FOR ENGINEERS AND ENGINEERING MANAGERS

The fully automated factory, long
a gleam in the eye of many a
manufacturer, is nearing reality.
The reason? New developments
In machine and process control,

VOL. 20 NO.

1V

JULY 20,"1972

a trend to lower-cost, specialized
industrial test instruments and
fast, high-power semiconductors.
For a special report on the latest

industrial electronics, see P. 26.
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Highly respected company with
reputation for fast handling of spe-
cial resistance projects seeks chal-
lenging assignments in thick film.
Completely equipped to design
and/or produce special circuitry
inside DIP and SIP packages.
Laser trimming facilities for high
volume needs. Also special capa-
bilities for non-standard config-
urations, hybrids and high power
requirements. Custom substrate
preparation, including LED metal-
lization, a specialty. References
furnished. Contact your Dale Rep-
resentative or call 402-564-3131.

Dale Electronics, Inc., Box 609,
Columbus, Nebraska 68601.

In Canada: Dale Electronics
Canada, Ltd. A subsidiary of
The Lionel Corporation.
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141T Variable persistance and storage.
Gives bright, high-resolution traces at
slow scans, $1800. Also available:
economical normal persistance and large

screen displays. /

Tracking generators for wide dynamic range,
; swept frequency response measurements.
8556A Tuning Section,
20 Hz—300KHz,
with built-in tracking
generator, $1690.

8553B Tuning Section,
1 kHz—110 MHz, $2275.

e

8443A 110 MHz
Tracking Generator|Counter, $3600
($2075wfo Counter).

8444 A/B1300 MHz
Tracking Generator, $2950.

T

8552B 5
High Resolution
IF Section
has 10 Hz
bandwidth,
manual scan,
two log plus
linear scales,
$2950.
Lower cost unit
(8552A, $2275)
also available.

HP’sFamily Plan:

or how to add extravalue to spectrum analysis.

With HP’s neatly-interrelated
spectrum analyzers, you can take your choice
of tuning sections, displays and companion
instruments to tailor a system for your
measurement needs — all the way from
20 Hz to 40 GHz.Then, as your requirements
expand, re-configure your system simply
by adding the related piece of equipment.
That’s the value of our family plan.

By themselves, any of the 4 spectrum
analyzers give you unparalleled signal
analysis capability made possible by absolute
amplitude calibration, low distortion,
high resolution, and wide frequency scans
coupled with the ability to zoom down
tO 2 NArrow scan.

And the family value really multiplies
when you add the companion instruments.

8554L Tuning Section, < A &
0.5—1250 MHz, $3500.

84454, 18 GHz
Automatic Preselector,
for wide scans,

free from unwanted
responses,$2000.

For example, the tracking
generators combined with the
analyzers make swept measurements
over a 120 dB range thus forming
precision swept frequency test systems.
And our automatic preselector for
the microwave tuning unit does away with
image, multiple and spurious responses.
All in all, HP’s family of spectrum
analyzers gives you the greatest depth
and breadth of performance and the best
value in signal analysis equipment available
anywhere. For more information, call your
local HP field engineer or write to Hewlett-
Packard, Palo Alto, California 94304;
Europe: 1217 Meyrin-Geneva, Switzerland.

04111A

HEWLETT W PACKARD

SIGNAL ANALYZERS
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LONGEVITY
CANNOT BE
MEASURED BY
SIZE

has stood
sentinel to the
Mediterranean
== since time began.
T0-5 Relay So have the
small stones at its base. In the
electronics world, both long life
and stability of components play
an important part. The Teledyne
TO-5 is ideally suited for this
role. Housed in a miniature TO-5
Transistor Case, the tiny Teledyne
TO-5 Relay has consistently met
the tests of time and continues to
be the most advanced and
reliable general purpose relay
available today for both
industrial and aerospace
applications.
The same tenacity that made the
TO-5 Relay the present day
industry standard is also
dedicated to the development of
Solid State relays. Teledyne
provides a broad family of
devices to fit most aerospace and
industrial applications. Send us
your requirements.

