA. established and dependable

processor system yourself? second source.

It includes a microproces-
sor; crystal controlled clock;
80-character RAM; built-in
power-on reset; 16 lines of TTL
input; 16 lines of TTL output;
and sockets for 1024 words of
program memory.

Quantity Price
10-24 $175
25-99 150

100-499 125
500 and up* 99

Five card 8080 microcomputer
system, Includes microprocessor,
256-word instruction PROM

with 2048-word capacity, and
1023-word program or data

RAM with 4096-word capacity.
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Series 90 PROM Programer
Lets the design engineer
program or duplicate any
MOS or bipolar PROM directly
from a master PROM, key-
board, teletype, paper tape
reader, or computer.
Automatically and quickly
programs production line
quantities of PROMs.
Lightweight and fully
portable for field service work.
Through the use of plug-in
personality modules, the
Series 90 can program any
AMD, Harris, Fairchild, Intel,
Intersil, Monolithic Memories,
Motorola, National, Signetics,
or Texas Instruments bipolar
or MOS PROM—in short, any
PROM made.

Microprocessor System
Analyzers.

Instruments available for
designing, troubleshooting,
and testing both program and
hardware in systems using
4004, 8008, 4040, 8080, or 6800
MiCroprocessors.

They eliminate the need
for control panels, diagnostic
routines or other data process-
ing tools for testing
microprocessor-based
systems.

Used in conjunc-
tion with a standard os-
cilloscope, they can test
both program and

Electronics/November 13, 1975

hardware either together or
individually. The analyzers dis-
play all data related to a
selected instruction cycle and
generate a scope sync pulse.
They interface to the system
under test through use of a DIP
connector that clips onto the
microprocessor. They can be
attached to or detached from
your system in a matter of
seconds.

Education for the decision
maker and the design
engineer.

Our half day applications
course for decision makers
takes a hard look at the design
and function of microproces-
sors in real world applications.

We've also got a three day
hands-cn course we've given
to more than 1,000 design en-
gineers in the past two years.
The only prerequisite is that
you know what a flip-flop and
a gate are. If you do, we
guarantee you'li come out of
our course knowing how to de-
sign, program and use mi-
croprocessor modules because
you'll have done it.

Contact Pro-Log for a
comp.ete list of course sched-
ules and locations.

Ask for a free copy of our
"PROM User’s Guide.”

PRO-LOG CORPORATION

HD[I 2411 Garden Road

Monterey, CA 93940
Telephone (408) 372-4593
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If our competition
ran this ad you

have verylittle
foread.

Centronics can say more because we offer
more. The widest selection of printers on the
market. Over 30 different models. Speeds from
88 cps to 340 lines per minute. 51 different
character sets including more than 20 national
language character sets. Over 100 features and
options —many available nowhere else. A unique
step pricing arrangement which continually
lowers your cost of ownership. Plus one of the
most efficient customer service networks of any
printer manufacturer.

Available from stock. Centronics is a
leading producer of computer printers. We've
shipped more than 50,000 units. Substantial
yearly investments in R&D, engineering and
== , ;o

large scale manufacturing help keep our produc-
tion high and your costs low. And assure prompt
deliveries worldwide. A big reason why over 350
OEM’s specify Centronics Printers more than
any other.

Interface compatibility. Centronics makes
24 interfaces to help you take advantage of our
unique cost efficiencies throughout a wide range
of data handling systems, small business systems,
computerized industrial control ... wherever
printers are used today, and those envisioned
for tomorrow.

104

Quality assured. Every Centronics Printer
must pass 22 tests before it gets shipped —from
computerized quality control tests for vibration
tolerance, machine integrity, and component
reliability to final burn-in at 140°F. Almost 25%
of the entire manufacturing work foree is in
quality assurance. What’s more, we carefully test
and report MTBF down to the component level
—and stand firm on our claims.

Unique diagnostic test center. Locatedin
our home office, this exclusive troubleshooting
service is our special way of solving your prob-
lems on the spot.
Using a tele-
phone, we can
put your system
on-line with our
computer, anal-
yze your system,
and tell you if
the difficulty is
in the modem,
the communica-
tions lines, the
mainframe or N
the printer.
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Home office dispatch center. Call this
toll-free number 800-258-1952 to get the
on-site service you need from Centronics
experienced field service technicians.

cn STATUS

cenrna, DPA

; vn- awrenf /L

Dispatch center speeds service turnaround time,
centralizes customer records and maintains an
up-to-date file on every service call we make.

Also helps our engineering staff correct any

potential trouble spot right on the production line - j

without waiting for field reports.

Engineering New Products. Every year
there are more Centronics printers to select.
Along with new improvements to the existing
N line —like LST electronics
% Which helps reduce the
cost of ownership.

A true commonality

of parts which helps
reduce inventories.
And fast, twin-
head, bi-directional
printing which eliminates carriage

return and speeds throughput. Centronics

printers continually offer younew ways to get the
Jjob done better and faster.

“We don’t just ship printers, we satisfy
customers.” says Robert Howard, President of
Centronics. This commitment really starts at
your receiving dock. It’s everything from diag-
nostic testing to customer service. In addition,
15% of our full time ,
employees are
working in engi-
neering, research
and development —
the largest single
group other than
manufacturing —to
continually develop
new printers that
give you the maxi-
mum in system cost/performance and uptime.
It’s also why we invite customers to attend tech-

nical training sessions at frequent periods
throughout the year. As part of this program
OEM and end user people alike learn the correct
procedures for receiving, inspection, and full sys-
tem check-out. Centronics also prepares audio-
visual courses for OEM service personnel and
runs field programs on up-dated techniques.

Your most dependable source. When you
buy a Centronics printer, you buy product and
service reliability proven in tens of thousands of
installations. We're a $45-million company. Fi-
nancially strong, stable. We have more than 50
field offices in the United States alone. Many
more in Canada and Europe. We're No. 1 in our
field. And we’ve got a lot more to tell you.
Centronics Data Computer Corp., Hudson,

New Hampshire 03051

Centronics printers and teleprinters.
Over 100 features and options.

Series 100 165 cps-340 lpm 132 columns

LSI, serial printing, line printing, graphics
printing, bi-directional printing.

100-165 cps 80 columns

LSI, serial printing, condensed printing, bar
code printing.

88-165 cps 132 columns

LSI, serial printing, bi-directional printing,
document printing.

30-165 cps, 80-132 columns, switch-selectable
baud rates, RS-232 or current loop and parallel
interfaces.

CENTRONICS
PRINTERS

Series 300

Series 500

Teleprinters

-

Gentlemen:

Great! But I want to know more about Centronics Printers.
[ Please send me your new short-form catalog.

[11 want more information on your Series

[] Have a salesman call.

[T am particularly interested in a printer for:

(describe application)
Name

Title

Company
Address
State

City Zip

450 50 0 0 40 S5 55 50 SN = .- -
- D D - W e e el

- - - - - - - - - - - - - - - - - o

Eastern Region: Burlington, Mass., (617) 272-8545; Central Region: Kettering, Ohio, (513) 294-0070; Western Region: Santa Ana, Calif., (714) 979-6650.
Centronics Data Computer (Canada) Ltd.: Ontario (603) 883-0111; Centronics International Corp.: Frankfurt/Main, West Germany, Tel. 678041.
105
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5 ways we improved the
most successful
minicomputer ever.

The PDP-8 Family. With
over 30,000 installations, it’s far
and away the most popular mini
series ever. And now, we've
added five new improvements to
reach more OEMs thanever.

Introducing the Super8. It’s
the PDP 8/A-800. And it comes

106

with all the bells and whistles you
could hope for. Including parallel
processors. Hardware floating
point. 32K direct addressing. 36
or 72 bit floating point. 24 bit fixed
point. And 64 new instructions.
The new PDP 8/A-800 is also
software compatible with all

other PDP-8 minis. And hard-
ware compatible with PDP-8/A’s.
Infact, you can easily upgrade an
8/A-400intoan 8/A-8001n justa
few minutes.

The PDP 8/A-800is designed
for OEMs who need fast
FORTRAN V and floating point

Electronics/November 13, 1975



with extended-precision arith-
metic. Best of all, it starts at only
$3,837.*

5 PDP-8/A’s to choose from.

Now you can choose a reliable
PDP-8 and get everything froma
~ kittoa system. For example, you
can pick up akit8/A, starting at
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only $573.* Or the standard
8/A-100 with ROM/RAM. Or our
8/A-400 with core. Or the new
8/A-420 for OEMs who need
room for expansion. Or our new
Super 8 —the 8/A-800.

But no matter which 8 you
choose, you can match it with
over 45 different peripherals to
give you just the system you
need. Now. Later.

System 800 series. Introduc-
ing the System 800 workstation.
It’s a handsome desk combined
with a hardworking PDP-8/A.
The System 800 with OS/8 oper-
ating system makes computing
as easy as pushing two buttons.
The cost? Just $5,757* for the 8/ A,
workstation, terminal interface,
and disk storage.

KL8/A Multiplexer. Pre-
senting another way to get the
message across. It’s the KL8/A.
A four-channel multiplexer with
"Silo” and vectored interrupts.
The KL8/A will let you use
multiple terminals and control
modems while using just one
OMNIBUS™slot in the PDP-8/A.
The KL8/A is priced at just $637.*

Prices apply U.S.A. only
*Fifty quantity OEM prices

RTS/8 V2. “Real” real-time
software. To complete our pack-
age, we've added a new software
system, RTS/8 V2. It features core
or disk resident tasks. Aswellasa
memory efficient 700 word exec-
utive. RTS/8 gives you software
flexibility to go along with our

flexible hardware.

With new CPUs, new com-
munications modules, new soft-
ware and hardware, we're
expanding the PDP-8 family in all
directions. Call your nearest
Digital sales representative for
complete details. Or write Digital
Equipment Corporation, May-
nard, MA 01754. (617) 897-5111.
European headquarters: 81 route
del’Aire, 1211 Geneva 26. Tel:
4279 50. Digital Equipment of
Canada, Ltd.

50,000 Computers Saving
Managers Millions
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The Low-Cost Beckman
Model 89 Family Expands.

Now with in-line pins.
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Get immediate delivery on these
space-saving %" multiturns.

Look at these features:

B Secaled for board washing B 4 pin styles for mounting
. . "L versatility
B Low profile—just 0.250"” high _
B Needs no O-ring because of our B Panel mount adaptor available
unigue ultrasonic sealing tech- M 100 ppm/°C tempco
AlelN B 19 resistance values: 10 ohms
B Only 2 ohms of end resistance to 2 megohms
B 15 turns for accurate, quick B 100% inspected
adjustment

And the price: just $1.05*

*1,000-piece price

HELIPOT DIVISION

Call your nearest Beckman Helipot
distributor or (714) 871-4848, extension 1776, for evaluation samples.
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One of Beckman’'s Cermet Seven That Handle 95% of Your Applications.
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Technical articles

Anodizing silicon
Is economical way to
isolate IC elements

by Bob Cook, 177 Semiconductors, West Paim Beach, Fia.

New low-temperature process also
increases density and performance
of both MOS and bipolar chips

O The discovery that silicon itself can be anodized
opens an unexpected path to cheaper, denser, faster in-
tegrated circuits. The low-temperature process produces
in one step the dielectric needed to isolate the active ele-
ments on a chip, thus adding the advantages of dielec-
tric isolation to any semiconductor technology, whether
bipolar or metal-oxide-semiconductor.

Normally, device isolation requires two or three ex-
tended oxidizing and diffusion steps at temperatures in
excess of 1,000°C. But the new process eliminates one
and often two mask applications, depending on the cir-
cuit design. It should therefore ultimately reduce the
energy consumed in processing as well as cut the front-
end wafer cost by 25%. Circuit complexity is also in-
creased: bipolar large-scale ICs can double in den-
sity.

Equally significant, silicon anodization improves per-
formance by lowering the capacitance between ele-
ments and increasing transistor gain and speed. The im-
provement is especially evident in such new bipolar
circuit forms as integrated injection logic and low-power
Schottky transistor-transistor logic. In improved I2L cir-
cuits, for example, current gains have increased tenfold,
and cutoff frequencies have been multiplied by five.

Use of an anodizing process in the fabrication of inte-
grated circuits is not new—in many of today’s circuits,
buried conductors are built by anodizing aluminum.
But silicon itself has never before been anodized and
transformed into a dielectric deep enough for IC isola-
tion.

Direct silicon anodization was discovered quite by
chance. An anodizing voltage was accidentally in-
creased beyond the point required to anodize alumi-
num. The aluminum was destroyed, but the silicon sub-
strate beneath the aluminum, when examined under a
microscope, was seen to have been transformed into a
porous dielectric layer. Further experiment revealed
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above the substrate and is removed (d) before metalization.
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that the dielectric on the silicon surface could be tai-
lored to almost any desired thickness simply by adjust-
ing the anodizing process. Evidently, a simple low-tem-
perature anodization technique could now replace the
high-temperature diffusion or oxidation that till now
had been needed for isolating circuit components.

To the design engineer this process not only offers
compact circuit layout because of the self-isolated struc-
tures but, most significantly, it virtually eliminates any
lateral encroachment of the isolation areas. For the
manufacturer any new process must be capable of mass
production to keep processing costs down. The anodic
process easily satisfies this criterion: very little wafer
preparation prior to anodization is required, anodizing
equipment is inexpensive, and high-volume production
at high yields can be obtained. Moreover, no special
masking, such as the use of silicon nitride, is required to
protect the wafer during anodization, while control of
isolation depth is excellent because of the close relation-
ship between the oxide opening’s width and the anodi-
zation depths.

The chemical reaction

Figure 1 shows, in terms of the typical voltage-rela-
tionships, what happens when silicon is anodized in a
boric acid solution. Normal anodization of silicon and
other materials occurs in region A, and as the voltage
increases into region B, a hard nonporous anodic film
less than | micrometer thick is produced on the silicon.
The trouble is, it can be made no thicker, because the
low porosity of the film prevents the electrolyte from
reaching the silicon. The current gradually saturates,
the process gradually self-limits, and the dielectric sur-
face stays as thin as ever. This is all still happening in
region B, below the anodic oxide breakdown point.

The trick, as it turned out, was to operate in region C,
well beyond breakdown. There, the strong forces of the
chemical reaction produce a porous anodized layer that
allows the electrolyte to penetrate it and to maintain a
continuous reaction with the underlying silicon until
other limits set in.

Boric acid is used because it creates a deep isolation,
leaving boron, an inert and electrically harmless sub-
stance, as the only impurity. More important, the acid
can be masked by a material readily available in the IC
process—silicon dioxide. Of course, the masking dioxide
must be thick enough to withstand the anodic voltage.

Application of the process to circuit fabrication is
straightforward, as Fig. 2 shows for a bipolar circuit. Be-
fore anodization, an epitaxial n*n layer is grown on top
of a p-type high-resistivity starting substrate (a). Next,
base and emitters are diffused, and the oxide opened in
the areas to be isolated (b). Then the substrate is ano-
dized, preferably in a boric acid solution at 95°C, using
a driving force of 100 volts and 1 to 3 amperes for each
2-inch-wide slice.

The depth of the anodization is normally about two
thirds the width of the oxide opening, but greater
depths can be achieved with multiple anodizations—
samples up to | mil deep have been grown in the labo-
ratory.

When a thick enough anodized layer has been pro-
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Here are a few tips on how to anodize silicon when pro-
cessing integrated-injection-logic devices. After the col-
lector diffusion, open the oxide in the isolation areas to a
width about one and a half times the depth desired, but
leave the oxide on the back of the chip untouched (top
left). Now etch down to the substrate on both sides of the
slice to create electrode contacts, and lower into a near-
boiling solution of 95% boric acid. The reaction must go
no faster than 2 A per 2-inch slice—at 100 V, it takes
about 10 minutes per micrometer of depth.

Next, use a spinner, swab, and A1,0; powder to re-
move the surplus anodized material poking above the
surface. The cleaned chip is shown top right, the final
lapped and polished version at lower right.

o . il ,
; l
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O

Successful silicon anodization

3 ST

duced, a part will rise above the surface of the oxide, as
shown in Fig. 2 (c), because anodized silicon occupies
more volume than straight silicon. The unwanted mate-
rial can be easily removed by abrasion or by being
etched away in dilute hydrogen fluoride. In fact, the
material at the surface is softer than that below and
etches away about five times faster. The result is shown
in Fig. 2 (d).

At this point in the process, an additional thermal
oxidation may be performed, for the anodized silicon
areas will withstand any temperatures normally associ-
ated with silicon processing. The last steps in the ano-
dizing process are to fill the pores by spinning a liquid
glass-forming material onto the slice and to bake the re-
sult at 450°C for 15 minutes.

The remaining fabrication steps are quite conven-
tional. Contact openings are etched and electrodes and
connections metalized. Fortunately, metalization
through the anodized regions to the substrate presents
no problems. A standard 2-minute oxide etch exposes
the junction between the epitaxial layer and substrate,
and normal aluminum evaporation is used to connect
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the n* region to the p-type substrate for access to the
buried collector, as may be seen from Fig. 2 (e).

With this process for anodizing silicon directly, the
yields of complex logic and memory circuits should rise
and their costs fall because two high-temperature steps
required in other processes are eliminated. One is the
sub-epitaxial nt+ diffusion, normally carried out at
1,250°C, and the other is the isolation diffusion, nor-
mally done at 1,200°C. In the anodizing process, no sub-
epitaxial diffusion for the buried collector is needed
since it is possible to anodize right through the nt+ epi-
taxial layer. Nor is the isolation diffusion needed be-
cause the anodized silicon is itself a strong dizlectric.

Anodic isolation also will increase circuit density. No
longer compelled to use distanee to separate base from
isolation walls, designers can make the collector ele-
ment coincide with the base and emitter. This configu-
ration, called a “walled” structure, also characterizes the
latest high-density oxide-isolation techniques, but there
it requires high-temperature oxidizing steps.

The kind of space savings possible with the anodizing
process has already been demonstrated in the labora-
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5. Less space. This extremely small I2_ structure is fabricated by
depositing boron on the n+ starting material to form the npn and pnp
elements. N-type material is then grown, and the boron diffused out.
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tory on most of the conventional bipolar-circuit forms,
including TTL and low-power Schottky TTL as well as
new bipolar forms using integrated-injection-logic tech-
niques. An example of an I2L design is the minimum-
geometry, walled structure shown in Fig. 3. Its 4.5-
square-mil gate is less than half the size of convention-
ally fabricated TTL gates.

In relation to 12L

Indeed, perhaps the greatest benefits from the direct
silicon anodizing process will occur when it is applied to
integrated injection logic. With its inverted transistor
structure, I’L requires multiple sub-epitaxial circuit ele-
ments, and these are easily accommodated with the
anodizing process. Then, too, because of the high gains
and lower interelement capacitances, the performance
and also the fanout of the new I2L structure are consid-
erably improved.

Actually, 2L runs into difficulties only when pushed
to perform in the 5-to-10-ns TTL range. It has a very
simple structure, consisting of an inversely operated
npn transistor acting as a switch and a lateral pnp tran-
sistor acting as a current source.

Most of the improvements made to date, such as add-
ing Schottky clamps to limit logic swings or implanting
impurity boundaries to limit junction losses, have im-
proved the speed-power product but have increased
processing costs. The new structure shown here is con-
siderably less expensive, yet extends I2L performance to
compete with TTL and will allow Schottky clamps to be
added if required.

More specifically, early 12L structures had five over-
lapping limitations:
® The injection efficiency of the inversely operated npn
transistor was poor because an existing bipolar process
was used that was not optimized for inverse npn gain.
® The impurity gradient in the inverted npn base pro-
duced a field that opposed the flow of the injection car-
riers. To overcome the opposition, a complex ion-im-
planted gradient has been proposed.

8 Too much recombination occurs in the base of the
lateral pnp because of its proximity to the n+ region of
the npn switch.

® The aspect ratio of the emitter-to-collector area in the
npn device gave poor collector efficiency which further
limited gain and fanout. The npn inefficiency could be
reduced by using a narrow base width, but this put a
strain on the process control needed to limit punch-
through and defect leakage from collector to emitter.

Finally, the unmodified I2L structure generally could
not be operated at a high enough current to reach TTL
speeds. To be fast, it either had to have extensive ion
implantations around the junctions to limit current
losses, or it had to use Schottky diode clamps on their
collector inputs.

Why silicon anodization helps

The silicon anodizing process attacks all of these limi-
tations because it is a very effective way of isolating the
buried multiple collectors from the inverted emitters in
the I2L structure. As a result, the parasitic losses at the
emitter-collector junction are greatly reduced, and effi-
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6. Good form. An |2L gate built with a dielectric of anodized silicon
rurs almost as fast as conventionally built TTL structures. Cutoff fre-
quencies of up to 250 megahertz can be expected in the future.

ciencies are increased. The emitter-to-collector aspect
ratio can be adjusted for optimum efficiency by walling
the collectors. Also, the npn injection efficiency is
greatly improved, and to top it off, the base gradient
comes out the right way.

Several types of anodized I2L structures have already
been built. One is optimized for high density with
grounded emitter npns as shown in Fig. 4, while an-
other has been built with isolated emitters and vertical
pnps (Fig. 5).

The first device is fabricated by depositing boron into
an nt substrate. This boron will become the npn base
and pnp emitter and collector. Next a 1-to-2-microme-
ter-thick n-type epitaxial layer is grown for the npn
base. Then the boron is diffused out and the collectors
diffused in. The anodic isolation is the last step, as de-
scribed earlier for other products.

To build the second structure, boron is deposited on
nt starting material to form the npn base and pnp emit-
ter and collector. Over this is grown an n-type epitaxial
layer for the pnp base, the boron is diffused out, and the
collectors for the npn transistors diffused in. Thereafter
the standard anodic isolation procedure is followed.

As for performance, Fig. 6 compares the operation of
a typical minimum-geometry anodic I2L structure with
TTL operation. At currents up to about I milliampere,
the 2L mode ranks closely with the TTL mode. These
anodized I2L test devices have been built with npn tran-
sistors having current gains equal to 250 and cutofT fre-
quencies equal to 250 MHz—figures that translate into a
gate delay of less than 10 ns.

The foreseeable future is still brighter. Simple exten-
sions of the process are expected to push I2L operation
into the milliampere current range with cutoff fre-
quencies greater than 500 MHz. This points to gate de-
lays on the order of 2 to 5 ns, well below standard TTL
speeds. Yet they would be achieved without the encum-
brance of Schottky diode clamps or other expensive
process steps.

One final bonus: anodized silicon turns out to pro-
vide an excellent surface for metalization. The scanning
electron microscope pictures of Figs. 7 and 8 show an
I2L gate before and after metalization. Notice how well
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7. Conflrmation. The view through a scanning electron beam mi-
croscope reveals the integrity and continuity of the anodized-silican
elements in a 12 structure before it is metalized.

8. Almost perfect. This microphotograph of part of an 2L gate
shows that metalization over anodized silicon is excellent. Metal-
ization in oxide-isolation processes often reduces yields.

the metal interconnection lines adhere to the anodized
silicon surface.

As for products, the anodic silicon isolation process is
already being applied to existing diode-transistor-logic
and 54/74 TTL circuits. Indeed, it may even revive the
old hardware logic families by cutting their cost per gate
to 10 cents.

Most important are anodized-silicon I2L designs for
high-density memory and logic. A 4,096-bit 12L RAM
with speeds of 100 ns will be no more expensive than
MOS RAM types, while microprocessors will have instruc-
tions in the 100-ns range. |
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Data acquisition
can falter unless
components are
well understood

First part of two-part article
studies relationship between
sample-and-hold and multiplexer

by Dennis Santucci, Teledyne Phitbrick, Dedham, Mass.

[ High speed and high accuracy are the outstanding
attributes of a modern data acquisition system. And
manufacturers, while continuously improving on both,
have also cut down on component size, weight, and cost.
Problems with new data-acquisition systems are there-
fore seldom the result of poor component performance
and commonly the result of a failure to utilize the hard-
ware effectively. The engineer, to get optimum perform-
ance from his data-acquisition system, must understand
precisely how each device functions and how it affects
over-all operation.

Part | of this two-part article will discuss the basics of
data-acquisition technology, with the main focus on
sample-and-hold circuits and multiplexer modules. Part
2, which will appear in the Nov. 27 issue, will concen-
trate on the analog-to-digital converter and will include
an explanation of how system components can be tied
together for optimum system performance.

Collecting the data

A typical application for data acquisition is a large
processing plant where numerous temperature, pres-
sure, and flow measurements have to be acquired be-
fore control-system calculations can be performed. The
data-acquisition system takes the outputs of a number
of analog transducers and converts them to digital form
prior to transmission to a remote location where they
are often manipulated by computer.

In its simplest form (Fig. 1), the digitizing system con-
sists of a signal-conditioning network (usually amplify-
ing and filtering), a sample-and-hold, and an a-d con-
verter. After the transducer signal is conditioned, the
sample-and-hold—on command from the system
programer—stores the signal and holds it while slower
circuits, namely the a-d converter, operate on it.

If many signals must be sampled sequentially, a mul-
tiplexer is inserted between the transducer-signal condi-
tioner and the sample-and-hold (Fig. 2). The multi-
plexer then sequentially connects the input signals to
the a-d converter. Only one signal is connected at any
time, and both the timing and the sequencing of the in-
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1. Acquiring data. In the simplest data-acquisition system, the
sample-and-hold circuit stores the conditioned transducer signal
and holds it so the slower acting analog-to-digital converter can con-
vert itinto a digital output.
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puts to the a-d are determined by the system programer.

In terms of hardware costs, multiplexing is economi-
cal because many signals can share one sample-and-
hold and one a-d converter. But because they must
share these components, system speed is sacrificed.
Even with identical components and an ideal multi-
plexer, the speed per channel of the multiplexed system
is reduced by a factor equal to the number of channels.

If it is essential that many signals be acquired simul-
taneously and processed almost immediately, each
channel can have its own sample-and-hold and its own
a-d converter, which can be quite expensive. Or, time
permitting, each transducer can have its own sample-
and-hold while the a-d processing occurs “off line.”
Here, the outputs of the sample-and-holds are sequen-
tially multiplexed to the a-d converter in an order deter-
mined by the system programer (Fig. 3). In either case,
the serial output of the a-d converter can be used for
two-wire (plus ground) transmission.

Finding the limits

Accuracy problems aside, the crucial question per-
taining to most systems is speed. Speed, or, in industry
jargon, throughput rate, is the maximum rate at which a
system can convert an analog signal into a digital word
and prepare itself for the next conversion. Throughput
rate is expressed in samples per second.

The well-known Shannon theorem on sampling
theory defines one of the basic limits on throughput
rate. It states that the minimum frequency for sampling
must be double the highest significant frequency of the
signal, including the noise on the signal. This minimum
frequency is necessary, the theorem states, if the sam-
pled signal is to contain all the information needed for
undistorted reconstruction. At a lower frequency, a phe-
nomenon known as aliasing can occur. That is, the sam-
pled data dérived from a sine wave of frequency f sam-
pled at a rate less than 2f can be fitted to sine waves of a
frequency other than f. Aliasing, or frequency folding, is
an error that cannot be removed by filtering or digital
manipulation. A Fourier analysis of a complex wave-
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form will show that even though filtering can reduce un-
wanted frequency components, it cannot eliminate
them. Their presence will still affect the conditioned sig-
nal being supplied to the sample-and-hold, and this
must be taken into account by the systems engineer.
The insertion of wideband noise into the system is an-
other consideration. To allow for these factors, many
systems engineers, as a rule of thumb, sample at five or
10 times the highest input frequency component (after
good filter and noise suppression techniques are used).

Thus the sampling of input signals having appre-
ciable frequency components (after filtering) requires
an ultra-fast data-acquisition system. This holds true for
inputs of high fundamental frequencies or for transient
signals with high-frequency components.

Equipping for accuracy

Also important for the accuracy of a system are the
criteria that are set for the sample-and-hold circuits.
Degradations in accuracy can occur whenever the input
to a system varies appreciably because the input may be
changing significantly while the system is still preoccu-
pied with an earlier sample of data. If a system is to
convert to within a specified accuracy, then the rate at
which the input signal may change must somehow be
attuned to the time taken by the a-d converter to exam-
ine a given sample. It is the sample-and-hold circuit
that acts as the intermediary.

To establish the speed/accuracy relationship, the sys-
tems engineer begins with the a-d conversion time,
which is expressed as the frequency of a sinusoid: e(t)
= E sinwt, where ¢ is the amplitude at any given time t,
and E is the maximum amplitude.

The rate of change of e(t) = de/dt = wEcos wt. And
this rate is maximum at coswt = 1. Thus, the maximum
rate of change is Ae/At = wE = 27fE.

Now, for an n-bit converter, the magnitude of the
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2. Multlple sensors. To reduce the number of components re-
quired when a number of transducers must be scanned, the trans-
ducers are sampled sequentially, with each input being fed in turn
into the sample-and-hold and the a-d.
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3. Simultaneous readings. When several transducers must be
scanned at one time, each can have its own dedicated sample-and-
hold. The sample-and-holds are then sequentially fed into the multi-
plexer and from there into the analog-to-digital converter.
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least significant bit (LSB) is: 1 LsB = E/2n. To obtain n-
bits of accuracy, the change in the amplitude of the in-
put, Ae must not exceed the value of its least significant
bit or E/2n, so that

Ae = E/2» = 2 afEAt
Solving for frax:
Smax = 1/(27AT2")

where AT designates the aperture time.

This then is the highest frequency that can be sam-
pled by a data-acquisition system if it is to maintain n-
bits of accuracy and if the signal must be observed for
AT time while the system converts. This equation shows
the tradeoff between the highest frequency a system can
handle, the aperture time, and the desired accuracy.
Figure 4 is a nomograph comparing these three param-
eters. For a 12-bit a-d converter that has a conversion
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4, At top speed. The maximum input frequency a data-acquisition
system can handle is a tradeoff between aperture time T and the ac-
curacy of the a-d converter. If the conversion time is too long for the
rate at which the signal changes, then in order to maintain system
accuracy, a sample-and-hold must precede the a-d converter.
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time of 24 microseconds (its effective aperture):
Smax = 1/(27) (24 X 10-8) (212) = 1.6 Hz

If one were to use the fastest a-d converters available
today, the frequency might be improved by a factor of
10 (while maintaining the same accuracy), but the cost
would more than quadruple.

However, if a sample-and-hold were placed in front
of the a-d, the signal could change at a rate many orders
of magnitude higher than that which the a-d is capable
of handling. The sample-and-hold could sample the sig-
nal at the appropriate time and hold it long enough for
the a-d to convert it without error. This is a cheaper so-
lution than going to a faster a-d. The fastest sample-
and-hold responds in about one nanosecond, resulting
in an fmax of approximately 39 kilohertz. Yet such a
sample-and-hold costs no more than an a-d converter
that operates at only 24 ps.

Basically the sample-and-hold consists of an analog
switch, a storage medium (usually a capacitor) and a
buffer amplifier (Fig. 5). The voltage across the capaci-
tor follows the input signal until a hold command is re-
ceived from the system programer. At that point the
switch opens, storing the voltage across the capacitor.
When the next sample command is received from the
system programer, the switch closes and the voltage
across the capacitor again tracks the input signal.

In the sample mode, the circuit has the basic transfer
characteristics of an operational amplifier. Important
parameters therefore are: gain linearity, offset voltages,
power-supply rejection ratio, slew rate, and bandwidth.
Usually the gain and offset-voltage errors can be
trimmed to zero using external potentiometers.

For transition from sample to hold, the important pa-
rameters are aperture delay time, aperture uncertainty
time, aperture time, sample-to-hold transient, settling
time, and hold jump voltage. What these parameters
are and how they affect operation is seen in Fig. 6.

Upon receipt of the hold command, a delay occurs
before the input switch begins to open. This is the aper-
ture delay time, which in an ultra-fast sample-and-hold
is on the order of 2 nanoseconds. This delay, however, is
not consistent and has a tolerance (in the best sample-
and-holds it is about +0.2 nanosecond) that is known as
the aperture uncertainty time. Therefore the time it
takes the switch to open is known as the aperture time
and includes the aperture uncertainty. However, a word
of warning: these and many other definitions given in
this series may differ from manufacturer to manufac-
turer. The buyer must ascertain what the manufacturer
is actually specifying and not just compare numbers.

The aperture delay time can be compensated for by
advancing the hold command an amount equal to the
delay time. Thus if a measurement were required at
precisely Ty, the hold command should be applied at T,
= (T; - aperture delay time). This assures that the out-
put sample is held at T, * the aperture uncertainty time.
The switch impedance, during the aperture time, goes
from near zero to about 1013 ohms. Throughout this pe-
riod the sample-and-hold acts as an integrator with a
varying RC time constant. These effects, while negligible
in slower systems, are important in high-speed, high-ac-
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curacy systems. If the circuit is sampling, say, a con-
stant-ramp signal (Fig. 7), it begins to integrate the sig-
nal over the period T; and T; (the aperture time). To
compensate for this the opening time can be adjusted so
that the level of the integrated pulse will exactly equal
the ideal sampled level (instantaneous switch opening
producing a nonintegrated sample). Once this time is
selected, the only variation will be the aperture uncer-
tainty time. This uncertainty time now limits the max-
imum rate of change in input voltage that can be toler-
ated if the output is to remain within the specified
accuracy.

For a sine-wave input, the error incurred is a sinusoid
shifted 90 degrees. This is because the maximum error
occurs at the zero crossing where the slope is steepest
(maximum de/dt) and the minimum error occurs at the
peak. Any correction to the timing will only move the
sampling period away from the point of minimum er-
ror. Therefore no change in timing will compensate for
this minimum amount of error.

The most interesting phenomenon appears when the
peak of a triangular waveform is to be captured (Fig. 8).
The input slope will change direction at the peak caus-
ing the integrating curve to change its direction before it
is able to reach the peak. Only if the switch could be
opened in zero time, which it can’t, could the circuit
capture the peak by eliminating the integration effects.
Yet even an instantaneously acting switch could not be
relied upon to catch the peak as there is always the
aperture uncertainty time to contend with.

Parasitic coupling also occurs within the sample-and-
hold. Coupling from the mode control circuitry causes a
spike on the output known as the sample-and-hold tran-
sient. While it can be as much as several hundred milli-
volts, this transient will, in a well constructed device,
settle out within 100 ns. Also, when the device is
switched from sample to hold, some charge is trans-
ferred to the holding capacitor due to the inter-elec-
trode capacitance of the switch. To the output, this adds
a constant voltage level known as the hold jump volt-
age. While the hold jump voltage can be nulled out us-
ing an external trimmer, the transient must usually be
lived with.

Once in the hold mode, the circuit must retain the
level it has stored regardless of changes in the input. But
leakages across the switch and into the output amplifier,
and leakages across the capacitor and dielectric absorp-
tion within the capacitor will cause the voltage on the
capacitor to change gradually. The delay (or droop) rate
defines how the output voltage will droop during the
hold mode. A sample-and-hold with very fast acquisi-
tion time has a relatively high decay rate because of the
small capacitor used. And it also follows that a device
with a low droop rate will have a relatively longer ac-
quisition time. Typically this rate of change averages 25
uv/us, but it will increase with temperature because the
current through the field-effect-transistor FET switch
and FET amplifier doubles every 10°C.

Feedthrough, a'term for the amount of signal coupled
from the input to the output in the hold mode, is the
factor to consider here. In a well designed sample-and-
hold, feedthrough can be as low as | millivolt peak to
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5. Inside the sample-and-hold. When the switch closes, the volit-
age across the capacitor tracks the incoming signal. On command
from the system programer the switch opens and the capacitor
stores the instantaneous input signal.
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6. Characterlstics. Upon receipt of the hold command there is a
delay before the switch begins to open, known as the aperture delay
time. This delay may vary by an amount referred to as the aperture
uncertainty time. The aperture time, which includes the uncertainty,
is the time the switch takes to open and store the signal.

VOLTAGE

Ap—————

T TIME

7. Integrating a ramp. When the output is a constant ramp, the tim-
ing can be adjusted to compensate for the aperture delay time and
aperture time so that only the uncertainty limits the bandwidth.
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8. Out of reach. Because of the RC time constant, a sample-and-
hold can never capture a triangular waveform. The input signat will
change direction before the integrating curve can reach the peak.

peak for an input sinewave of 20 v peak to peak at |
MHz.

As its final task, the sample-and-hold must re-acquire
the input signal and commence to track. The time re-
quired to re-acquire and remain within a given error
band is called the acquisition time. It is usually speci-
fied as the time it takes the sample-and-hold to go from
holding at one end of its input-voltage range till it ac-
quires the level at the opposite end of the range. For ex-
ample if the device has an input voltage range of £5 v,
the acquisition time is the time it takes the circuit to go
from holding at -5 v till it acquires a signal at +5 v, or
vice versa. The acquisition time includes the slew rate
and the settling time. Frequently, however, it is impor-
tant to know the slew rate by itself when maximizing
the throughput of the system.

Multiplexer performance

Basically the multiplexer is an array of analog voltage
switches that sequentially connects each input signal to
the a-d converter. As mentioned, only one switch at a
time is closed, and the closing sequence and timing are
directed by the system programer. Ideally the multi-
plexer would switch from channel to channel in zero
time with zero distortion and with complete isolation
between the off channels and the output. In actuality, of
course, the signal passing through a real multiplexer
(Fig. 9) is always somewhat distorted.

The transfer accuracy of a multiplexer is defined as
the ratio of the amplitude lost to the input amplitude.

transfer accuracy = 100% (Ein - Eout)/Ein

Input parameters such as frequency and source imped-
ance affect the transfer accuracy, and the engineer must
be aware of these differences when comparing units.

Each multiplexer channel exhibits some parasitic in-
put capacitance to ground, which, along with other con-
tributors, limits the bandwidth of the multiplexer. In the
channel being sampled (ON mode), there is still a small
residual resistance. This is usually as small as a few
ohms but can be several thousand ohms if the multi-
plexer contains internal current-limiting resistors to pro-
tect the switch against overvoltage.

In the open position (OFF mode), the switch imped-
ance becomes very large (on the order of 10'2 ohms),
but it still permits leakage current, which can cause an
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9. Multiplexer model. The multiplexer is basically a switch array
that exhibits: an input capacitance C;; switch resistance in the
closed position R,,; resistance R,y across the multipiexer when the
switch is open; stray capacitance C;o connecting the input to the
output; and an output capacitance Cy.

error in the output and offset voltages at the input. For
the FET switches used in most multiplexers, these leak-
age currents double for every 10°C rise in temperature.

Stray capacitance from the input causes feedthrough,
ie., the amount of signal coupled to the output by all
OFF channels in the multiplexer for an input signal of
specific amplitude and frequency. This specification is
usually given per channel as a capacitance value or as
an absolute voltage. Because the amount of signal being
coupled from input to output is amplitude and fre-
quency dependent, meaningful comparisons between
different units can only be made for specifications de-
rived from the same measurement techniques.

Source impedance into the multiplexer and the im-
pedance of the closed multiplexer switch must be kept
low. High impedances, when combined with the output
capacitance of the multiplexer, are often the worst cul-
prits in prolonging settling time (time for the switch out-
put to reach and remain at a specified value).