3155 West El Segundo Boulevard
Hawthorne, California 90250
Telephone (213) 679-2205

”»

TELEDYNE
RELAYS
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Think Twice:
Extra contribution IS one way

to the top. Specifying HP scopes
will help you, too.

Here’s why.

You're an engineer on the way up.
Your ideas, your designs, your work
all reflect the extra contribution
you're making. (You might even slip
back to “the shop” after dinner and
on weekends.) Rewards won’t be
long in coming.

There’s one more thing you can
do for yourself and your manage-
ment. Show them a way to cut
operating expenses and boost prof-
its. How? By being critical and
downright hardnosed in making
your cost/performance comparisons
on instrument purchases.

Scopes Have Changed.

Take laboratory oscilloscopes for
instance. In the past several years,
scope design and performance have
changed —for the better. Many
companies, maybe yours, are in the
process of replacing older scopes,
to take advantage of the extra capa-
bility these new models offer. To
get the best buy now, you're going
to have to do more than look at the
name tag and spec sheet. Plug-ins
are not compatible. Calibration is
completely different. Controls and
operations have changed radically.
It's a whole new ball game. L7¢t/e that
you learned or used on older scopes
—whether theirs or ours —can be
transferred to the new models. You
need new techniques, new training
materials, new parts. Here are three
specific reasons why you should
investigate the HP 180 Series...why
you should think twice.

HP Scopes Cost Less To Buy

Analyze your total measurement
needs, then ask both manufacturers
to submit prices. On latest model
plug-in lab scopes, you'll find that
HP can consistently save you money
— lots of it. For example on a 75
MHz non-delayed sweep, plug-in
system, ours is 24% less (with de-
layed sweep, 18% less); at 100 MHz,
ours is 16% less; for 1 GHz sam-
pling, you'll pay 54% less if you
buy ours.

HP Scopes Cost Significantly
Less To Operate

Because scopes have changed,
training, operation, calibration, and
repair are expenses that you'll have
to contend with—no matter which
make you buy. HP’s new scopes are
supported by simplified operation
and live or videotaped training and
repair sessions that can substantially
cut your start-up and overall operat-
ing costs.

Calibration? We've cut the num-
ber of adjustments by 50% —and
eliminated interactive adjustments.
Therefore, when you’'re comparing
oscilloscopes be sure to include in
that comparison the cost of cali-
brating each manufacturer’s unit.

Our users are reporting shorter
training periods, faster, surer mea-
surements, and savings up to 50%
on calibration time and costs. Some
companies buying Hewlett-Packard,
cite this as the main reason.

INFORMATION RETRIEVAL NUMBER 4

HP Technological Leadership.
More Performance.
Fewer Problems.

HP innovations in general pur-
pose lab scopes include: the first
scope with a real time bandwidth of
> 250 MHz; the first 18 GHz sam-
pling scope; the first 100 MHz vari-
able persistence and storage scope;
and the first and only 100 MHz
scope with a “big-picture” CRT
(8x10 div, 1.3 cm/div). These are
meaningful, functional innovations
that boost your performance, not
your costs.

Think twice! Once you make the
comparison, we're certain you'll
choose HP. Many engineers like
yourself —engineers on the way up
—have already made the switch. For
more information on how you can
help your company boost profits and
how you can help yourself make
faster, more positive measurements,
write for our free “No Nonsense
Guide To Oscilloscope Selection.”

Hewlett-Packard, Palo Alto, Cali-
fornia 94304. In Europe: 1217
Meyrin-Geneva, Switzerland.

Scopes Are Changing;
Think Twice!

HEWLETT hp; PACKARD
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A Smart Way to Beat Your
Power Supply Size Problem

Tomigs

MFG. SER. NO.

s

OUTPUT TERm +
MAX BASE TEmp [~
FUSE INnPUT @[ .7t

12" thin, 234 narrow, 234 shor

yet this converter produces 1000 volts
DC, regulated, from a battery input of
28 VDC! It weights less than 15 ounces.
This is only one of our wide variety of
many small light weight converters, in-
verters and power supplies — there are
over 3000 models listed in our newest
catalog, including size, weight and prices.
If you have a size problem, why not send
for an Abbott catalog?

MIL SPEC ENVIRONMENT — All of the power
modules listed in our new catalog have
been designed to meet the severe environ-
mental conditions required by modern
aerospace systems, including MIL-E-
5272C and MIL-E-5400K. They are her-
metically sealed and encapsulated in heavy
steel containers. New all silicon units will
operate at 100°C.

RELIABLE — Highest quality components
are used in Abbott power modules to yield
the high MTBF (mean time between fail-
ure) as calculated in the MIL-HDBK-217
handbook. Typical power modules have
over 100,000 hours MTBF — proving that
the quality was built in from the beginning.
WIDE RANGE OF OUTPUTS — Any voltage
from 5 volts DC to 3,650 VDC is avail-
able by selecting the correct model you
need from our catalog with any of a vari-
ety of inputs including:

60=cto DC, Regulated
4002 to DC, Regulated

28 VDC to DC, Regulated
28 VDC to 4002, 1¢ or 3¢
24 VDC to 60, 16

Please see pages 618 to 632 of your 1971-72 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott modules.

Send for our new 56 page FREE catalog.

LABORATORIES,

5200 W. Jefferson Blvd./Los Angeles 90016

(213) 936-8185

abbott NIFLYIFCYE

INCORPORATED

1224 Anderson Ave./Fort Lee, N.J. 07024
(201) 224-6900
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(across the desk )

With tongue in cheek,
press not too deep

I find that I can’t tell from your
editorial of May 11, 1972, (It’s a
Great Idea—for the Other Guy,”
p. 45) how far your tongue may be
pressing in your cheek. I hope that
it does so for at least a centimeter
or two.

Would you truly be “uncomfort-
able” with a type specification of
3.5 mm, first 13 lines 80 mm wide,
remainder 125 mm? And could you
tell the difference visually between
those values and the micrometric
dimensions you give in your edi-
torial ?

The metric system needs sincere
help to get established in the U.S.,
not more fun-poking of the “I'd
walk 1609 meters for a Camel”
variety.

P. L. Lewis,
Director of Research
and Product Development
Lockheed Aircraft Service Co.
Ontario International Airport
Ontario, Calif. 91764

In your editorial on the metric
system you pose the question of
what to do about such printing
measures as the pica, point and em,
and observe that you probably
would not have to change them. I
believe you are right; you prob-
ably won’t. But even if you did
have to, it would not be as awk-
ward as you imply or imagine.

First, the em wouldn’t change
anyway, since it is a variable meas-
ure. Second, why must you ask for
an 80.1146-mm column, when an
80-mm column would do as well
and not be noticeably smaller to the
naked eye? Third, why specify
3.5138-mm type, when you could
say (and be understood) 3.5-mm

type. We do this now when specify-
ing lumber (2 x 4s are not 2 inches
by 4 inches finished), and hard-
ware (1/4-inch bolts are not 0.2500
inch in diameter).

As you may have guessed, I am
irritated by this kind of objection
to a metric changeover. There are
valid objections to going metric in
some fields, but I don’t feel your
ebjections can be called such.

Yes, you would have to become
familiar with a new system, but I
know from personal experience in
a metric country that one can pick
up the new units and think in terms
of them very rapidly.

Collier N. Smith
765 20th
Boulder, Colo.

In your editorial in the May 11,
1972 issue, you suggest that the
metric system is a great idea, but
only for the other guy. The letter
from Robert H. Armstrong seems
to have done you in. Why do you
feel the need to specify the point,
the pica and the em in millimeters
when you don’t specify them in
inches now?

There appear to be many who
think that physical dimensions will
change with the adoption of the
metric system. Not so. The pica
won’t change, the size of paper this
letter is written on won’t, a four-
inch pipe won’t become larger or
smaller, and neither will a 2 x 4-
inch piece of lumber.

So why don’t you continue to
specify printing jobs in point, pica
and em, and let Mr. Anderson man-
ufacture his printing equipment
with the same dimensions as be-
fore, except he may have to buy
new metric rulers for his workers
—that’s all!