Switches take a finite time to switch. The inverse of
switching time, plus the settling time (caused by the out-
put capacitance) is the throughput rate, and is specified
by the multiplexer manufacturer. When a multiplexer is
chosen with an output buffer, impedance matching,
which will be discussed in Part 11 of this article, is one
benefit. A buffered multiplexer can be used between a
sample-and-hold with low input impedance and trans-
ducers that readily become load dependent. Also, when
the buffered multiplexer is constructed by combining a
good multiplexer and a fast amplifier within the same
package, the component designer often can manipulate
the physical layout to produce a faster and better per-
forming unit than possible with separate components.

The a-d converter is needed to complete the data-ac-
quisition system, and in Part 2 of this article, this device
will be discussed in greater detail together with system
design, sources of error and techniques for maximizing
throughput. O
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The new 21MX series.
When you design a new system,
you won't have to find a new computer.

HP’s new 21MX Series protects an OEM'’s investment.

Up to now new business has meant software changes and expensive redevelopment
time. But we've put an end to the dead-end computer.

The full 21MX line is compatible with our other, earlier OEM products. And its
all-modular design means that new MX products will fit right in.

Plus you get the inherent flexibility of a plug-in instruction set—so you can tailor the
computer to the job and not vice versa. Low-cost memory expansion. A power
supply that turned heads at the NCC. With 4K RAM technology that leads the pack.

And the best new customer benefit of all—Ilow price. Basic system prices start at just
$3927* and go all the way down to $43,956* for a 196K system. Available today.

Don't get locked into a dead-end computer when you can have the 21MX. Call HP.

HP minicomputers.
They work for a living,
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Sales and service from 172 offices in 65 countries.
1501 Page Mi) Road, Palo Alto, California 94304

*Domestic USA OEM prices in quantities of 50. 22505
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Designer’s casebook

Circuit adds BCD numbers
faster with less hardware

by Dharma P. Agrawal
Federal Polytechnic Institute of Lausanne, Switzerland

To add two binary-coded decimal numbers, at least four
full adders are needed, not to mention the gates and in-
verters that correct the sums from each adder and gen-
erate the decimal carry-out. But this extra logic hard-
ware can be simplified, as has already been shown
[“Simplifying sum-correction logic for adding two BCD
numbers,” by Robert D. Guyton: Electronics, May 30,
1974, p. 108], and the new approach proposed here
economizes on hardware and improves speed still fur-
ther.

The circuit in the accompanying diagram uses a neat
dodge to reduce the number of logic elements required
to add the two BCD numbers AgAsA2A; and BgB4B2B,.
The dodge is to obtain the decimal carry-out, Co, from
the uncorrected sums Ss, Sy, and Sg, and the uncor-
rected carry Cyg first, and only then to use Coy to obtain
the corrected sums Sy, So’, Sy, and Sy’

The boolean expression for the decimal carry-out can
be written as

Co = Cig + SgS4 + Ss52
The circuit schematic shows how to obtain this value for

pared, and their boolean expressions can be obtained as

Sg' C C()Sg

54’ = 5452 + COS4
or = S48z + S 5S4

52’ = C0§2 + COSZ
or = CoS2 + SsS2
and S]’ e S]

The circuit diagram clearly indicates the hardware ac-
complishment of each of these corrected sums. Note
that the portion of (a) that is inside the shaded box can
be replaced by the arrangement (b) to produce Sg’ with
one less gate and implement the alternative expressions
for S4 and Sy’.

The numbers in the accompanying table demonstrate
how effectively this BCD adder reduces parts count and
time delay, compared with some earlier circuits.[]

COMPARISON OF BCD ADDERS
Excess:3 Guyton's Proposed Proposed adder
l

adder {a) {a), partially
adder adder shown here | replaced by (h)

Number of full adders 5 I 4 4 4
Number of half adders 2 - - —
Number of 3-input

NAND gates 4 1 1
Number of 2:input 20

NAND gates 10 9 8
Number of 2-input

NOR gates - - ~ 1
Number of inverters 9 6 4 3
Time delay in terms
of number of:

Co by using just three NAND gates and one inverter. Full adders 5 4 4 4
The truth table for the corrected sums Sg’, S¢’, Sy, el adles 2 - - N
. Gates ? 6 5 4
and Sy’ as functions of Co, Sg, S4, Ss, and S, can be pre-
Ag Bg Ay By A, By A, By Sg
e 4 | b ! 3 ' 4
FULL FULL FULL FULL
ADDER ADDER ADDER ADDER [+ Cw Co
Y Ss Y S, r S, TS i
Co
CARRY
ouT
(b) S6
—o ] Hardware economy. Circuit adds two
binary-coded decimal numbers with com-
paratively few logic elements by first obtain-
ing decimal carry-out from uncorrected
sums and uncorrected carry, then using this
carry-out to obtain the corrected BCD sum.
S S S, P Basic circuit (a) shows fundamental imple-
(a) - ~ -/ mentation of this method; refinement of logic
BCD SUM for corrected sum Sy’ (b) saves a gate. With
fewer devices, computation is faster.
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|IC timers control
dc-dc converters
by P. R. K. Chetty

Indian Scientific Satellite Project, Bangalore, india

An integrated-circuit timer such as the MC1455 can be
used as the control element in a simple dc-to-dc conver-
ter regulator. Shown below are a current step-up con-
verter regulator and a polarity-reversing voltage step-up
converter regulator. Both are regulated to within 0.5%
for load currents of 300 milliamperes, and have a ripple
of less than 5 mA.

In these circuits the MC1455 operates as an astable
multivibrator, turning the pass transistor on and off to
keep the output-filter capacitor charged to the desired
output voltage. Overvoltage is prevented by a feedback
arrangement that turns off the multivibrator when the
capacitor voltage reaches a predetermined level.

The astable-mode connection of the timer causes the
voltage across capacitor C; to oscillate between Vec/3

and 2 V¢c¢/3 at a frequency of approximately
1.44/(R; +Ry)C;—about 1.3 kilohertz. The maximum
operating voltage of the timer is 16 volts, but here its
Vcc is clamped at 8.2 v by zener diode Dz;. The input
voltage therefore can have any value within the ratings
of the pass transistor and the filter capacitor.

Figure 1 shows the current step-up converter regu-
lator. When the output of the control timer is high, tran-
sistor Q2 is turned on and therefore pass transistor Qs is
turned on. Collector current from Qs flows through in-
ductor L into the load and the filter capacitor. When the
output of the timer goes low, the transistors turn off.
Diode D commutates the current flow flowing through
the inductor when Qj; switches off. If there were no
feedback circuit, the output voltage would depend upon
the input voltage and the duty cycle.

The feedback circuit consists of Ry, zener diode Dz,
transistor Q;, and R3, Whenever the output voltage ex-
ceeds (Vz2 + Vgg1), Q; turns on and drives the reset ter-
minal of the 1455 low. The transistors Q2 and Qs there-
fore stay off, allowing the output voltage to decrease.
Thus the output voltage Vou is maintained approxi-
mately equal to (Vz; + Vgg1).

The performance of the circuit in Fig. 1 is as follows:

Vin=15V _~ HEAT SINK
]
s Rs ( S
T 470 Q 27%79 S INAJO3 o =V + Ve
. -84V
' L
Ry 2Ry Rg 3 \
10k $1ke 12003
Vee Rs
a DISCHARGE 47k
w2 i 2
R MC 1455 2N2222
3 wzkn = L 1. Converted and regulated. Dc-to-dc
= I—m““ RESET D N converter includes IC timer for regulation.
LD S 2 ?“7725” TETTok 1N5804 56 #F The MC1455, connected as free-running
Lk ®2V) iﬁ_\ v - 2V multivibrator, switches Q; on and off. if out-
o R, $47kQ = i put gets too high, feedback circuit drives
434 . .
timer reset low to hold switch off. Regulation
is less than 0.5% at 300 mA, and ripple is
-~ — ——
j - N less than 5 mA. Output voltage is lower than
input voltage, so current can be stepped up.
Viy =15V - HEAT SINK
/|
Rs 24700 Ry ¢ 2N4903
5340 27093
J Vout '*‘(1\;242\7 Vee1)
: Diq N
8 ¢ Ind
Vee 12003 1N5804
Re
DISCHARBE
4.7kQ L 4
ouTPUT 0, 1 mH
MC1455 2N2222 I
= > 'L
TRIGGER
RESET L
D21 THREAHOLY + ;ogﬂp 2. Polarity reversed. Positions of inductor,
IN756A AL 1 e commutating diode, and feedback elements
82v) ' i are changed here for negative output volt-
age. This circuit arrangement can step up
i magnitude of either voltage or current; com-

ponents chosen here provide voltage step-
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about open frame
power supplies

Socketed power semiconductors.
Iridited aluminum chassis.

Computer grade electrolytics.

Special circuits to protect IC.

Forward and reverse voltage protection.
Barrier block interface.

Infinite resolution adjustments.

Full interchangeability.
115/230 vac, 47-440 hz.
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Glass epoxy PC boards.
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Input voltage, Vi, =15v
Output voltage, Vou =84v
Load current, Ly = 300 mA
Ripple, Ir (for Ly = 300 ma) = 5mA

Load regulation (for Vi, 15 v and L, = 0-300
mA) equals or is less than 0.5%
Line regulation (for Vi, = 15-25 v and Iy, = 300
mA) equals or is less than 2.5%

The polarity-reversing circuit of Fig. 2 differs from
Fig. 1 in the arrangement of L, C, D, and the feedback
elements. When Qg switches off, the commutating cur-
rent in L charges C to produce an output voltage that is
negative with respect to ground. This voltage is applied

to the anode of Dz, through limiting resistor Ry, When-
ever the output is more negative than -(Vz2 + Vpg1),
the timer reset goes low, allowing the voltage across the
capacitor to become less negative. The output voltage of
this circuit is therefore maintained at approximately
—(Vz2+ Vggi1). This circuit can provide an output volt-
age equal to, less than, or greater than the input voltage.
The performance of the circuit in Fig. 2 is as follows:

Input voltage, Vi, = +15v
Output voltage, Vo, =-194v
Load current, Iy = 300 mA

Ripple and regulation are the same as in the earlier ex-
ample. O

Discriminator displays
first of four responses

by John S. French
Western Electric Co., Inc., Sunnyvale, Calif.

A first-response discriminator, which turns on a light in-
dicating the first switch to close and simultaneously
locks out the other switches, can be useful in sports,
games, behaviorial learning studies, and experiments in
physical science. The circuit shown here indicates which
of four switches closes first. It uses three low-drain
C-MOS integrated circuits and a 9-volt radio battery.
When the push-to-close switches S; through S, are
open, inputs D; through Dy to the 4042 quad latch are
low. Therefore outputs Q, through Q, are low, and Q,
through Qg are high. These four high inputs to NAND

gate G; make G; low and G high. The high output
from Gz is applied to the clock input of the latch; with
the clock thus enabled, the outputs of the latch can fol-
low the inputs.

If switch S, is closed, D, goes high and therefore Q,
goes high, allowing light-emitting diode LED; to light.
Simultaneously, Q; goes low, sending G; high but G
and the clock input of the latch low. The clock low locks
the latch so that D3, D3, and D4 no longer control Qa,
Qs, and Qq. As a result, even if Sg, Sz, or Sy is closed, the
corresponding LED does not light.

The circuit is reset by momentary closing of the reset
switch to set Gz and clock high. If S; through S4 are
open, Q; through Q4 go low for the next trial.

Expansion of this circuit to handle N inputs is
straightforward. Only two NAND gates are required, but
one of them must have N inputs. O

Designer's casebook I1s a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published
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Who's on first? The first switch to close lights up its associated LED, and blocks all other LEDs from lighting if their switches are closed. Cir-
cuit can distinguish first-closed switch for time differences as small as 0.05 microsecond. Cost of parts for entire circuit is under $10.
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Time base is
key factor

in oscilloscope
measurements

Accuracy in checking rise times, computer

timing, and propagation delays depends
more on scope precision than on bandwidth

by Rex Berg, Hewiett-Packard Co., Colorado Springs, Colo.

Closing the loop

The author will be available on Wednesday, Dec. 17, to
answer any questions readers may have about this article.
Call Mr. Berg between 11 a.m. and 6 p.m. Eastern Stan-
dard Time at (303) 598-1900, ext. 2071.
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0O When looking for an oscilloscope to measure time in-
tervals like rise times, pulse-repetition rates, and pulse
widths, most engineers opt for the widest-band instru-
ment available. Since bandwidth is synonymous with fi-
delity, they reason, a wideband scope should provide
the most accurate timing measurements possible. Un-
fortunately, this assumption ignores the major factor
contributing to error in such measurements—time-base
inaccuracy. '

Especially when measuring time intervals between
1.0 nanosecond and 1.0 microsecond, which are typical
of digital-circuit rise times, propagation delays, and
computer-timing requirements, oscilloscope time-base
accuracy has a more profound effect than bandwidth.
And two other factors—vertical amplifier fidelity with
respect to true Gaussian response and resolution of the
display—must also be considered.

Time-interval measurements and how oscilloscope
specifications affect them can be divided into two cate-
gories, based on how often they are encountered:

m The usual case. When the rise time of the measured
waveform is at least three times longer than the rise
time of the vertical amplifier, the accuracy of the time-
interval measurement is not affected by the response of
the vertical amplifier, but depends only upon the speci-
fied accuracy of the time base.

® The special case. When the rise time of the waveform
to be measured is less than three times the rise time of
the vertical amplifier of the oscilloscope, the time-inter-
val measurement is affected by the oscilloscope’s band-
width, but other factors also affect this accuracy.

Making most measurements

In the usual situation, or when the time between two
transitions with equal rise times is to be determined, the
response of the vertical amplifier does not contribute
significant error. :

For either differential-delay-sweep measurements, in
which time intervals are determined by measuring a
change in trace position, or direct, on-screen, measure-
ments, the error can be tied directly to the specified er-
ror of the time base. Typically, the error in an on-screen
measurement is specified as a percentage of full scale
deflection, but for measuring a differential delayed-
sweep time interval, it is specified as

Error = +1002 1+ BS (1)
T;
where A is a percentage of the measurement, B is a per-
centage of the scope’s full-scale deflection, T; is the
time-interval measured (in divisions), S is the full-scale
deflection of the scope (typically 10 divisions), and error
is expressed as a percentage.

Because a good deal of the error in any time-interval
measurement can be attributed to nonlinearities in the
cathode-ray tube and horizontal amplifiers, the differ-
ential-delayed-sweep technique, in which the CRT and
horizontal amplifiers are used as nulling devices, is gen-
erally preferable for timing measurements. In addition,
delayed-sweep aids in expansion and location about the
measurement point.

Since the error in this measurement is a function of
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0.01
TIME INTERVAL IN cm (10 cm = 100% OF FULL SCALE)

the measurement’s relationship to full scale, the greater
the time interval in divisions of full scale, the greater is
the accuracy of the time-interval measurement. For ex-
ample, if the time interval measured is 10% of full scale,
or | division, and the time-base error is specified as
+(0.5% of measurement + 0.05% of full scale), then,
from Eq. I, the error is equal to 100(0.005 x 1 + 0.005
X 10)/1, or 1%.

A plot of error as a function of the time interval mea-
sured (Fig. 1) shows that the error increases steeply as
the measured time interval becomes a smaller percent-
age of full-screen deflection.

Catching faster transitions

When the rise time of the waveform is less than three
times the rise time of the vertical amplifier, or when the
waveforms that define a time interval have unequal rise
times, the response of the vertical amplifier contributes
to the error in time-interval measurements. However,
when these faster signals are measured, the sweep speed
and ramp linearity typically are such that the time base
still contributes most of the error (Fig. 2).

Recent improvements in horizontal-amplifier line-
arity, resolution, and repeatability, together with such
technique advancements as dual-delayed sweep, have
brought time-base accuracy to first place in importance
for most timing applications. Bandwidth, of course, is
an important parameter for an oscilloscope because
higher bandwidth usually means increased writing
speed or brightness, better continuous-wave amplitude
fidelity, higher-frequency triggering, and better pulse
response. But increasing the bandwidth of real-time os-
cilloscopes offers a diminishing return for time-interval
measurements.

Curve (a) in Fig. 2 represents the total deviation or
€rror in a rise-time measurement on an oscilloscope, de-
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1. Off the mark. The error in time-interval
measurements due to the inaccuracies in an
oscilloscope’s time base increases sharply
as the time interval becomes shorter. When
the time-base error is #(0.5% of measure-
ment +0.05% of full scale), a measurement
of one small graticule division of 0.10 cm
has an uncertainty of more than 5%.

termined from the specified time-base error when using
the differential-delayed-sweep technique, and assuming
that the vertical amplifier has true Gaussian response
and bandwidth of 500 MHz. The specified time-base er-
ror is £(1.5% of measurement + 0.5% of full scale).

If t, is the rise time displayed on the screen and the
main sweep is 10 nanoseconds per division, then, in the
region of concern, the error contributed by the time
base is, in nanoseconds, +(0.015 t,+ 0.5 ns). Further, if
the vertical amplifier is Gaussian, which guarantees that
all components of a step input, regardless of frequency,
will be applied to the CRT at the same time, the ob-
served rise time is related to the source rise time by

to = (12 +1,2)1/2 (2)

where t, is the observed rise time of the source pulse, t,
is the actual rise time of the source pulse, and t, is the
oscilloscope rise time measured with an infinitely fast
step-input pulse.

The error in the measurement of the source rise time
contributed by the bandwidth of the vertical amplifier is
equal to 100(t, - ts)/ts. Therefore, since the error of the
time base is independent of the error in bandwidth, the

total error is given by
= tS
ty

Ero 100[:(0.015+ 0":’ “S) +(

The rise time of the vertical amplifier is specified as
0.8 ns; so, finally, the error associated with rise-time
measurements is given by

Error=thO[(0.015 + O'f "s) +(t"
which is plotted as curve (a) in Fig. 2.

The error curve for a vertical amplifier with the same
accuracy, but with a bandwidth of 1 GHz, is plotted as

Lo

- [te% - (0.8 ns)?]1/2
[to2 - (0.8 ns)2]1/2
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2. Return on investment. Compared with
an oscilloscope that has a bandwidth of 500
MHz and a time-base accuracy within
+(1.5% of reading + 0.5% of full scale) (a),
doubling the bandwidth to 1 GHz (b) has
less effect on rise-time measurements than
doubling the accuracy to within +(0.75% of
reading + 0.25% of full scale) (c).

curve (b) in Fig. 2. When the bandwidth is doubled, the
accuracy of the measurement is increased somewhat. If
the maximum acceptable error is 10%, the minimum
source rise time can be improved from 6.42 ns to 6.03
ns, or about 1.06 times, by doubling the bandwidth.

But the measurement capability can be nearly
doubled by leaving the vertical amplifier bandwidth at
500 MHz and doubling the accuracy of the time base.
The result is the error curve at (c) in Fig. 2. Again con-
sidering a 10% error, a pulse with a rise time of 3.59 ns
can be measured.

Responding to many frequencies

Another factor that affects the accuracy of rise-time
measurements is the fidelity of the vertical amplifier to
true Gaussian response. It is imperative that all fre-
quency components of the signal be applied to the CRT
at the same time so that the display matches the input
signal as closely as possible, since the most important
oscilloscope applications are concerned with non-si-
nusoidal waveforms. For pure sinusoids, both ampli-
tude and period can be much more accurately deter-
mined with a voltmeter and a counter. To achieve high
fidelity, the phase response of the vertical amplifier
must be linearly dependent upon the frequency.

By definition, these characteristics describe a Gaus-
sian amplifier whose amplitude versus frequency re-
sponse is functionally similar to A = exp(-X?). Unfor-
tunately, a true Gaussian amplifier is a physical and
theoretical impossibility. Both impulse and step re-
sponses of such an amplifier would have a finite output
prior to the arrival of the input signal, and the circuit
characteristics of the amplifier would require an infinite
number of identical poles and all zeroes at infinity.

However, the vertical amplifiers in most oscilloscopes
approximate Gaussian response very well. The pole and
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zero location is not the dominant characteristic of an
amplifier with negligible peaking or pulse overshoot
and, in fact, it can be shown that when the number of
nearly identical poles becomes greater than five, the de-
viation from Gaussian response is less than 3%.

It can also be shown that the bandwidth-rise time
product of a true Gaussian amplifier is 0.3396. The ac-
tual bandwidth-rise product of oscilloscope vertical am-
plifiers usually falls between 0.35 and 0.45. Those ver-
tical amplifiers that have a rise-time-bandwidth product
closest to 0.35 display the input signal best within their
bandwidth limits. Those closer to 0.45 generally have
unacceptable self-induced pulse overshoot.

Oscilloscopes can be classified into two groups—those
with a bandwidth of 100 MHz or less and those with a
bandwidth greater than 100 MHz—when considering the
fidelity of their vertical amplifier responses with respect
to true Gaussian response in measuring the rise time of
fast pulses (Fig. 3). The response curves for a number of
Hewlett-Packard real-time oscilloscopes with band-
widths from 75 to 275 MHz were normalized by using
the ratios R and Q, where R = ti/t, and Q = t,/t,. This
allows the response curves to be plotted on the same
graph and compares the fidelity of the vertical ampli-
fiers to true Gaussian response without introducing
time-base error.

The rise time, t,, of each oscilloscope, which was typi-
cally much faster than specified, was measured with an
HP 1108A tunnel diode displaying a rise time under 90
picoseconds. Then the source rise times, ts, generated by
an HP 8082A variable-transition-time pulse generator,
were measured with an 18-GHz sampling-oscilloscope
system. The scope has a maximum of 70 ps absolute er-
ror over the range of investigation (0.88 to 20 ns).

The responses were divided into two distinct groups.
Typically, those oscilloscopes with 100-MHz bandwidth
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or less were, within experimental limits, Gaussian.
Those with greater than 100-MHz bandwidth were faster
than the Gaussian prediction, though within the indus-
try’s definition of Gaussian response.

Using these results, the root-sum-squares rise-time
relationship can empirically be corrected to

ts = 021t + (1,2 - t,2)V/2

for the oscilloscopes with greater than 100 MHz response
tested, and when t, is equal to or less than 2.5 t,.

The obvious benefit of wideband amplifiers is that for
observed rise times greater than 2! times the rise time
of the oscilloscope, less than 0.1% correction is needed.
The result displayed on-screen is essentially the source
rise time. This relationship is valid within the practical
resolution limits of the displayed waveforms.

While a wideband amplifier may be good enough, its
Gaussian fidelity must be investigated to determine
what corrections are necessary to improve the accuracy
of the measurement. As a rule of thumb, the further the
specified rise-time-bandwidth product is from 0.35, the
more uncertain the measurement is near the specified
rise time of the oscilloscope and the less valid is the
standard root-sum-square correction.

The actual display resolution is another factor that
must be considered when assessing the capability of an
oscilloscope to measure rise times near its own mini-
mum rise time. Strictly speaking, the rise time of the
pulse produced by the source generator and the limits
to which the display can distinguish between different
source rise times is to be determined. Also to be deter-
mined is the accuracy that can be expected for a given
measurement, as governed by the resolution of the dis-
play alone.

The resolution limits of the display are dictated by
the sweep of the time base, the rise time of the vertical
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3. Gaussian deviation. Oscilloscopes that
have a vertical-amplifier bandwidth greater
than 100 MHz have rise-time responses
closer to the one-to-one response of an
ideal amplifier than do amplifiers with a
bandwidth of 100 MHz or less, even though
the latter have responses nearly identical to
that of the Gaussian prediction.

amplifier, and the user’s ability to distinguish between
and read the displays presented on the CRT. A good ap-
proximation of the resolution limits can be derived from
the Gaussian root-sum-squares relationship, ts = (t,2 -
t,>)172. The total derivative of tg is

_ todt, + tedt,
t02 _ trz

dts

The quantities t, and t, can be defined by t, = t;5,
and t. = tssp, where t; is the time interval in divisions of
display of the observed rise time, t, is the time interval
in divisions of display of the oscilloscope rise time, s, is
the sweep speed in time per division of the observed rise
time, and s; is the sweep speed in time per division of
the oscilloscope rise time. If t, is approximately equal to
t;, or at least s; = sy, and the error introduced by the
time base is ignored, then dt, = dt, = dt, which is the
reading resolution of the measurement.

By substitution and simplification, the error in the
corrected determination of the source rise time is

at — oo 9t

ER = 100 ts tl — t2

Therefore, assuming the root-sum-square correction
is used to measure the rise time of the source, the un-
avoidable error contributed by the uncertainty in reso-
lution depends on the time-interval difference between
the observed rise time of the source and the scope rise
time. Hence. an oscilloscope will contribute to resolu-
tion accuracy if it has a time base fast enough to spread
the observed rise time over a large portion of the CRT (t;
- t2), has good trace crispness, and has enhanced read-
ability (dt) as provided by high-resolution digital track-
ing of the time interval measured.

With this estimate of the error caused by resolution in
hand, the error contributed by the time base when using

127



F
©
=]
[+
©
w

0SCILLOSCOPE BANDWIDTH = 276 MH:z

TIME-BASE ACCURACY WITHIN
+(0.5% OF MEASUREMENT
+ 0.15% OF FULL-SCALE)

RESOLUTION =20 ps

MAIN TIME/DIVISION = 20 ns
DELAY TIME/DIVISION = 10 ns
SPEED RATE =1 ns/DIVISION

WITH ROOT-SUM-SQUARE CORRECTION

4. Correcting for deviations. When time-
base inaccuracies, resolution limits, and de-
viation from true Gaussian resporise are
taken into account by applying the root-
sum-square correction, the error in rise-time
measurements can be reduced.

the root-sum-square correction is yet to be determined.
Returning to the original total derivative and casting it
into the form of time-base error,
dt, todt, + t.dt
Erg = 100— = 100—5———
ts to- — t;°
This error, which is independent of the resolution er-
ror, therefore, must be added to that error to determine
the total error inherent in the measurement and in the
subsequent correction. The total error, Er, is given by

Iodlo + trdlr dt
= +
o _100( T t2) 3)

Assuming Gaussian correction, this equation, which
describes the error in ts, can be compared with the
equation plotted in Fig. 2, which describes the error in
ts with no correction for Gaussian response (Fig. 4).

Measuring between transitions

Although rise time is an important parameter, it
forms only a subset in the spectrum of time-interval
measurements. Propagation delay and pulse width are
two other important parameters, and making these
measurements with an oscilloscope must also be exam-
ined.

When the rise times of the leading edges or leading
and trailing edges that define a time interval are differ-
ent and one or both approach the rise time of the ver-
tical amplifier, the response of the vertical amplifier
again contributes to error. However, the corrections
needed to compensate again are small when compared
with those for time-base error.

If it is assumed that the observed rise times of the
leading and trailing gdges of the waveforms are con-
nected to the source rise time by either the standard or
corrected root-sum-squares relationship, it can be
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shown that
Ls=tio+ L{B(S? - 11V2 - §) - A([R? - 1]V - R)]

where t; is the time interval of the source, t;, is the ob-
served time interval, t is the scope rise time, S is the ra-
tio of the observed rise time of the trailing edge to the
scope rise time (t20/t;), R is the ratio of the observed rise
time of the leading edge to the scope rise time (t1,/t;), A
is analagous to the vertical point on the leading edge of
the waveform to which the measurement is made, and B
is analagous to the vertical point on the trailing edge of
the waveform to which the measurement is made.

This relationship shows that if the rise times of the
leading edge and trailing edge are equal and A = B,
then tis = t;, proving the earlier assumption that, with
equal rise times on leading and trailing edges of wave-
forms, only the accuracy of the time base is important
for the measurement. On the other hand, if one edge is
very fast, that is, if either S or R = 1 and the other is
slow, then for small time intervals, the response of the
vertical amplifier does introduce error in the determina-
tion of the actual time interval.

A practical application of this relationship is in mea-
suring the propagation delay of a logic gate by measur-
ing the time interval between the input and output
pulses at the 50% points of their amplitudes (Fig. 5).
The rise time of the first pulse is defined as ty, and the
rise time of the second pulse is defined as t2,. The object
is to determine the actual time interval between the
events using the observed time interval.

In Fig. 5(a), the family of curves represents emitter-
coupled logic, ECL 111, with t;, of approximately | ns
measured between the 20% and 80% points on the
pulse. In Fig. 5(b), the family of curves represents ECL
10K logic, where t, is approximately 2 ns, measured
between the 20% and 80% points. Other assumptions
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are that the oscilloscope’s rise time is 1.0 ns, that the os-
cilloscope’s response is faster than Gaussian so that t; =
0.2 t, + (t2 - t,2)1/2, that ty, varies from 1.0 ns to 2.5 ns,
and that t, varies from nearly coincident to 10 ns.

Two preliminary observations can be made. As the
observed time interval is increased, its deviation from
the actual time interval becomes less important, and as
the rise times of the pulses becomes slower, the error in-
troduced by the vertical amplifier response diminishes.

The true time interval can be determined by measur-
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5. Between transitions. The same kinds of
corrections can be applied in time-interval
measurements if the rise times of the oscillo-
scope and the transitions that define the
time interval are known. Curve (a) is for ECL
Il measurements, where the rise time of the
first transition is 1.26 ns, and curve (b) is for
ECL 10K, with a rise time of 2.06 ns. In both
cases, the oscilloscope rise time is 0.98 ns.

ing the rise times of the first and second pulses and the
time interval between them. If ty, is 1.26 ns, ty, is 2.0 ns,
and ti, is | ns, then, from the curve in Fig. 5(a). t;s is
1.17 ns. The true time interval is 17% longer than the
value measured on the oscilloscope.

In this measurement range, the error caused by time-
base inaccuracies is at least 20%. Of course, if any larger
time-base error is present, as it is in all but a few oscillo-
scopes, corrections for vertical-amplifier errofs are
quantitatively meaningless—regardless of bandwidth. ]
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Product development profile

Lasting computer designs ‘
exploit standard parts |

——

Distributed parallel logic,
memory interleaving, achieve
high marks for Eclipse units

by J. T. West, Data General Corp.. Southboro, Mass.

0 Trial-and-error techniques in the design of computer
products have a much smaller chance of economic suc-
cess today than they did not long ago. On the one hand
there is the shrunken supply of investment capital,
which makes each dollar less expendable for uncertain
avenues of approach. On the other hand there is the fast
pace of technology that makes overdesign easier, even
though it remains economically undesirable. There s, in
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other words, less latitude for the computer-design engi-
neer in finding an acceptable path between overdesign
and underperformance.

At any rate, such were the circumstances facing Data
General Corp., Southboro, Mass., when it set out to de-
sign what became the Eclipse family of computers. Data
General designers had to evoke reliable state-of-the-art
performance from readily available components, and
one measure of their success has been shown through
the running of benchmark Fortran programs, which the
Eclipse has done faster than many larger machines. Yet
its performance comes not from new technology but
from clever architectural design, using relatively com-
mon components.

Design goals for the Eclipse system—processing
speed, reliability, and high-level language orientation—
were met by using cache memories together with intelli-
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gent high-speed core and semiconductor memories that
could correct their own errors, plus a floating-point pro-
cessor that runs in parallel with the Eclipse CPU, and a
microcoded instruction set to help users get the best
possible performance out of high-level languages and
operating systems.

The results of combining innovative design with con-
servative technology are manifested, first of all, in a de-
centralized architecture based on Schottky TTL me-
dium-scale integration (MsI). Although there has been a
steady emergence of many new large-scale integrated
logic components, a less noticeable but nonetheless dra-
matic development has also occurred: MsI logic has
been dropping in cost to the point where high chip
counts can still be cost effective.

Getting closer

The low cost of MsI logic (defined here as a standard-
product, general-purpose chip of 25- to 125-gate com-
plexity) allows engineers to use it “redundantly” by
moving certain logic physically closer to its appropriate
function, rather than in the central processing unit.
Memory-control logic, for example, was distributed to
each memory board so the memories themselves—not
the CPU—could control and coordinate data traffic in
and out. This idea of “distributed parallel logic” enables
memory logic to run in parallel with CPU logic and thus
save CPU processing time.

The processing speed, or throughput, of the entire
system was more important to the designers than was
CPU clock cycle time or memory speed. Neither one tells
much about a system’s throughput because they do not
take into account the many additional factors that affect

a system’s performance in actual operation.

A better system-performance measurement can be
obtained from the system bandwidth—the memory’s
word length multiplied by the number of words that can
be accessed in a second. The resulting figure, when bro-
ken down into 8-bit bytes, shows how many millions of
bytes per second the computer can access. For example,
for a 16-bit word length and 3.2 million words accessed
per second, the system bandwidth is about 6.4
megabytes per second.

Because the bandwidth computation takes into ac-
count the CPU clock-cycle time, memory speed, and
memory bus capacity, it gives a more realistic indication
of the computer’s workday performance than do any of
other features listed separately. A CPU with an impres-
sive clock cycle of 200 nanoseconds, for example, may
be required to access a memory that cycles at only 800
ns. Thus the CPU may spend much of its time idle, wait-
ing for additional data to arrive from memory before
processing can continue.

The Eclipse CPU has a clock cycle time of 200 ns,
memory speeds of 800 ns for core and 700 ns for semi-
conductor, and a memory bus bandwidth of 20
megabytes per second. Though the memory speed
might seem to be a weak link in achieving high com-
puter throughput, it is not. A distributed semiconductor
cache buffer (a small bipolar memory built into each
MOS memory module) enables the Eclipse CPU to access
two bytes of data every 200 ns, (100 ns per byte) or as
fast as its own clock can cycle. The overall system band-
width thus is about 10 megabytes per second, and the
CPU is kept busy full-time.

A 16-word high-speed bipolar memory serves as a

1. Fast cache dellvery. A high-speed bipolar cache memory holds 10 words. When a word is requested, the content-addressable memory
gives the location of the data. If it is not already in cache, it and the contents of the three adjacent cells are loaded into cache.

OTHER
MEMORY
BOAROS

- ADDRESS FROM CPU

ADORESSABLE
MEMORY

MEMORY BOARD

CONTENT

MAIN MOS
MEMORY

(8, 196 WOROS)

$

CACHE
(16 WORDS)
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The entrepreneur engineers

*About the most interesting thing about how this com-
pany works as opposed to other companies is that a
project team is really seen as sort of a small company-
within-a-company," says author West in recapping
the history of the Eclipse design project. “‘It's not nec-
essarily a profit center in the strictest sense, but the
team of designers is regarded as a group of entrepre-
neur-engineers trying to produce a cost-effective
product that serves a need in the marketplace.”

Data General, he points out, was founded by an en-
gineer-turned-entrepreneur (Edson deCastro, now DG
president) who rebelled at the idea of designing a
product to meet muiltiple specifications sent down
from other groups. Instead, West says, Data General's
philosophy is to allow design engineers to indepen-
dently pursue ideas that they feel will lead to market-
able products. Thus, much of the company's product
planning moves up from the ranks rather than down
from an ivory tower.

In the process, the marketing organization and soft-
ware groups are consulted because, as West puts it,
“‘anybody who designs minicomputer hardware that
doesn’t relate closely to software and to the market
will not win the chance to design another product.”

In telling the history of the Eclipse design, West re-
calls the early skepticism among the engineering staff
as to whether the computer could be built cost-effec-
tively in the first place and whether there was a market
for such a high-end minicomputer. ‘'There were
times,"” he says, ‘when there were large doubts, and
the only thing that kept the project going was the faith
of management that unless you allow an engineer the
freedom to stumble along the way, you will not get
good products.” He adds: “"When you’re designing
products in the minicomputer business, which is mov-
ing so fast, you've got to be a little clairvoyant to de-
sign a completely new processor. And arguing for the
right to do it is difficult initially because all you've got
are qualitative arguments to help you convince man-
agement.”

As to how the design process itself is changing,
West asserts that the days of “*hunt and peck'* design-
ing, where an engineer works for months on bread-
boarded logic circuits, are gone forever. What you
must do today is ‘'sit down with paper, pencil, and
logic-symbol template, and design the computer right
the first time. You write a definition of the project to
make sure you really understand what it is that you're
trying to accomplish, and then you design the critical
parts of the system and see how those fit together.
Then you design the rest of it."" Finally, says West,
‘“‘you heavily review it with a group of other people
who know computers and then you can build the cir-
cuits directly on etched printed circuit boards.”

cache buffer and acts as a “front end” for the regular
8-kiloword MOS main memory. When the CPU requests
a word from memory, it checks a content addressable
memory (CAM) for the location of the data (Fig. 1). If
the word is already in cache, it is sent to the CPU in 200
ns. If not, it is retrieved from main MOS memory and
sent through the cache to the CPU in 700 ns. Simulta-
neously, the cache is loaded with the addressed word
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plus the words from the three adjacent memory loca-
tions. Because programs tend to be sequential in nature,
the next location requested is likely now to be in cache.
If requested, that word will then be transmitted to the
CPU in 200 ns.

Each memory board contains its own local cache and
so the ratio of bipolar cache to MOS memory remains
constant no matter how many memory boards are used.
This allows easy memory expansion.

At the time the Eclipse was being designed, the only
MoOS-bipolar cache system in general use was the
“global” cache, consisting of a large amount (typically
greater than 2,000 bytes) of bipolar memory inserted as
a buffer between the CPU and main MOS memory.
Eclipse engineers began designing a global cache early
in the project, but they grew disenchanted when the
quantity and complexity of the logic needed to handle
cache activity rose to unmanageable proportions, espe-
cially as the cache system was being designed to allow
for future Eclipse product-line developments. Further-
more, the global cache concept would present a major
shortcoming in a small-computer system: main-
memory size varies more widely among small comput-
ers than large, and global cache capacity could not be
enlarged or reduced to correspond to the main-memory
size in a given system, so its cost effectiveness would be
unbalanced in many systems.

Power considerations

This distributed-cache concept grew out of several
important decisions. The designers could have attained
high-speed memory access by using bipolar logic
throughout each memory board, but that would not
have been practical because of power considerations.
Current-driven bipolar logic requires considerably
greater power and generates far more heat than volt-
age-driven MoOS, and for 128-kilowords of main
memory, the computer would have required a power
supply about 20 times more powerful than eventually
used.

Another question was whether to use 2,048-bit or
4,096-bit MOS random-access memory for the main
semiconductor memory. The “conservative-technology”
philosophy favored the older 2-k RAMs over the faster
but just emerging 4-k technology because the perform-
ance and reliability information available for 2 k was
much greater. And a number of dependable suppliers
were manufacturing pin-compatible 2-k RAMs as stan-
dard products, so vendor dependence would be mini-
mized. The 2 k’s lower-speed was more than offset by
the 16-word local cache buffer.

In operation, once the Eclipse cache buffer is full and
the CPU requests a word not in cache, special logic im-
plementing a least-recently-used (LRU) algorithm re-
moves the least-recently-used four-word block from
cache so the CAM can replace it with the newly ad-
dressed word plus the next three consecutive words in
the main memory.

Actually, the LRU logic constantly monitors and
coordinates cache activity. It continually assigns rat-
ings—i.e., most recently used, next to most, next to least,
and least-recently used—to each four-word block in
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2. Interleaving. Up to eight memory boards can be interleaved. This example shows four-way interleaving. With a clock cycle of 200 nano-
seconds, a new memory module is started every clock cycle and read 400 ns later. Thus, memory read operations occur every 200 ns.

cache, and it flags “invalid” data, making that data the
next candidate for replacement. The LRU logic consid-
ers any word invalid if it is written back into main MOS
memory in its cache form because that word may have
been changed during processing.