(continued on p. 10)

Electronic Design welcomes the opinions of its readers on the issues réi-sed

in ﬂ!e magazine's editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St. Rochelle Park, N. J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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LOW AND HIGH CURRENT

TRIACS

World’s leading
Triac producer offers
fast delivery,
electrical isolation and
a variety of packages.

LOW CURRENT TRIACS

THERMOTAB® and THERMOPAK*; Swedge and
TO-3; %" Hex Stud, and TO-5 Metal and Plastic
Packages

*trademark of ECC
Irims) 0.8 - 16 amps

Igt 1, 11 3, 10, 25, 50 ma max;
with or w/o internal trigger

lrsm 20 - 150 amps

Vorom 200 - 800 volts

For more information, circle No. 238

HIGH CURRENT TRIACS
34" Press-Fit, Stud and TO-3 Packages
Ir(Rms) 25 - 40 amps
lgt 1, 111 50- 100 ma max
lrsm 230 - 300 amps
Vorowm 200 - 800 volts min

For more information, circle No. 239

All packages are electrically isolated except TO-5
Metal Can. ECC triacs feature heavily glass
passivated junctions for high reliability.

Contact your nearest ECC Sales Representative
or Authorized Distributor for pricing and tech-
nical information.

CORPORATION
P.0. Box 669 ¢ Euless, Texas 76039
817/267-2601



As components become more
sophisticated, the versatility
of silicones is more evident.

For see-through protection, encapsulate with this clear, For added safety, specify this flame-retardant, pourable
resilient silicone resin. Self-extinguishing, it guards against silicone elastomer. Uses for this low-cost packaging

humidity, heat, cold, radiation, thermal shock and vibration. material include coating, potting and encapsulating.
Information retrieval number 221. Information retrieval number 222.
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For excellent adhesion to corrosion-prone metals such as For protection against moisture, dirt, ozone, radiation and

copper, use this new noncorrosive, one-part Dow Corning many solvents and chemicals, select this conformal coating.

sealant. Cure mechanism produces no exothermic heat It flows on easily and cures at room temperature to a

or acetic acid. Information retrieval number 223. tough silicone rubber with excellent dielectric properties.
Information retrieval number 224.




Silicones are unusual in the number of
ways they protect. They resist change
in hostile environments where other
materials are unstable. They have
excellent dielectric properties. With
the electronic industry’s concentra-
tion on higher performance and
smaller components, the application
areas where only silicone materials

can ensure design integrity have
increased dramatically. Here are
some of the newest examples. Many
others are described in our Silicone
Electronic Materiais brochure avail-
able from your Dow Corning distribu-
tor. His name appears on the following
page. Or write Dept. A-2202, Midland,
Michigan 48640.
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coupling. Information retrieval
number 225.
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Electrical [electronic materials
from

DOW CORNING

DOW CORNING

Silicones for cooling high-density
modules. More efficient cooling of
electronic modules is possible with
this suggested assembly design. A
silicone-fluid-filled coolant tube dissi-
pates heat transferred to it from dowel
pins mated to holes in the module
assembly. Further conduction is facili-
tated by a layer of Dow Corning®
heat-sink compound between a
lightweight cold plate and
module base. Silicone fluids
have excellent heat-
transfer properties

and maintain constant
viscosity over a wide
temperature range. The
heat-sink com-

Silicones add durability to Ominimite*
transducer. This magnetostrictive
device converts electrical energy into
sound for ultrasonic cleaning systems.
Itis insulated with Dow Corning sili-
cones. Bendix Instruments and Life
Support Division uses coil forms fabri-
cated from a Dow Corning silicone
resin bonded glass laminate. Finished
coils are dipped in Dow Corning® 997
varnish and baked. Silicones help add
the physical and electrical stability
required for long-term performance.
Information retrieval number 226.

*TM, Bendix Corporation




When your machine
has more to say...

SINA | LOGA |
TANK | VALVE |
FULL | OPEN |

OVERLOAD

HALT
ENTRY

When your machine has more to say,
IEE rear projection readouts let it speak
out with an eloquence that make other dis-
play systems seem taciturn.