As the Eclipse designers became more disillusioned
with the global cache, one team member developed a
“local cache” MOS system on a single 15-inch-square
memory board that could be controlled by LRU logic
contained in just five MSI chips. By choosing the distrib-
uted-cache method over the global cache, Eclipse engi-
neers could keep the cache size manageable and in cor-
rect proportion to total MOS memory, no matter how
many memory boards are eventually installed in a par-
ticular system.

A problem arose when initial prototypes showed each
Mos/bipolar-equipped memory board drawing in ex-
cess of 5 amperes at 5 volts. In a large memory system,
many memory boards running simultaneously would
exceed the Eclipse power supply rating of 65 A at 5 v.
One alternative—to restrict the number of semicon-
ductor memory boards to be used with each Eclipse—
was rejected out of hand.

A second alternative—to redesign a more powerful
power supply—was under consideration when one
Eclipse engineer substituted some new low-power
Schottky chips for standard TTL chips used on the
board. The low-power Schottky saved a total of 2 A per
board with no decrease in speed and brought the power
down to 3 A at 5 v per board—about the same power as
is used for a core-memory module.

Memory interleaving, another means of achieving
fast processing speed, was adopted for both core and
semiconductor memories (see Fig. 2). Interleaving, like
cache, takes advantage of the fact that most computer
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programs tend to reference sequential addresses. In in-
terleaving, sequential addresses are placed on sequen-
tial memory boards (the Eclipse can interleave two,
four, or eight memory modules at a time) so that the
CPU can fetch a word, manipulate it, then fetch the next
word without having to wait for completion of one
board’s memory cycle.

In operation, the Eclipse CPU may start a second
memory fetch before reading a word from the first, then
start the third before reading from the second, and so
on. Memory timing generators and control circuits are
mounted on a memory controller on each core and
semiconductor memory board so the memories can de-
termine where addresses should be written, which words
should be sent to the CPU, and in what order they
should be sent.

Proven their worth

Large computers were already using two-way inter-
leaving, but there was some doubt among other engi-
neers that four or eight-way interleaving would be more
cost-effective than two way. However, four- and eight-
way interleaving have since proven their worth: four-
way core memory interleaving reduces effective
memory cycle time for typical programs from 800 to be-
low 600 ns, while eight-way can reduce core cycle time
to 550 ns.

Large-memory configurations typically have a poorer
mean time between failure than smaller memory sys-
tems. Single-bit errors also are more likely to occur in
semiconductor than in core memories. As technology
matures, semiconductor reliability will improve, but
with available memory devices the Eclipse engineers
needed are error-correction method to go hand in hand
with the larger semiconductor memory designs. And al-
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though few engineers or programers could recall seeing
a random core failure, the designers wanted to provide
a memory for ultra-critical applications, like nuclear-re-
actor control or oil-pipeline monitoring. Error correc-
tion therefore had to work with core as well as semicon-
ductor memories.

The most common error-detection methed—simple
byte parity—can detect single-bit errors, but cannot lo-
cate or correct single-bit errors. When such an error is
indicated the operator can either shut down the system
and call a repairman and wait, or proceed with process-
ing and hope that the malfunctioning bit will not affect
a critical operation. A third option, restarting the whole
data-processing job, can be wasteful if the job is very
large.

For simple byte parity, two check bits are added to
every data word written into memory. But a far more
effective method—error checking and correction
(ERCC)—can be created by adding five check bits to each
16-bit word. The standard Data General core mat had
to be redesigned to accept the error-correcting 21-bit
word, but the designers recognized that this was less
costly and less troublesome than might have been the
case. Such design changes were easy, however, because
Data General makes its own cores and core mats and
uses just one type core for every core memory.

Data General’s error checking and correction feature,
optional for core and standard with semiconductor
memories, automatically detects and corrects all single-
bit errors and detects most—an average of 97%—of the
multiple-bit errors. This allows the operator to schedule
computer maintenance at his convenience and to max-
imize total system “up time.” Using ERCC, an Eclipse
computer with 256 kilobytes of semiconductor memory
can actually run with as many as 64 chips missing (four
from each 16-kilobyte board).

When an error occurs with ERCC, the memory-logic
circuit flags and locates the error, corrects the inaccurate
word, and writes it back into memory while sending the
corrected version to the CPU. The process begins in the
special encoding logic mounted on the memory board,
which adds a 5-bit coded check field to every 16-bit
word written into memory. Each check bit is responsible
for the parity of eight different data bits in the word.
(Check bit 1, for example, operates on data bits 4
through 10 and bit 15. Check bits 0, 2, and 4 operate
with even parity—they set their bits if the total number
of Is is even. Check bits | and 3 operate with odd par-
ity—they enter a 1 if the total number of Is is odd. For
example, for the data word shown in Fig. 3, the check
fieldis0,1,1,1,0.)

When the 21-bit word is read from memory, the en-
coder logic recalculates parity, this time adding the
check field to this calculation. This way, all “error” bits
should read zero if there is no error, and the word is
sent to the CPU with no loss in cycle time. If an error has
occurred, and the error bits show one or more “ones”
(Fig. 3 shows error bits 1, 0, 1, 0,0, indicating an error),
special fault-code logic consults a fault-code table (Fig.
3) to find which bit is at fault. When an error occurs, it
is corrected and flagged in 200 ns for core memory, 800
ns for semiconductor.
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Here again the encoder logic is distributed in parallel
to each ERCC-equipped memory module. The dozen
MSI ERCC chips could have been placed in the CPU, but
that would have caused a loss in CPU speed.

Broadening the base

High-level programing languages, such as Fortran,
and sophisticated operating system software have been
responsible for broadening the small-computer cus-
tomer base and have shown many first-time computer
users that running a computer is not much harder than
writing a letter. And as small-computer applications be-
come more comprehensive, the job of the operating sys-
tem—to schedule and coordinate interrupt activity, to
partition and switch programing contexts, and to pro-
cess system and user commands—is more important
than ever before.

Two Eclipse features, the floating-point processor and
a microcoded instruction set, were designed to accele-
rate high-level language and operating-system process-
ing. These features not only aid system performance but
also make generation and debugging of new languages
easier for Data General programers as they develop
new Eclipse software.

A number of architectural possibilities for floating-
point processing confronted the designers. For one,
floating-point instructions could be microcoded into the
CPU microprogramed control store that holds the regu-
lar instruction set (including fixed-point operations).
This was rejected because it would prohibit floating-
point processing in parallel with the fixed-point oper-
ations, a feature considered necessary for fast process-
ing of mathematical high-level languages like Fortran
and Algol. Another possibility was to microcode a gen-
eral-purpose CPU—perhaps another Eclipse—to handle
floating-point arithmetic and run it in parallel with the
main CPU. But this still would not have been fast
enough.

The route taken by Eclipse engineers was to include a
fixed-point CPU but also build a completely new float-
ing-point CPU that would be optimized to perform only
floating-point instructions. The two-board floating-
point processor, which performs comparably to that of
1BM’s 370/158, has proven to be one of the fastest in the
computer industry.

The floating-point processor contains four 64-bit pro-
gram-accessible accumulators, a 32-bit status register,
and 56 single- and double-word instructions. It can exe-
cute arithmetic instructions between floating-point ac-
cumulators and also between memory and any of the
floating-point accumulators. When floating-point com-
putation must be interrupted, a single instruction saves

. the contents of all accumulators and status registers in a

hardware stack. Another instruction reverses the pro-
cess. Distributed parallel logic mounted on the floating-
point and the fixed-point boards allows a program to
execute floating-point arithmetic while the CPU does
other processing.

Perhaps the most signficant feature for general-pur-
pose high-level language and operating-system optimi-
zation is the instruction set. The decision to microcode
extended instructions into TTL bipolar ROMs rather than
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3. Error correction. Five check bits are added to each 16-bit word
stored in memory. Each check bit uses a different combination of 00000 No error
i i i i i 00001 Error in check bit 4
data bits tg determine its own state. Check b|t§ t?ased on faven parity e e e
enter a 1 if there are an even number of 1s in its data-bit group. A 00011 Error in data bit 0
check bit for odd parity enters a 1 if number of 1s in its data-bit 00100 Error in check bit 2
. - 00101 Error in data bit 1
group is odd. Upon read-out, the error pattern reveals a bit in error. 00110 Multiple-bit error
. . . 00111 Error in data bit 3
to use conventional software subroutines also is related 01000 Error in check bit 1
istri -logi 01001 Error in data bit 4
to distributed parallel-logic theory. The tradeoff was 01010 Al ata bite and check
one of increased chip cost (in ROMs) versus time-con- bits in location are 1
1 1 1o 01011 Error in data bit 6
suming software routines, and the answer was to opti 01100 S
mize software performance by putting commonly used 0t01 Error in data bit 8
subroutines into microcoded 1-k ROMs. WY Etrorlinidatalbi®
. . B . o111 Mutltiple-bit error
The Eclipse instruction set contains the standard 10000 Error in check bit 0
Nova instructions plus more than 40 extended instruc- 10003 SUCALICEEILTR AR
. . B 0 . 10010 Error in data bit 12
tions, including bit, byte, and word addressing and op- 10011 Error in data bit 13
erations, signed and unsigned multiply and divide, deci- 10100 g ldatal
10101 All data bits and check
mal add and subtract, block move and block add and bits in location are 0
move, vectored interrupts, and accelerators for compil- 10110 Error in data bit 2
A h h-l 11 10111 Multiple-bit error
Ing high-level languages. _ _ _ 11000 Error in data bit 10
Each microinstruction word is 56 bits long, allowing a oot e
. . 0 ata
large number of operations to be performed simulta- 11011 Multiple-bit error
11100 Error in data bit 15

neously in one CPU cycle. Additional logic can discon-
nect the microcode to perform certain high-speed in-
structions in hardware.

Implementing a 56-bit-wide microinstruction set
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4. Memory board. The Eclipse semiconductor memory uses 2-kilobit chips and, with the error correction techniques, the memories have
been operated with as many as four chips unplugged, simulating complete failures. Each memory module holds 8,192 words.

meant using two to four times as many read-only-
memory (ROM) chips as with the narrower words of
other computers. However, a narrow microinstruction
word-length would have meant slower performance—it
would have taken several instruction cycles to do the
work of one wide instruction word. As Eclipse engineers
evaluated these tradeoffs, the unit price of 1-k program-
able read-only memories (PROMs) dropped from about
$50 to below $10, enabling the Eclipse designers to use
a wide-word instruction set.

As an example of how one powerful firmware instruc-
tion can facilitate the performance of the operating sys-
tem, the Vector instruction takes an interrupt, stores the
machine state, branches to the appropriate device
handle, switches stacks and allocates a stack frame in
just 18 microseconds. This process would take a number
of sequential subroutines if it were done by the oper-
ating system.

User microcoding

In addition to the regular instruction set, a special
segment of RAM, containing 256 56-bit words, is set
aside in models for user-programed microcode. Called a
writeable control store, it lets the sophisticated user mi-
crocode his own specialized instruction set. This is
suited particularly for applications such as communi-
cations and signal processing that require efficient exe-
cution of a few rather well-defined algorithms. User mi-
croprograming often allows these algorithms to be
implemented at speeds approaching those of dedicated
hardware designs with the additional benefits of greater
flexibility and reduced implementation cost. Like the
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regular microcode, each 200-nanosecond CPU cycle exe-
cutes a 56-bit microinstruction in which up to three data
paths may be controlled simultaneously.

The engineers also put the writeable control store to
use in writing the extended commercial instructions for
the Eclipse C/300 commercial computer. The micropro-
gramers ran each commercial instruction in the store to
make sure it was bug-free before fixing it in read-only
memory. Without the availability of the writeable con-
trol store, the Data General programers would have
had to burn and discard a number of PROMs in the in-
struction-writing process before arriving at a bug-free
instruction set and implementing it in read-only
memory. (Because of the extended commercial instruc-
tions, the C/300 does not offer a user-programable
writeable control store.)

Computer designers must be aware that today’s blue-
print won’t become a computer reality for a few years,
and that once it does become a real product it has to re-
main competitive and free of obsolenscence for many
years after that. In some ways, the Eclipse design proj-
ect was a lesson in clever engineering for members of
the design team. Having to design within the “conserva-
tive technology/innovative design” philosophy, the
Eclipse designers learned not to overlook obvious ad-
vantages of non-state-of-the-art technologies. While LsI
caught the attention of the computer industry, MsI
prices were dropping dramatically; application of the
distributed-parallel-logic concept to the design enabled
the Eclipse team to get the required high performance
out of relatively common components, and at no loss in
reliability. O
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The Value Added 8600A.
Fluke has improved
the specs and lowered

Now $549* and with a dc accu-
racy spec of 0.02% for six months,
the Fluke 8600A 4V2 digit DMM
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of ownership.
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dynamic range of measurements for
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long time without recalibration.

Add it up. Here's what the
8600A gives you. Guaranteed six
month accuracy specs at 15°C to
35°C with an extremely low tem-
perature coefficient. Five ranges

the price.

each of ac and dc volts to 1200 V
with 0.02% dc and 0.2% ac accu-
racy. Five ranges each of ac and dc
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plus individual range selection
manually. Continuous overload
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MTBF. Environmental capability

specified and defined. Automatic
zeroing. A full line of accessories
including 40 kV high voltage probe,
500 MHz RF probe and 600A ac
current probe.

A rechargeable battery option,
completely built-in and self-
contained. Low 7 watt power con-
sumption for reliability.

All this, and more, for only
$549*. Call your nearest Fluke sales
engineer for details, or in the conti-
nental U.S,, dial our toll-free hot-
line, 800-426-0361.

*U.S. price only
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Engineer’s notebook

CCD array forms
random-access memory

by Roger T. Baker
Tabor, N.J.

Charge-coupled devices have previously been used in
shift-register serial-readout memories, but not in ran-
dom-access memories. The arrangement described here,
however, uses CCDs in a RAM. This memory provides
nondestructive readout, with access and cycle times as
low as those of present MOS memories. This RAM is ex-
tremely simple in concept, construction, and operation.
It utilizes the basic functions of a CCD—storing minority
carriers in a potential well, and transferring these mi-
nority carriers from the well beneath one electrode to
the well beneath a neighboring electrode.

The CCD unit cell is better than other one-transistor
cells because it is smaller (each cell has only two surface
electrodes); response time is faster (no high-resistance
channels are in series with the sense circuit); construc-
tion is simple; and readout is nondestructive.

This random-access memory consists of a monolithic
array of CCD units like the one shown in Fig. 1. An ar-
ray of N X N of these basic CCD cells, connected as
shown in Fig. 2, can store N2 bits that are completely
accessible. Each cCD cell has two electrodes—X and Y.
All of the X electrodes of the CCDs appearing in the
same rows are connected in parallel to form the row-se-

lect lines, and similarly all the Y electrodes of the CCDs
appearing in the same columns are connected in paral-
lel to form the column-select lines.

Binary data is represented by the presence or absence
of minority carriers in the depletion-region potential
well beneath the X and Y electrodes. A logic | is repre-
sented by a high density of minority carriers in the well,
and a logic 0 by a low density of minority carriers in the
well. The potential wells are produced by applying a
voltage of -8 v to all the row (X) lines, and a voltage of
-5 v to all of the column (Y) lines. These voltages are
selected so that when a | is being stored, most of the mi-
nority carriers in the well are beneath the X electrode.
Both voltages are needed to avoid loss of data during
other operations.

To read the data that is stored in the CCD located at
the intersection of the it" row and the j* column, a volt-
age pulse of -10 v is applied to the jt* column-select (Y)
line, causing minority carriers to transfer from the X
well to the Y well and back again. The voltage pulse in-
duced in the X electrode by this transfer drives the it
row-select (X) line more negative; if a 1 is stored in the
device being interrogated, a large pulse is induced in
the row line, but a stored 0 results in a small pulse. If all
of the row lines are monitored, a complete column of
data can be read simultaneously. The readout is non-
destructive.

Because the CCD must drive a capacative load, it can-
not be as small as CCDs used in shift registers. However,
the degradation caused by capacitive loading is less
than that of other one-device cells because there is no
pn junction capacitance on the row line. The capacitive

iR L EPITAXIAL
LAYER
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1. CCD cell. Basic unit of RAM array is this simple two-electrode
CCD cell. Negative potentials produce a depletion-region potential
well in the n-type layer beneath the electrodes. To write a logic 1 in
the cell, the p-type channel is pulsed positive, thus injecting holes
into the well. To write a logic 0, both X and Y electrodes are
grounded, letting any holes recombine. The cell is interrogated by
applying an extra negative pulse to the Y electrode, thus inducing a
pulse that drives the X electrode more negative; the induced pulse is
large if the stored bitis a 1, and small if the stored bit is a 0.
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2. RAM, Array of CCD cells, with X and Y buses and buried p chan-
nels, constitutes monolithic random-access memory. Writing uses Y
and p lines. Reading uses X and Y lines; to read content of cell X;Y;,
pulse the Y; line and sense the pulse that appears on the X; line
(large pulse = 1, small pulse = 0).
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loading is caused by the MOS capacitance of the row
line, and the differential capacitance of the N device
electrodes connected to it. Furthermore, because the
bias voltage on the electrodes maintains a depletion re-
gion beneath all the electrodes, the load is reduced from
Coxide to Coxide X Cdepletion/(coxide + Cdepletion)- AlSO,
only about 90% of the minority carriers have to trans-
fer, instead of the 99+% required for CCD shift regis-
ters. Therefore the device area can be extended, increas-
ing the ratio of storage capacitance to load capacitance
while maintaining high frequency response.

To enter a logic | in a CCD cell, use is made of a pn
junction located beneath the depletion region of the Y
electrode. This junction is formed by diffusing a p-type
channel into the substrate before the epitaxial layer is
grown. For an N X N array, N channels or strips are re-

quired. In operation, all of the column lines except the
selected one are grounded. The pn junction is then mo-
mentarily forward-biased to inject minority carriers
(holes) into the depletion region.

To enter a logic 0 in a CCD cell, both the row-select
and column-select lines are brought to ground, allowing
any minority carriers previously stored in the device to
recombine.

Neither recalling nor entering data in a particular de-
vice destroys the data being maintained by that device
or any other devices. A periodic refresh is required.

Improvements in performance and a reduction in the
number of voltages required, may be achieved by mak-
ing use of CCD modifications that have been developed
for shift registers—for example, use of overlapping elec-
trodes with different gate-oxide thicknesses. O

ROM-stored sine functions
yield square roots

by Lorenza S. Childress
IBM Corp., Kingston, N. Y.

The iterative method for computers to extract square
Toots uses an excessive amount of computer time, but it
usually must be relied upon because of the general need
for square roots. However, in applications where roots
of extremely high numbers are not required, an efficient
method that uses table lookup of the sine function and a
simple circuit can be used. The method is based on the
definition of the sine function and the Pythagorean
theorem.

To illustrate the approach, consider a semicircle
whose diameter ACB is the sum of two lines—the value
of the number whose square root is to be taken (a) and
a unit value (1). As shown in Fig. 1, the length AC is
unity, and length CB is equal to quantity a. Quantity y
is the perpendicular DC from the semicircle to the base.
The radius, r, is (a+ 1)/2 and the base of the triangle, x,
is (a+1)/2 - 1. By the Pythagorean theorem, 12 = x? +
y2. Substituting for x and r and solving for y yields y =
al’2 Also,

ing = = 3

S = G + /2
SO

al/z = a ; lsin(v

The values of the sine can be stored as a table in a read-
only memory.

Figure 2 shows the circuit implementation of the
method. In addition to the read-only memory, the cir-
cuit requires only an adder, a shift register, and a multi-
plier. The table in the ROM can be addressed by the
value of a. Because the sine function is cyclic, only cer-
tain values are required—those for angles between 7/2
radians (90°) and 0.2 radians (11.5°), which handle val-
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1. Getting to the root. Pythagorean theorem and sin« are used to
calculate the square root of a number a with value between 1 and
100: a¥2 = [(a + 1)/2] sina. Text tells how to handle values of a
less than 1 or greater than 100.

1 a
l ‘ ROM
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ADDER =
- a
1 &= sin
a+
¥ a8
=
SHIFT REGISTER =}
=9 (=)
> <
% sina
MULTIPLIER
LS
Vas= 5 sina

2. Arithmetic block. Schematic diagram of circuit for calculating
a2 = [(a + 1)/2] sina using a table-lookup method. Note that
table in read-only memory is addressed by the value of a.
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ues of a between 1.0 and 100. For values of a requiring
angles greater and less than these, modifications can be
used.

Square roots of numbers smaller than one can be cal-
culated by using the cosine function or the sine of the
supplement, that is, al/? = (sinf)(a + 1)/2, where f} is
less than 90°. From the circuit standpoint, however, it
appears to be easier to multiply the values of a by 100
or 102N where N is the number of decimal digits. Af-
ter the table lookup, of course, a division is required.
This can be handled as a negative multiply. A similar
technique is used for numbers greater than 100.

For values of a less than one, the equation becomes

, 1 al0>™N-b 17 |
al’z = [102(N—1)]1/2[ 5 ]sm(v

and for values of a greater than 100,

20N-1y _ |
——(a/lo 5 ) ]Sin(v

The accuracy of the method depends on the accuracy
of the sine calculation and the register length, or trunca-
tion. The multiply-divide process keeps register length
reasonable with only a slight sacrifice in accuracy. O

ql/2 = [IOZ(N—I)]I/Z[

Adjustable active load maintains
constant dc power dissipation

by Norm Bernstein
Analog Devices Inc., Norwood, Massachusetts

An active load that dissipates constant power despite
variations in supply voltages is useful for calibrating a
dc power meter and for several thermal-control appli-
cations. Such a load may consist of one or more transis-
tors, like the Darlington pair shown in the circuit dia-
gram. The value of reference voltage V. and the
accompanying control components determine how
much power the load can dissipate. For the circuit ar-
rangement shown, the transistors dissipate |1 watt when
Vrer is 1 volt and proportionally less for lower reference
voltages at any value of input voltage from 1 v to 10 v.
The dissipation is constant to within 1% over this whole
range of Vy,.

The operation of the circuit is simple. Amplifier A,
references the dissipating element to ground and pro-
duces a signal proportional to the load current. This sig-
nal is inverted by amplifier Az and then is multiplied by
Vin in the AD435 multiplier. The output from the multi-
plier is therefore a voltage that is proportional to power
dissipation. This voltage is compared to V.. and inte-

grated to produce a bias voltage for the Darlington pair.

If the load voltage changes, the integrator adjusts the
Darlington bias until the multiplier output equals V..,
thereby maintaining constant power. The power dissi-
pation can be adjusted by simply changing V..

This circuit arrangement can be used for almost any
power range by applying appropriate biasing current to
the transistors and scaling the multiplier inputs. To
minimize errors from multiplier offset and drift, and
thus optimize accuracy over dynamic range, the multi-
plier should be operated with an output of at least 100
millivolts. Therefore, the input voltage range for each
multiplier input should be between | and 10 v. The
color-tinted components in the diagram represent all of
the power-dissipation elements and may be easily iso-
lated from the rest of the circuit.

The constant-power property of this circuit has sev-
eral interesting applications. For example, placing the
power-dissipating elements within an environment of
constant thermal transfer results in constant tempera-
ture. Measurement of temperature rise will give the
thermal resistance of that environment. Or, if the
power-dissipating elements are used as a heater for an
environmental chamber, constant temperature can be
achieved without the limit-cycling usually associated
with thermostat-type controllers. O

Engineer's Notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published

Vin

(1TO10V)

10 k2
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Constant dissipation. Darlington pair dissipates constant power for fixed V..., even though V,, varies. Maximum dissipation in load for circuit
shown is 1 watt when V. is 1 V. Different load transistors and different biasing arrangements permit higher power dissipation.
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New from Potter & Brumfield

8 major P&B relays to solve today’s design challenges.

1. R10S. Sensitivity to SimW per pole. Available in 1,
2, and 4 Form C contacts, Ratings from dry circuit to
3 amps. Less than $3.00 in lots of 500).

2. R50 redays. Help you sotve cost and space: prob-
lems. [ess than $2.00 in quantity, the: R50) allows 0.6"
center-to-center po board spacing.

Coil ratings of 5,6, 12, 24, and 48 VDC. Available in
1 and 2 Form C contacts.

3. CGrelay. Extended-range CMOS IC time delay or
interval timer. Repeatability including first cycle is typi-
cally .07 for DC units and 0.17% for AC units. Time
delays up to 100 minutes standard.

4. R16 time delay module. Offers big savings at under
$7.00in %Llar)titizes. Timing ranges, potentiometer adjust-
able;, are 0.240 2, 2to 30 and 10 to 100 seconds for delay
on operate.

5. T10 series relays. Only 0.375" high. 1deal for high
density applications —permit pe boards to be mounte
on 0.5" centers. Two and 4 Form C contacts provide 0.1
to 3 amp switching @30 VDC. Coil ratings: 6, 12, 24 and
48 VDC.

6. JDO relays. Solid state: switching
with total opto-coupler isolation. Zero
voltage turn on and zero current turn off

minimizes EMI and RFIL. Low profile ANME=

Potter & Brumfield

ermits pc board mounting on 0.5" centers. Coil ratings:
, 6, 12 and 24 VDC. Shockproof.

7. EOT series relays. Opto-coupled, all solid state.
Solve: high cyclic switching problems. Synchronous zero
crossover switching virtually eliminates EMI and RFI.
Output: 2, 4, 5or 7 amps @ 120 VAC standard.

8. PRD series power relays. New improved design.
Interchangeable with famous PR series. Save 504 at list
price! UL and CSA listed. Rugged terminals designed for
power screwdrivers.

For detailed product specifications, contact the
Potter & Brumfield sales representative or authorized
distributor nearest you, or write Potter & Brumfield
Division AMF Incorporated, Princeton,

Indiana 47671.
Telephone 812-385-5251.

EURQPE: Electrical Products Group, ()
AMF International Limited, AMF a

House, Whitby Road,

BRISTOL BS4 4AZ, 8
England
Telephone: p

(0272) 778383

Telex: 449481

AMMAFOCO

BRSTL

Solving switching problems is what we're all about.
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Department of Commerce

2) 34488 Telex : 147025 64 Chichester Street
Belfast BT1 4XX

Harry S Otliver
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rial Development for Northern freland.
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Lower production costs at all levels.

One of the major factors in deciding
where to build a new plant must inevitably
be the cost of the available work force. Is it
preferable to seek a low wage work force
drawn from a non-industrial society. Or a
higher wage work force drawn from a

highly industrialized society such as in the
United States?

In Northern Ireland there is a ready-
made solution. We are an established and
fast developing industrial country,yet by
your standards, production costs are low.
And this is true not only for semi-skilled
and unskilled labor,but also for skilled
workers and management personnel.

Furthermore,although social
security benefits in Northern Ireland are
comparable with any in Europe,costs are
lower. In Northern Ireland they amount,
at most,to 12% net of gross wages.

The will towork.

In Northern Ireland you'll find that
people believe in an honest day’s work for

a fair day’s pay. Let one of their spokesmen
speak to you on their behalf:

“We realise that industry must be
allowed to operate under favourable
conditions in Northern Ireland in
order to encourage new companies
to locate here. We also fully appre-
ciate that new companies must be
profitable if they are to expand and
create new jobs...anybody who
brings jobs to Northern Ireland by
locating a manufacturing company
here may be assured of our co-
operation and support””

So said Billy Blease in 1974,not a
Government official but the most
important Trade Union leader in
Northern Ireland.

But is the work force available?

We have 54,000 people (10.5% of the
working population) who would welcome
the opportunity to work in industry. Many
are already skilled. And for those who are
not,we've some of the finest training
facilities in Europe to enable them to

qualify for the skills you will need. Don’t
underestimate the value of a sophisticated
Government training program based on
your previous experiences. Ours is
something different. What's more, the
attitudes and capabilities of our trainees
guarantee that they develop quickly into
a highly skilled and reliable work force.

So that manufacturers like you can
take full advantage of our labor force,
we've set up 14 well-equipped training
centers where young people, after their
normal schooling, are given free training
in a variety of trades.

Bear in mind that Northern Ireland
has been the home of the Irish Linen
industry for 300 years. Centuries of
working with textiles have endowed our
people with an outstanding degree of
manual dexterity which makes them very
suitable for employment in modern fields
of technology, particularly electronics.

Unique in-plant training schemes.

The wages of workers who receive
free training can then be subsidized while
they are employed by you - until a satis-
factory level of productivity is reached.

Not surprisingly, the rate of output
in Northern Ireland over the past ten years
compares well with that of the more
developed countries of Europe. Our
training schemes and good industrial
relations have undoubtedly made a
unique contribution to our productivity.

Management
recruited locally too.

In Northern Ireland you really can
count on a well-trained,and willing work
force. The same is true for all levels of
management,too,because you can recruit

highly qualified executive staff who have
graduated from universities and colleges
of advancedtechnology. As with the labor
force,we will subsidize management
training costs,including recruitment
expenses and wages during training,to
enable you to build up an efficient and
cost-effective management.

Northern Ireland
is an industrial country.

One look at the number of manu-
facturing companies operating in
Northern Ireland - over 2,200 to date -
will satisfy you that we are an industrial
society.

Mini-airliners aredesigned and built
in Belfast. We are also involved in two
separate stages of production for the
RB 211 engine which powers Lockheed’s
L/1011.

Foracompany comingto Northern
Ireland such evidence of our industrial
development is welcome assurance that
both raw materials and purchased
components are readily available here.

Ready-made infrastructure.

In Northern Ireland you'll find that
the network of highways and other
transportation facilities have
more than kept pace with our
industrial development. Other
important transportation
projects are now in final stages
of completion and further
projects are being constructed.

Northern Ireland is well
served by seaports. Sixteen
scheduled services operate
between them and Great

|

Britain,and there are direct services to

over twenty foreign countries.

Regular air freight services exist
between Belfast and airports in Great
Britain,with automatic transfer to
inter-continental and international
flights.
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Not a mini...
it's actually

three processors
In one

mvk s (1664 )

Big computing power in a compact rugged package to
meet tough MIL SPECS.

The 1664 is a Tri-processor system with overlapped
operation. First there's a powerful microprogrammed
general purpose processor for data manipulation
applications. And heavy number crunching work is
handled by a variable precision floating point
processor. You choose 32, 48 or 64 bit precision and
get the accuracy and speed you need, plus efficient use
of memory. A direct memory access processor
handles I/ O traffic.

Plus you have system and program protection with a
new executive/user mode ... in the hardware. More
than 200 instructions to handle your data, no matter
what your format—bit, byte, field, block, string or
list. And for memory—64K bytes in the main chassis
with expansion to 512K bytes of dual port memory.

Our unmatched, upward compatible standard
software package comes with it at no extra cost,
plus full documentation and training.

So for 16 bits, 64 bits . . . or whatever you need,
the 1664 has it. Call (408) 257-6440, TWX 910-338-0247
or write ROLM Corp., 18922 Forge Drive, Cupertino,
CA 95014. In Europe: 06181 15011, TWX 841-418-4170,
645 Hanau, Muehlstrasse 19, Germany.
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New products

Radiophone tester is fast and simple

System for checking industrial, navigational, avionic, consumer
receivers includes frequency generator, synthesizer, other modules

by John Gosch, Frankfurt bureau manager

‘“Accuracy is not enough. What’s
also needed [in testing radio-
telephone systems] is speed and
simple operation.”

Tonio Frithauf, manager of the
design laboratory for automatic in-
struments at West Germany’s
Rohde & Schwarz, adds that these
needs result from the increasing use
of radiotelephones and other radio-
based systems in industrial, naviga-
tion, and avionic, as well as con-
sumer applications. Also, with chan-
nel spaces dwindling, the available
frequency bands are becoming more
crowded, so that interference is be-
coming more of a problem, the com-
pany says.

Check and log. Simplicity and
speed are therefore what R&S offers
in its model SMPU test system,
which takes only a few minutes to
check out a radiotelephone and log
its parameters. This goes not only
for direct quantities such as voltage,
frequency, deviation, and power but
also for indirect, or formula-derived,
quantities like bandwidth, sensi-
tivity, signal-to-noise ratio, and
squelch.

To make such measurements, the
SMPU has many modules: a 10-
hertz-to-100-kilohertz audio-fre-
quency generator, a radio-frequency
synthesizer for up to 500 megahertz,
an amplitude, frequency, and phase
modulator, and an attenuator ex-
tending to 141 dBv. Then there are
an automatic-frequency and phase-
deviation meter, an automatic fre-
quency-level meter for 3 millivolts
to 10 volts, an rf counter from 40
kHz to 500 MHz, and an rf power
meter with 0.5-, 5- and 50-watt
ranges. Completing the lineup are
an automatic frequency counter for
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up to 40 kHz, a psophometric
weighting filter, a distortion meter,
and an rf-switch panel.

The primary sales targets of the
SMPU are builders and users of ra-
diotelephones, such as taxi fleets,
fire and police departments, and
companies employing radios at
building sites, in navigation, and in
aviation. Although billed as a radio-
telephone test assembly, the SMPU
can be used for checking out other
radio-based equipment, such as au-
tomobile receivers, navigational
aids like ILS and VOR receivers, and

high- and low-frequency radio mod-
ules and subsystems of various
kinds.

The SMPU’s instruments are inte-
grated into the tester and controlled
by a combination of internal micro-
processor and external desktop cal-
culator.

The microprocessor, an Intel 4004
circuit, controls the instrument mod-
ules and monitors their operation.
Designed with a 2-kilobyte program
memory, the 4004 handles, for ex-
ample, automatic tuning of the de-
viation meter and allows digital-dis-
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PROFESSIONAL
DISCOUNT
PRICES
AVAILABLE ON

{@Texos
Instruments

Engineering
Calculators

PHONE TOLL FREE
800-638-8906

FOR THE CURRENT LOW DISCOUNT
PRICE OF THE LATEST MODEL
TEXAS INSTRUMENTS CALCULATOR
OF YOUR CHOICE

TEXAS INSTRUMENTS

SR-50A

Performs all classical slide
rule functions — simple arith-
metic, reciprocals, factorials,
expotentiation, roots, trigono
metric and logarithmic func-
tions, all in free floating deci-
mal point or in scientific no-
tation. Rechargeable batteries,
AC Adapter/Charger and case
included.

INSTRUMENTS

SR-51A

Performs logarithms, trigono-
metrics, hyperbolics, powers,
roots, reciprocals, factorials,
linear regression, mean, vari-
ance and standard deviation.
Three memories. Scientific no-
tation. 20 preprogrammed
engineering conversions, Re-
chargeable batteries, AC Adapt-
er/Charger and case included.

ALL THE FAMOUS
TEXAS INSTRUMENTS
ELECTRONIC CALCULATORS
ARE AVAILABLE AT DISCOUNT PRICES

Mail and phone orders accepted. Master Charge
and BankAmericard accepted. Add $2.50 per
unit for shipping and handling. Maryland resi-
dents add 4% sales tax.

Use our toll free phone: 800-638-8906 (Mary-
land residents phone: (301) 340-7200) to order
or for current discount quotations on the lead-
ing brands of electronic calculators: Texas
Instruments, Hewlett-Packard, Rockwell, Ricoh,
Kingspoint, Corvus, Novus, and many more.

THE GUARANTEE

10 day money back trial. If you are not com-
pletely satisfied you may return the Texas In-
struments calculator you order within 10 days
for a cash refund or charge cancellation. In
addition Texas Instruments Inc. and Capital
Calculator Co. Inc. warrant each calculator for
a period of one year against defective parts
and workmanship.

Capital Calculator Company

ﬁ*’

Maryland residents phone:
(301) 340-7200

701 East Gude Drive
Rockville, Maryland 20850

Circle 150 on reader service card

New products

tortion-factor measurements to be
made. It also keeps tabs on band-
width and sensitivity measurements
and transforms, say, signal-to-noise
ratios into dB values.

Making the SMPU a fully auto-
matic system, complete with data-
logging capabilities, is the external
desk calculator. Besides producing a
record of the test results, the calcu-
lator handles all functions for which
the microprocessor is not pro-
gramed. 1t makes many kinds of
logic decisions that are usually han-
dled by a minicomputer in auto-
matic test systems.

With computer or calculator con-
trol, it’s easy to change or correct
programs. All commands can  be
separately selected, substituted, or
erased. It’s also possible to insert in-
structions without rewriting pro-
grams.

The decisive factor in favor of cal-
culator instead of computer control
was price. For its SMPU, R&S se-
lected the model TEK 31 desk cal-
culator from Tektronix Inc.

With its arithmetic unit, key-
board, display, magnetic-tape car-
tridge and hard-copy printer, the
TEK 31 incorporates all functional
units needed for controlling and
programing the SMPU and for dis-
playing and logging the parameters
it measures.

Couplers are eliminated. “If test
equipment is made programable,
then why not make it bus-program-
able?” Frithauf decided. So, an I1EC-
standard data bus adapts the calcu-
lator’s interface to the tester, elimi-
nating the need for complex cou-
plers. Using the data bus also means
that, in addition to the SMPU, the
calculator can simultaneously con-
trol other IEC-standard instruments.

Further, the data bus makes it
possible to use calculators other
than the TEK 31 if they are IEC-
compatible. It also allows SMPU
control via a punched-card reader,
which would replace the calculator
in a semiautomatic system.

For the TEK-31 calculator, R&S
supplies a magnetic-tape cartridge,
containing the SMPU software, in-
cluding all standard test routines.
But customers can also prepare their

own routines to suit special needs
and applications.

The cassette containing the test
program is put into the calculator.
Then, a push of the start button puts
the program through its paces. For
quantity testing, the program can be
recalled by the same button.

It is possible to enter data not in
the program. For example, the cal-
culator may request data on channel
frequency or channel number. The
user enters such data on the calcu-
lator’s keyboard and pushes the
continue button, to tell the calcu-
lator to resume its interrupted test
routine. Unskilled personnel can
easily run the system.

The SMPU not only has the stan-
dard manual and programable
modes but a third one, called the
combined mode, that allows simul-
taneous programed and manual op-
eration. It enables programed val-
ues to be varied, erased, or corrected
by hand, and vice versa. For ex-
ample, a radio set’s channel fre-
quency may be read in from the cal-
culator and varied manually for the
actual measurement.

Instructions to the user. In data-
logging, the calculator’s thermal
printer produces not only the test re-
sults and the requests for additional
data, but also instructions for the
user as well as comments like “be-
yond limits”, *“out-of-tolerance”,
“check power supply”, and similar
kinds of instructions.

Frithauf says that the SMPU
offers a saving in test time of as
much as 90% less than manual
methods. More specifically, to check
out a typical six-channel duplex ra-
diophone manually may take as
long as 45 minutes, according to
Frithauf. With the SMPU used in a
semi-automatic configuration (with-
out the calculator), he says it takes
10 minutes and, with the fully auto-
matic version (with the calculator),
only 3 minutes.

U.S. price for a system that does
not include a calculator or its inter-
face is $43,000.

Rohde & Schwarz, 8 Munich 80,
Muhldorfstr. 15, West Germany [339]

Rohde & Schwarz, 14 Gloria Lane, Fairfield,
N.J. 07006 [340]
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Mature, fully developed, and at their
peak. It’s our family of ceramic trimmers.

All of them offer good stability, a variety
of capacitance ranges, ceramic stators,
linear tuning, and a precision rotor.

Our Micro-J Capacitor is the Cadillac
of the group, and features high performance,
monolithic design, and horizontal and vertical
PC and stripline mounts.

Our Micro-K Capacitor is the newest
member of the family. Tiny enough for quartz
watches. And it has a precision lapped
titanate stator and finely machined brass rotor.

Our 10mm model is low cost and
mounts interchangeably with similar ceramic
disc trimmers.

The 5mm type is even less expensive
and can be used in the same applications
as monolithic types where maximum stability
isn’t required.

Electronics/November 13, 1875

Awhole new
crop of trimmers to pick from.

new

Just send in the coupon for more
information about our newest crop of
trimmers. We think they’re ripe for the times.

E. F. Johnson Co./EL 9/Waseca, MN 56093
[ ] Please send me technical information.
[_] I desire test samples. Please call me at

G )

Area Code
Name
Title
Firm__
Address.
City

State

E.F. JOHNSON COMPANY
WAS

MINNESOTA 56093

Zip
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MINIATURE SERIES 8
SWITCHES PROVIDE
THE ATTRACTIVE
APPEARANCE , SMALL
SIZE AND RELIABILITY
NEEDED FOR HAND-
HELD DIGITAL TIMERS.
OFFER A WIDE
VARIETY OF OPERA ~
TORS INCLUDING
TOGGLES, PADDLES,
PUSHBUTTONS

SNAP-ACTION V3, SM AND 8X

SWITCHES PROVIDE HIGH RELIABILITY
AND ARE CAPABLE OF HANDLING

HIGH OR LOW ENER@Y CIRCUITS;
PROVIDE OUTSTANDING PERF NCE
FOR SELECTION, TIMING AND DISPENSING
FUNCTIONS IN VENDING AMACHINES.

IDEALLY SUITED FOR

DIGITAL CASSETTE

RECORDERS AND

CARTRIOGE DRIVES,

THE 26 EM MOTOR

USES A HOLLOVW ROTOR T PROVIDE
THE LOWEST POSSIBLE RCTOR MASS,
RESULTING IN VERY LOW INBRTIA,
DIRECTLY INTERCHANGEABLE WITH
MOTORS MADE OUTSIDE USA.

LIGHTED AND UN- T L
LIGHTED ROCKERS.
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MICRO 5vVITCH COMPONENTS ARE
IDEALLY SUITED POR APPLICATIONS LIKE
THIS PRINTER AND OTHER COMPUTER
PERIPHERAL EQUIPMENT,. FOR INBTANCE,
THE SD KEYBOARD OFFERING M IGH
RELIABILITY LOW PROFILE AND LOW
COST, THE AML LIGHTED PUSHBUTTONS,
Femunma QE AUTY@:PEARANce AT

LECTRI EXIBILITY,
mcwmue LID STATE VERSIO pLUS
A COMPLETE LINE OF SOLID :TA'ri
POSITION SENSORS OFF BRING ALAMOST
INBINITE LIFE AND gMPATIBILITY
wWIiTH coMPunﬂ LO

e

The solid state keyboard, A
lighted pushbuttons and s
state position sensors you see
will probably never wear out.
Because they're all solid state.

Each is based on a Hall
effect integrated circuit. A circuit
that's been tested through billions
of operations without failing. Even
once. And proven by performance
in a variety of applications. The
other components you see here
come close. Simply because of the
way they're designed and put
together.

Like the long-life versions
of our snap-action V3, SM and SX
precision switches. Available in a
wide variety of sizes, electrical
capabilities and ratings, terminals,
actuators, contact forms and
operating characteristics— they've
been tested to a mechanical life of
over 10,000,000 operations.

Or the Series 8 miniature
manual switches. Designed with
epoxy-sealed terminals on most
versions for extra reliability. And
offered with virtually any operatos
you might need. Plus terminals
that include solder, qmck connect,
printed circuit or wire-wrap.

The same standards of
quality and product flexibility go
into the 26EM DC motor. It's a
miniature motor designed with
low inertia operational character-
istics. And just one of a line that
ranges up to the 500VM, a motor
capable of accelerating to 4000
RPM and stopping over 1000
times per second.

If you'd like more infor-
mation on any of these com-
ponents, contact your nearest
MICRO SWITCH Branch Office
or Authorized Distributor.

And find out how you can
get a component that goes on
forever. Or at least comes very,
very close.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

MICRO SWITCH products are available
worldwide through Honeywell internatioiid

Circle 153 for data.
152 for salesman call
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Intelligent /0% do
the @PU% busywiork.

We've identiflied many common tasks performed by micro-
processing systems and designed intelligent LSI 1/O’s to controf
them — independent of the CPU. The CPU is thus able to delegate
mundane chores such as running the peripherals, while concentrat-
ing on the serious thinking it does best.

The spreading of intelligence among the 1/0s also reduces the
amount and cost of program memory in your system. And because
the CPU is no longer responsible for monitoring a multiplicity of
functions all over the lot, programming becomes simpler, faster,
and more flexible. You simply plug in or remove a chip with minor,
not total, software changes fo add or subtract functions.

IEM]A@

Another burden
lifted from the CPU.

Our 8 channel Direct Memory
Access Control (DMAC) gives
priority to data flow between
the 1/0O’s and the system’s
memory. Once again, the
CPU is freed from a routine,
time-consuming chore.

154
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istherewith _
approach to microprocessing.

PARALLEL
PROCESING?

HIGH SPEED
RESULTS FROM
LOW COST

TECHNOLOGY

With so much independent
intelligence spread
through our system,
many tasks can be N
executed atvirtually &
the same time. With Yy
our parallel proces-
sing system (PPS) you
can now perform
tasks with
MOS micro-
processing
that would
otherwise
require ‘
higher cost
technologies.

A
TWRILLING
CRSe
AISTORY

A fellow designed a new cash
register whose 1/O’s sprawled
over three PC boards and
cost about $250. He felt there
was a better way and went fo
a large microprocessing
house, but one which sold
chips, rather than systems.
They reduced him to one
large and two small PC
boards, with a cost of about
$160, Finally, he came to
Rockwell, where we applied

our LS| system approach to his
problem. He walked out with
his entire system in LS| on one
PC board at a cost of about
$85.

MILLIONS OF DOLLARS
JAY WE RE SERIOUS
APOUT ALL THIS

We've spent millions of dollars
to develop more than 40 LSI
microprocessor circuits to
offer you LS| options for most of

your electronic needs. As well
as a worldwide sales and
field service organization.
Add to that a production
capacity of tens of millions of
circuits per year and you get
the picture: giant Rockwell is
very serious about tiny micro-
processors. Don't let anyone
tell you otherwise.,

Help isr never more than
ten digits away:

J14pe
632-3729

Just call us at any hour and
tap into a wealth of Rockwell
customer support: detailed
literature, software libraries,
assembler - simulators and
other design aids. Program-
ming and board develop-
ment assistance. And training
programs at our facilities or
yours. Some of this help is free;
some costs. Take as much or
as liffle as you need. What's
important is that it's there.
Right now.

Stop trying to solve micro-
processor problems by bits
and pieces. Instead, see
how Rockwell’s LS| system
approach can help you. Call
Bill Roland at (714) 632-3729
or write fo:

Department 1B 1113
Microelectronic Device Div.
Rockwell International

P.O. Box 3669

Anaheim, California 92803

’x Rockwell International

.where science gets down to business

Electronics/November 13, 1975
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Ion implant

Tightens low -power Schottky
performance parameters.

Choose TI's low-power Schottky in-
tegrated circuits, and you get per-
formance and dependability.

The reason is ion implantation. It
assures precise control, consistent
quality, and performance so uni-
form it approaches the optimum.
The bell curve above dramatically
demonstrates how tightly TI main-
tains electrical parameter dis-
tribution in its low-power Schottky
devices.

Reliability is in a class with that
of TI's 38510, 883 and MACH IV Hi-
Rel devices. TI’s low-power Schottky
circuits have undergone over
65-million equivalent hours of life
testing with the outstanding results
detailed in the box.

Low-Power Schottky Life Test Resuits
Number Equivalent
Test of Devices Nr,u;::::r Hours
Tested @ 55°C
Operating
Life @ 125°C 484 4 22,127,200
Operating
Life @150°C 127 3 4,064,000
Storage
Life @ 150°C 613 2 39,136,000
TOTALS 1224 9 65,327.200
NOTE: The failure rate estimate for above combined storage: life and
operating lite data is: 6.80024%/100 houes. This is a best estimate |
failure rate extrapolatec 10 55°C. based gre1 1 ev activation enesgy.

And there is also an improvement
in the speed of these TI “Power
Savers.” While power requirements
remain at less than 2 mW per gate,

speed is typically 8 ns.

Yet for all the improved perfor-
mance and dependability it pro-
duces, ion implantation costs you
no more. You have a broad choice of
126 readily-available low-power
Schottky functions, with 15 more
due before year end, and 50 to come
in 1976 —all at a very cost-effective
price.

For more information, contact
your nearest Texas Instruments
sales office or your authorized
TI distributor. Or write: Texas In-

strumentsIncorpo- o
rated, P.O. Box 5012
M/S 308, Dallas, Texas U

75222, Or call us;
(214) 238-3186

TEXAS INSTRUMENTS

(© 1975 Texas Instruments incorporated

INCORPORATED

83098
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New products

Semiconductors
PROMSs program
microprocessors

Plug-in units also debug
prototype microcomputers,
avoid software routines

For engineers who prefer the hands-
on hardware approach, rather than
working with software, a consulting
engineer in the computer industry
has developed an easy-to-use micro-
processor-programing and debug-

ging aid. Called the Plug-PROM, the
unit developed by Brent Olsen is a
read-only-memory diode-matrix ar-
ray that is programed by inserting
small printed-circuit-board “plugs”
into standard pc edge-connectors.
Each plug is labeled with a hexa-
decimal value (0-9, A-F) that it
programs into the diode matrix in
any position into which it is in-
serted.

Each plug programs four bits, so
that in the standard 8-bit-by-256-
word unit, each word is easily and
quickly programed by inserting two
of the small 0.5-by-l-inch plugs.
The plug-PROM connects easily to
any system using a short cable with
a 24-pin plug on the end and is elec-
trically equivalent to the widely
used Intel 1702A PROM. Olsen ex-
plains that interfacing consists only
of plugging the unit into a socket
that would normally contain a
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1702A PROM. The unit can be sub-
stituted for more than two dozen
commonly used ROMs and PROMs.

“Once plugged into the micro-
computer system,” says Olsen, “pro-
graming consists of selecting two
properly coded plugs, each repre-
senting a 4-bit hexadecimal value
and inserting them into the pc edge
connector of the 8-bit word being
programed. To change the program
during debugging only requires re-
moving and replacing plugs with
different ones. What this means is
that programing a microcomputer
no longer requires the user to learn
how to program a time-sharing
computer or how to operate a spe-
cialized development system and
learn abbreviated system com-
mands.”

In addition, he says, the user
doesn’t have to buy teletypewriters,
CRT terminals, high-speed paper-
tape punches, or high-speed paper-
tape readers. All he has to do is
build the prototype system just as
originally intended, substitute the
plug-PROM for the PROMs and
ROMs, write the programs, and in-
sert the plugs. The user can substi-
tute and move them around until
the program is executed properly.
The plug-PROM can then be moved
to a PROM duplicator and, once con-
nected, PROM copies can be made.

An option provides the plug-
PROM with light-emitting diodes
that light in every word position
when a particular word is selected.
If the execution time is slowed or
single-cycled, the LED indicators will
visually show every fetch, jump,
jump-to-subroutine, and return-to-
subroutine in the program. The
plug-PROM obtains its power from
the socket in the system. The only
other connection, says Olsen, is the
ground lead attached to logic
ground in the system. The unit re-
quires only a few hundred extra mil-
liamperes from a + 5-volt supply.

The plug-PROM is available in
eight models—four with the LED in-
dicators. Dimensions range from 15
by 8 inches to 15 by 30 in., and or-
ganization ranges from 8-by-32 to 8-
by-256 bits. Prices range from $250
to $1,995. Delivery of standard units

is available from stock or in 60 days,
depending on models and options.
Brent Olsen, 1950 Colony St., Mountain
View, Calif. 94043 [411]

|70 unit is compatible with
Rockwell microprocessor

An LSI input/output device for
Rockwell’s 4- and 8-bit micro-
processor systems requires no exter-
nal refresh or decoding logic. The
42-pin circuit interfaces with any
standard 4,096-bit n-channel ran-
dom-access memory.

With built-in logic controlled by
software, the RAM interface permits
buffered access to as many as 16,192
4- or 8-bit words of either data or
program memory, which can be
time-shared with such external sys-
tems as a computer or a controller.
Designed to be used in pairs, the de-
vices offer options enabling imple-
mentation of a variety of systems.

As with other LsI interfaces and
input/output controllers in Rock-
well’s microprocessor systems, the
new RAM circuit can be designed
into existing microcomputers merely
by changing a little software.

Prices are $25 each for one to 24,
$17.50 for 25 to 99, and $13 for 100
t0999. Delivery is from stock.
Microelectronic Device Division, Rockwell
International, 3310 Miraloma Ave., Anaheim,
Calif. 92803 [412] :

Schottky mixer diodes
have low forward drops

A line of Schottky-barrier mixer
diodes with forward voltage drops
in the range of 200 to 300 millivolts,
compared to 400 to 500 mv for con-
ventional microwave Schottkys, pro-
vides better matching in 50-ohm cir-
cuits than do the conventional units.
The noise figures of the low-v;
diodes is typically less than 6 deci-
bels at 9 gigahertz for power levels
from -5 dBm to +5 dBm. The diode
line consists of 23 devices in a vari-
ety of packages from microstrip
quads to beam-leaded chips. Prices

157



The
precision
filter

you can
afford.

$895.

We've built a variable electronic filter
that's so precise, it has enabled us to print
the cutoff frequencies, center frequency, bandwidth,

noise bandwidth and filter gain,

for every setting, on top of the instrument.

Besides being the easiest-to-use filters on the market,

our 4200 series filters are twice as accurate,

have less than half the self-noise,
and provide 10 dB greater outband rejection than
other filters. Frequency coverage is
.01 Hz to 1 MHz. Built-in selectable post-filter

gain and remote preamplifiers are optional.

A Butterworth response is used in the NORMAL
mode and a Bessel response in the PULSE mode
(transient response is superior to conventional
“RC” or “Low Q" modes of other filters).

For complete specifications and
your free copies of our variable electronic filter
application notes, write to: Ithaco,
Box 818-7R, Ithaca, New York 14850.
For immediate response, call Don Chandler at
607-272-7640 or TWX 510-255-9307.

ITHACO
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range from $5.95 to $62.40, depend-
ing upon the package. Delivery is
from stock.

Inquiries Manager, Hewlett-Packard Co.,
1501 Page Mill Rd., Palo Alto, Calif. 94304
[413]

Gate-turn-off SCRs
can handle 8.5 amperes

A line of 18 gate-turn-off SCRs from
RCA can handle 8.5 amperes at max-
imum voltages ranging from 100 to
600 v. Unlike conventional SCRs,
the GTO devices can be turned off by
the application of a negative voltage
to the gate terminals. Their main
advantage over comparable switch-
ing transistors is that they can main-
tain a low voltage drop over a wider
current range than the transistors
can. Housed in hermetic steel TO-3
packages, the devices can all be op-
erated at temperatures up to 125°C.
In lots of 1,000 pieces, their prices
range from $2.50 to $6.95 each, de-
pending upon voltage rating and
speed. Turn-on times range from 1
to 2 ps, but turn-off times from 1 to
5 ps are available. Delivery is from
stock.

RCA Solid State Division, Box 3200, So-
merville, N. J. 08876 [414]

Four-bit register has
common-enable function

A low-power Schottky TTL 4-bit reg-
ister from Advanced Micro Devices
is a parallel-input positive-edge-
triggered D-type device with buf-
fered common clock and register-
enable functions. Designated the
Am25LS08, the unit has both in-
verted and noninverted outputs,
and can run at a maximum fre-
quency of at least 40 megahertz (65
MHz, typical). The Am25LS08 is
similar to the Am25LS175 and
Am74LS175 quad registers, except
that it has a common register-enable
function instead of a common regis-
ter-clear function. The device is
used in digital systems in which in-
formation is associated with a logic-
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Buss Fuses
Specialize

with a complete line of fuses BATTERY CHARGERS

Too I for Safe Protection of
B SOLID STATE DEVICES

13
INDUSTRIAL CONTROLS s
i
VARIABLE SPEED ‘
DRIVES
MACHINE TOOLS £=:

INVERTERS
POWER SUPPLIES

POWER
CONTROLS

VARIABLE SPEED DRIVES
MOTOR CONTROL CIRCUITS

TRON i
PLATING \-l

S RECTIFIER FUSES ey

VARIABLE SPEED DRIVES

.. . offers a compiete line — 1/2 to 1000 amperes for MOTOR CONTROL CIRCUITS
voltages up to 1200.

TRON rectifier fuses are especially designed for the
protection of solid state devices — or wherever
extremely fast opening and great current limitation of
let-through current is needed.

TRON rectifier fuses are extensively used for the
protection of semi-conductor rectifiers, thyristors, SCR'’s
and similar applications.

For full information on TRON rectifier fuses and
time-current characteristic charts, write for
BUSS Bulletin TRFS.

* A member of the TRON family of
marks, Reg. U.S. Pat. Off,

SUPPLIED THE ECONOMICAL WAY
BUSSMANN MANUFACTURING n
e a McGraw-Edison Company Division
St. Louis, Missouri 63107 "
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MATSUO QUALITY

design and manufacturing brought
you dipped tantalum capacitors with square leads.

I HOLDG CAPACITOR AWAY FROM HOT SOLDER
TO PREVENT HEAT TRANSFER.
FACILITATES CLEANING ODT SOLDERING FLUX.
+ ALLOWS VISUAL CHECK OF CONNECTION.

¢+ ELIMINATES MOISTURE. ENTRAPMENT.

Everyone talks quality, but here’s quality you can actually see! Matsuo’s new lead
arrangement provides benefits so obvious we’re surprised no one else has it. Then
there's the beveled end for quick “feel” and visual recognition of positive polarity.
There’s the rigid molded body of hard insulating silicon resin
that resists damage, is non-combustible. And more, so
much more. Like Matsuo Tanchips save space, adapt
easily to automation, have low inductance. Shouldn't
you know everything there is to know about
Matsuo Tanchips? After all, we're not onlya
step ahead of the rest — we’re a step above!

ailable in 3 uniform case sizes.
Cap range .1 to 22 Mfd. Voltage 6.3 to 35 VDC.

For prices, literature, engineering samples, write or call

MATSUQO

ELECTRONICS
831 SO. DOUGLAS ST., EL SEGUNDO, CALIF. 90245 « (213) 679-0379
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gating signal. When the enable is
high, the register will not change
state, regardless of the clock or data-
input transitions. The price of the
quad register, in 100-piece lots,
varies from $1.60 to $10.88, depend-
ing upon temperature range (0°C to
70°C or -55°C to 125°C) and pack-
aging (molded DIP, hermetic DIP, ce-
ramic flatpack, or uncased dice).
Advanced Micro Devices Inc., 901 Thomp-
son Pl, Sunnyvale, Calif. 94086. Phone
(408) 732-2400 [415]

Master slice for custom LSI
contains 500 C-MOS pairs

A large-scale master-slice comple-
mentary-MOS chip containing more
than 500 c-MOS transistor pairs
along with 44 buffers and interface
pins is designed to speed the pro-
duction of custom integrated cir-
cuits. Called MasterMOS L, the
new chip is completely compatible
with existing smaller MasterMOS
chips.

International Microcircuits Inc., 3000 Law-
rence Expressway, Santa Clara, Calif.
95051. Phone (408) 735-9370 [416]

ICs drive 48-V telephone
relays without protection

Two integrated interface circuits de-
signed specifically to drive 48-volt
telephone relays need no external
clamping diodes for protection
against inductive transients. Both
circuits contain an internal refer-
ence that prevents the type of out-
put-breakdown-latching that some-
times occurs with ordinary relay
drivers. One of the ICs, the DS3686,
is a positive-voltage driver, and the
other, the DS3687, is for negative-




NOW, FOR THE COST OF A
GOOD SCOPE, YOU CAN HAVE

THIS MDSG

*(Multiport Digital Signal Generator)

WHAT IS AN MDSG?
(1) It's aMemory Tester
(2) It's a Digital Logic Breadboard Simulator

(3) It's a Serial Digital Pattern Generator (up to
80 MHz)

(4) it's a Test Controller

(5) It'sa High-Speed Digital Card Tester

(6) It's a Microprogrammable Digital Center
(7) It’'s a Multiport Time Delay Instrument

MD-100 NOW PRICED AS
A LAB INSTRUMENT

Macrodata’s experience in delivering more
than 500 microprogrammable multiprocessor
systems throughout the world, now allows us to
reintroduce the MD-100 as a laboratory instru-
ment at a new ultra-low price — just half of its
previous list price. At this new low cost, it's the
best instrument investment you can make for
your incoming inspection or engineering
laboratory.

HERE’'S WHAT YOU GET
FOR THE NEW LOW PRICE

For only $6,995 you get the following:

(1) the world famous MD-100, (with its easy
operation by unskilled operators, and
expandability for testing RAM's up to
65K X 16 and for testing ROM’s);

(2) A complete set of the industry’s most
critical memory test patterns.

Plus This Special Limited Time Offer

As an added incentive — for a limited time un-
til December 31, 1975 — when you purchase
your MD-100, we will make 12 characterization
shmoo plots for up to 10 of your 4K RAM de-
vices free of charge.

PERSONALITY CARDS
AVAILABLE FOR THESE DEVICES
1K MOS RAM's: 1103, 1103-1, 1103A, 2102,

2105, 4006, 4008, 4009, 6002, 7001, 1500, 1501,
7552, 93415, and others.

4K MOS RAM's: 6605, 4096, 2107, 2107A,
2107B, S6103, 4050, 4060, 6004, 9050, 9060,
and others.

FOR LAB AND INCOMING INSPECTION

The MD-100 as a Muitiport Digital Signal Generator is the ideal instrument for
incoming inspection and engineering laboratory use

Incoming Inspection. For incoming inspection, you can save many times the
cost of this instrument simply by using it as a *Go/No-Go" tester for volume
work, while at the same time having it available for its many other uses.

Engineering Laboratory. As a laboratory instrument, you can (1) confirm usa-
bility of memory devices in your application before you make large doliar
commitments; (2) thoroughly characterize your devices, with the MD-100’s
adjustable voltage and timing; and (3) use it as a very handy general laboratary

instrument.

If the high prices of microprogrammable multiprocessors have turned you off
in the past, now's your chance to get up to date at a cost within your budget.
Fill out this coupon and mail it today, or call us on our hot lines. Ask for Ben.
(213) 887-5550.

[] 'm ready to buy. Bring one out.

[J I'm interested in an MD-100 and your Limited Time Offer, but | want
a demonstration

[] I'm interested, but | want more information.

Name . . Title o

Company _ __Phone _

Address N

City S _

lr Macrodata Corporation, 6203 Variel Ave. Woodland Hills,
® California 91364, Phone: (213) 887-5550, Telex: 65-1345
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Precision can’t depend
on typical specs.

with the precision they need. And to quote key specs in
, / meaningful MAX. (or MIN.) numbers.
For example: Our OP-05, a direct replacement for
PMIS gOtyour n"m]ber’ 725’s, 108A’s, and un-nulled 741's, has a MAX. noise
spec of 0.6uV p-p, 0.1 to 10Hz. And the data sheet
shows that you can depend on the device not to drift
more than 0.5:V/°C (the MAX. spec).
—Long term drift is guaranteed at 8uV/month. MAX.
—\5s is 0.15mV. MAX.
—Bias current is 2.0 nA. MAX.
—And CMRR, PSRR, GAIN and R;, DIFF are all
quoted MIN.
The point is, we know the designer’s op amp
N problems: accuracy and repeatability. That's why we
specify exactly what they’ll do, MAX.
To check out our precision op amp numbers and
ponder the intrinsic simplicity of our monolithics, circle
the bingo card or contact us.

Precision Monolithics, Incorporated
1500 Space Park Drive, Santa Clara, CA 95050
(408) 246-9222. TWX 910-338-0528.

Cable MONO.

Circle 164 on reader service card



New products

Communications

Automatic unit
tests data links

Data transmission test set
does two-way checks on
half-duplex networks

A portable data transmission test set
from W & G Instruments measures
bit and block error rates on simplex,
half-duplex, and full-duplex trans-
mission links. Unlike most other
testers, the model No. 1-8 measures

the two error rates at the same time,
not only speeding the measurement
process but also allowing the system
operator to evaluate the correlation,
if any, between the rates. The two
measurements are stored in separate
counters, and either can be dis-
played at the flick of a switch.

A novel feature of the model 1-8
is its ability to perform a full (two-
way) test on a half-duplex system
automatically. For this type of test
two test sets are required, one at
each end of the link. The test sets
simulate the behavior of a pair of
computers to check modem hand-
shaking procedures, measure the bit
and block error rates in one direc-
tion, automatically reverse direc-
tion, and make the same measure-
ments for the return channel. In this
way the effects of modem turn-
around time are included in the test.

Besides testing the complete sys-
tem, the 1-8 can make explicit mea-
surements of bias distortion, peak
distortion, and modem delay time.
Since the test set has two indepen-
dent clocks, one each for the gener-
ator and the analyzer, tests can be
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made on systems where the transmit
and receive speeds differ. Also, the
supervisory channel of a network
can be tested simply by throwing a
switch on the instrument.

Designed to work with networks
whose interfaces are compatible
with EIA RS-232-C (CCITT v28), the
test set can operate synchronously at
any speed up to 100,000 bits per sec-
ond, or asynchronously at any of the
10 following speeds: 50, 75, 110,
200, 300, 600, 1,200, 2,400, 4,800, or
9,600 b/s.

Housed in a suitcase of tough ABS
plastic, the model 1-8 weighs only
22 pounds, measures 17.5 by 15.75
by 7.25 inches, and is therefore light
and compact enough for field use.
The instrument is also so easy to use
that people relatively unskilled in
communications technology can use
it with confidence.

Special features on the test set in-
clude a memory circuit that detects
and indicates momentary carrier
failures, automatic detection and
correction of out-of-phase states,
and a push button for injecting ran-
dom bit errors. Various lamps that
indicate the status of the modem
and the test set are also included.

The model 1-8 consumes only 25
watts at 115/240 v ac, 60 Hz. It will
meet all of its specifications over the
temperature range from 2°C to
40°C. Its price is $2,490.

W & G Instruments Inc., 119 Naylon Ave.,
Livingston, N. J. 07039. Phone (201) 994-
0854) [401]

Infrared system transmits
video more than 2,000 feet

Designed to transmit studio-quality
color or black-and-white television
signals for distances in excess of
2,000 feet without coaxial cables or
FCC licensing, the model 747 is an
infrared system with a peak output
power of 4 milliwatts at a wave-
length of 9,300 angstroms. The sys-
tem is both cheaper and easier to in-
stall than conventional links for
such applications as sending signals
across roads, rivers, railroads, and
between buildings. It can also be

Circle 165 on reader service card

Switch
and or
SGdll
up 10128

signal lines
al random
or
In sequence!

Select one line out of 16, 32, 64 or 128
with fully-packaged, binary-controlled T-Bar®
Series 2900 Selector Switches. Optional
scan control with all logic available for
automatic/manual selection. Low throughpath
resistance and high signal isolation are
standard. You can even expand up to 16,284 lines
with optional T-Bar Scanner expansion modes.

If you switch a lot of lines...all at once
or a few at a time...write or phone today
for T-Bar’s illustrated Series 2900
Automatic Selector Units catalog.

N

SS:
INES.
I N arINCORPORATED
®

SWITCHING COMPONENTS DIV.

147-N Danbury Road, Wilton, CT 06897
Phone: 203/762-8351
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THE $BILLION COMPANY WITH
SOMETHING NEW IN MEMORIES.

RELIABILITY.

The company is NEC —
Japan’s giant $1.6 billion
Nippon Electric Co., Ltd.
Who, through its American

Our 60ns «PB403
IK Programmable
bipolar ROM, pin com-
patible with the industry.

subsidiary — NEC Micro- Our unique w PD454 —
computers, Inc. —is offer-  the first 2K Electrically
ing you the broad product ~ Alterable PROM fast
base, state-of-the-art enough to be
technology, and good used with
delivery youexpectfrom 2MHz
amajor memory supplier,
plus something you don’t
expect. Honest-to- good-
ness reliability. :
We start with )
abroadprod- ' W micro-
uct base. & proces-
RAMs, ) SOrS Or in
ROMs, and PROMs. any other
MOS, bipolar, and micropro-
CMOS. TTL and grammed control
ECL compatible. application. And its Mask
And we back itup with  Programmable compan-
state-of-the-art technology. ion, the u PD464.
To give you products like: Our 600ns u PD466
Our uPD411 seriesof 16K Mask Programmable
4K RAMs. Inthe industry ROM.
standard 22-pin package, And our 85ns u PD405
with access times to150ns. 1K Static MOS RAM.

But what makes our
memories truly different is
that they’re made to the
highest standards of relia-
bility in the busmess

Simply
because
our parent
company sells

to people for
whom traditional
failure rates are wholly
unacceptable. For
example, the MTBEF for
our 4K RAMs is over 5
million hours.

And most important of
all, we can deliver all this
technology and all this
reliability in whatever
volume you want.

Which should give you
every reason you need to
call on us for all your
memory requirements.

NEC Microcomputers,
Inc., Five Militia Drive,
Lexington, Mass. 02173.
617-862-6410.

NEC Microcomputers, inc.
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WHERETOBUYIT.

New England:
Circuit Sales Company
Lexington, MA
617/861-0567

Mid-Atlantic:

Trionic Associates, Inc.
Great Neck, NY
516/466-2300

C.H. Newson & Associates
Philadelphia, PA
215/248-3377

C.H. Newson & Associates
Hershey, PA

717 /233-8576 (Harrisburg)
301/825-0001 (Baltimore)

Southeast:

Perrott Associates, Inc.
Orlando, FL
305/275-1132

Perrott Associates, Inc.
Clearwater, FL
813/726-1549

Midwest:

McFadden Sales, Inc.
Columbus, OH
614/221-3363

Bitronics Sales Company
Minneapolis,
612/835-7744

RF S;l){elcialists
Park Ridge, IL
312/698-2044

Southwest:

Merino Sales Company
Dallas, TX
214/233-6002
Tri-Tronix
Albuquerque, NM 87110
505/265-8400

Summit Sales
Scottsdale, AZ 85251
602/994-4587

Northwest:
Tri-Tronix

Bellevue, WA
206/454-0940

So. California;: )
Electronic Component Marketing
Woodland Hills, CA

213/340-1745

Electronic Component Marketing
El Toro, CA

714/830-3939

Electronic Component Marketing
San Diego, CA

714/295-6122

No. California:
Trident Associates
Mountain View, CA
415/967-7031

Canada:
R.F.Q., Ltd.
Toronto, ONT.
416/625-8874
R.F.Q., Ltd.
Montreal, QUE.
514/626-8324

NEC microcomputers, inc.
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used profitably within a large build-
ing where it can replace extensive
(and expensive) festooned-cable in-
stallations [Electronics, Oct. 16, p.
26). Mirrors can be used with the
system to facilitate transmission
around obstacles, and extraneous
visible lighting can be ignored.

The receiver uses a silicon ava-
lanche photodetector to give it a
high fade margin and over 100 dB of
agc range. The signal-to-noise ratio
at 2,000 feet is in excess of 48 dB.

The receiver and transmitter each
come complete with a six-power
alignment scope, and each weighs
10 pounds. Each also includes all

necessary horizontal and vertical
alignment mechanisms. As a result,
only about 15 minutes are required
to get a system set up and running.
All electrical signal inputs and
outputs are compatible with EIA
standard impedance and voltage
levels. Power consumption is about
20 watts at 110 or 220 v ac. A com-
plete system sells for $4,000 and has
a delivery time of 30 days.
American Laser Systems Inc., 106 James
Fowler Rd., Santa Barbara Airport, Goleta,
Calif. 93017. Phone (805) 967-0423 [402)

FDM test set is
microprocessor controlled

Designed for fast, precise measure-
ments of pilot-tone levels, channel
power, channel noise, and other pa-

rameters of frequency-division-mul-

tiplexed telecommunications sys-
tems, the model 3745 selective level
measuring set is a microprocessor-
controlled, synthesizer-based instru-
ment. The unit can measure power
levels from -125 dBm to + 15 dBm
over the frequency range from 1
kilohertz to 25 megahertz. Its ability
to store FDM plans coupled with its
sweep capability allows the instru-
ment to make routine surveillance
measurements automatically. As an
example of its capability, for a 12-
MHz, 2,700-channel system, the test
set can measure all group pilots in
two minutes, every channel power
in 15 minutes. and all group powers
in one minute. The unit can be op-
erated from its own keyboard or via
the Hewlett-Packard Interface Bus.
Fault information can be printed
out on an optional thermal printer.
Two versions are offered: one con-
tains all CCITT recommended plan
information, the other contains Bell
System recommendations. The 3745
sells for $23,625. Deliveries are
scheduled to begin in January 1976.
Inquiries Manager, Hewlett-Packard Co.,
1501 Page Mill Rd., Palo Alto, Calif. 94304
[403]

Coupling transformers meet
telephone company specs

Two hybrid telephone coupling
transformers that meet telephone-
company specifications for data and
voice access arrangements are de-
signed for the interconnection of ex-
ternal devices with the switched
telecommunications network. The
transformers’ frequency responses

167



(.

e toughest [Pane] ]

e o o

Cli

i e jung)le!

Fierce Reliability and Performance

There’'s a teeming jurgle of panel meters available
today. You need to slash thru the tangle of prices
and specifications to the very roots. You must find a
panel meter that can take anything while it gives con-
tinuous reliability and accuracy.

Lean, muscular stamina

Every DigiTec panel meter is bred to survive and de-
liver under any conditiors. Proprietary CMOS LSI
circuitry gives a lean component court with 5 times
the reliability of competitive TTL models. All com-
ponents are selected for savage stamina, with criti-
cal components 100% inspected and socket mounted
to avoid assembly heat damage. Every LED display
is pre-tested and rated at 1 million hours. Circuit
boards are immune to humidity or floods because

they’re conformally coated on both sides. Shock, vi-
bration and corrosion damage have been eliminated
by extra mechanical reinforcement and gold plated
connectors.

Endurance tested and certified

All DigiTec panel meters are subjected to a minimum
168 consecutive hours of failure free burn-in at tem-
peratures that vary from +25°C to +55°C. Before
and after burn-in, each meter is visually inspected
and electrically tested. When a DigiTec panel meter
goes into that jungle ... it's ready for anything and
tough enough to last 9 lifetimes!

Model 2780 — 42 digits, 0.01% accuracy (shown)
*Model 276 — 32 digits, unipolar, 0.1% accuracy
Model 277 — 32 digits, bipolar, 0.05% accuracy
Optional buffered, BCD output available - field installable.

*
Priced under $Ioo in OEM quantities
(]

Call your nearest United Systems representative for complete specifications.
All models available from stock.

Digﬂec UNITED SYSTEMS CORPORATION

918 Woodley Road » Dayton, Ohio 45403 ¢ Ph: (513) 254-6251 « TWX: (B10) 459-1728

These instruments available under GSA Contract GS-00S-277471

“Information only"” circle 244 on reader service card.

"Demonstration only” circle 168 on reader service card.
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are flat within 0.5 dB from 300 to
3,500 Hz for power levels from -45
to +20 dBm. Model P/N T4220
handles 60 milliamperes dc on the
two-wire side and has a typical
trans-hybrid loss of 45 dB. The
model P/N T5220 handles 100 ma
dc and has a typical loss of 60 dB. In
lots of 100 pieces, the T4220 sells for
$7.60 each, and the T5220 is priced
at $13.30.

Microtran Co. Inc., P.O. Box 236, Valley
Stream, N.Y. 11582. Albert J. Eisenberg
(516) LO1-6050 [404]

Switch allows spare modem
to replace one of several

The model 8509 spare-modem back-
up switch is a module that permits a
single spare modem to serve as a
back-up to any one of a group of on-
line modems. All signals, except
chassis ground, are switched inter-
nally by the 8509. The switch sells for
$220, and a separate switch is needed
for every on-line modem in a group.
Delivery of the 8509 switch is from

ITEFPNATIONA) \Y
vy B

AW RORMAI

%

e‘ MODEL 8509 ‘
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The EPC 2200.

A hard copy

recorder

for spectrum analysis.

The new EPC Model 2200 is the first truly
fine quality, low cost, hard copy recorder.

When matched with a spectrum analyzer or
processer, the Model 2200 prints spectral
data on a continuous dry paper display 19.2”
wide. This hard copy history-plot presents
2,048 clearly defined data points per scan,
revealing spectrum lines buried as much as
6db below the noise level,

=

The Model 2200 interfaces with digital and
analog equipment, accepts a variable dump
rate and permits flexible expansion or con-
tractions of scale. It sweeps at speeds be-
tween 1/10 second and 8 seconds, and is
mechanically virtually jitter-free.

The EPC Model 2200 is currently built in four
modified formats. Further customization is
possible. Write for information and a quote.

ePrc

EPC LABS. INC.

123 Brimbal Avenue
Beverly, Mass. 01915 USA
(617) 927-2523

Circle 169 on reader service card

THIS PROCESS MONITOR
MEETS YOUR EXACT NEEDS

FOR $145%

IT'S THE UNIVERSAL
RECEIVER FOR PROCESS
TRANSMITTERS

These easy-to-install digital
process monitors will change the
way you think digital systems
should perform. They substan-
tially cut costs and can build a
whole new flexibility into your
process control or test system.
Here's how:

A full range of options include
true RMS, suppression of po-
larity sign at zero, opto-isolation,

DISPLAYS YOUR DATA IN

58940

MWNEWPOAT

ENGINEERING UNITS

extra zero, and others:

Years of trouble-free service
are realized through the use of
low voltage and low power de-
vices that are designed into each
monitor:

Your choice of two off-the-
shelf models: Model 204 with
4000 count at $145.00; and
Model 203P with 2000 count at
$135.00.

At these prices you can't af-
ford to miss getting all the facts.
For Inmediate Response:

Call or write us and we'll provide
a process monitor for your
evaluation.

NEWPORT LABS —

630 East Young Street,

Santa Ana, California 92705
Phone: (714) 540-5486

LIQUID LEVEL,
PRESSURE, FLOW,
WEIGHT. . .

FEATURES INCLUDE: 13mm (% in.)
LED Display ® Automatic Zero and
Polarity ® 10uV Resolution ® Dual
Slope, Average Value ® 120dB CMR
up to 500 V ¢ V, |, and Ratio Mea-
surements ® Parallel BCD Output
Standard DIN Case

N NEWPORT

Circle 73 on reader service card 169



“We like them because they're
easy and accurate to use.

You'll like them because of
selection, features and price.”