For instance, just one IEE rear projection
readout will improve the vocabulary of your
machine with up to 64 new phrases ex-
pressed in any combination of alphanumer-
ics, in any language, accompanied by the
symbols of any discipline, all displayed in a
variety of colors and in the type styles that
go best with your panel decor.

No gas discharge tube, or LED or what
have you, can make that statement.

IEE units communicate — loud and clear!

Our big Series 80 rear projection readout
lets your machine shout in huge 33%-inch
characters. Or we can say things discretely

ADVANCE |

ENGAGE
ALL
SYSTEMS

IEE Readouts
provide the
vocabulary.

with our fit-anywhere Y2 x ¥-inch Series
345 model.

All with single-plane viewing, variable
brilliance, and the capability to change vo-
cabularies right in the field. To assist, we
have a powerful new low-cost hybrid driver/
decoder for any of the readouts. Plus a host
of other driver/decoders...all, competi-
tively priced . . . purchased separately or cus-
tomer mounted.

Rear projection readouts give you an or-
der of display versatility a world apart from
other techniques, and IEE builds more of
them than anybody. Send today for our
Short-Form Catalog on units that are long
on talk. Industrial Electronic Engineers,
Inc., 7740 Lemona Ave., Van Nuys, Cali-
fornia 91405. Telephone: (213) 787-0311
* TWX 910-495-1707

Industrial Electronic Engineers, Inc.
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ACROSS THE DESK

(continued from p. 7)

I bet you will find the cost of
switching to the metric system to
be far less than staggering.

Erik Wiik,
Control Technology and Simulation
Union Carbide Corp.
Chemicals and Plastics
P.O. Box 8361
South Charleston, W. Va. 25303

Your editorial “It’s a Great Idea
—for the Other Guy” has inspired
me to release all my pent-up feel-
ings about metric-conversion arti-
cles and editorials. Distilled, they
all seem to say “This is the way to
go, but —” and then proceed to tell
why it can’t possibly be done or
how great the difficulties are go-
ing to be. I would much prefer to
see a concerted effort to show how
little effort will be involved.

The straw that really broke the
camel’s back was your conversion
of convenient working sizes to
what you consider unwieldy metric
equivalents—that is, precise con-
version of rounded, nominal meas-
urements. I'm quite sure you could
comfortably communicate to your
printer that he should use 3.5-mm
Century Expanded, the first 13
lines 80 mm wide and the last 30
lines 127 mm wide. In fact, I would
guess that eventually you would
prefer 125 mm, as it is easier to
think in 5-mm increments.

Harry D. Bush
Hybrid Research Dept.
Motorola, Inc.
Communications Div.
1301 E. Algonquin Rd.
Schamburg, Ill. 60172

I'm ashamed of you. It appears
that you missed the point of met-
ric conversion, and statements like
yours are what have held up the
changeover for the past 100 years.

Your fourth paragraph made a
statement that you misinterpreted
(. . . metric systems would do
away with furlongs, acres . . .”).
This does not mean you have to
abandon terms like pica, point and
em. It means redefine them in
terms of the meter (point equals
0.3523 mm, pica equals 4.227 mm).
Now you can still use these terms

(cont. on p. 16)
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Silicone Protectors

A full line of silicone encapsulating, insulating; sealing,
coating and dielectric materials is available from Dow Corning
Distributors at the following warehouse locations:

ALABAMA
Birmingham
Electrical Insulation Suppliers
205 252-9046
Mobile
Brownell Electro, Inc.
205 479-5405