You’'ll also like Cherry quality. The kind of

quality you always hope for . . . but that is only realized

when a company (like Cherry) has total in-house manufacturing
capabilities. To make sure the thumbwheel or leverwheel switch
you order is the finest available. Anywhere. Combine this
dedication to quality with the broadest line and lowest prices,
and you’ll understand why our customers say “thumbs up” to
Cherry thumbwheels.

NEW! The smallest thumb-
wheel switch of them all.

S

.984"

T09"

\>.1 s "\

The new T-50 sub-subminiature
thumbwheel that takes only 8mm x
18mm front panel space . . . just
32mm depth back of panel.

For complete data and specs: TWX 910-235-1572 . .. or PHONE 312-689-7700 . .. or circle reader service number.

ELECTRONIC DATA ENTRY
KEYBOARDS

CHERRY ELECTRICAL PRODUCTS CORP.
172 Circle 172 onreaderservice card

3608 Sunset Avenue . Waukegan, lllinois 60085
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New products

Packaging & production

Photoresist has
fast exposure

Positive type also offers
high level of stability
and good geometry control

Liquid photoresists are photosensi-
tive materials used for etching pat-
terns through masks on semicon-
ductor surfaces and thin films. Both
negative and positive resists are
available. In a negative-resist appli-
cation, ultraviolet light is shone
through a photomask onto a resist-
covered surface. The resist film be-
neath the clear areas of the photo-
mask undergoes a physical and
chemical change that renders it in-
soluble in the developing solution.
In a positive-resist system, the iden-
tical action produces areas that are
soluble in a developing solution. At
the present time, more than 85% of
resist applications use the negative
type.

In the last few years the use of
positive photoresists for IC manufac-
turing has been picking up because
of certain advantages over negative

Electronics/November 13, 1975

materials. The advantages include
lower processing costs due to re-
duced labor and higher yields, fine
resolution in thick coatings, use of
an aqueous rather than solvent-type
developer, and easy removal of re-
sist. However, positive photoresists
do have one production bottleneck—
an exposure time of about 30 sec-
onds, compared with 10 for a nega-
tive photoresist.

A new positive photoresist, the
AZ-2400 series from Shipley Com-
pany, Newton, Mass., has exposure
speeds two to three times faster than
older positive types, exceptional ad-
hesion to silicon dioxide, a high
level of stability, and good geometry
control and edge acuity. AZ-2400 is
suitable for the smaller geometries
of new LsI devices which are beyond
the resolution capability of negative
resists. For instance, the ratio of
thickness to resolution for AZ-2400
is 1 to 1 while the same ratio for a
negative resist is 1 to 3. Because of
this, negative resists are generally
limited to 0.3-micrometer thick-
nesses with 1-micrometer geometry,
while AZ resists are capable of pro-
ducing sub-micrometer lines in
1-pum thicknesses.

Since the new positive resist, and
positive resists in general, can give
fine resolution with thick coatings,
these materials are less likely to
have pinholes—the largest cause of
rejects in IC photolithographic pro-
cesses. Pinholes are less prevalent
above 0.6-micrometer film thick-
ness, a thickness that would be suit-
able for a 0.6-um line on a positive
photoresist. The same line would re-
quire a 0.2-um resist thickness with
a negative resist, placing it in a re-
gion extremely susceptible to pin-
holing,.

Another feature of the newest LSI
patterns affecting the choice of a re-
sist is the possibility of deep steps
(see photo) resulting in resist thick-
nesses varying from 0.5 to 1.5 um on
the same layer. AZ resists can coat
over these steps without line-width
variations. Negative resists, on the
other hand, have trouble main-
taining resolution over this variation
in coating thickness.

The new positive resist is already

+0.5 dB
ACCURACY IS
HARD TO BEAT
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WE'VE BEAT IT!

When you use Republic's PPM-
101A PULSED POWER METER, you'll
receive power measurements with an
accuracy closer than £0.5 dB (trace-
able to National Bureau of Standards).

Designed to measure peak power
within the TACAN, DME and IFF fre-
quency range, the PPM-101A consists
of a power meter, an rf probe, and a
precision attenuator. The unit is direct-
ly connected to the equipment or pow-
er source being monitored.

The instrument provides extreme-
ly accurate pulsed power measure-
ments in the ranges of 20-500 and
200-5000 watts over a frequency range
of 950-1250 MHz.

Operable in either automatic or
manual modes, the PPM-101A is light-
weight, highly reliable and self calibrat-
ing. Its inherent accuracies make it ex-
tremely useful as a secondary refer-
ence standard.

If you're looking for accurate pul-
sed power measurements, you're look-
ing for Republic's PPM-101A PULSED
POWER METER.

Write or call for complete technical
literature.

republic electronic

00000000
(AR X X R XX J
00000000
000 500200

industries corp.

575 Broad Hollow Road « Melville, N.Y.11746
Tel: 516/249-1414 Telex 96-1460

A Heath Tecna Company
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BAUSCH & LOMB (@)

- |
-

microscope

The overwhelming choice
of electronics manufacturers...
worldwide!

That'’s the truth. More manufacturers of efectronics instru-
ments and components use Bausch & Lomb StereoZoom micro-
scopes than any other brand. And it's easy to understand
why when you consider StereoZoom’s unparalleled
zoom magnification, high resolution optics,

proven dependability over nearly two ifml v - .
decades, and extreme ease-of-use— ‘ J ‘
all atan economical price. [ ] )
Write for a free StereoZoom —_—
catalog today and dis- e ————
cover why StereoZoom —
is the number one y Ny
stereomicroscope 4 L 4
o Aowir

in the electronics
industry.

e

Bausch & Lomb, Scientific Optical Products Division,
62323 North Goodman Street, Rochester, N.Y. 14602.

Circle 176 on reader service card

Own your own holder to hold your own!

Hold your own copies of Electronics in specially de-
signed slipcase holders. They'll keep your Electronics
library neat and handy-—a permanent information file,
issue by issue.

Just complete the coupon and mail to Jesse Jones.
He’ll process your order upon receipt, postpaid.

ELECTRONICS BOXER

Jesse Jones Box Corporation

2250 E. Butler St., Philadelphia, Pa. 19137
Please send me: (] boxes @ $4.25 each; [] 3 boxes @ $12.00; (J 6 boxes @ $22.00.
My check or money order is enclosed.

Address: S

Name:. - _ _ ] |

New products

down the cost of hybrid circuits,
Semiconductor Equipment Corp.
has developed the model 4400 Hot
Shot—a machine that uses a tightly
focused hot-nitrogen jet to remove
bad semiconductor dice without af-
fecting nearby good dice. The tem-
perature of the gas jet can be ad-
justed up to 800°C. A heated
substrate holder is provided to elim-
inate the thermal shock caused by
the jet and thus prevent cracking of
the substrate. The Hot Shot weighs
only eight pounds. measures only 8
by 8 by 12 inches. and sells for
$1.400. Delivery time is two to four
weeks.

Semiconductor Equipment Corp., 1520
Lawrence Dr., Newbury Park, Calif. 31320.
Jim Victor (805) 498-6727 [393]

IC panel made for analog
and digital circuits

Called the model 4350 Plugbord.
Vector’s latest wiring panel is de-
signed to accommodate a wide vari-
ety of microprocessors. interface cir-
cuitry. and discrete components. It
has buses to distribute two power-
supply voltages. plus ground. The
buses, which pass under the DIP po-
sitions, are unperforated and oppo-
site one another, thus providing a
built-in bypass capacitance for the
suppression of transients. Inter-
woven zig-zag lines. strapped to the

& » r
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Where other data terminal systems grow old,
this one is designed to simply grow.

The Teletype® model 40 is the data terminal system to start with because it's
completely modular, and is designed to grow as your needs grow.

The display, operator console, printer and controller modules form the heart of the model 40 system
and permit a variety of configurations to suit your application.

There's a wide range of options, too, such as expandable memory with scrolling;
half/full duplex modes; fixed and variable field transmission; protected formats; a variety
of on-line controls; current loop and EIA (RS232) interfaces; and speeds from 110 to 4800 bps.
Printer options include 80 column friction and adjustable tractor feed units.

And don’t worry about obsolescence. Since the model 40 design consists of separate modules,
you can select only those capabilities you need now—and add others later.

Add it all up. The model 40 system offers outstanding reliability, versatility and economy.

And delivery is sooner than you may expect. No wonder you can’t beat the model 40 on a price/
performance basis. To start with. Or to grow with.

For complete information, please contact our Sales Headquarters at: g~
5555 Touhy Ave., Skokie, Ill. 60076. Or call Terminal Central at: 312/982-2000.

Teletype is a trademark and service mark registered in the United States Patent and Trademark Office.

The Teletype model 40 system.
Nothing even comes close.
‘ Circle 177 on reader service card




NOW...
AG MEASUREMENTS
GO DIGITAL!

e True RMS Volts
e True RMS Current
o AC Watts
...allin YEW’s new 2504 AC DMM!

The new 2504 digital AC instrument offers
unexcelled accuracy and versatility for the
measurement of sinusoidal and non-sinusoi-
dal waveforms and for measurements at low
power factors. Flexible design allows op-
tional purchase of just the measuring func-
tions required while push-button controls
provide ease of operation.

The YEW 2504 is the AC DMM. Its 0.25% ac-
curacy and 0.01% resolution, standard ana-

log output, and low cost (Prices start at
$1,5690.) make it the ideal instrument for qual-
ity control, lab, field maintenance, and in-
strument calibration applications. Write for
details.

“YOKOGAWA

YEW | CORPORATION

OF AMERICA

5 Westchester Plaza, Elmsford, New York 10523
Telephone: 914-592-6767

60 Years of Measuring & Recording Instrumentation

Circle 178 on reader service card

New products"

main buses, facilitate power distri-
bution and allow the easy mixing of
MOS and TTL devices. The 7-by-9.6-
inch board can hold up to 63 14- or
16-pin DIPs, or nine 24-pin DIPs plus
45 of the smaller ones. Made "of
flame-retardant epoxy-glass, the
board’s surfaces are all tinned ex-
cept for the contacts which are
nickel-gold. The board is priced at
$14.95 in small quantities; delivery
is from stock.

Vector Electronic Co., 12460 Gladstone
Ave., Sylmar, Calif. 91342. Phone (213)
365-9661 [396]

Universal panel holds ROMs,
RAMSs, and microprocessors

Able to accommodate the random-
access memories, read-only memo-
ries, and microprocessors of all na-
tionally known vendors, a universal
wrapped-wire panel known as The

LT T

Sponge will permit the mounting of
any dual in-line package with pin
spacing that is a multiple of 0.1
inch. The panel contains four volt-
age planes for power distribution
and up to 270 input/output pins.
The Sponge sells for a price of $245
in lots of 10.

Mupac Corp., 646 Summer St., Brockton,
Mass. 02402. Phone (617) 588-6110 [394]

Manual test fixture
probes hybrid circuits
A manual access fixture from Ever-

ett/Charles uses an array of spring
probes to provide full access to one

Electronics/November 13, 1975



You're looking at a dlsplay generated by the ADDS
MRD 460. The rack-mountable color display system
that makes it easier for the process control industry
: | to get the picture-
s ~ w| two ways: First, the
= " high quality of the
— ' system itself. Stan-
= | dard features in-
B . clude: eight vibrant
- = colors for both char-
: — acters and back-
I | l o grounds. 24 lines
= 4 J with 80 characters
- ’ - per line to drive a
| —=—= standard TV mon-
|tor Patented graphics, blinking, protected formatting
and a parallel interface. And with the serial interface
and keyboard options, the 460 can be used as a
Teletype’ compatible terminal. Secondly, consider
cost. ADDS quality doesn’t come cheap. But the
MRD 460 is priced at only $3800. All things consid-
ered, that’s very high qual-
ity at a very low cost. But

then again, that’s ADDS. |
Applied Digital Data Sys- vaa
tems, 100 Marcus Blvd., Hauppauge, New York 11787
(516) 231_5400. Circle 179 on reader service card

\'11



180

Dialight
sees a heed:

(Need: The widest choice for your every appl ication.)

730 SERIES Your choice . . . a red
or green LED readout with large 0.625” characters . . . low
power, operates with standard IC power supply levels.
Comes in plus-minus module. Display uses standard or
high brightness LEDs for maximum light output arranged
in a seven-segment format. Available with or without on-
board decoder/driver. Unique lens design generates
bright, highly legible characters.

745-0007 LED hexidecimal display
with on-board logic operates from 5 to 6 volt supply, low
power consumption. Integral TTL MS| chip provides latch,
decoder and drive functions. 0.270” character display
has wide angle visibility and mounts into standard 14-
pin DIP socket.

Dialight, the company with the widest
choice in switches, LEDs, indicator lights
nuuq,,,.‘ and readouts, looks for needs . . . your
- needs . . . and then they develop solutions
for your every application. No other com-
pany offers you one-stop shopping in all
these product areas. And no other com-
pany has more experience in the visual
display field. Dialight helps you do more
with these products than any other company in the
business, because we are specialists that have done
more with them. Talk to the specialists at Dialight first.
You won't have to talk to —
anyone else. Send for your DIA I_IGI‘I
free new copy of Dlallght’s gialigh(. A North American Philips Company

03 Pl , Brooklyn, N. Y. 11237
current catalog. Harrison A%y 4079600

See Dialight.

Circle 180 on reader service card
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side, and limited access to the other
side, of ceramic substrates up to 2.25
by 2.75 inches in area. The low-cost
device has a tilting test head. to ease
loading. examination of the spring
probes. and microscopic inspection
of the unit under test.

Everett/Charles Inc., 2806 Metropolitan
Place, Pomona, Calif. 91767. Phone (714)
593-2541 [395]

Pin-insertion system can
place 4,500 pins an hour

The Auto-Sert pin-insertion system
is a manually operated machine
with which a skilled operator, work-
ing from a template. can place up to
4.500 pins per hour. Wrapost pins
for the machine are prepositioned
on special tape and coiled onto a
standard 10.000-piece. 5-inch
Wrapost reel. The pins are fed to a
fixed insertion head beneath which
the board moves on an X-Y table. A
pneumatic-electronic  system  pre-
vents the insertion of pins if the pin
is not located above a hole in the
board. if the hole is already filled. or
if it has been badly drilled. The
Auto-Sert can handle board sizes up
to 15.75 by 19.5 inches.

Auto-Swage Products Inc., 726 River Rd.,
Shelton, Conn. 06484. Phone (203) 929-
1401 [397]




When spray or dip eoatings fail...

~

You are looking at magnified cross-sectional views of copper

conductors on a circuit board . . . and why parylene protection
brings the highest reliability to electronic circuitry.

The spray-applied urethane coating (top photo) bridges the channel
between conductors, and offers scant protection at the edges.
Urethane, silicone, epoxy . . . liquid coatings are uneven, and can
produce potential failure points.

Parylene forms a thin and even coating, whatever the configuration,
however complicated or delicate or densely populated. Without
bridging. Without pinholes, voids, bubbles. We call it a conformal
coating. From conformality comes reliability.

Parylene corformal coatings can be applied in precisely controlied
thicknesses from 0.002 to 3 mils. /n one step.

Parylene is applied at room temperature. No heat, no melting, no
cure. No coating shrinkage. In other words, no discomfort for deli-
cate components.

Parylene provides better barrier protection than urethanes, sili-
cones or epoxies. It is extremely resistant to chemical attack,

Parylene woris.

B

exceptionally low in trace metal contamination, and compatible
with all electronic solvents. Dielectrics are excellent .

Parylene has qualified under the stringent requirements of MIL-
1-48058C; it does so with a 0.6 mil coating—parylene excels in the
micro-electronic virtue of thinness.

Parylene confarmal coatings have shown excellent cost effective-
ness in many applications. On delicate, sophisticated and complex
circuitry, in hybrid circuits and components, they may be the most
cost effective answer for long term reliability.

Union Carbide invented the parylene system. The method is gas
phase deposition, which is the only route to the reliability of eon-
formal protection. Various patents apply; commercial use of the
patented technology is licensed.

You can get complete information on parylene by writing for our
16-page brochure: Union Carbide Corp., 270 Park Ave., Dept.
RB36, New York, N.Y. 10017. Further investigation will no doubt
indicate a trial run, which we can perform at reasonatle cost. If
you would like to discuss that or any other related matters, please
call Bill Loeb at (212) 551-6071.

UNION
CARBIDE

PARYLENE

Circle 181 on reader service card



What you
S€€ is

ALL
you carry.

520MHz

IO0OOMHZz

I250MHz . ..

Model 1920A

..... %860

Model 1920A-13

.... %1055

Model 1920A-14

.. 3lIS5’

Flukes newest

portable counters.

Built-in batteries (optional)
Sharp 9-digit LED display
Burst or CW frequency
measurements

Sensitivity to 15 mV,

AGC standard

Optional resolution multiplier
provides 0.001 Hz resolution
in 1 sec.

For data out today, dial our toli-free
number, 800-426-0361.

*Domestic U.S.A. Price

John Fluke Mfg. Co., Ltd.

P.O. Box 1094, Station D
Buffalo, N.Y. 14210
Phone (716) 842-0311

FLUKE

®
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New pr_oducts '

Subassemblies
Dual supplies
run cool

Line-operated modules
putoutx12 or+15V dc
at efficiencies up to 80%

Satisfying modern demands for
small size and cool operation, a new
family of dual-output switching
power supplies from Semiconductor
Circuits offers operating efficiencies
of up to 80%. and case temperature
rises no more than 15°C at full-rated
conditions. The six models in the
family provide an output of either
+12 or £15 volts dc at a current of
500 milliamperes. The ES/EA mod-
els are housed in pin-out modules
measuring 2.5 by 3.5 by 1.56 inches.
and the EC models are terminal-
strip versions measuring 2.5 by 3.5
by 2in.

All the units operate from an in-
put of 105 to 125 v ac at 50 to 440
hertz. Line and load regulation is
0.15%. while output ripple and noise
are held to 7 millivolts root-mean-
square. Each output of any model
can withstand a short circuit for an
indefinite period. Additionally, no
derating is required over the full op-
erating range of 0°C to 71°C.

The new supplies employ a
ripple-regulation technique that
keeps their efficiency high and out-
put constant over a wide range of
input voltage, says Paul J. LaBrie,
vice president. The input-line volt-
age is converted into positive and
negative dc voltages by a trans-
former-coupled dual-output diode

Regulated Power Supply
MODEL NO
£3120300

Circle 182 on reader service card

bridge. These raw dc voltages are
then applied to a tracking dual-
ripple regulator.

In a ripple regulator, a high-gain
open-loop analog comparator drives
the base terminal of a series-pass
transistor. One input of the com-
parator is connected to a zener ref-
erence voltage. while the other
monitors the output ripple. The
comparator treats the output ripple
as a loop-error voltage that it cor-
rects by switching the transistor to
either a full-on or full-off state.

The circuit’s efficiency remains
high because a transistor in deep
saturation or cutofl dissipates far
less power than one operating in its
linear region. as a conventional
series-pass transistor does, notes
LaBrie.

Tracking between the two regu-
lators is achieved by using the nega-
tive regulated output as the refer-
ence for the regulator controlling
the positive output. This technique
keeps the voltage difference be-
tween the positive and negative out-
puts essentially constant.

To prevent destruction under
short circuits or overloads, the sup-
plies are built with power-foldback
current-limiting. At the same time
that current is limited under a fault
condition, the operating points of
the affected regulator are folded
back so that the power it must dissi-
pate is reduced. This not only en-
ables the supplies to withstand
faults for very long periods, but also
prevents excessive internal heating
from eventually causing a long-term
failure, claims LaBrie.

In quantities of one to nine, the
ES/EA models are priced at $124.95
each, the EC models at $129.95. De-
livery is two to four weeks.
Semiconductor Circuits Inc., 306 River St.,
Haverhill, Mass. 01830 [381]

5-V power supply delivers

60 A at efficiency of 68%

A switching-regulated power supply
from Hewlett-Packard, the model

62605L, can deliver 60 amperes at 5
volts with an efficiency of 68%. The

Electronics/November 13, 1975



Amphenol wants to
break up your marriage.

You and your
SMA supplier —
maybe you've
been a twosome
long enough.

&

BUNKER
RAMO

Now there’s an alternative — Amphenol. You can't get better SMA
connectors than Amphenol’s. Ours operate at all microwave frequencies
up to 25 GHz. RF performance and mechanical integrity comply with
MIL-C-39012. They're easy to assemble with either crimp or solder
connections. And our quality will give you a change of heart: all shell
and body parts are gold-plated stainless steel. The center contact is gold-
plated beryllium-copper. The dielectric is solid TFE, making Ampheno!
SMA’s completely interchangeable with your present source.

Our price will make you want to change partners. When you hear our
price, you’ll know our SMA'’s are the best value around. So ask
for a quote.

There’s a big selection of popular types. Including styles for cable
mounting, flange and bulkhead mounting, and stripline mounting. We
also offer between-series adapters.

And our SMA’s are available. Wherever you are. Your Amphenol
Industrial Distributor can fix you up with the SMA connectors you need,
by giving you fast off-the-shelf service. He’s close to you (there are over
sixty Amphenol Industrial Distributors — nationwide). Give him a ring
(on the phone, not the finger). Or for more information, write or call us:
Amphenol RF Division, 33 East Franklin Street, Danbury, Connecticut
06810.(203) 743-9272,

I When you can comnect it
and forget it...that 5 quality.

AMPHENOL
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After your 360/370
massages the information,

a Gould Plotmaster-
can draw you a picture
within 3 seconds.

Designed to run on the IBM System/360 or 370, Gould
Plotmaster Systems have the power and versatility in both
on-line and off-line operation. Without any sacrifice in main-
frame CPU time. High-speed printer/plotters have paper
widths from 82 to 22 inches, resolution of 80 to 200 dots per
inch, and output speeds of 1.5 to 7 inches per second. And,
of course, printing capability.

Easy-to-use software packages like our PLOT package
provides background grids, variable line weights, automatic
stripping, text annotation and erasure of previously pro-
grammed line segments for any geometric construction.
DISPLAY™provides even non-programmers with the cap-
ability of easily generating line, bar and
pie charts. And with FAST-DRAW™ a Gould
Plotmaster can add engineering/scien- £
tific graphics and computer-aided “j K

design capabilities to your operation.
Get all the facts from Gould Inc.,
Instrument Systems Division, 3631 Per- AR
kins Avenue, Cleveland, Ohio 44114 §«
U.S.A. or Gould Allco S.A., 57 rue St.
Sauveur, 91160 Ballainvilliers, France.

For afree fullline brochure in the U.S.
call toll free (800) 648-4990.

-}- GOULD
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_' New brod&:ts

single-output unit contains its own
forced-air cooling system, and so is
both compact and reasonably in-
sensitive to its orientation within the
equipment it powers. Regulated to
within 0.1%, the supply has ripple
and noise ratings of 15 millivolts
rms and 50 mv peak-to-peak from
20 hertz to 20 megahertz. The sup-
ply can put out its full rated current
from 0°C up to 40°C, it then must
be linearly derated to 30 A at 70°C.
The 62605L sells for $450 in OEM
quantities of 25. Delivery time is six
weeks.

Inquiries Manager, Hewlett-Packare¢ Co.,
1501 Page Mill Rd., Palo Alto, Calif. 34304
[383]

Rugged voltage comparator
has 1-mV sensitivity

Intended for use in the hostile envi-
ronment of industrial electronics,
the Calex model 540 Voitsensor is
an inexpensive device with a sensi-
tivity and repeatability of 1 milli-
volt. Input protected against volt-
ages as high as #100 v, the
comparator has an output current
rating of 100 milliamperes. It can
operate from dual power supplies
from *5 v to 16 v or from a single
supply from +5 v to +32 v dc. Mea-
suring 1.4 by 0.6 by 0.5 inches, the

et
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unit plugs into any standard 16-pin
DIP socket. Priced at $19 in unit
quantities and $12 in hundreds, the
540 Voltsensor has a two-week de-
livery time.

Calex Mfg. Co. Inc., 3305 Vincent Rd.,
Pleasant Hill, Calif. 94523. Rick Belford
(415)932-3911 [384]

V-f converters are high in
accuracy, low in price

Six 10-kilohertz voltage-to-fre-
quency converters from Analog De-
vices mark that company’s entry
into a market that it feels is expand-
ing at an annual rate of 20% from its
present $2 million level. Determined
to dominate the market within the
next two years, Analog has intro-
duced half a dozen converters that
set new price/performance stan-
dards. The model 450K is the top-
of-the-line unit with a maximum
nonlinearity of 0.005%, a maximum

full-scale temperature drift of 25
ppm/°C, and a maximum input off-
set voltage drift of 20 microvolts/ C.
The 450K sells for $59 each in small
quantities. The companion 450J has
corresponding  specifications  of
0.01%, 50 ppm/°C, and 50 pv/°C,
and sells for $49.

The bottom of the line is the
model 456], a unit that sells for $25
each in hundreds, $34 in singles,
and still has a maximum nonlinear-
ity of 0.03% over its full 1-millivolt-
to-15-volt input range. Its maximum
full-scale drift is 120 ppm/°C, and
its maximum input offset drift is 100
+v/°C. Other models in the line
offer the versatility of both voltage
and current input capability, a fea-
ture that allows the modules to be

Electronics/November 13, 1975

By the time your

drum plotter turns this out,
a Gould printer/plotter
can turn it out 400 times.
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The engineering test data illustrated above was generated
on a Gould 5000, on-line to an IBM 370, by ITEK Corporation, Lexington, Mass

Get higher plotting speed, lower plotting costs, and a use-
ful printing capability in the bargain. A Gould printer/plotter
is so fast, it can turn out this plot in only 2 seconds— versus
an average 13%2 minutes for your old drum plotter.

Our software is upward compatible with the leading drum
plotter. Without any sacrifice in mainframe CPU time, or a
need to retrain your personnel.

In addition, a Gould printer/plotter gives you a lower unit
‘ cost, as well as lower paper cost. And better-looking output,

since there’s no ink to smudge, clog or run out of. Few mov-
ing parts for quiet operation, high reliability.

This all adds up to the best printing/plotting hardware
and software available anywhere. And it's backed by Gould's
own factory-trained servicetechniciansthroughout theworld.

To learn more about Gould electro-
static printer/plotters—get in touch with
Gould Inc., Instrument Systems Division,
3631 Perkins Ave., Cleveland, Ohio 44114
U.S.A. or Gould Allco S.A., 57 rue St.
Sauveur, 91160 Ballainvilliers, France.

For a free fulliline brochure in the U.S.
call toll free (800) 648-4990.

== GOULD

Circle 185 on reader service card

185



186

GREASE
ELIMINATORS

Cho-Therm
o nsulators eliminatethe
greasy mess on your pro-
duction lines, improve
worker attitudes and
cut costs.

Cho-Therm comes
in convenient rolls for dispensing
ease, pre-cut to fit your power
packages. It’s available adhesive
coated for use when gravity’s
working against you. It elimi-
nates grease handling costs and
the soldering problems and costs
resulting from sloppy application.

Grades are available
to replace greased mica, BeO,
aluminum oxide,

polyimides

and anodized

aluminum.

End your heat
transferheadaches withCho-

Therm. CHOMERICSK

(It’ll make your o, Dragon Court

QA group smile woburn, Ma. 01801
too!) (617) 935-4850

Circle 186 on reader service card
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easily configured to handle bipolar
inputs. Housed in packages that
measure 1.5 by 1.5 by 0.4 inches, all
of the 10-kHz v-f converters are
available from stock.

While no firm date has been set,
the company has indicated that a
line of frequency-to-voltage con-
verters will be following shortly.
Analog Devices Inc., P.O. Box 280, Nor-
wood, Mass. 02062. Fred Pouliot (617) 329-
4700 [385]

Switches handle 400 V
at15 Ato 200 A

Designed for application to motor
controls, switching regulators, and
inverters, a series of solid-state
power switches is rated for oper-
ation at 15 amperes to 200 A, with
voltage ratings up to 400 volts. The
line offers single switches with
matched internal commutation
diode and dual switches for push-
pull operation. All switches are
overload-protected with automatic
reset. The opto-isolated input can be
driven by standard TTL integrated
circuits. Switching times of less than
| microsecond permit operation
from continuous dc to 20 kilohertz.
Prices range from $90 to $400 each
for one to nine. Delivery is from
stock.

Power Functions Engineering Inc., P.O. Box
2312, Garland, Texas 75041. Phone (213)
278-0996 [388]

Nonswitching supplies
have 60% efficiency

A line of linear power supplies for
logic circuitry and other appli-
cations that need a 5-volt source
offers efficiencies approaching those
of switching regulators while avoid-
ing the noise, spikes, and reliability
problems that sometimes crop up
with the latter. The RD5-15/0VP,
RE5-23/0VP, and the RG5-
40/0VP all provide 5 v at respec-
tive currents of 15, 23, and 40 am-
peres. Typical full-load efficiency is
60%, and 66% has been achieved at
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The Varian System
Your Business 1s Our Business

When the complex information processing prob-
lems of your business demand more than just
traditional solutions, then you need the Varian
System.

Our business is to provide you with a
broad, open-ended selection of computer hard-
ware, firmware and software that gives you
speed, performance and flexibility. The Varian
System, with an unlimited range of application,
allows you to design your own system to meet
the specific demands of your business.

VORTEX, one of the world’s best
real-time operating systems, offers efficient
proven software packages including the
TOTAL data base management system.

Multi-lingual capability, COBOL,
RPG II, BASIC and FORTRAN 1V
Level G lets you select the language
best suited to your application.

VTAM data
communications
software provides
you a macro level
facility for han-
dling a wide variety
of applications.

HASP/RJE
software lets your
Varian System
communicate = |
with large scale
computers.

e
e
o

33

Mok
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Micro-programmable 330ns processors
give you high performance.

Varian’s 190ns WCS, double precision
floating point processors and memory map can
give you even higher throughput of data during
those critical run-times.

A wide range of peripherals and
special interfaces, four I/0 techniques and
dual-port memory access also let you configure
your system for maximum I/O throughput.

A network of field service engineers,
analysts and full staff of factory experts are
committed to serving you with system
configurations, hardware and software specials,
installation, operator training and
systems maintenance.

Whatever your business,
contact any of our offices through-
out the world, or Varian Data
Machines, 2722 Michelson Drive,
P.O. Box C-19504 ¢, Irvine,
California 92713, (714) 833-2400.
In Europe, contact Varian
Associates Ltd., Molesey
Road, Walton-on-Thames,
Surrey, England,
Telephone 26-766.

Helping a Fast
World Move
Faster

3
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Benwould have
liked you.

Ben thought that there had to
be more to lightning than just
fire in the sky. So he ignored
what people told him and did
a little rainy-day research

on his own.

Determined curiosity—
like Ben's—has guided your
imaginative progress in the
microelectronics field. At
Kodak, we have combined
extensive research with a
deep understanding of your
industry, so that our skilled
representatives can help
improve your product or
production techniques.

We try to make your job

a little easier, a little more
efficient.

For more information
about our products for
microelectronics, write
Eastman Kodak Company,
Dept. 412L (48-C),
Rochester, N.Y. 14650.

RESULTS
COUNT

Circle 188 on reader service card

reduced current. Regulation is
within 0.02%, response time is 30
microseconds for a 50% change in
load, and maximum ripple is 1.5
millivolts peak-to-peak. The three
supplies, in order of increasing cur-
rent rating, sell for $99.95, $130, and
$220. Delivery time is two weeks.
Power-One Inc., 531 Dawson Dr., Camarillo,
Calif. 93010. Phone (805) 484-2806 [386]

Programable interface drivers
deliver upto 100 mA/15V

For use in building high-speed test
equipment, three programable high-
speed and high-voltage interface
drivers are said to provide pulse-
generator-type drive capabilities at
component costs. The PI-1000, PI-
2000 and PI-3000 are capable of de-
livering 100 milliamperes at 15
volts, 50 mA/40 v, and 25 ma/80 v,
respectively. The output currents
can be programed by means of ref-
erence voltages, currents or resist-
ances. Their high-impedance out-
puts are both open- and short-
circuit-protected, and they can be
ORed with outputs of other drivers
for increasing ouput currents or for
generating complex waveforms
without loading the drive system or
the device under test. When used
with matched 50-ohm systems, their
respective output characteristics are:
Rise and fall times: 3 nanoseconds.
5 ns, 15 ns; maximum repetition
rate: 50 megahertz, 35 MHz, 10 MHz;
propagation delay: 10 ns, 15 ns, 50
ns; and maximum output offset:
+10v, +35v/-30v, +75v/-65V.

Unit price of the three program-
able interface drivers is $80 each.
Pulse Instruments Co., P.O. Box 1655, San
Pedro, Calif. 90733. Phone (213) 541-3204
{389]
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JUST PUBLISHED...

HANDBOOK

OF ENGINEERING
FUNDAMENTALS

Prepared by a Staff of Specialists under
the Editorship of Mott Souders

and the late Ovid W. Eshbach

If you were luckly enough to have owned the previous edition of this
famous handbook, you'll want to see and use a copy of this new version,
completely updated to include the developments of the last two decades.
You'll find the same kind of work-saving information which has made

this handbook one of the most popular of its kind.

Material is arranged in 16 sections, so you can instantly locate the
information you nheed. To make your job even easier, each section has
its own extensive table of contents. No longer will you have to hunt
through a dozen different volumes to get the help you need.

Hundreds of drawings—show equipment construction, components,
applications, design factors, operations, maintenance, repairs, safety
practices, regulation and control, measurement methods.

Numerous checklists—of troubleshooting procedures, engineering

codes, analysis and testing procedures, calculation methods, design
approaches, equipment and program implementation steps.

INDISPENSABLE TO EVERY
ENGINEER—PRACTICAL
INFORMATION ON:

Math and physics data

Math operation and applications
Physical units and standards
Mechanics of rigid bodies
Mechanics of deformable bodies

Mechanics of incompressible
fluids

Aeronautics and astronautics
Engineering thermodynamics
Electromagnetics and circuits
Electronics

Radiation, light and acoustics
Heat transfer

Automatic control

Chemistry

Engineering economy
Properties of materials

-

(See reverse)

SAVE $5
WITH THIS SPECIAL

INTRODUCTORY OFFER!

(List price $29.95)
Introductory orice $24.95

Postage
Will be Paid
by
Addressee

1975 1,568 pages
No
Postage Stamp
Necessary

It Mailed in the

United States
===
BUSINESS REPLY MAIL [ e———
First Class Permit No. 32664, New York, N.Y. —
===
JOHN WILEY & SONS, Inc. [ " '}
P.O. Box 063 [SS==S——=¢- ]
Somerset [ |
N.J. 08873 e —



* Dozens of tables and charts—give data on materials properties, ma-
chine capabilities and limitations, specifications and dimensions,
physical units, mathematical quantities, conversion factors.

* Scores of graphs—show operating relationships and ratios, equip-
ment and materials performance, efficiency factors, and behavior
characteristics.

* Extensive reference—offer internal cross-references throughout the
book, as well as bibliographies listing sources of additional informa-
tion on every major topic.

plus...

terminology for each specialty . . . alternative methods and ap-
proaches for coping with different conditions and constraints. ..
worked-out sample calculations to illustrate applications of formulas
and to minimize errors and effort ... mathematical, physical, and
engineering principles . .. and the use of computers in engineering.

Indispensable Tool for Novice and Veteran Alike—

Whether you've just graduated or have been a practicing engineer,
scientist, or technician for years, this 1568-page volume is a must if you
want to lighten your burden, familiarize yourself with peripheral fields,
review material you may have forgotten, solve or avoid problems, or bring
your knowledge up to date.

Prove to yourself, without spending a cent, that it's one book you
shouldn’t be without. Examine it FREE—and with no obligation to buy!

Examine This Unrivaled Handbook at Our Expense—

Simply complete and mail the postpaid card below and you’'ll receive
a copy of the HANDBOOK OF ENGINEERING FUNDAMENTALS, 3rd Edi-
tion to examine and use FREE for 15 days. During that time, use it on
your toughest problems.

Save $5—

When you're convinced you can rely on this handbook to make your
work easier day after day, keep it and remit the special introductory
price of $24.95 plus applicable sales tax and a small charge for postage
and handling. Otherwise, return the book any time during the trial period
and owe nothing—not even for the help you'll get while you have it.

Order now—

Order your examination copy today! The $5 savings is for a limited
time only.

Center for Professional Development Programs

"7 JOHN WILEY & SONS
(\*/) 605 Third Ave.
¥/ New York, N.Y. 10016

FREE-EXAMINATION ORDER CARD
SAVE $5 15-DAY FREE TRIAL

John Wiley & Sons, 605 Third Ave., New York, N.Y. 10016

Please send me the New Third Edition of Handbook of Engineering Fundamentals
for 15 days FREE examination. If | decide to keep it, I'll remit the introductory
price of $24.95 plus applicable sales tax and a small charge for postage and
handling. Otherwise, I'll return it any time during the trial period and owe nothing.

Offer good in USA only.
Your name must accompany order

NAME

FIRM )
STREET
CITY/STATE/ZIP_

Please print

063 A 5352 —NP
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All 10turn pots

look alike

In the dark they’re all unreadable.
And if you're more than three feet
away, you can’t even read them in the
light.

Ergo our new Thumbpot. It can be
illuminated to read in the dark
(above), and the numbers are large
enough to read 10 feet away.

In addition you can set in those
numbers rapidly with finger or
thumb. And you can reset any num-
ber right on the button, exactly.

The reason for these superior fea-
tures is that Thumbpot is not a pot. It
is an incremental voltage divider. A
switch. A switch specifically designed

=
7

b

Alsa available from Hall-Mark  G. S. Marshall
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N the dark.

to replace panel-mounted 10-turn
pots.

Because Thumbpot is really a
switch, it affords some other advan-
tages. It is available in two sizes, with
1,2, 3 or 4-digit readout, with or with-
out a fixed or floating decdmal point,
in more than 400 standard versions.
And its design is inherently more re-
liable and longer-lived than that of
10-turn pots.

There’s much more to Thumbpot
than we can cover here, however, so
we urge you to request our brochure,
by mail or telephone.

Thumbpot. No look-alike.

EECO

1441 East Chestnut Avenue, Santa Ana, California 92701

Phone 714/835-6000
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Mary Lou, Martha, Mollie an

are sold on the AO STEREOSTAR® Zoom Mlcroscope
Here’'s why.

The AO STEREOSTAR Zoom stereoscopic micro-
scope was specifically designed for convenience,
working ease and optical performance.

Zoom controls are located on both sides for
convenience. It eliminates awkward reaching
when changing magnification. The high resolu-
tion optical power pack may be rotated 360° to
accommodate most any assembly or inspection
situation. Full optical equipment offers a
magnification range of 3.5x through 210x.
Working distance of 4.0 inches is main-

tained at all magnifications in basic models,
and if that’s not enough, add a 0.5x

190 Circle 190 on reader service card

auxiliary lens to make it 5.7 inches.
STEREOSTAR Zoom microscope assures a wide
field of view, up to 2.25 inches with the 10x
high eyepoint eyepieces. It also features an
extremely efficient illuminator that stays cool
even after long hours of continuous use.

See for yourself. Contact your AO dealer or
sales representative for a convincing
demonstration.

@7 AMERICAN OPTICAL

R CORPORATION
SCIENTIFIC INSTRUMENT DIVISION « BUFFALO, N.Y. 14215
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All 10turn pots

In the dark they’re all unreadable.
And if you’re more than three feet
away, you can’t even read them in the
light.

Ergo our new Thumbpot. It can be
illuminated to read in the dark
(above), and the numbers are large
enough to read 10 feet away.

In addition you can set in those
numbers rapidly with finger or
thumb. And you can reset any num-
ber right on the button, exactly.

The reason for these superior fea-
tures is that Thumbpot is not a pot. It
is an incremental volitage divider. A
switch. A switch specifically designed

A
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Also available from Hall-Mark  G. S. Marshall
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look alike

Schweber

N the dark.

to replace panel-mounted t0-turn
pots.

Because Thumbpot is really a
switch, it affords some other advan-
tages. It is available in two sizes, with
1,2, 3 or 4-digit readout, with or with-
out a fixed or floating decimal point,
in more than 400 standard versions.
And its design is inherently more re-
liable and longer-lived than that of
10-turn pots.

There’s much more to Thumbpot
than we can cover here, however, so
we urge you to request our brochure,
by mail or telephone.

Thumbpot. No look-alike.

EECO

1441 East Chestnut Avenue, Santa Ana, California 92701

Phone 714/835-6000
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Here’s why.

‘The AO STEREOSTAR Zoom stereoscopic micro-
scope was specifically designed for convenience,
working ease and optical performance.

Zoom controls are located on both sides for
convenience. [t eliminates awkward reaching
when changing magnification. The high resolu-
tion optical power pack may be rotated 360° to
accommodate most any assembly or inspection
situation. Full optical equipment offers a
magnification range of 3.5x through 210x.
Working distance of 4.0 inches is main-

tained at all magnifications in basic models,
and if that’s not enough, add a 0.5x

190 Circle 190 on reader service card

auxiliary lens to make it 5.7 inches.
STEREOSTAR Zoom microscope assures a wide
field of view, up to 2.25 inches with the 10x
high eyepoint eyepieces. It also features an
extremely efficient illuminator that stays cool
even after long hours of continuous use.

See for yourself. Contact your AO dealer or
sales representative for a convincing
demonstration.

AMERICAN OPTICAL

CORPORATION
SCIENTIFIC INSTRUMENT DIVISION » BUFFALO. N.Y. 14215
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New products

Data handling

More data
on less tape

Use of two dc motors
boosts information level
through rapid start-stop

A digital cassette tape transport
based on two dc motors eliminates
the usual capstan drives and, with a
new method of speed control, in-
creases the tape-storage capacity.
The $165 (in quantity) model CD-

200 transport from Braemar Com-
puter Products requires only one
loosely regulated (14 to 30 volts) dc
supply and can also work with 115
volts ac as an option.

The use of the two motors elimi-
nates many of the mechnical parts
responsible for unreliable operation
in other transports, according to the
Braemar director of product devel-
opment, John C. Rooks. “Being an
electronics guy, I have a feeling that
most failures are related to mechan-
ical things, and in our business reli-
ability is quite important. By getting
the number of moving parts down
to a small number—two—you should
really increase the reliability.”

The unit has one motor for each
reel and, attached to each motor, a
perforated strobe disk that allows
the transport to maintain a constant

Electronics/November 13, 1975

speed. An electronic servo system
uses LEDs and photosensors to pick
up the speed signals and thus con-
trol the speed. Rooks notes, though,
that the digital recording speed tol-
erances need not be as close as those
for audio specs—*“the whole idea of
digital recording is that you don’t
have to have very good speed toler-
ances,” he says, but his method does
constitute an improvement over
similar techniques. Both tape chan-
nels are available for data, since the
company does not use one of the
data tracks for speed control, as in
other devices.

Rapid start and stop allows the
user to get more data on the tape,
since the inter-record gaps can be
cut to less than 0.5 inch at a speed of
10 inches per second. Operating
speed can also range up to 40 inches
per second, and the unit can have
bidirectional read, write, and search
operation. Tape-to-head alignment
is maintained through machined,
rather than stamped, parts.

The unit can be remotely con-
trolled and has TTL- and comple-
mentary MOS-compatible inputs and
outputs. Other features include a
fingertip release mechanism-a
simple tap of the cover flips it
open--which can eliminate the need
for the operator to find the release
button. The control electronics are
mounted on a printed-circuit board
beneath the case, and the two mo-
tors project through the pc board.
The unit measures only slightly
larger than the cassette itself—4.65
by 4.9 by 3.5 inches deep (the depth
would change as more electronics
are added). The company will soon
offer read, write, and decoding elec-
tronics, according to Rooks.

Braemar Computer Devices, Inc., 11950
Twelfth Ave. South, Burnsville, Minn. 65337
[361]

Data-acquisition system
works with DEC’s LSI-11

The first data-acquisition system
made to work with Digital Equip-
ment Corp’s. LSI-11 one-board
minicomputer has both software

NEW SERIES

Schottky

Barrier
Rectifiers

o Five series: 1A, 3A, 5A, 15A & 30A
(lo) with 20V, 30V and 40V (V).

o Extremely fast recovery (t.), very
low forward voltages ('F), high re-
liability and low cost.

® VSK 120, 130 & 140-1A series in
DO-41 packages. 550 mV (YF). 40A
peak Y2 cycle surge (lesm). 10 MA
('R) at T. = 100°C.
e VSK 320, 330 & 340-3A series.
Epoxy package, axial leads. 475
mV (F). 150A surge. 30 mA ('R)
at T. = 100°C.
VSK 520, 530 & 540-5A series.
Epoxy package, axial leads. 450
mV ('F). 250A surge. 75 mA ('R) at
T. = 100°C.
e VSK 1520, 1530 & 1540-15A series
in DO-4 metal stud cases. 600 mV
(*F). 300A surge. 75 mA (‘R) at
Tec = 100°C.
VSK3020T,3030T&3040T-30Aseries.
Center-tapped, common cathode,
16A per leg in TO-3 package. 630
mV (YF). 300A surge. 75 mA (‘R) at
Te = 100°.

All series have junction operating
temperature range of —65°C to
+150°C.

Call Mike Hawkins
214/272-4551 for more information

Design us in —
We'll stay there VARO

VARO SEMICONDUCTOR, INC.
P.0. BOX 676, 1000 NORTH SHILOH,

GARLAND, TEXAS 75040
(214) 272-4551 TWX 910-860-5178
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N:ew produE:ts

and hardware compatibility with
the computer. Contained on a single
8.5- by 10-inch printed-circuit
board, the ADAC model 600-LSI in-
cludes a 12-bit analog-to-digital
converter, a sample-and-hold am-
plifier, 16 channels of multiplexed
inputs, and all the logic interface
circuitry needed for compatibility

with the LSI-11. The 600-LSI con-
tains a dc-to-dc converter which
runs off the computer’s 5-volt sup-
ply.

Able to handle single-ended, dif-
ferential, and pseudo-differential in-
puts, the data-acquisition system is
expandable from 16 to as many as
64 channels. Standard input voltage

192

Funny, it doesn't look like
a +0.003% 16-bit DAC!

But it is, and
it's priced at only 149.

We just packed modular 16-bit DAC performance into a tiny IC and made the
first 16-bit IC D/A converter on the market. Now, you don't have to crowd your
system with large 2" x 2" or 2" x 4" modules just to get accurate 16-bit resolu-
tion. Our new DAC70 hybrid IC series puts speed and accuracy all together
in a 24-pin DIP compatible hermetic metal package that measures only 1.4" x
0.8". And, the price is just $149 in unit quantities.

The DACT0 settles in 50usec to a MAXIMUM nonlinearity of = 0.003% of full
scale range (FSR) and has a MAXIMUM gain drift of just £4ppm of FSR/°C
over 15°C to 50°C. Three basic models accept 16-bit binary or 4 digit BCD
input coedes. The DAC70 has a MAXIMUM gain drift of £7ppm of FSR/°C
over —25°C to +85°C. And., if you can live with a 0°C to +70°C temperature
range, we have the DAC70C. It's priced at just $119 and guarantees £0.005%
MAXIMJM nonlinearity and = 14ppm/°C MAXIMUM gain drift.

Each unit provides output current
signals of =1mA or 0 to —2mA,
and can be connected to an external
amplifier to give you 0 to +10V
(CSB, CCD) or =10V (COB) out-
put voltage ranges. And, for maxi-
mum quality assurance, we burn
each DAC70 in for 96 hours at
+100°C. Isn't it time you started
thinking small? Burr-Brown, Inter-
national Airport Industrial Park, Tuc-
son, Arizona 85734. Telephone
(602) 294-1431.

BURR-BROWN
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rangesare0to +5v,0to +10v, ©5
v, and *10 v. Optional features in-
clude a programable-gain amplifier
with four gain settings and an auto-
matic zéroing circuit that prevents
offset drifts at even the highest gain
settings.

The heart of the 600-LSI is a 12-
bit data-acquisition module called
the ADAM 12. Although lacking
the dc-dc converter and interfacing
circuitry of the larger unit, the
ADAM 12 contains the 16-channel
multiplexer, sample-and-hold unit,
and a-d converter of the full system.
It is housed in a 3- by 4.6- by 0.375-
inch metal case that provides elec-
trostatic and electromagnetic shield-
ing on all six sides.

The 600-LSI system sells for $895
in small quantities, while the
ADAM 12 module has a corre-
sponding price of $285. Delivery
time for both units is 45 to 60 days.
ADAC Corp., 118 Cummings Park, Woburn,
Mass. 01801. A. L. Grant (617) 935-6668
[362]

Cassette unit expands
storage of calculators

A read/write tape cassette system
increases the storage capability of
Monroe’s 1800 series of program-
able calculators. The model 392 uses
standard Philips-type cassettes.
Each C30 cassette can hold 150
blocks of data per side; and each

<~
R

Jrr
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BLUE MACS...the lower installed cost
mass termination system.

The new Ansley BEUE MACS cable/
connector system employs a unique
mass termination technique that
achieves both lower installed cost
and maximum reliability.

Cross section of TULIPT™ contact termination.

With our specially designed one-
piece connector there is no pre-
assembly. Which means you can
simuftaneously mass terminate up
to 50 conductors — in seconds —
with our BLUE MACS round or flat

conductor cables. And because
both the cable and the connector
are made to fit together like a glove,
absolute electrical contact reliability
is assured.

Before, during and after crimping,
precision mechanical side latches
hold the one-piece BLUE MACS
connector together. The self-align-
ing connector grooves automatically
position each conductor over a 4-
point TULIP-shaped contact for
positive termination. And finally, the
one-step crimp cycle does the rest
— all without pre-stripping.

The same cost-efficiency and re-
liability benefits of our mass ter-
mination technique apply to our
SHURE STAKE® hand and bench
tools. Our entire series of one-piece
connectors, UL-listed jacketed and
high-flex flat and round conductor
cables all use the same, simplified
tooling.

In short, our one-source BLUE
MACS termination technique offers
built-in design compatibility to pro-

The mass termination company.

T=B/Ansley

vide you with the most reliable and
complete mass-assembled-connec-
tor-system in the industry. After all,
who else would know more about
mass termination techniques than
T&B/Ansley . . . the company that’s
been doing it since 1958.

Pre-set compression cycle
assures connection reliability.

To prove our point, a free demon-
stration is yours for the asking. Call
or write:

Ansley Electronics Corp. + Subsidiary of Thomas & Betts Corporation
3208 Humboldt St. - Los Angeles, CA 90031 - Tel. (213) 223-2331 - TWX 910-321-3938

in Canada: Ansley Electronics Ltd., P.Q.

The BLUE MACS system is stocked and sold through authorized T&B/Ansley distributors worldwide.
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Free!

Axial—Radial

Miniature
aluminum
electrolytic

capacitor catalogs.

Capacitance values from .47 mfd through 10,000 mfd

and voltages from 6.3V. to 100V. are readily available

Operating temperatures are from —40°C to +85°C at full

rated volitage.

OTHER PRODUCTION ITEMS: Computer Grade Aluminum

Electrolytics, Ceramic Capacitors, Film Capacitors, Oil

Filled Capacitors—without P.C.B., Metallized Paper Ca-

pacitors, Wax Paper Capacitors, Mica Capacitors, Hybrid
IC's and P.T.C. Thermistors.

. .
m"j\lcon We help keep your world turned on.
NICHICON AMERICA CORPORATION
Division of NICHICON CAPACITOR LTD., Kyoto, Japan

6435 N. Proesel, Chicago, lll. 60645 (312) 679-6530
40 Orville Dr., Bohemia, N.Y. 11716 {516) 567-2994
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INTRODUCING

ANOTHER TAMURA COUNTER

MODEL E607
6 DIGIT ELECTROMAGNETIC COUNTER

LOW COST - HIGH QUALITY

APPLICATION: This counter is very popular and widely used for automatic
vending machines, game machines, medical machines, and service life testers.

11578 Sorrento Valley Rd., San Diego, Ca. 92121, Tamur a

(714) 452.0110, Telex: 695-445
ELECTRIC CORP_U.S.A.

A LEADING MANUFACTURER OF COUNTERS WITH A
WORLDWIDE REPUTATION FOR QUALITY AND SERVICE.
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New produ?té

block contains either 256 bytes or 32
registers. Read and write times are 5
seconds per block. The cassette sys-
tems are available in either single-or
dual-drive versions. The single-drive
unit sells for $695.

Monroe Division, Litton Industries, Box
9000R, Morristown, N.J. 07960. Mrs.
Norma Backster (201) 540-7645 [365]

Simple CRT terminal
sells for $1,095

A simple keyboard/CRT terminal
intended for applications that do
not require the sophistication of so-
called “intelligent” terminals is
priced at only $1,095. The ADM-

3LC has a standard display of 960
characters organized as 12 lines of
80 characters. Well suited for in-
quiry-response applications, the unit
has a standard 59-key keyboard and
interfaces for connection to any
standard computer.

Lear Siegler Inc., Electronic Instrumentation
Division, 714 N. Brookhurst St., Anaheim,
Calif. 92803. Phone (714) 774-1010 [366]

16-bit microcomputer
has 350-ns cycle time

The Miproc 16 microcomputer is a
complete microprocessor with 82 in-
structions and a cycle time of onlyl
350 nanoseconds. Configured for
parallel fetch and execution, the
unit is able to carry out most in-
structions in a single cycle. Condi-
tional branches take 700 ns, and
multiply and divide times are 5.6
and 11.2 microseconds, respectively.
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VACTEC opfoelectronics

-

uHig'h f'peed

-~ Silicon Photovolraic Cells
Ten times faster with excellent linearity. high
temperature stability, and high low-light

sensitivity.
RESPONSE TIME VS LOAD FOR .2"" x .2 SILICON PHOTOVOLTAIC CELLS
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THE INDUSTRY’S BROADEST LINE:

A. Standard and high speed silicon photovoltaic cells.
B. Phototransistor and photodaringtons.
C. Opto-Couplers (three types).
LED/Photoconductor
LED/Phototransistor
Lamp/Photoconductor
D. Selenium photovoltaic cells.
E. C-MOS and Bi-polar custom 1-C's.
F. CdS and CdSe Photoconductors.

Write today for more details.

N

N3 i Vactec, Inc.
) *( 2423 Northline Industrial Bivd.
P Y Maryland Heighrs. Mo. 63043

Phone (314) 872-8300
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HIGH
VOLTAGE
IDEAS
FROM
VIGTOREEN.

TRANSIENT VOLTAGE MEETS ITS
MASTER: VICTOREEN SPARK GAPS.

If you're looking for a way to capture
line transients that could damage sen-
sitive solid state power supplies or
other circuitry which is easily dam-
aged by transients, our SGL spark
gap is your answer. Excellent pri-
mary protection can be achieved
without a need for complicated line
conditioners. Line transients with
pulse widths of 75 nsecs to 1 msec
will be detected. Nominal firing volt-
age is 215VAC peak with ramp rates
of 100V sec. Energy dissipation capa-
bility of a single pulse is 65 joules.
Try it our way. Victoreen spark gaps
are available with DC firing voltages
from 150-25kV.

HOW TO SIMPLIFY HIGH VOLTAGE
REGULATION IN POWER SUPPLIES.
A need for fewer components is al-
ways appreciated. So, when regulat-
ing circuits where high voltage and
current are required, try the excellent
performance of Victoreen’s HV Reg-
ulating Diodes. By combining a Vic-
toreen 7235 triode with a GV3A-1200;
a regulated range of 3-5 milliamps
is achieved. Regulation of better than
0.2% is obtainable over the usable
current range. Reliable regulation
over a wide temperature span can be
expected with a maximum tempera-
ture coefficient of 0.015% /°C from
—65° C to + 125° C. High voltage
regulation is simple, our way.

MINI-MOX CAN TAKE IT.
FROM —-55° C to +125° C.

The Explorer ‘C’ satellite is now an-
alyzing ultraviolet absorption in the
upper atmosphere. Aboard are a Mag-
netic lon Mass Spectrometer and a
Retarding Potential Analyzer. In the
RPA, Victoreen Mini-Mox resistors
provide feedback in an auto-ranging
electrometer where temperatures can
vary an incredible —55°C to +180°C.
But performance over a wide temper-
ature range is only one of the many
outstanding characteristics of the
Mini-Mox resistor. For new design
freedom in stable and dependable
high voltage circuitry, explore Mini-
Mox. Off-the-shelf from Victoreen.

Yictoreen Instrument Division,
Sheller-Globe Corporation,

10101
_ Wood/and Avenue,
Gleveland,
Ohlo 44104
VICTOREEN | WATS Line:

1-800-321-9990
‘E] SHELLER-GLOBE CORPORATION
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New products—

Offered in standard and ruggedized
versions, the Miproc 16 is supported
by a Fortran IV cross-assembler and
a simulator for use on the Tymshare
and GE Mark III networks.

Plessey Microsystems Inc., 1674 McGaw
Ave., Santa Ana, Calif. 92705. Phone (714)
540-9945 [367]

Modular data-entry system
is flexible and expandable

The CMC 1800 shared-processor
data-entry system is modular in
both hardware and software so that
it can be easily expanded in small
increments to fit a user’s changing

Fie

needs. The system can handle up to
64 keystations. A basic system in-
cludes a supervisory desk-style con-
sole, a command console, magnetic-
tape and disk storage units, and a
processor having 64 kilobytes of
core memory. In a typical 10-keysta-
tion configuration, such a system
sells for $86,000 and leases for
$1,650 per month, including mainte-
nance, on a three-year lease. Periph-
erals include line printers, card
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Why you can afford

the very finest
in function generators.

Because Interstate’s new F77
truly is a universal signal source.

_ym

constant width setability from 360
ns to 10 milliseconds, and full

With F77’s 0.00002 Hz to 20 MHz
range, you can test with frequen-
cies from infrasonics through
video, and beyond. There are 6
output waveforms, 7 operating
modes, and precision interface
controls (waveform inversion and
a 5/95% waveform variable sym-
metry vernier, for example) that
can be actuated with remarkable
variations. And output amplitude
is specified at 15 volts p-p into 50
ohms — that's 50% more voltage
swing than most 20 MHz function
generators provide.

Because the F77 also incorporates a very capable.
independent sweep generator offering linear and log-
arithmic performance, with a selection of auxiliary out-
puts. Sweep up or down, sweep reset control. and
continuous, triggered, burst, sweep-and-hold modes.
too. Interstate’s special frequency dial has a direct-
reading sweep limit cursor. plus two calibration scales
(X1 and X2) to improve resolution and permit contin-
uous tuning across the 20 Hz-to-20 KHz audio band.

Because this function generator is the first of its
kind to deliver real pulse generator capability. The F77
produces a 15 ns rise time pulse to 20 MHz with

offset and mode f{lexibility. The
generator’s fully-calibrated atten-
uator gives you 15-volt unipolar
pulses into high impedance loads,
particularly useful for testing MOS,
or millivolt pulses down to 1.5 mv.

Because there's also a con-
stant duty cycle pulse (in addition
to F77's standard pulse) for a
variety of digital signal response
applications. Circuit sensitivity to
duty cycle on/off times can be
tested using varying pulse rates
withoutadjusting the width control.

Because the F77 can be used as an analog power
amplifier to amplify externally applied signals as much
as 600%. Even TTL pulses can be amplified to drive
50-ohm loads, and the resulting output has controlled
dc offset and attenuation.

Because the F77 gives you many other high per-
formance and human engineering features, like VCF
capability for sweeping frequency-sensitive devices,
and “oscilloscope-style™ triggering with a variable
start-stop phase control to generate haversines and
havertriangles. There’s even a “brown-out” switch to
allow the instrument to operate at low line voltages.

Because the F77 only costs $1,095.*

*U.S. price; other 20 MHz Series 70 models available from $695.

Subs:idiary of A-T-O Inc. P

INTERSTATE ELECTRONICS CORPORATION

707 E. Vermont Ave.. P.O. Box 3117, Anaheim, California 92803

(714) 772-2811 )
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RELIABILITY...canyou
guarantee that?

WE CAN.

When you use

ELORE

Components.

INTEGRAL CIRCUITS. RESISTORS.
CAPACITORS. RECEIVING & AM-
PLIFYING TUBES. VARIOUS VACU-
UM & DISCHARGE DEVICES.

‘Cause they've been tested by many
years of operation in various instru-
ments & apparatus

Thoroughly designed. Subjected to
all kinds of checks & tests prior to
serial manufacture. Made in precise
compliance with prescribed produc-
tion duty. Elaborately checked up by
quality control.

“ELORG™ stands for powerful scien-
tific & industrial potential in every
branch of electronics.

US and USSR cosmonauts have
already exchanged handshakes. Why
not follow their suit?

WITH “ELORG” — ELECTRONIC
COMPONENTS FROM THE USSR.

V/0 ELECTRONORGTECHNIKA

32/34 Smolenskaya-
Sennaya

Moscow 121200
USSR

Telex 7586
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readers, a CRT command console,
and magnetic-tape units.

Computer Machinery Corp., 2500 Walnut
Ave., Marina del Rey, P.O. Box 92300, Los
Angeles, Calif. 90009. (213) 390-8411 {368]

Data-entry system can
support four stations

A distributed data-entry system for
both small companies and small de-
partments within large organiza-
tions can support from one to four
data-entry keystations. The model
1300 key-to-disk system is intended
for situations in which data must be
converted, edited, and prepared for
computer processing at a location
away from the main computer cen-

ter. It offers both Inforex synchro-
nous (Infosync) and conventional
binary synchronous (Bisync) modes
of data communications at rates up
to 9,600 bits per second. A typical
four-station system, consisting of a
control unit, a 5,000-record disk
drive, an 800-bit/inch tape drive,
and four video display/keyboard
stations, leases for $683 per month,
including maintenance, on a three-
year lease.

Inforex Inc., 21 North Avenue, Burlington,
Mass. 01803. Phone (617) 272-6470 {363]

One-pass assembler
developed for Intel 8080

A one-pass assembler that runs in
resident mode on an Intel model
8080 microprocessor occupies less
than 2 kilobytes of memory. The

TONE
RECEIVER

’ The Mitel CM8822 is a complete
Touch-Tone® compatible tone receiver
in a dual-in-line package. Capable of
meeting exacting central office and
end-to-end signalling requirements,
the CM8822 offers a level of
performance not attainable with

’ phase-locked loop designs.

Priced right at less than $150.00, the

Now in a i

/}
CM8822 is ideal for mobile radio,

control system and data transmission
applications.

Features include: low power (15 mA at

12 Vdc), TTL/CMOS compatible logic
outputs, low talk-off and external
adjustment of input sensitivity and
response time.

®TM of AT&T ’

() mireL

MITEL CORPORATION LTD.
Tel: (613) 592-2122 Telex: 053 4596
P.0. Box 13089 Kanata, Ontario K2K 1X3, Canada

-————
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Gas Sensing Semiconductor

FIgARO

- SENSOR

quickly senses
even small
amount
of gas.

75 New Models,
some with highly sensitive
CO sensor, now on the market.

Please contact the address below directly for
catalogs and price/delivery information.

FIGARO ENGINEERING INC.

3-7-3, Higashitoyonaka, Toyonaka City, Osaka 560,
Japan/Tel: (06) 849-2156
Cable: FIGARO TOYONAKA/ Telex: 05286155 FIGARO J
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RF detectors
fast delivery

Quantities to 200
from stock

You get fast delivery on
WILTRON’s quality RF de-
tectors whether your needs
are large or small.

And with discounts of up
to 15% in quantity.

These are WILTRON’S.
time-proved quality detec-
tors with field-replaceable
diodes. Diodes are field-re-
placeable even in 18.5 GHz
models.

Call Walt Baxter at
WILTRON now for details.

\

g

4 4
N N

Model

Range

Connectors

Out

Flatness

71B50

100 kHz-
3GHz

BNC
Male

BNC

Fem.

*+0.5dB

73N50

100 kHz-
4 GHz

N
Male

BNC

Fem.

+0.24dB

74N50

10 MHz-
12.4 GHz

N
Male

BNC

Fem.

+0.5dB

74550

10 MHz-
12.4 GHz

SMA
Male

BNC

Fem.

+0.5d8 |

75A50

10 MHz-
18.5 GHz

APC-7

BNC

Fem.

*1dB

75N50

10 MHz-
18.5 GHz

N
Male

BNC

Fem.

*1dB

75850

10 MHz-
18.5 GHz

SMA
Male

BNC

Fem.

*1dB

for better efectronics meosuremaents

,' ' WILTRON
! COMPANTY

930 E. Meadow Drive = Palo Alto, Ca. 94303 « (415) 494-6666 » TWX 910-373-1156
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PACIFIC Electronics

ACPOWER-—_

Model 110-D
Only $2340

FEATURES:

¢ Variable oscillator

{4710 500hx)

® Variable output
(010125 VAC)

® Line sLload regulated

e External input

® Overload protected

ed

Sources
Line Conditioners
Frequency Changers

1000VA

Low cost OEM versions

Only $1895

(Spiece price)

STANDARD MODELS AVAILABLE TO 27 KVA

PACIFIC ELECTRONICS

2643 NORTH SAN GABRIEL BLVD.

ROSEMEAD, CALIFORNIA 91770
CALL BILL HAINES

| AT PACIFIC, (213) 573-1686
M-82575-3

200
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New products '

program assembles a compatible
subset of the Intel language and
generates machine code directly into
memory for immediate execution, if
desired. The one-pass assembler has
a considerable speed advantage
over conventional three-pass pro-
grams; for example, a user with a
teletypewriter who has a source pro-
gram that requires 30 minutes to
read and 5 minutes to punch will
need three hours and 5 minutes with
a three-pass assembler but only one
hour and 15 minutes with a one-
pass program.

Micro Systems Software, 355 West Olive,
Sunnyvale, Calif. 94086. Phone (408) 735-
1656 [364]

Latest PDP-8 minicomputer
goes parallel for speed

A parallel-processor version of the
PDP-8/A minicomputer performs
calculations much faster than
previous PDP-8 models. Sample in-
struction times include 10.5 micro-
seconds for fixed-point add, 30 us
for floating-point add, and 37.5 ps
for floating-point multiply. The
computer uses an auxiliary proces-
sor to perform fixed- and floating-
point operations in hardware.
Priced from $5,995 including 8-k
words of core memory, it is sched-
uled for delivery in April 1976.

Digital Equipment Corp., Maynard, Mass.
01754. Phone (617) 897-5111 [369]

Disk systems offer high
reliability at low price

Aimed at the user who needs the
high data integrity of hard disks but
does not require their capacity, the
Dynastor system provides 2.2 mil-
lion bits of storage for a complete-
system price of $3,000. Plug-com-
patible with Data General Nova
series and DCC computers, the
Dynastor system includes all inter-
face logic, interconnecting cables,
power supplies, and packaging.
Dynastor Inc., 5867 N. Broadway, Denver,
Colo. 80216. Phone (303) 572-1170 [370]
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We’ve taken the expense
out of data recording

For trouble-shoating or process control two speeds allow rapid survey or slow motion
analyses.

Simply 'post’ a compact-cassette into a
slot in the front panel and Mini-Log 4
is ready to use.

Mini-Log 4 is extremely compact and light-
weight and operates from mains or
battery supplies.

puities| Instrumentation Recording

Electronics/November 13, 1975

Low operating costs and simple
operation combined with high-
performance and reliability
makes the new Mini-Log 4 ana-
logue cassette - recorder

a really practical proposition for
industry. Mini-Log 4 uses
standard compact-cassettes.
Equally important, its purchase
price is considerably lower than
any competitive system.

Outputs from the four FM-channels onithe
Mini-Log 4 can be used to drive an oscillo-
scope or chart recorder.

| | am interested in *full |
| information/demonstration of
| the new Mini-Log 4.

| Name:

I
|
I Company: l

| Address:
| -
| Country:

*Delete which does not apply =
Lo A 2

Write for demonstration or full
information to:

N.V. Philips’ Gloeilampenfabrieken
GAD/ELA - Eindhoven,

The Netherlands

PHILIPS
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Portable Digital
Multimeter at an

ONLY

39995

less batteries and optional
AC adapter/charger

9 reasons why our
new meter should
be your next:

1. ANALOG PRICE

2. RELIABLE
Fully overload protected
Built-in battery check
Impact-resistant Cycolac®
case

3. EASY TO READ
Large 3-digit LED readout
Automatic polarity, decimal
point and out-of-range
indication

4. COMPLETELY PORTABLE;

USE IT ANYWHERE

Only 4.38 x 6.38 x 2" deep
Operates from 4 ordinary
“C” cells or AC with optional
adapter/charger

5. HIGH-LOW POWER OHMS
Measures accurately in solid
state circuitry

6. HIGH RESOLUTION
1mV, 1pA, 0.1 ohm

7. DIGITAL ACCURACY
DC volts typically =1%
F.S.; AC volts and ohms
typically =2% F.S. except
+2.5% on highest range

.~ 8. RANGES
DC and AC volts, 0-1, 10,
. 100, 1000V;
DC and AC current, 0-1, 10,
MODEL 280 100, 1000mA;
Shown Ohms, 0-100, 1K, 10K, 1 meg,

- . actual size 10 megs.
1< PRECISION \

9. IN STOCK AT YOUR
PRODUCTS OF DYNASCAN
1801 W. Belie Plaine Ave, Chicago, IL 60613 S
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New products

Instruments
Logic probe
speeds tests

Checkout system includes
DIP clip; pin under test is
identified on LED display

In troubleshooting a dual in-line
module, many an engineer or tech-
nician has had to struggle to keep
one, possibly two probes touching
the right pin-outs while also watch-
ing a counter or scope. Information

Scan Technology’s Scanmaster
probe is designed to do away with
that struggle.

In addition to the standard probe,
which also acts as a pulser, the
Scanmaster comes supplied with a
specially designed DIP clip that fits
over either 14- or 16-pin dual in-line
digital logic ICs. According to Gary
Rhodes, IST’s marketing manager,
troubleshooting with the Scanmas-
ter simply involves switching the
probe from pin to pin by pushing
buttons and reading an LED display
to determine which pin is being
tested. Not only does the Scanmas-
ter have its own logic-level and
pulse indicators, he says, but it also
serves as a convenient pin-switching
interface for a scope or counter.

The Scanmaster has four basic
modes of operation. Autoscan rap-
idly scans all of the module pins and
stores the static-state level of each.
It automatically stops its scanning
when it sees a bad level and displays

Electronics/November 13, 1975

the associated pin number. Manual
scan allows the user to test each pin
on the module by simply pushing a
button and reading the pin number
on the display. A fast-scan button
allows him to find a pin rapidly. As
long as this button is depressed, the
Scanmaster will rapidly step
through the pins. When the display
nears the correct pin number. re-
leasing the button stops the scan. If
the user should miss by a pin or two,
pressing an up or down button
brings the correct pin.

The pulser mode. says Rhodes. al-
lows the user to inject a pulse into
the module and watch the output
without having to hold two probes
in place. All that is necessary is to
touch the desired pin at the top of
the DIP clip and watch the pulse LED
or the scope as the pulse is triggered
by a switch on the probe. To shift to
the probe mode, all that is necessary
is to switch a pulser-probe switch to
prove and test points where the DIP
clip cannot be used.

Logic-high threshold is adjustable
from 1.2 volts to 20 v. Logic-low
threshold is adjustable from 0.3 to
45 v. Any voltage between the
threshold high and low settings is de-
tected as a bad level. The Scanmas-
ter, says Rhodes, can be used for TTL.
C-MOS. HTL. RTL. DTL, and other logic
families. Pulser output is 4.5 v with
logic-high set less than 8 v, and 10 v
for logic-high greater than 8 v. Pulse
duration is 0.4 microsecond, and in-
put impedance is greater than 200
kilohms. Overvoltage protection is
*25 v. Pulse-detection range is 2to 5
megahertz, and pulse excursion must
meet high- and low-logic threshold
settings.

The Scanmaster probe measures 8
by 2 by 10 inches and weighs 10
pounds. Price is $895.

Information Scan Technology, 3650 Charles
St., Santa Clara, Calif. 95050 [351]

Low-cost frequency counter
runs on four AA batteries

To meet servicing needs of data-

“Light” your gas
discharge displays
from low voltage
DC lines!

DL‘-ta-DC
POWER
SUPPLIES

Convert low line voltages to nominal 200
or 250 V DC levels required to activate
gas discharge displays. Ask about our
power supplies for liquid crystal and
electroluminescent displays, as well as
fluorescent lamp applications.

ENDICOTT COIL

Charlotte St., Binghamton, N. Y.
13905 (607) 797-1263

Circle 115 on reader service card

99%

EFFICIENT
AC LINE
REGULATOR

- Malic

A€ LINE BIRELATOS

Power-Matic MPS Series AC Line
Regulators are ultra-efficient (99%)

resulting in a lighter weight, smaller
size, cooler operating unit. Additional
features include wide input voltage
range (—28 to 4-329% of nominal),
insensitive to load power factors,
half-cycle step response and no add-
ed distortion. Typical Regulation is
+2%. Units available up to 50KVA
single phase, 150KVA three phase.

MODULAR POWER, INC.

processing, data-communications, 4818 Ronson Court
and other systems, Logic Tech- San Diego, CA 92111
Tel: (714) 279-1641
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It 1t's a thick film
resistor network...

we make it!

S|Ps, DIPs, Binary Ladders, all manufactured to meet

the most critical specifications. SIPs and DIPs are

offered in tolerances up to +1%, Binary Ladders to
" *1, LSB. What’s more, we can provide custom

o8 resistor networks in aimost any configuration to the

very tightest tolerances possible. Write for complete

technical details today.

g angstrohm precision, inc.

one precision place/ hagerstown, maryland 21740
telephone: 301-739-8722 twx: 710-853-6834

Circle 204 on reader service card
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3
415 FUNCTION GENERATGH

New 11 MHz sweep/lunctlon gonorator

Only Systron-Donnar offers z

SYSTRON 9 DONNER

Circle 110 on reader service card

New products

nology Inc. of Mountain View,
Calif., is marketing a compact low-
cost frequency counter. Called the
Pocket Counter II, the hand-held,
battery-operated instrument, which
measures 8 by 4 by 2 inches, sells for
$189.

The instrument has an eight-digit
light-emitting-diode readout and an
overrange indicator. Measurement
range is 1 hertz to 10 megahertz,
and sensitivity is 250 millivolts rms
from 0 to 40°C. Maximum error is
+(0.01% of reading + 1 count). In-
put impedance is 100 kilohms
shunted by Iess than 51 picofarads,
and maximum input is 200 volts rms
at 10 kilohertz, derated to 10 V rms
at 10 MHz.

The counter is powered by four
AA rechargeable nickel-cadmium
batteries (which are supplied), and
they will operate for more than
eight hours at 30% duty cycle when
fully charged.

Delivery time is 30 days. Quantity
and OEM prices for the counter are
negotiable, the company says.

Logic Technology Inc., 1950 Colony St.,
Mountain View, Calif. 94043 [352]

Digital phasemeter is
accurate to within 0.03

Able to measure phase angles to
within an accuracy of better than
0.03°, the model 305 digital
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The MP 12
Do-It-Yourself Kit:

Just grab the pieces and run.

System building made easy. Here’s the easiest way
to cut the time and cost of computer system de-
velopment. Start with the MP12 Microcomputer . . .
pick the peripheral interfaces you need . . . and
you’re in business. The 12-bit CPU has complete
processing, 1/0, and memory capability built in.
Plug-in standard interfaces reduce design time.
Supporting software with the RTX12 Real-Time Op-
erating System simplifies application program de-
velopment. No matter what kind of system you’re
building — data communications, process or ma-
chine control, data acquisition, point of sale —
pick up the MP12 Do-It-Yourself Kit. You’ll be up
and running faster than you ever thought possible.

=

SALES Boston Dallas Los Angeles
OFFICES IN: (617)969-5077 (214)661-3155 (213)973-0484
Chicago Denver New Jersey

(312)437-4116 (303)753-0631 {201)222-6250

Electronics/November 13, 1975

FABRI=TEIK nc
COMPUTER SYSTEMS

5901 South County Road 18 ¢« Minneapolis, MN 55436 « (612) 935-8811

San Jose
(408)246-8391

Minneapolis
(612)935-8811

Check these prices*. MP12 Processor with complete
supporting software package: $990

Paper Tape Reader and Punch Controller: $362
TTY Controller for ASR33: $198

Printer Controller, 300 or 600 LPM: $274
Asynchronous Communications Controller: $394
Digital Input Interface, 24 lines: $214

Digital Output Interface, 24 lines: $179

A/D Converter, 16 channel, 12 bit: $1024

D/A Converter, dual channel, 12 bit: $549
Magnetic Tape Controller, 9 track, IBM
compatible: $640

Tape Cassette Controller: $372

4K Data Memory: $665

*Quantity 100 U.S. Prices, F.0.B. Minneapolis.
Prices subject to change without notice.

o’

HOME OF MP12

Hong Kong
K-331383

United Kingdom
Maidenhead 37321-4

Circle 205 on reader service card 205

Fairfield, OH
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MTA-PC
SERIES

MINIATURE P
TOGGLE

Alcoswitch Green Series PC
Toggle switches are the
best in the industry. Fea-
tures include: Molded-in
terminals to prevent con-

tamination; gold flash on term-
inals; no-tear shoulder and many
more, all at no added cost. Avail-
able as right angle mount; with
or without threaded bushing.

Call (617) 685-4371 for more

MINIATURE

PUSHBUTTON

£
/

detailed information and prices.

Our Green Series push-
button switches have a
“snap-action’” allowing
a higher switching capa-
bility. They perform

better and last longer than most
conventional pushbutton switch-

es. Many types to choose from to
fit your particular applications.

Compare . .

. before you buy.

Call (617) 685-4371 for detailed

@ mpa-6
SERIES

Ter (617) 6854398

ELECTRONIC PRODUCTS, INC.

1581 0SGOOD STAELT, NOATH ANDOVER. MA. 01545 US.A

TWX 910 3420852

features, prices and samples.®

A SUBSIDIARY OF

Circle 206 on reader service card

AVGAT .. |

XYOEM RECORDERS

yours in appearance, ours in performance

Match your budget to any
of MFE’s 12 models in
the plotamatic line of
X-Y recorders which
range in list price from
$800 to $1025, in

slewing speeds from

20 to 30ips, in single

or multi ranges from
1mV/in. to 10V/in.

All with floating and
guarded inputs.

Have an MFE disposable
fibre pen plot your data on
convenient 50 sheet pads
with an 0EM, laboratory /
or remote control

model for table, rack

or console. 3
MFE’s a line you can *
depend on.

Call or write Ron Gosk today.

.

Y

Keewaydin Drive

MEPF R

Salem, N.H, 03079

Tel. 603-893-1921 GSA

TWX 710-366-1887

MFE CORPORATIOIN TELEX 94-7477

Circle 111 on reader service card
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phasemeter is a five-digit instrument
that can handle frequencies from 1|
hertz to 11 megahertz. The auto-
matic meter requires no adjustments
by the operator because internal
control circuitry sets the ac gains, se-
lects the output time constants (for
the best combination of measure-
ment speed and ripple), senses
whether the angle is leading or lag-
ging, and chooses the appropriate
measurement range. Input voltages
from | millivolt to 300 v rms can be
accepted by the phasemeter which
has a resolution of 0.01° and a max-
imum nonlinearity of 0.02°. Price
varies from $1,930 to $4,500, de-
pending upon plug-ins and other
options.

Dranetz Engineering Laboratories Inc., 2385
8. Clinton Ave., S. Plainfield, N.J. 07080.
Arnold Ackerman, (201) 755-7080 [353]

Counter/timer sets range and
resolution automatically

A resolution control on the model
5500B universal counter/timer se-
lects the number of digits to be dis-
played, and a microprocessor-like
internal controller then selects the
time base or gate period required,
positions the decimal point, sets the
dimension annunciator, and con-
trols the display of the measurand
to the desired number of digits.
Available in a six-digit model (with
selectable resolutions of four, five,
and six digits), and an eight-digit
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Market requires

large screen oscilloscopes

We offer unmatched performance
in the 200 MHz range with -
TH 8207, featuring:

¢ 10 x 12.5 cm screen

e high sensitivity (2.6 V/cm)

e exceptional spot size (0.4 mm)
e short length (405 mm)

0

Our family also includes, among others:

Operating

Type Sc;;en Se\';?';::'ty Le:rr:glth frelt\lnu:;lcy

THe2o6 | 0x125 | 28 | 380 | 100 |
TH8205 | 8x10 | 22 30 | 100
| THE203 | 8x10 | 12 30 | 350

Information about ruggedized versions of these tubes and
custom electrostatic screens of larger size available upon request.

/

4

\

THOMSON-CSF

MARKETED IN NORTH AMERICA BY DUMONT ELECTRON TUBES & DEVICES / 750 BLOOMFIELD AVENUE / CLIFTON NJ 07015/ TEL.: (201) 773 2000
France - THOMSON-CSF Division Tubes Electroniques / 38, rue Vauthier / 92100 BOULOGNE-BILLANCOURT/ Tel. : (1) 604 8175
Germany - THOMSON-CSF Eiektronenréhren GmbH / 6 FRANKFURT/MAIN / Am Leonhardsbrunn 10 / Tel.: (0611) 70 20 99
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degili Ammiragli 71 / ROMA / Tel. : (6) 638 14 58
Japan - THOMSON-CSF JAPAN K K. / Kyosho Building / 1.9.3. Hirakawa-cho / Chiyoda-ku / TOKYO / T 102 / Tel.: (03) 264 6341
Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9/ Tel. : (1) 226 76 09
Sweden - THOMSON-CSF Elektronrér AB / Box 27080 / § 10251 STOCKHOLM 27 / Tel.: (08) 22 58 15

United Xingdom - THOMSON-CSF Electronic Tubes Ltd / Ringway House / Bell Road / Daneshill / BASINGSTOKE RG24 OQG / Tel.: (0256) 29155 / Telex: 84 9171

BN " ;i B3
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dollar-wise
precision
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Portable precision doesn't have to cosfa bundle...
not when YEW precision portables with 0.5%
accuracy start at $120. What's more, every YEW
tautband precision portable is backed by YEW’s
famous unconditional 1 year guarante2, a service
and calibration capability second to none and over
60 years of experience. If value is part of your
precision decision, consider YEW’s portables.

* YOKOGAWA
CORPORATION
OF AMERICA

5 Westchester Plaza, Eimsford, New York 10523
Telephone: 914-592-6767

e — —/

Circle 208 on reader service card

RELIABILITY.

100X GOMPARABLE RELAYS.

Ifyou can't stand
miscontacts,
want sensitive
response, long <
life, a versatile '
1 ampto5amp
operating range

lowoperate

powerrequire-

ments, nominally

400 mw (2C) to

1500 mw (6C);

) and long life:
10® mechanical

plus UL, CSA, and
VDE ratings — the K
series relay is for you. A
patented magnetic system
develops an 11 g contact
pressure and a wide contact
gap. The contact spring as-
sembly on the 2 amp type
uses bifurcated contacts
along with our unique lift-off
system. Results: low, stable
contact resistance, tygically
25 milliohms; minimized
bounce and chatter, approx.
1 msec; controlled arcing;

operations; >107
electrical oper-
ationsat1A28VDC.
K relays are available in 2C,
4C, and 6C arrangements
and in standard DC, AC,
plastic-sealed, anc power
types. Solder terminal, P/C
terminal, plug-in, and panel
mounting accessories are
also available.
Want more information on
this remarkable relay series?
Call or write Arrow-M
Corporation today.

Relays for advanced technology.

Arrow-M Corp. 250 Sheffield St., Mcuntainside. N J, 07092 US.A.

Telephore: 201:232-4260

Circle 112 on reader service card

New products

version (five through eight digits),
the 5500B is especially well suited
for automatic test systems because
its internal logic circuitry greatly
simplifies and reduces the com-
mands and control lines needed to
link it with the system controller.
The autoranging instrument has 10
modes of operation. including fre-
quency-counting up to 118 mega-
hertz and time-interval measure-
ment to a resolution of 100
nanoseconds. Its two input channels
are both dc-coupled. The aging rate
of the oven-stabilized crystal-con-
trolled time base is less than 3 parts
in 107 per month. The six-digit ver-
sion of the 5500B sells for $695,
while the eight-digit unit is priced at
$765. Remote programing adds
$100 to the price of either model.
Delivery time is four to six weeks.
Baltantine Laboratories Inc., P.O. Box 97,
Boonton, N.J. 07005. Phone (201) 335-
0900 [355]

Contactless meter reads
up to 1,000 A ac or dc

A key problem in the design of non-
contacting current meters is residual
magnetism in the magnetic core that
is used as a flux concentrator. The
model 1776 digital current meter
from F. W. Bell overcomes this
problem with a dynamic feedback
scheme which greatly reduces errors
from this source, and hence allows
the use of silicon-steel cores with
their very high levels of saturation
magnetization. The result is a 3%-
digit meter that can read 1,000 am-
peres full scale and yet retain a
maximum dc error of 0.5% of full
scale all the way to the bottom of its
range. Th Hall-effect instrument
uses three probes which give it full-
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Dlm. a group effort in
® creative problem solving

presents

“THE THINKER”

We call our DF-100 Floppy Disc Storage System “THE
THINKER" because it has its own microprocessor.

OEM'’s; vyour interfacing problems are solved! THE
THINKER permits you to implement the emulation of
cassettes, punched cards and paper tapes without
burdening software development.

THE THINKER allows you to emulate any device under
the control of the operating system without a custom
made /O driver. Circle 245 on reader service card
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MULTI/W
for board design
and production

DIVA’s Multi/wire process is called the MINIMIZER
because we minimize the time it takes to go from
prototype circuit design to finished product.

Save your company valuable dollars in design costs,
production costs and service costs and enjoy circuit
reliability not available until now!

Circle 247 on reader service card

We call our Computroller and Mass Storage Systems the
OPTIMIZERS because they permit your Nova, PDP-11
or Interdata to block transfer data at rates previously
attainable only in the larger systems.

DMA transfers through the OPTIMIZERS’ memory
buffer optimizes mass data transfer of variable length
records. Couple this with ECC and head offset plus
strobe capabilities, data integrity and accuracy remain
extremely high. Circle 246 on reader service card

MAXIMIZERS”

When you take the minicomputer industry’s finest
intelligent controller, combine it with a 116 megabyte
random access disc drive, you have the MAXIMIZERS.

The MAXIMIZERS permit you to expand your storage

capability to 1 billion bytes of data, with transfer rates

of 625 K/bytes per second and access to any one of the

406 cylinder positions within a maximum of 55 ms.
Circle 209 on reader service card

Mini maximizer systems I :

DIVA, inc,. 607 Industrial'Way West / Eatontown, N.J. 07724 / Phone: 201-544-9000 / TWX 710-722-6645 m
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10 kv
SILICON

Aty
10,000 V, 25 mA, 300 ns. t. silicon rectifiers only 26¢
each for 100,000 quantities with minimum 10,000/ month
released. Delivery from stock. Size .4" long.

FREE SAMPLES
Write on your company letterhead, outlining
your application for free samples.

- b
Buy from ed’ electronic devices

specialist.
21 Gray Oaks Ave., Yonkers, N.Y. 107105Telegghone: 914 965-4400
Circle 210 on reader service card

When price is part of your wire terminal problem, '

Malco specialists help make ends meet.

Withtabons, blades, bullets, bayonets, rings, spadés.’

hooks, bullet receptacles and every other kind of
standard configuration. Order them in strip for use
with Malco automatic machines or loose or pre—
insulated. All ata price to help make ends meet. Let's

get together. Write Malco, 12 Progress Drive,

Montgomeryville, Pennsylvania 18936 0rcall...(215)
628-9800.

210
Circle 113 on reader service card

New products

scale ranges of 10, 100, and 1,000 A
for frequencies from dc to 10 kilo-
hertz. The price of the meter, with
one probe, is $850.

F. W. Bell Inc., 4949 Freeway Drive, East,
Columbus, Ohio 43229. Phone (614) 888-
7501 [356]

3%-digit multimeter
kit sells for $89.95

A 3%-digit (2,000-count) digital
multimeter, built around the Sili-
conix DVM chip set, can measure ac
and dc voltages to 2,000 volts, dc
current to 2 amperes, and resistance
to 2 gigohms. The autopolarity in-
strument has a maximum error on
dc volts of +(0.05% of reading + 1
count) and a maximum ac voltage
error of *(0.5% of reading + 1

B ‘ ‘ ‘ Owital M:mlm“.'

count). In its standard kit form, the
model 75B comes with Monsanto
0.3-inch light-emitting-diode dis-
plays and sells for $89.95. The fac-
tory-wired version is priced at
$149.95. The unit is also available,
in both kit and wired form, with Li-
tronix 0.5-in. LEDs. Designated then
as the 75A, the meter is priced $10
higher in both cases.

Roto-Kit Division, Alpha Centauri Electronics
Inc., 415 Kay Ave., Addison, IIl. 60101. John
Castro (312) 543-2699 [357]

Microwattmeter spans
200 kHz to 18 GHz

The 42C series of microwattmeters
is a line of three instruments that
can measure power levels from
about 10 nanowatts up to 100 milli-
watts. Three power-detector heads
are available, and all have a lower
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Mictoprocessors
egem&nz

Bugbooks are dedicated to
the proposition that all men
should be electronically in-
dependent and creative . . . that you
should be able to conceive and execute
your own circuit designs . . . that the Bug-
books will enable you to participate in one
of the most exciting of all technological
revolutions: the micro-electronics revolu-
tion.

Bugbooks I and II set forth the fundamen-
tal truths of digital circuitry. Bugbook Ila
explores asynchronous serial interfacing of
data transmission. But now there is a new
one: Bugbook III. It expands and builds
on the pioneering simplicity. It’s a forth-
right approach to microcomputer/micro-
processor use and design.

—

E&L INSTRUMENTS, INC.

61 First Street, Derby, Conn. 06418
Telephone (203) 735-8774

Electronics /November 13, 1975
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cuses on microproces-
sor system design, using an
8080 based system for microcom-
puter interfacing. Typical subjects: micro-
computer programming and I/O; bread-
boarding the Micro-Designer™; clock cycles
and timing loops; and more.

All practical. All clear. In 592 pages, with
a glossary of 200 microcomputer terms.
And, most important of all, 60 self-teaching
experiments designed to make you inde-
pendent and creative.

Strike a blow for independence — your
independence. Bugbook III is available
now for $14.95 from the people who are
revolutionizing the way digital electronics
is learned.

[ YES! I want to strike a blow for independence! Send me -l
Bugbook III for $14.95, postage included.
Also send me, at
$16.95 the pair, ] Bugbook I, Bugbook II.

| $ 4.95 each, (] Bugbook Ila

Company

Address

|
I Name I
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Technical assistance
for ¢lectronics.
That’s productive. That’s Georgia.

Georgia provides
exceptional services
to stimulate the
growth of high tech-
nology industries.

Prior to your in-
spection of plant sites
and buildings, we’ll
compile research
based on your re-
quirements. Then,
using computers,we'll
pinpoint suitable
resources.

Our confidential
site selection program
is only one way of fa-
cilitating your move.
InGeorgia, you'll have

4

advanced degrees as
well as undergradu-
ate programs.

In addition, our
vocational-technical
schools provide a free
Quick Start labor
training program.
We'll supply produc-
tion machinery and
instructors. We'll even
pay your own instruc-

¥ | tors if you wish. And
R/ | we'll coordinate train-

the personal attention | 72778

of Governor Busbee
and Lieutenant Gov-
ernor Miller.

You'll also have
the full cooperation of
our State’s educa-
tional institutions.
The Georgia Institute
of Technology works
closely with industry
in conducting scien-

212

tific, engineering and
industrial research. A
source of high quality
engineering talent,
Georgia Tech offers

Circle 212 on reader service card

¢ | ing with your plant
| | opening schedule,

Forde- ¢ %
tailed informa-* i*It fs

| tion on how your™”

company can profit in
Georgia, write today
to H. W. Wiley,
Industry Division
Director, Georgia
Bureau of Industry

& Trade, Box

38097, Atlanta,
Georgia 30334.
Dept. EL-63.

Georgia



salon infernational des

composants
electroniques 76

PARIS

5-10 avril

Organisation S.D.S.A.
20, rue Hamelin

F 7516 Paris

= 33{11553.1.09

m 630400 F

Invitation cards will be sent on request

French Trade Shows

1350 Avenue of the Americas
New York. N.Y 10019

(212) 582-4960

Telex 237 757 FREN UR

Publi Setvice Conserl

Circle 213 on reader service card
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New products

frequency limit of 200 kilohertz,
while their upper frequency limits
are 4 gigahertz, 12.4 GHz, and 18
GHz. The respective maximum volt-
age standing wave ratios are less
than 1.12, 1.18, and 1.28. The three
meters in the series are the 42C
analog meter which is priced at
$1,210, the 42CB battery-operated
analog meter which sells for $1,370,
and the 42CD digital meter which
carries a price tag of $1,600.

Boonton Electronics Corp., Parsippany,
N. J. Wallace F. White (201) 887-5110 [358]

20-MHz function generator
has full pulse capability

The model F72 pulse/function gen-
erator from Interstate Electronics
puts out sine, square, triangle, and
pulse waveforms at frequencies
from 20 microhertz to 20 megahertz.
Unlike most other function gener-
ators with pulse-output capability,
however, the F72 provides for the
adjustment of pulse rise and fall
times and also for a very wide range
of pulse-width adjustment: 30 nano-
seconds to 1 second. A special vari-
able-symmetry mode of operation
allows the function generator to
have the duty cycle of its square-
wave output (as well as its sine and
triangle waveforms) vary from 5%
t0 95%. In this mode of operation,
the maximum frequency of the in-
strument is 1 MHz. The F72 sells for
$895; delivery time for the gener-
ator is 30 days.

Interstate Electronics Corp., Dept. 7000,
707 East Vermont Ave., Anaheim, Calif.
92803. Robert Visser (714) 549-8282 [359]
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Outsiders on the inside in a big way

in the Japanese electronics market
|

advertise in Nikkei Electronics
]

electronics market know the value of Japan’s No. |
electronics media. Nikkei Electronics.

And if the Japanese market is your next world
market, it not only wise to get to know Nikkei Elec-
tronics but profitable, too.

We specialize in lots more than simply carrying
your sales messages direct to 60% of Japan’s top
engineers and firms. Our back-up service gives you full
merchandising support.

Nikkei Electronics research helps you grasp the real
market situation . . . research on production goods
procurement procedure, on procured production goods,
and on important product preference covering measur-
ing instruments and semiconductors, electronic parts,
component parts, and peripheral and terminal equip-
ment.

No other media in Japan offers you such valuable
assistance. Much less for free. Simply because no other
media is more media in electronics.

We help make the foreign familiar.

NIKKEI ELECTRONICS
BETL7HOZ7X

NKKEI ELECTRONICS

For more information, please contact McGraw-Hill’s Electronics

sales office or Advertising Dept.

NIKKEI-McGRAW-HILL INC,,

Nikkei Annex Bldg., 2-1-2, Uchikanda, Chiyodaku, Tokyo, Japan.
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~ Puteévolts
INO a matchbox
and get 10,000 out?

o M

\WDEPENDENC, §

REG U S.PAT OSF | WADEINUS A

34 SAFETYj;; MATCHES

DIAMOND MATCH  josr

DIVISION W4
DIAMDND NATIONAL ~
CORPORATION
New YorkN.Y.10017 |°%]
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Itwasn'teasy
(but we did if)

We'll take on just about any power supply job. Especially the kind we can sink our teeth into.
The tougher, the better — even jobs other companies don't want. Like building a matchbox-size
power supply to convert a 6V input to a 10KV output.

From high-volume, low cost commercial to highly sophisticated, ultra-dependable military power
supplies. From high-voltage to low-voltage, high power to low power. L e

Give us the specs for the supply you need and we’'ll design it, build it, test it;
freeze it, heat it, test it; we'll shake it, kick it, test it ... We'll build you the
power supply you want, from start to finish. And it will work ...and work
...and work.

Our power supplies are matchless.

mBE Scott Electronics Division 2525 Shader Road
NCR Corporation P.O. Box 7637 Orlando, Florida 32804 (305)295-5850
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New products/materials

Localized heat protection is pro-
vided by an aluminized asbestos
tape that can protect wires and ca-
bles from temperatures as high as
1,000°F. Called Hot Spotz tape, the
material’s shiny aluminum outer
layer reflects heat while its asbestos
inner lining insulates against it.

The Zippertubing Co., 13000 S. Broadway,
Los Angeles, Calif. 90061. Phone (213)
321-3901 [476]

Conformal coating R-4-3117 is a
transparent silicone resin that dis-
plays good dielectric properties
from low frequencies up through
the microwave region. It is intended
as both a protective coating for cir-
cuit boards and an impregnating
material for porous substrates, and
its main function is to improve
moisture resistance. It can be ap-
plied by dipping, spraying, brush-
ing, or flow-coating.

Dow Corning Corp., Midland, Mich. Phone
(517) 496-4984 [477]

Conductive adhesive Eccobond 60C
is a one-part material which is less
expensive, and less conductive, than
silver-bearing products. Its bulk re-
sistivity is approximately 50 ohm-
centimeters. Applications include
the sealing of joints against rf leak-
age, the formation of absorptive
coatings, and the fabrication of
coatings with good thermal conduc-
tivity. Once cured, Eccobond 60C
can be used over the temperature
range from -65°F (-54°C) to 350°F
(177°C). It sells for $7 per pound in
10-pound lots.

Emerson & Cuming Inc., Canton, Mass.
02021. Phone (617) 828-3300 [479]

Selling for half as much as silver, a
conductive alloy is a fine powder
with a maximum resistivity of 0.06
ohm-centimeters. The material,
Cobaloy 807-S, was developed as a
lower-cost alternative to silver pow-
der in the manufacture of thermally
and electrically conductive coatings
and adhesives. The material has a
particle size of 35 micrometers, and,
unlike silver, it does not tend to
settle into a hard cake.

The Cobaloy Co., 626 Great Southwest
Parkway, Arlington, Texas 76011 [480]
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Derwent
Patents
Services

Patents Abstracts Publications

DERWENT

Classified abstracts with drawings are issued rapidly of all Belgian, West
German (DAS and OLS), Soviet Union, United Kingdom and United States
patents respectively in three separate Editions— Chemical,
General/Mechanical and ‘Electrical’.

Separate publications also provide classitied abstracts of all chemically
related Jopanese (examined and unexamined), Netherlands and French
plus South African patents respectively.

It is also possible to subscribe to any one or more of six weekly Patents
Abstracts Journals covering all the first group of countries mentioned above

in a particular area of technology Canada, East Germany, France, Neder-
lands, South Africa, Switzerland. The six Journals embrace the complete
General, Mechanical and ‘Electrical’ field.

Besides the provision of drawings to illustrate the abstracts, o feature of
the publications is the identification of equivalent patents. Detailed
patentee, patent allocation and patent family indexes are provided.

World Patents Index

On a weekly basis, takes the form of a computer-generated and photo-
typeset Gazette published in four Sections (General, Mechanical, Electrical
and Chemical) and giving fully indexed information by patentee, IPC and
family concordance on over 12,000 patents published 4-5 weeks earlier in 24
major countries. Quarterly cumulative indexes are also provided.

Central Patents Index

Provides detailed abstracts with drawings of all chemical patents, using a
sophisticated classification. The abstracts are in booklet, card and microfilm
form. Copies of complete specifications are provided as microfilm and, for
certain Sections, as hard copy also.

In-depth coding is used for punch card and computer retrieval. The service
isdivided by subject matter into 12 Sections, which may be taken separately.

Searching and Watching Services

Beginning 1976 the whole of the Derwent patents files will be available for
searching by computer on-line. A brochure describing the services available,
together with costs, is being prepared. This brochure will be available mid-
January 1976, and you are invited to order copies now from our Subscription
Department.

Chemical Reactions Documentation Service

Coded abstracts are provided of around 60 articles per week selected from
the chemical journal and patents literature dealing with novel organic
chemical reactions.

Copies of Specifications

A patents capy service for complete specifications is provided by Derwent.
Orders may be placed by letter(or telex for Express Service).

Upon request, we will gladly forward brochures describing the above.
Please Quote Reference DO3

Derwent Publications Ltd.,

Rochdale House, 128 Theobalds Road,
London WC1X 8RP, England. Telephone: 01-242 5823.
Telex: 267487. Cables: DERWENTINF, LONDON.
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Announcing standard off-the-shelf SHP packaging components . . . No. 11 of a Series

Navy Standard
Hardware Program packaging
made easy and profitable

*Now called Standard Electronic Module Program (SEM)

If you're supplying equipment to Navy
Standard Hardware Program guide-
lines, our ingenious new SHP Packag-

ing System will make coming up
with the packaging absolutely
simplistic and halve your
packaging costs at the
same time.
No sweat SHP

First off, we make de-
signing the packaging so
effortless we estimate
you’ll cut your total
design load for the pro-
curement by a third
because that’s what
our first custom-
ers are expe-
riencing.

Production
consists of putting parts
together — just a handful of
different kinds — like an erector
set. Only easier. That saves you thou-
sands of dollars in design time, in dies
and other tooling and a lot of trouble
to boot.

Conductive, convective and strong

And when you get finished you’ll have
packaging for your circuitry with the
high order of thermal efficiency you’d
expect from industry’s leading manu-
facturer of circuit heat dissipating de-
vices. Plus mechanical integrity that’s
ready for the most demand- g
ing environments.

Packaging that cannot
be individually pro-
duced for twice
the price.

Electronics/November 13, 1975

Hold
that cost
proposal

That’s a pencii-
sharpening fact you can ill afford to
ignore if you're in the middle of prepar-
ing a proposal in response to an RFP
that calls out SHP — or if you ever ex-
pect to bid an SHP program.

Here’s how our new SHP Packaging
System works:

We've designed six basic parts —
plus a few specials for unusual con-
L figurations —with which you can build
¢ circuit module housings conforming to
Navy Avionics Facility, Indianapolis,

guidelines and dimensions for any of
S —_ the common SHP-defined circuit

4 modules using nothing but a
screwdriver.
Ad infinitum
You can build these pack-

Circle 217 on reader service card

ages to accommodate any combina-
tions of the various SHP mod-
ules, and the poten-
_ tialdimensions
of the packag-
ing in span and
depth are for
practical pur-
poses limitless.

In fact, our.
system is so
versatile it can
be adjusted to han-
dle non-SHP-dimen-
sion modules as well. If
you need any kind of mod-
ule housings and like to save

money, the IERC SHP Pack-
aging System is for you, too.
OK, you say, I'm interested.
What's the first step?
Paper reveals all

Phone, write, or circle to get our hot-
off-the-press 17-page paper that gives all
the details including engineering draw-
ings of parts and assemblies and a sec-
tion on how to design SHP packaging
using the IERC system.

If you're involved in SHP or ever ex-
pect to be, get involved with the IERC
SHP Packaging System today.

Ask about our SHP module plates
including our revolutionary Metal Core
Circuit Board plates for extremely high
power densities, too. International Elec-
tronic Research Corporation, a subsid-
iary of Dynamics Corporation of Amer-
ica, 135 West Magnolia Blvd., Burbank,
Calif. 91502. (213) 849-2481.

IERC

Heat Sinks/Dissipators
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Neaed
current

catalog?

Use your EBG to order
the catalogs you need.
Last year, 80,000
requests for catalogs
were generated through
the use of EBG Catalog
Inquiry Cards. Put EBG
to work for you—and
your company.

Electronics
uyers
Guide

THE ACTION BOOK

N/
o
Hill
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New literature

Amplifiers. The operation, appli-
cation, and selection of single and
multichannel isolation amplifiers
and instrumentation amplifiers are
discussed in a 16-page brochure
offered by Analog Devices Inc., P.O.

Box 280, Norwood, Mass. 02062.
Definitions of pertinent terms are
included, and the differences be-
tween ordinary operational ampli-

fiers, instrumentation amplifiers,
and isolation amplifiers are made
clear. Circle reader service number
421.

Data acquisition. Technical bulletin
No. 203 describes a family of data-
acquisition systems made up of
modules manufactured by Tustin
Electronics Co., 1656 S. Minnie St.,
Santa Ana, Calif. 92707. The bulle-
tin emphasizes price/performance
trade-offs for systems with various
speeds and resolutions. [422]

Crossed-field amplifiers. “Introduc-
tion to Pulsed Crossed-Field Ampli-
fiers” is a 36-page publication that
explains the inner workings of CFAs
in a general qualitative way suitable
for a radar-systems designer. It is
not a text for people who actually
make microwave tubes. The booklet
includes many line drawings, spec-
trum-analyzer photos, schematics,
and other diagrams. Copies can be
obtained from Varian, Beverly Divi-
sion, Salem Rd., Beverly, Mass.
01915 [423]

Statistics software. A brochure en-
titled “Statistical Solutions and
Data Analysis with the HP
9820/9821” lists and gives details on
two software packages that perform
statistical calculations on the two
named Hewlett-Packard program-
able calculators. The brochure (Pub.
No. 5952-8952) also contains a sec-
tion on the 9820/21 user’s club—an
organization with a library of more
than 600 programs. Copies are
available from Inquiries Manager,
Hewlett-Packard Co., 1501 Page
Mill Rd., Palo Alto, Calif. 94304
[425]

Low-noise TWAs. A 12-page short-
form catalog from Watkins-Johnson
lists more than 100 models of low-
noise traveling-wave amplifiers. In-
cluded are outline drawings detailed
specifications, and color photo-
graphs of representative configura-
tions. The catalog can be obtained
from Watkins-Johnson Co., 3333
Hillview Ave., Palo Alto, Calif.
94304 [426]

Rotary pc switches. Rotary printed-
circuit switches including standard
and custom pc assemblies, pc termi-
nations on standard rotaries, and
flexible conductor-cable switches
are covered in brochure SP714,
which is offered by Oak Switch Di-
vision, Crystal Lake, Ill. 60014 [427]

Measuring sound. A short-form
catalog of instrumentation for the
measurement and analysis of sound
and vibration—from hearing-aid
calibrators to airport-sound moni-
tors—has been put out by B & K In-
struments Inc., 5111 West 164 St.,
Cleveland, Ohio 44142. The colorful
40-page catalog includes acceler-
ometers, microphones, vibration ex-
citers, and all necessary electronic
instruments for the measurement of
such signals as room noise, under-
water sounds, passing-vehicle noise,
and the vibration of industrial ma-
chinery. [428]

Beryllium oxide. A 14-page design
guide for beryllium oxide provides
data on the physical, mechanical,
thermal, and electrical properties of
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Archie Pollino, Manager of Corporate Qualification Testing, Control Data Corporation.

“We set some pretty tough
standards for CMOS. Device
qualification testing is severe;
environmental testing, vibra-
tion and hermeticity tests,
capped by 1000-hour life at
125° C.”

Solid State Scientific is
meeting the challenge, with
Solid Plus Cerdip 4000 series
devices. Solid Plus is our
commercial high-rel grade,
factory-screened and burned
in for 168 hours at 125°C, 10V
bias.

Electronics/November 13, 1975

Solid Plus pays off for Con-
trol Data in added reiiability.
And it pays off for anyone who
wants to cut costs of incoming
inspection, reworking after
equipment burn-in, and repair
of in-warranty field failures. It
costs just a few cents more, on
top of cur already low prices.
And it's available on all of the
eighty-plus types of 4000
series devices we make.

Call or write for our Solid
Plus booklet, and for a quota-
tion on your requirements.

“GD0 sets

tough specs
for GMOS.

N

S@ SOLID STATE SCIENTIFIC INC.

Montgomeryville. Pa. 18936/(215) 855-8400/ TWX 510-661-7267
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AUTOTRACK ANTENNA
SCR-584 RADAR SYSTEM

360 deg AZ 210 deg EL. ! mil. ac-
curacy. Missile vel. accel. and slew.
rates. Amplidyne conrol. Handle up
to 20 ft. dish. Compl. control chassis.
ALSO in stock 10 ¢m. van mounted
rad. system. Conical scan. PPL. 6 ft.
dish. 300 pg. instr. bk. on radar $25

RF SOURCES
CW: 300-535K Hz 500W; 2-30M H/ 3KW; 4-2IM Hz 40KW;
24-350MH/. 100W; 385-585MH/ 1KW; 750-985MH/
10KW; 95-8.8GH 2 150W; 1-1.5GHz 110W; 1.7-2.4GH/
10KW; 4.4-5GH, 1KW; 8.8-11GH/ 200W. Many more.

UHF: 1 Megawatt 210-22SMHz Suscc 180 PPS; 14KW
400-420M H /7 .0002DC; 1KW 300-700M H/ .002DC.
BAND: 1KW 1-1.5GH,; .1DC: 500KW [.2-1.35GH/

=

2usec JOOPPS. Many more. Phone or write
BAND: 1KW 2.4.2.6GH, TSuscc 1200PPS: 250KW
2.7-33GHs  Busec  1600PPS; S00KW 2.7-3.1GH/
Busee  1600PPS; 1 Megawatt 2.7-29GH: lusce
1200PPS; 5 Megawatts 2.75-2.85GH 7 2.5usce J00PPS.
C BAND: 225KW 6275-657SMH /s dusce 680PPS; 250KW
3.4-58GH/s Susec 680PPS: 1 Megawatt 6GH/ lusee
1000PPS. Many more. Phone or write
BAND: 100W 9.2.9.5GH/s .Susce 1000PPS: 1 KW
8.9-9.4GH, .001DC. 65KW  85-9.6GH, .001DC:
50KW 8.5-9.6GH/ .0013DC: 400KW 9.1 GH/ | 8usce
450PPS. Muny more. Phone or write
Ku-K BAND: S0KW 16.4-16.6GH, .001DC. 135KW
15.5-17.5GH7 .0006DC; 40KW 24GH, .0007DC: J0KW
35GH/ .0004DC. Many more. Phone or write

PULSE MODULATORS + H.V.P.S.
245 KW LINE Qutput 16 KV 16 A, .25 us 4000 PPS.
405 KW FI OATING DECK Output 20 KV 20 A | us to
10 millesce pulse.
500 KW LINE Output 22 KV 28 A 3/1.75/2.25 us
2500/550/300 PPS

w

>

RF-PACKAGES—MICROWAVE SYSTEMS

WORLD’'S LARGEST RADAR & MICROWAVE INVENTORY

RADAR SYSTEMS
K BAND MONOPULSE 40KW E-34
KU BAND SEARCH 135KW B-58
X BAND MISSILE CONTROL NIKE AJAX/HERC
X BAND HI-RES. MONOPULSE TRACKER
X BAND FIRE CONTROL 250KW M-33
X BAND WEATHER/SEARCH 250KW AN/CPS-9
X BAND AIRBORNE TRACKER SOKW B-47
X BAND MOBILE TRACKER 40KW AN/MPQ-29
X BAND WEATHER/SEARCH 40KW AN/SPN-5
X BAND TRANSPONDER 100W AN/DPN-62
C BAND HGT. FOR. SMW FPS-26; 1MW TPS-37
C BAND SEARCH 285KW AN/SPS-5B/D
S BAND HEIGHT FINDER SMW AN/FPS-6
S BAND SEARCH COHERENT 1MW AN/FPS-18
S BAND ACQUISITION 1MW NIKE AJAX/HERC
S BAND TRACKER 10’ DISH S00KW AN/MPQ-18
S BAND MORTAR LOCATOR 250KW AN/MPQ-10A
S BAND TRACKER 250KW AN/MPS-9
L BAND SEARCH 40’ ANTENNA 500KW AN/FPS-75
L BAND SEARCH 500KW AN/TPS-1D/GSS-1
UHF SEARCH 1MW TPS-28
DRONE CONTROL SYSTEMS

UHF COMMAND SYSTEM AN/URW-14

X BAND DATA LINK AN/UPW-1

X BAND TRACKER AN/MPQ-29

X BAND TRACKER AN/MSQ-51

60 FT. DISH _
Complete with Az-El pedestal. ready for installation.
Immed. delivery. Write or call.

SPARE PARTS IN STOCK
Nihe Apans Nrhe Hereules, M-3UMPSY PSS (D TPS.
10D FPS 60 SPSECSCRSS HIPAR Mamy more. wnite

~
| MW HARDTUBE MIT MODEL 9 Output 35 KV at 40 :
A28 2ps .(x:z D.C. ) ’ \R Radio h
20MW LINE 0KV 70 A 1/2 s 600/300 PPS
IMW LINE Output 39 KV 75 A. .35/1 us 500 PPS. Researc
10 MW LINET6 KV 135 A 2.5us 350 PPS. R Instrument
17 MW LINE 17KV 1000 A 2-5 s 150-2000 PPS. Co.. Inc
o 0
SENU FORFRERZOER . CATALOG 3 QUINCY ST., NORWALK, CONN. 06850
1203) 853-2600 )
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OVER 70 TOP BRANDS
1 DAY SHIPMENT
FROM OUR 42.000 SQ. FT. FACILITY

DEC MINIS
POP 11/05 $3500
8 1000

8L 1500
DG NOVA 1210

PRINTERS
1321 110LPM
1322 200LPM
4330 300LPM
2440 700LPM
4300 1333LPM

CARD READERS
GDI 100A 200CPM  $350
M110  300CPM 450

MAGNETIC TAPE

7830 7-TRACK $250
6840 9-TRACK 1450
1137 9-TRACK 1450

617-261-1100
AMERICAN USED

COMPUTER CORP

Box 68, Kenmore Sta., Boston, MA 02215
member COMPUTER DEALERS ASSOC

$2000
1500
2950
7500
7500

Pertec

Wangco

NOTE:

NEW McGraw-Hill
EQUIPMENT BULLETIN

The used. surplus, and rebuilt equipment
ads in this Classified Advertising Section
will also appear, at no extra cost, in the
McGraw-Hill Equipment Bulletin.

This new free monthly reprint will reach
an additional audience of qualified cost-
conscious readers (who have requested
it)in fields served by 27 other McGraw-
Hill publications.

To find out how you can benefit from this
bonus readership when you have items
for sale, lease, or rent—contact the
Classified Advertising representative in
the McGraw-Hill regional office nearest
you, or write to:

McGraw-Hill

EQUIPMENT BULLETIN

P.0. Box 900
New York, NY 10020

€
Hill'
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~ New literature
the material. The guide can be ob-
tained from National Beryllia Corp.,

Greenwood Ave., Haskell, N.J.
07420 [429]

Phaselock applications. A booklet
published by Plessey Semiconduc-
tors introduces the reader to con-
cepts of the phase-locked loop. de-
scribes a monolithic PLL device. and
explains typical applications such as
frequency and amplitude modu-
lation; frequency-shift, phase-shift.
and tone-burst keying: waveform
generation: pulse-amplitude and
pulse-width modulation: and sup-
pressed-carrier amplitude modu-
lation. Copies may be obtained by
writing to Mr. Dennis Chant. Mar-
keting Manager, Plessey Semicon-
ductors, 1674 McGaw Ave., Santa
Ana, Calif. 92705 {430]

Optical components. A line of anti-
reflection coatings, beam-splitters,
laser-line interference filters, cold
mirrors, hot mirrors, and similar op-
tical componentry is described in a
catalog that is available from Pom-
fret Research Optics Inc., 817 Long
Ridge Rd., Stamford, Conn. 06902.
The catalog includes a short
glossary of optical terms. [431]

Data communications. A colorful
handbook entitled “Everything You
Always Wanted to Know About
SNA (but were afraid to ask)” tells
what SNA (systems network archi-
tecture) is composed of, some of its
advantages and disadvantages, and
how it works. A glossary of SNA and
SDLC (synchronous data link con-
trol) terms and acronyms is also in-
cluded. Priced at $1. the handbook
can be ordered from Sanders Data
Systems, NHQ 1-401, Nashua, N. H.
03060




Special Introductory Offer

for NEW MEMBERS...

MAIL

THIS
POSTPAID
CARD TODAY

... A bonus book
if you join the

ELECTRONICS and CONTROL
ENGINEERS’ BOOK CLUB

Electronics and Control Engineers’ Book Club
P.O. Box 582, Hightstown, New Jersey 08520

Please enroll me as a member of the Electronics
and Control Engineers’ Book Club and send me
the two books indicated below. | am to receive the
bonus book at the special introductory $1.00 price
and my first selection at the discounted member
price, both to be shipped on approval. | may re-
turn them in 10 days and request to have my mem-
bership cancelled without obligation. If | keep the
books, | agree to take three other club books of my
own choosing during the next two years, at the
low club prices, guaranteed to be a minimum of
15% (often more) under publishers’ prices. (Post-
age and 25¢ handling charge is added.)

Write Code No. of Write Code No. of
Book You Want Your 1st Book
for $1.00 here Club Selection here
NAME
ADDRESS
CITY
STATE 2P

{Offer good in U.S. and Canada only) E33284



FIRST CLASS
PERMIT No. 42
Hightstown, N.J.

BUSINESS REPLY CARD

No Postage Stamp Necessary if Mailed in the United States

POSTAGE WILL BE PAID BY

Electronics and Control
Engineers’ Book Club

P.O. Box 582

Hightstown, New Jersey 08520

When you join . ..

the Electronics and
Control Engineers’
Book Club guarantees ...

LIBERAL SAVINGS. At least 15% less than
the publisher's price is assured.

PLAN for automatically
oor the books needed to
rary abreast of mod-

AN EFFORTLESS
bringing to your q
keep an engineers lib
ern developments.

and more . . . So join today
NO MEMBERSHIP FEES ¢ NO DUES




¥ unotter introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

286/515

404/445

INTEGRATED
ELECTRONIC CIRCUITS:
CIRCUITS A Basic Course
MANUAL for Engineers
by J. Markus and Technicians

Pub. price, $24.75
Club price, $15.75

by R. G. Hibberd

Pub. price, $12.50
Ciub price, $8.45

637/458

DESIGNI 100/810

WITR T MOS/151
INTEGRATED DESIGN AND
CIRCUITS APPLICATION
by Texas by Carr & Mize
Instruments

Pub, price, $22.00

Inc. Club price, $13.50

Pub. price, $24.00
Club price, $13.50

404/437
SOURCEBOOK
OF ELECTRONIC
CIRCUITS

by J. Markus
Pub. price, $23.50
Club price, $17.50

388/458
MAGNETIC
RECORDINS

by

C. E. Lowman
Pub. price, $17.50
Club price, $9.75

Special $1.00 bonus book
comes to you with your

first club selection
389/756

287/341

SEMI- 649/170
STANDARD 238/901

a%l’i‘%l'l&mks HANDBOOK OF APPLICATIONS RPCIE’RL?FTIIERNSM

DESIGN AND ENGINEERING OF OPERATIONAL

APPLICATION CALCULATIONS AMPLIFIERS g);;c:g:yé

by Texas by T. G. Hicks by J. G. Graeme Huelsman

Instruments Inc.
Pub. price, $22.50
Club price, $13.75

Pub. Price, $16.00
Club Price, $10.50

Pub. price, $19.50
Club price, $14.25

Pub. price, $18.00
Club price, $11,50

————

491/364 % 124/035 SELIELY 287/597

00K
THE DESIGN OF NS HANDBOOK OF EdnlglFCoORMPUT- MANUAL OF
DIGITAL PHYSICS PHYSICS, 2/e ENGINEERS & ACTIVE FILTER
SYSTEMS by Condon and SCIENTISTS DESIGN
by J. B. Peatman Odishaw by Hilburn &
Pub. Price, $18.50 Pub. price, $39.95 by G. Korn Johnson

Pub. price, $21.50
Club price, $13.95

Club Price, $12.95 Club price, $14.95 Pub. Price, $14.50

Ciub Price, $10.50

LUK MAIL ATTACHED POSTPAID CARD
iﬁﬁ . (If card removed, send coupon below)
]

Save time and money by joining the

_________________________ 1
: : ’ | ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB |
Electronics and Control Engineers’ Book Club A e Lt D '
| Please enroll me as a member and send me the two books |
HEBE is a professional club designed specifically to meet your | l'.'ldllc,attegdl:]eg?:r&l $‘;"80t<;, receive ;he;)of?r‘;: ggf’kc t?:)r:hgtsgfe; |
Q . +3: o cl1al Imir R rice m e
B day-to-day engineering n eeds by provu!mg praZCtlcal books | discounted member price, both to be shipped on approval. 1 I
in your field on a regular basis at below publisher prices. : mayhretum them in 10 daysi) fmd requizfstI tl(: haalveh mly)'og;(emi |
. : the ta ) : bership cancelled without obligation. eep the S,
I?ow the Club opera.tes. Basic to the Club’s.servuse is its publi- | asree to take three other club books of my own choosing I
cation, the .Electromcs and Control Engineers’ Book Club | during the next two years, at the low club prices, guaranteed
Bulletin, which brings you news of books in your field. Sent to to be a minimum of 15% (often more) under publishers’ |
members without cost, it announces and describes in detail the | prices. (Postage and 25¢ handling charge is added.) |
Club’s featured book of the month as well as alternate selections | Write Code No. of Write Code No. of |
: g g : I |
which are available at special members’ prices. Book You Want Your 1st Book
. | tor $1.00 here Club Selection here |
‘When you want to examine the Club’s feature of the month, I |
you do nothing. The book will be mailed to you as a regular part 1 1
of your Club service. If you prefer one of the alternate selec- I 1
tions—or if you want no book at all for that month—you notify | Name |
the Club by returning the convenient card enclosed with each I |
Bulletin. | Address |
As a Club member, you agree only to the purchase of four | City |
books over a two-year period. Considering the many books pub- | "‘* |
lished annually in your field, there will surely be at least four | state Zip |
that you would want to own anyway. By joining the Club, you | E33284 |

save both money and the trouble of searching for the best books. |
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CIaSSified_ _seCtion FOR EMELOYMENT AND SAFES_O_PPORTEJTIES

CLASSIFIEO SALES REPRESENTATIVES Cleveiand Connie Byers 216 781-7000
Atlanta Minam Curth 404 892-2868 Dallas Rick Ofste . 214 742-1747
Boston Holt Buchanan 617 262-1160 Denver John Ryan 303 266-3863
Chicago BiHiggens  312/751-3733 Detront Mac Huestis 313 873-7410

Houston Rick Ofstie 713 224-8381
Los Angeles  StanKassn 213 487-1160
New York Holt Buchanan 212997-3593

Dave Hawksby 212/997-3593

Philadelphia  DanFerro 215 568-6161
Putsburgh Pam Petka 412 391-1314
San Francisco Mary Kenny 415 362-4600
XEROX 400 TELECOPIER 2129976800

Engineers!

JOIN THE NUCLEAR POWER
GENERATION

WESTINGHOUSE
TAMPA, FLORIDA DIVISION

MANUFACTURING ENGINEER (MACHINING)—BS Engineering
or equivalent technical experience in heavy machining. Must be a
graduate machining apprentice. Experienced in the installation
and start-up of heavy machine tools. Must also be able to in-
vestigate machining methods and designate proper tooling,
feeds and speeds. NC experience is desirable, must be capable
of project direction from inception through successful
implementation.

MANUFACTURING ENGINEER—BS Engineering or equivalent
technical experience to provide technical and project direction
in the design, specification, and justification of electrical and
electronic control systems such as NC, CNC and DNC, interactive
graphics, variable speed motor controls, radio controls and data
transmission systems. Record should substantiate progressive
growth in technical competence and responsibility. Must be
capable of project direction, from inception through successful
implementation.

WORKS ELECTRICAL ENGINEER—BS Engineering or equivalent
technical experience to provide technical and project direction
in the start-up and maintenance of NC systems, including CNC,
DNC, peripheral equipment and variable speed drives. Record
should substantiate progressive growth in these technical skills
and responsibilities. Must be capable of teaching trouble shoot-
ing methods to skilled maintenance personnel.

If you qualify for any of these positions, please send your resume,
including present salary, to Mr. Kerry M. Kelly, Manager,
Salaried Personnel Relations, P. 0. Box 19218, Tampa, Florida
33686.

WESTINGHOUSE

Tampa Division
Nuclear Power Generation
An Equal Opportunity Employer M [ F

ELECTRONICS
DESIGNER

Electronics specialist to assist
faculty with the design and inte-
gration of fast signal processing
and high frequency measuring
equipment, and interfacing in-
strumentation to minicomputers.
MS. or PhD. and 3-5 years
relevant experience. Send re-

sume to:

Dr. T.0. Woodruff
Chairman, Physics Department
Michigan State Umverslty
East Lansing, Mi 48824

An equal opportunity employer.

POSITION YACANT

Graduate Assistantships in Physics
can begin during ang quarter. Write:
Dr. R. Madey, Kent tate University,
Kent, OH 44242

RATES $46 per advertising inch (%'"). Com-
missionable

SIZES %" 10 10" deep i widths of one col-
umn (1%*). two (3%"). three (5'4"), and four
7).

CLOSING Two weeks prior to mailing
MAILING One week prior to 1ssue date

ISSUE OATE Every other Thursday

AO OROERS/BOX NUMBER ANSWERS

Send to Electronics. Post Office Box 900, New
York, N.Y. 10020.

224

DON'T forget the Box
Number when answer-
ing the replies.

CHECK for Accuracy.

INCORRECT

Box Numbers may re-
sult in a delay in re-
forwarding your reply.

This new
Section,

featuring only recruitment and
sales opportunities advertising,
is designed to provide:

Readers—over 70,000 EE's and
technical managers—with a useful
and convenient employment mar-
ket-place to consult whenever
they're thinking about their future
and bettering themselves. (Like
when they're reading ELECTRON-
ICS to combat job obsolescence.)

Advertisers—with low competi-
tive rates (see above), pre-screen-
ed qualified circulation, bonus
ADVANCE JOB LISTINGS pre-
print and free ELECTRONICS
MANPOWER REGISTER searches
and resumes.

We believe we offer both reader
and advertiser alike the most com-
plete recruitment program offered
by any electronics publication.
{And. ELECTRONICS is the tech-
nical magazine for technical
people.)

To find out more about any of
the above, contact the Classified
sales representative in the Mc-
Graw-Hill regional office nearest
you {see above).

EASY-EO-FI ND
EASY-TO-USE
ELECTRONICS

New Classified
Recruitment Section

Electronics new easy-to-
find and easy-to-use Clas-
sified Recruitment Section
is designed for the conve-
nience of both electronics
industry  employers  and
employees alike.

® Employment advertisers
will benefit from low rates,
high readership, fast closing
schedules, pre-issue date
mailing—and an unmatched
opportunity to pinpoint their
job needs to one of the
largest pre-screened audi-
ences of qualified electronics
engineers and management
personnel in the industry.

® Career-conscious readers
—like yourself—will benefit
from a specialized nation-
wide employment market-
place, containing only Re-
cruitment and Selling Oppor-
tunity advertising.

For more information, or to
place an ad, call Ms. Terry
Metzger (212/997-4392) or
write to:

ELECTRONICS
CLASSIFIED
RECRUITMENT
SECTION
P.0. Box 900,
N.Y,, N.Y. 10020
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SAN FRANCISCO BAY AREA

The LAWRENCE LIVERMORE LABORA-
TORY, located in a suburban community in
the San Francisco Bay Area, has immediate
openings for the following engineers:

High Voltage Pulse Power Engineers
You will be involved in the design of very
high-power ion source power supplies,
pulsed power systems, and associated in-
strumentation for controlled thermonuclear
research, laser fusion or laser isotope sep-
aration programs. Experience at the project
engineer level with hands-on hardware and
systems design background required.

Digital Systems Engineers

You should have anM.S. or Ph.D. in E.E. or
Computer Science with a strong back-
ground in computer systems and a familiar-
ity with systems software. Experience in
real-time operating systems is preferred.
Openings exist in laser fusion research and
in the National CTR Computer Center at
Livermore.

Electronics Engineer/Systems Scientist
A recent Ph.D. graduate with a good work-
ing acquaintance with general and math-
ematical systems theory is needed for
research in Mathematical Systems Theory.
Experience in hierarchical systems, model-
ing and simulation, system aggregation and
decomposition, and formal methodological
studies is desired. You should be interested
in applications.

Please send your career and salary
history to:

Personnel u.S. Citizenship
Department Required
Lawrence
Livermore Laboratory An Equa_l
P.O. Box 808 (EL-115) Opportunity
Livermore, California 94550 m'a;o er

LAWRENCE LIVERMORE LABORATORY

Electronics/November 13, 1975

ELECTRONICS BUYERS'
GUIDE. . . EASY-TO-USE,
SINGLE VOLUME SOURCE FOR:

® Information on over 4,000 products.

® Over 6,000 company listings and phone num-
bers — both home and field offices.
e EBG EXCLUSIVE: quick access to over 1000

helpful catalogs through a timesaving Direct
Inquiry service.

® More than 1,400 pages of data.

Here is the international world of electronics at
your fingertips. Find suppliers... fast... accu-
rately ... and locally! Don't have a copy? Use
coupon below, today.

Electronics Buyers’ Guide

A McGraw-Hill Publication
1221 Ave. of the Americas, New York, N.Y. 10020

Yes, send me copies (copy) of the energy
saving Electronics Buyers' Guide. I've enclosed

$20.00 (USA and Canada only; elsewhere send
$30.00). Full money back guarantee if not satisfied.

NAME

COMPANY

STREET

ciTy

STATE ZiP




GE's June, 1975 miniature catalog has over 500
data changes that could affect your current
design. Send for it. It's free.

[ ) cineaaL @ erecrnic ‘ 1‘{’/ o I ) ;u’;l‘:tu.mmu [ J .-':-.-‘-l.“:;.—u
G S S | L Ny e
(3-5169) (3-6252R1) (3-6254R)

NEW.June ‘75 Miniature Lamps: NEW. Feb. ‘75 Sub-Miniature Lamps: NEW. Dec ‘74 Glow Lamps:
40 pages. 500 changes. Data covers over 24 pages. 91 changes. Data covers over 210 8 pages. 50 changes. Data covers 83 Neon
500 miniature lamps ranging up to 20,000 sub-miniature lamps. Diameters %" and Glow Indicator and Circuit Component lamps.
hours rated average life. With a design volt- smaller. Rated voltage 1.3 to 60. Candle- Diameters ranging from %" to 134”. Wire
age range of from 1.2 to 55, and candle- power range from .006 to 15. Rated average terminal lengths %", 4", 3" and 346",
power range from .02 to 250. Diameter lamp life up to 60,000 hours. Circle Product Card # 128
range from 4" to 2% Circle Product Card # 127

Circle Product Card # 126

To get the catalogs you need, free of charge, circle the product card
number shown under each catalog, or write General Electric, Miniature G E N E R A I_ E I_E c T R l c
Lamp Products Department, 3382-M, Nela Park, Cleveland, Ohio 44112.

So much more to choose from. . .

Now, for the first time
a line of 334 Digit, +4,000 count
Digital panel instruments

Analogic’s reliable well-known line of +2,000 count DPIs has led to the Bis
generation of our new +4,000 count series. All are Universal Line Powered,
Bipolar and can be offset up to 4,000 counts — a really remarkable capability.
Choice of 0.5” LED or 0.55" gas plasma display. Universal powering for any-
where in the world.

AN2539 — Exceptional accuracy and stability. Measures voltages over
full-scale ranges of +3.999V DC or +399.9 mV. Resolution of +0.025%.
True-differential, balanced symmetrical inputs. Optional BCD outputs.

AN2560 — Combines the true balanced differential high impedance in-
put with latched and buffered parallel BCD output, compatible with CMOS
and TTL/DTL interfaces. Significant input/output versatility and flexibility. Want complete data? Ready to evaluate?

“*Pick-A-Card" Engineering Design £46-0300. for your 1oca) Anelogic Salos
AN2559 — This host DPI is pre-engineered with a standardized con- office or 'stocking distributor, or write

nector to accept KLUGE cards (General Purpose Analog Function Cards). today: Analogic Corp., Audubon. Road,

With the AN2559 and the suitable KLUGE card you have the ability to read Wakefield, Mass. 01880.

directly in Engineering Units, i.e. RPM, angles, temperature, Ft/min., Gal- '

lons, Horsepower, Pounds, psi or any measurement from any of the stan-

dard industrial transducer outputs available on the market today. This NI—OG c®-

remarkable versatility can be exploited for countiess applications of digitizing Lo

instrumentation. Analogic has a library of cards assembled or can help you .. The D|g|t| zers

design to an unusual application.

226 Circle 226 onreader service card Electronics/November 13, 1975



Electronics advertisers

November 13, 1975

* Adret Electronique
Psycho Pubiicite

Advanced Micro Devices
Keye Donna Pearlstein

* AEG Telefunken
Werbeagentur Dr. Kuht Gmbh

u Alrpax Electronics
Welch, Mirabile & Co., Inc.

s Alrpax Electronics, Inc.
Group 3hree Advertising Corporation

Alco Electronic Products, Inc.
Marketronics Advertising

1 Allen Bradley Company
Hoftman, York, Baker & Johnson, inc.

American Optical Scientific
Instrument Division
Wilson, Haight & Weich, Inc.

American Used Computer Corporation
McDavitt Advertising

AMF/Potter & Brumfleld Dlvision
Fuller & Smith & Ross, Inc.

8 AMP Incorporated
Aitkin-Kynett Co., Inc.

Amphenol C s Dlvislon,
Bunker Ramo Corporation
Buchen Advertising, Inc.

Angftrohm Precision
Kenmart Advertising

Analogic Corporation
A?hged Advertising Agency

Ansley Electronics Corp.
S. Michelson Advertising

Applied Digital Data Systems, Inc.
Lawrence Robins

Arrow-M Corporation
Hallotf & Caine Associates

Bausch & Lomb, Inc.
Wolff Assoc., Inc.

1= Beckman Instruments, Inc.,
Hellpot Division
N.W. Ayer/ Jorgensen/MacDonald, Inc.

*Beckman Instruments Ltd.
B & K Divislon of
Dynascan Corporation
Huwen and Davies, Inc.

Burr-Brown Research Corp.
Tallant/ Yates Adv.

1® Bussman Mfg. Division
of McGraw-Edison Co.
Repco Adv/Pr, Inc.

Capltol Calculator Company
Markem Advertising Inc

* Centre Electronique

Centronics
Ingalls Associates, Inc. Advertising

@ Cherry Electrical Products Corp.
Kolb/Tookey & Associates, Inc.

Chomerics, inc.
Letter-Men, Inc.

*a C. P. Clare International N. V.
Markcom

® Collins Radio Hybrid Circults
Campbell-Ewald Company

8 C ication A iates, Inc.
Caroe Marketing, Inc.

* Corning Electronics Europe
D P Industries

t Cutter-Hammer, Inc.
Campbeli-Mithun, Inc.

& Continental Specialties Corporation
Robert A. Fgaﬁ

® Dale Electronics inc., A Sub.
of the Lionel Corporation
Swanson, Sinkey, Ellis, Inc..
Advertising

Data General Corporation
Scali, McCabe, Sloves, Inc.
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170

206

24

190

220

141

97

183

204

226

193

179

208

176

108

15E

202

159

150

14E
104-105

172

186

54

44

163

29E

21

57-76

4th cover

48

a Delevan Division, American
Precision Industries, Inc. 16
Comstock Advertising, Inc.

* Delta Deslign, Inc. 9E
Marketing Directions
Deitron 122
Mort Barish Associates. Inc.
Derwent Publications Ltd. 216
Edward J. Brenner (US Representative)
u Dialight Corporation 180
hzchel-C'a,g\er. Inc.
Digital Equipment Corporation 106-107
Creamer, Trowbridge, Case & Basford, 'nc.
t Digital Equipment Corp.—DEM 163
Schneider Parker, Inc.
Diva, Inc. 209
TKR Advertising
Eastman Kodak Co.—~GMD GD
Phototabrication-Microelectronic 188
Rumrill-Hoyt, Inc.
EDMAC Associates 95
J.L. Newman & Associates, Inc
Edsyn, Inc. 230
dsyn, Agency
ECO 189
The Greer Agency
= Electronic Devices, Inc. 210
McAndrew Advertising
Electronic Navigation Industries 14

Hart/ Conway Advertising—Public Relations

Electronics & Control Engineers Book Club
221,222 84223

® E&L Instruments, Inc. 21
Langeler-Stevens, Incorporated

s Endicott Coll Co., Inc. 203
Fred Riger Advertising Agency, Inc.

s EPC Labs, Inc. 169

Superfine Productions

s Erie Technologlcal Products, Co., Inc. 17
Altman Hall Associates Advertising

Fabri-Tek, Inc. 205
Midland Associates, Inc.,
Marketing & Advertising Services

Flgaro Engineering Inc. 198
Standard Advertising, Inc
® Fluke Manufacturing Co., John 137,182
Bonfield Associates

* Gardner Denver Company 24
Buchen Advertising Inc.

* General Electric Microwave &
Image Divislon Product Section 21
General Electric, Louisville,
Kentucky

® General Electric Co.,
Minlature Lamp Division 226
Carr Liggett Advertising, Inc

= General Radio Company 99
Schneider Parker, Inc.

Georgia Department of
Community Development 212
Gerald Rafshoon Advertising, Inc.

® Gould Instrument Systems 184-185
Marsteller, Inc.
® Grayhlit, Inc. 42
tral Advertising Company, Inc.
GTE Sylvanla—~Parts Dlvision 80-81
Doyle, Dane, Bernbach, Inc.
* Hamilton/ Avnet 78-79
Electro Ad Agency
Harris Semiconductor 43

Tucker Wayne & Company

® Heath/Schlumberger Scientific Instruments 229
Advance Advertising Services

® Hewlett-Packard 92-93
Dancer Fitzgerald Sampie, Inc.
® Hewlett-Packard 39

Bozell & Jacobs/ Pacitic

8 Hewlett-Packard
Bozell & Jacobs/Pacitic

® Hewlett-Packard
Tallant/ Yates Advertising, Inc.

® Hewlett-Packard
Tallant/Yates Advertising, Inc.

u Hewlett-Packard
Philips Ramsey Advertising
& Public Relations

® Hewlett-Packard
Bozell & Jacobs/Pacific

* HI G D'Italia
Centro PM

* ICI Ltd., Mond Division
Barnaby & Tarr Company Ltd.

Information Control Corporation
La Mantia Marketing
Communications, Inc.

Intel Corporation
Regis McKenna, Inc.

International Crystal
Manufacturing Company
Robert V. Freeiand & Associates

119

2nd cover

51

24E

175

18-19

162

International Electronic Research Corporation 217

McCarron, Kane, Inc.

8 Interstate Electronics Corp.
Chris Art Studio Inc.

Intersil, Inc.
Tycer-Fultz

& Ithaco, Inc.
Webb & Athey, Inc.

* ITT Cannon

= Johnson Company, E. F.
Martin Williams Advertising

Krohn-Hite Corporation
Impact Advertising, Inc.

L.E.A.
Publifix

Litronix, Inc.
Bonfield Associates

* Logabax

} Macrodata Company
JMR Advertising

Magnecraft Electric Company
arketronics, Inc

* Magneti Marelll
CPM Studio

Matsuo Electronics of America
Perkal Advertising, Inc.

* Membrain Limited

197

22-23

158

7E
151

14E

12-13

10E
161

3rd cover

77

160

30E

Harrison Cowley Advertising (Southern) Ltd.

Malco
E. W. Baker, Inc. Adv.

sMCL,Inc.
Huwen & Davies, Inc.

MDB Systems, Inc.
The Sunshine Group

MFE Corporation
Brightman Company, Inc

Micro Switch Divislon of Honeywell
N. W. Ayer & Son, Inc.

®8 Mini-Circult Lab

Mitel Canada Limited
Evert Communications Limited

& Modular Power
Manning/Bowen and Associates

Motorola Semiconductor Products, Inc.

E. B. Lane & Associates, Inc.

t Nec Microcomputers, Inc.
Schneider Parker Inc.

® Newport Labs X
Manning/Bowen and Associates

Nichicon Corporation
Shaffer/Macgill & Associates, Inc.

Nikkei—Electronics

210
174
230
206
152-153

101
198

203
41,89
166-167
169
194

214

227



Northern Ireland Dept. of C
Interlink Advertising Ltd. ¢/ o Uniplan

Nucleonlc Products Co., Inc.
Perkal Advertising Inc.

1 Omron Corporation of America
Frank C. Nahser, Inc.

* Oscliloquartz
Young and Rubicam

% Oxy-Molal Industries Corporation

143-146

20

78-79

12E

77

Poppe Tyson, Inc. Division of de Garmo, Inc.

Paclfic Electronics
J2 Marketing Services

L) Phlllspl Elcoma
rockies Communications Systems

* Philips N.V. Pit/ T&M Division
:
rockies Communications Systems SA

Philips Ela
az Dias International

Phoenlix Data, Inc.
Craig Miller Advertising

u Plezo Tochnoloo{
Shattuck/Roether Advemsmg Inc.

1 Plher Corporation
Renaccio Advertising & Marketing, Inc.

* Plessey Microsystems
Pawluk

* Plessoy Semiconductors
Creative Workshop Ltd.

Precision Monolithics, Inc.
Marlborough Associates, Inc.

Programmed Power, Inc.
oser & Associates

Pro-Log Corporation
Tycer-Fultz

* Protex
Editions Rouire

# Radlo Research

* RCA Electro-Optics and Devices
Al Paul Lefton Company, Inc.

1= Rental Electronics, inc.
Humphrey Browning MacDougall, Inc.
Ranthll Iea Industries G

" Admark Communications, Inc.

poration

* Rhone Poulenc
Riken Denshi Co., Ltd.

Rockwell International Electronics Group
Campbell-Ewald Company Advertising

* Rohde & Schwarz

Rolm Co
McArt

ratlon
ur Associates

* Schiumberger
Delpire Acvico

u Scott Electronics
Chapman & Castelio Advertising, Inc.

S.D.S.A.
Pubtic Service
* Selmart
CPM Studio
* Sescosem
Bazaine Publicite

¢ Sfena
Volk Publicite

SGS-ATES International
McCann-Erickson

Signetics Corporation Sub of
Corning Glass Works
Hall Butler Blatherwick, Inc.

Solld State Scientlfic Inc.
Montgomeryville, PA
Aitkin-Kynett

u Spectrol Electronics Corp.
JMR, Inc.

Electric C
H’arry P. Bridge Company

Sykes Datatronics, Inc.
Muller Marketing & Advertising

228

200

52

2E-3E

201

40

171

4E

23E

164

229

102-103

26E

220
161

54

173

21E
167
154-155

1E
148

1E

215

213

18E

17€

25€

45

82-83

219

199

28

u Sy Donner C d Instr 9,204
Fred Schott & Assoclates
Tamura Electric, U.S.A. 194
John Richards Advertising
u Tansitor Electronics
Devey, Thompson & Vignola Advertising, Inc.
u T-Bar, incorporated 165
The Robert A. Paul Advertising Agency, Inc.
* TEAC Corp. 13€
Dentsu Advertising Ltd.
u Tektronlx, Inc. 33,35437
Tektronix Advertising
u Teledyne Relays 15
S. Michelson Advertising
Teledyne Semiconductor 7
Regis McKenna, Inc.
Tele 177
r?'W Ayer & Son, Inc.
Teradyne, Inc. 86

Quinn & Johnson, Inc

Texas Instruments Incorporated,
Components Group 156
Tracy-Locke Advertising, Inc.

Texas instruments Incorporated,

Digital Systems Divislon 84-85
Gtenn, Bozell & Jacobs Inc.
Thomson CSF 207
Bazaine Publicite
u Unitrode Corporation 27
Schneider Parker, Inc.
u Union Carbide Corporation 181
J. J. Lane, Inc.
U. S. Capaciltor Corp. 46-47

S. Michelson Advertising

United Systems Corp. A Sub. of Monsanto Co. 168
Adventising & Merchandising, Inc.

u Vactec, Inc. 195
Coteman & Associates Advertising
Varian Data Machines 187
The Cox & Burch Advertising Agency
Varo Semiconductor, Inc. 191
Warren-Guild
Victoreen Instrument Division 196
Dix & Eaton, Inc.
Vnesh rekl (Electr gtechnlka) 230
Black-Russeil-Morris
V/0 Electronorgtechnica 198
Vneshtorgreklama
* Wandel und Goltermann 32
Webeagentur
*® Wavetek Indlana, Inc. 159
Chapman Michetti Advertising
* Wavetek San Dlego, Inc. 108
Chapman Michetti Advemsmg
a8 John WIleJ & Sons, Inc. 188A-188B
605 Advertising Group
Wiitron Company 200
Frank Burkhard Company
Yokogawa Corporation of America 178,208

Kenmarc Advertising Inc.

Classified & Em Iogment Advertising
F. J. Eberle, Manager 212-997-2557

EQUIPMENT (Used or Surplus New) For Sale

Lawrence Livermore Lab Y 225
Michigan State University . 224
Westinghouse Electric Corp. ..o 224

® For more information on complete product line see adver-
tisement in the latest Electronics Buyer's Guide

* Advertisers in Electronics International

1 Adbvertisers in Electronics domestic edition

Advertising Sales Staff

Pierre J. Braudé New York [212] 997-3468
Paris Tel: 720-73-01
Director of Marketing

Atlanta, Ga. 30309:
100 Colony Square, 1175 Peachtree St., N.E.
{404] 892-2868

Boston, Mass. 02116: James R. Pierce
607 Boylston St. [617] 262-1160

Chicago, ill. 60611:

645 North Michigan Avenue
Robert W. Bartlett (312) 751-3739
Paul L. Reiss (312) 751-3738

Cleveland, Ohio 44113: William J. Boyle
[716] 586-5040

Dalias, Texas 75201:
2001 Bryant Tower, Suite 1070
[214]) 742-1747

Denver, Colo. 80202: Harry B. Doyle, Jr.
123 Speer Bivd. # 400
[303] 837-1010

Detroit, Michigan 48202: Robert W. Bartlett
1400 Fisher Bidg.
[313}873-7410

Houston, Texas 7700
2270 Humble Bldg. [71 3] CA 4-8381

Los Angeles, Calif. 90010: Robert J. Rielly
Bradley K. Jones, 3200 Wilshire Bivd., South Tower
[213] 487-1160

New York, N.Y. 10020

1221 Avenue of the Americas
Warren H. Gardner [212] 997-3617
Michael J. Stoller [212] 997-3616

Philadelphia, Pa. 19102: Warren H. Gardner
Three Parkway,
[212)997-3617

Plttsburgh, Pa. 15222: Warren H. Gardner
4 Gateway Center, [212] 997-3617

Rochester, N.Y. 14534: William J. Boyle
9 Greylock Ridge, Pittsford, N.Y.
[716] 586-5040

San Francisco, Calif. 94111: Don Farris
Robert J, Rielly, 425 Battery Street,
[415] 362-4600

Paris: Alain Offergeid
17 Rue-Georges Bizet, 75 Paris 16, France
Tel: 720-73-01

Geneva: Alain Offergeld
1 rue du Temple, Geneva, Switzerland
Tel: 32-35-63

Unlted Kingdom & Scandinavia: Keith Mantle
Tel: 01-493-1451, 34 Dover Street, London W1

Mitan: Luigi Rancati
1 via Baracchini, Italy Phone 87-90-656

Brussels: Alain Offergeld
23 Chaussee de Wavre
Brussels 1040, Belgium
Tei: 13-73-95

Frankfurt/Maln: Fritz Krusebecker
Liebigstrasse 27¢, Germany
Phone 72 01 81

Tokyo: Tatsumi Katagiri, McGraw-Hill
Publications Overseas Corporation,
Kasumigaseki Building 2-5, 3-chome,
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan
[581] 9811

Osaka: Ryji Kobayashi, McGraw-Hill
Publications Overseas Corporation, Kondo
Bldg., 163, Umegae-cho Kita-ku, Japan [362) 8771

Australasla: Warren E. Ball, IPO Box 5106,
Tokyo, Japan
Business Department

Stephen R. Weiss, Manager
[212) 997-2044

Thomas M. Egan,
Assistant Business Manager [212] 997-3140

Carol Gallagher
Production Manager International [212] 997-2045

Dorothy Carter, Production Manager Domestic
{212] 997-2908

Frances Vallone, Reader Service Manager
[212)997-6057
Electronics Buyers’ Guide

George F. Werner, Associate Publisher
[212]997-3139

Regina Hera, Directory Manager
[212] 997-2544
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PROGRAMMED POWER

N

® o
75 KVA frequency o =
converter/UPS , t

Franklin Electric
FProgrammed FPower Inc., 141 Jefferson Drive, Menlo Park, Ca 94025 (415) 323-8454

PROGRAMMED POWER...

Beginning with sensitive Power Line Disturbance Monitors,
then high-efficiency power frequency converters, UPS, and
power conversion systems, PPI offers a broad capability in
power problem detection and power problem solving.

PPl was first to offer Power Line Disturbance Monitors to
characterize your problems on DC, 50, 60, 400, 415 and 441 Hz
mains. PPl was first again with Transient Direction Detection to
determine the source of your transients—and first once more
with an 89%-efficient 400 Hz, 75 KVA frequency converter/UPS.
Now, PPl offers advanced designs in 50 -150 KVA UPS. For the
future—an even broader capability in Disturbance Monitors and
power conversion systems.

O 50- 441 Hz Power Line Disturbance Monitors
O 75 KVA Frequency Converters/UPS

O 50 KVA UPS
O 75 KVA UPS
O 100 KVA UPS -
O 125 KVA UPS T e
O 150 KVA UPS

Power Line
Disturbance Monitor

Circle 229 on reader service card

- With Heath strip chart recorders
you get extra value at no extra cost.

Our best recorder value...the SR-204. |t of-
fers a full 10<inch chart width...10 mV, 100
mV, 1 V and 10 V full scale spans, with vari-
able expansion to set full scale at any volt-
age between calibrated settings...10 chart
speeds from 10 to 0.01 in/min...overall er-
ror less than =0.05% of fuli scale...balance
time of only ¥2 second...{loating input with
better than 1¢° ohms input impedance...re-
mote control capability for all functions is
standard. Only $395*, including rack mount
& metric conversion.

The single-pen SR-205 is a complete record-
ing system—there are no extras to buy. It
‘eatures 250 msec balance time...maximum
error of £0.2% ...full scale input ranges of
1, 2, 5, 10, 20, 50, 100, 200 and 500 mV or
volts with variable control for scale expan-
sfon...built-in calibrated offset for input sig-
nal suppression...front panel zero controls
for pen placement anywhere on the chart...
12 chart speeds range from 50 in/min to 0.01
in/min...Price is a budget-saving $995".

Our dual-pen SR-206 is probably all the lab
recorder you'll ever need. It has all the fea-
tures of the SR-205 (except calibrated offset).
And, like the SR-205, it has quartz crystal-
controlled chart drive...automatic chart
paper roll-up...complete remote program-
ming capability...events markers...electric
pen lift... pushbutton paper advance and
reroll.. hardware for rack mount and every-
thing for easy conversion to metric opera-
tion. Only $1395°*,

HEATH/SCHLUMBERGER INSTRUMENTS

Send for your free catalog

The latest Heath/Schiumberger Assembled S
Instruments Catalog has complete specs and [e= b

descriptions for all of the above recorders — %
along with many other high performance, .= .. —
low cost instruments for industrial, research .~ $

[§]

and educational applications. Send for your
free copy now !

Electronics/November 13, 1975

Dept. 5§10-110, Benton Harbor, Michigan 49022

HEATH
Please send my free copy of the latest Schlumberger
Rl T

Heath/Schlumberger A Instr

RXWE

TITLE

7TRSTITUTIOR

ADBREEY

TITY STATE b4
® MAIL ORDER PRICES, F.0.B, FACTORY.
PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

EK-470
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“TTL-155”

Transistorized Logic Elements
from the USSR

Error-Free Electronic Performance
B 100% quality control ® minimum on-off time
by every rating ® lightweight
B minimum power consumption B wide temperature range

® extra strong structure

Delay, ps:
on 15
off 22

Max. voltage:
supply +5.5V
input +4.5V

Max. output current, mA:
high level 1
low leve! 16

Moise voltage. v: 0.4

Static power per
one element:

Dimensions, mm

Working
temperature
range, °C

Acceleration. g:

At vibration

within frequency

range
5 to 2000 Hz 10
at repeated

impacts 35
at linear

acceleration 50
at single impacts 150

-10 to +70

25 mW
19.5x6.5x3.8

“TTL-155" Integrated Microcircuits have been designed for
computers and automatic controls —transistorized logic
elements that meet the worid’'s highest standards. Supplied in
any quantities by: V/O Electronorgtechnica, 32/34
Smolenskaya Sennaya, Moscow 121200, USSR. Telex: 7586.

Our agents in the U.S. are
AMTORG Trading Corporation
355 Lexington Avenue, New York, New York 10017
212-682-7404
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NOVA/DCC-116
General Purpose‘lnterface Board

BASIC BOARD HAS:

Multiple device selection.

Interrupt request and acknowledge logic.

Interrupt mask and 1/Q signal selection.

Space for 105 sockets or IC’s (will take 24 & 40 pin, as
well as 14 & 16 pin devices).

Plugs directly into a single slot of any NOVA or DCC-116
computer chassis.

Provides for mounting 2 ribbon cable edge connectors.
Extractor kit & board stiffner.

OPTIONS INCLUDE:

Four 16 bit I/O registers (with byte packing and unpacking).
Data channel connection (includes data channel
synchronization and request logic, zero word count
detection {OVFL indicator)).

BASIC BOARD PRICE IS 5385. Delivery from stock.

MDB MDB Systems, Inc., 981 N. Main St.,
] Orange, CA 92667 (714) 639-7238
230
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o AND 4, WORLO'S MOST PRACTICAL SOLDER HANDLING TOOLS
SOLDERING +
DESOLDERING +

RESOLDERING =

ELEMENTARY
TO ELITE

MO3T PRODUCTS COVERED
BY U.5. AND FOREIGN PATENTS
AND PENDING APPLICATIONS

EDSYN@

15958 ARMINTA ST. VAN NUYS, CALIF. 91406
24HR, PHONES Locel {213)989-2124 L.A.(212}873-511%
CABLE: EDSYNEX VAN TELEX 65-1469

144 PAGE TRAINING MANUAL

N E W/ OVER 1000

= lllUSYlA"ONS
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Just How Broad is the
MAGNECRAFT
Stock Relay Line?

Magnecraft’'s stock relay line consists of 1200 ver-
sions derived from 17 categories - - - - - that is the
largest and broadest line in the industry.

Oh? Did | read that correctly?

Yes, Magnecraft Electric provides 1200 relay ver-
sions in stock through our nationwide distributor
network. Those 17 categories include; low profile,
general purpose, power, mercury displacement, se-
nsitive, coaxial, telephone type, air dashpot time
delay, solid state, latching types, high voltage, mer-
cury wetted reeds, dry reeds, and dip reed relays.

Magnecraft can offer you the design engineer, a
quality product, local distributors, and the broad-
est relay line in the industry to choose from. If we
don’t have the relay in stock we will custom design
a relay to meet your requirements.

free
wall
chart!

Full color 22" x 34’ relay specification chart.

i
s

Mﬂgn ecra f’t® ELECTRIC COMPANY

5575 NOR"M LYNCH AVENUE » CHICAGO ILLINOIS 60630 « 312 » 282 5500 « TWX 910 221 522t
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good turn
for your

ecireuit.

Dale’s new 3/8"
single turn is

competitive...and then some!

It will pay you to compare Dale’s new 100
Series with the 3" single turn cermetyou're
now using. By any standard: performance,
price or delivery, you'll find Dale equal or
better than the model you're now using.

Dale’s 100 Series gives you afully-sealed,
immersion-proof model that adjusts quickly
and stays there. Solid, positive stops pre-
vent damage. Higher full-power operating
temperature gives you more room to derate
for extra stability.

Compare. We're willing to be your sec-
ond source...but we’re ready to be No.1.

COMPARE...
* 1% CRV + 0.5 Watt at 85°C
* 10% tolerance on all values (102 to 2 Meg)
» 100 PPM Max. Temperature Coefficient
» Adjustability: Voltage ratio * .05%
Resistance = .10%
* Choice of 8 styles:

5 top adjust '
models -

3 side adjust
models - N _ \ g

Contact your Dale Representative or call Dwain Carr at 402-564-3131 todayf e

DALE ELECTRONICS, INC.

1300 28th Avenue, Columbus, Nebraska 68601

A subsidiary of the Lionel Corporation

In Canada: Dale Electronics Canada Ltd.

In Europe: Dale Electronics GmbH -

8 Munchen 60, Falkweg 51, West-Germany
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