ARIZONA
Phoenix
Essex International Inc.—IWI Div.
602 278-8568

CALIFORNIA
Berkeley
C. D. LaMoree
415 841-0601
Culver City
E. V. Roberts & Associates, Inc.
213 870-9561
Gardena
Specialized Products Co.
213 532-1230—213 770-8186
Los Angeles
Essex International Inc.—IWI Div.
213 264-7000
C. D. LaMoree
213 225-5666
Brownell Electro, Inc.
213 532-1150
Mountain View
K. R. Anderson Company, Inc.
415 961-6007
San Diego
A. E. Yale Enterprises
714 296-6148
San Francisco
Essex International Inc.—IWI Div.
415 626-5351
COLORADO
Denver
Waco Enterprises, Inc?
303 322-7708
FLORIDA
Orlando
Cramer/Florida, Inc.
305 841-1550
Brownell Electro, Inc.
305 424-5634
Electrical Insulation Suppliers, lnc
305 855-7100
Tampa
Essex International, Inc.—IWI Div.
813 245-1651
GEORGIA
Atlanta
Electrical Insulation Suppliers, Inc.
404 355-1651
Essex International Inc.—IWI Div.
404 691-8520
Chamblee

Prehler Electrical Insulation
404 451-4266
Hapeville
Brownell Electro, Inc.
404 762-5181
ILLINOIS
Chicago
Prehler Electrical Insulation
312-384-6100
Mt. Prospect

Magnuson Electronics, Inc.
312 956-0700

Niles
Essex International Inc.—IMC/IWI Div.
312 647-0044
INDIANA
Fort Wayne

Essex International Inc.—IWI Div.
219 742-7441

Hammond
Electric Supply Corp.
219 932-8840
IOWA
Marion

Ensco Distributing Corporation
319 377-6313
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KENTUCKY
Louisville
E & H Electric Supply
502 587-0991
LOUISIANA
New Orleans
Williamson Distributing Corp.
504 486-5584
Shreveport
Williamson Dustnbutmg Corp.
318 424-6638
MARYLAND
Baltimore
Essex International Inc.—IWI Div.
301 644-0140
Pyttronic Industries, Inc.
301 539-6525
MASSACHUSETTS
Cambridge
Brownell Electro, Inc.
617 864-7500
Newton
Cramer Electronics, Inc.
617 969-7700
Peabody
Essex International Inc.—IWI Div.
617 531-7100
MICHIGAN
Detroit

Essex International Inc.—IMC/IWI Div.

313 921-6000
Madison Heights
McNaughton-McKay Electric
313 399-7500
Southfield
Sheridan Sales Co.
313 358-3333
MINNESOTA
St. Paul
Magnusom Electronics, Inc.
612 227-8495
Prehler Electrical Insulation
612 622-1541—612 622-1542
MISSOURI
Kansas City
Essex International Inc.—IWI Div.
816 842-1613
St. Louis
Ensco Distributing Corp.
314-542-3935
Essex International Inc.—IWI Div.
314 371-2616
NEW JERSEY
Livingston
Robert McKeown Co., In
210 922-0700 or 212 267- 9264 (NYC)
Moonachie
Essex International Inc.—IWI Div.
201 641-4400 or 212 695-7495 (NYC)
North Bergen
Electrical Insulation Sales
201 864-2376 or 212 564-6273 (NYC)
NEW MEXICO
Albuquerque
Waco Electronics, Inc.
505 268-2409
Williamson Distributing Corp.
505 344-3564
NEW YORK
Buffalo
Summit Distributors, Inc.
716 884-3450
New York City
Brownell Electro, Inc.
212 619-7900 or 212 924-6000

NORTH CAROLINA
Charlotte
Brownell Electro, Inc.
704 394-4341
Electrical Insulation Suppliers, Inc.
704 392-2306
Essex International Inc.—IWI Div.
704 394-1315
Winston-Salem
Cramer/E. W. Winston-Salem
919 725-8711

Electrical | electronic materials
from

DOW CORNING

DOW CORNING

OHIO
Cincinnati
Cramer/Tri States, Inc.
513 771-6441
Electrical Insulation Suppliers, Inc.
513 771-4073
Sheridan Sales Co.
513 761-5432
Essex International Inc.—IMC/IWI Div.
513 771-6500
Cleveland
Essex International Inc.—IMC/IWI Div.
216 7§1-2310
Prehler Electrical Insulation
-.216 267-2650
Sheridan Sales Co.
216 524-8210
Columbus
McGraw-Edison Co.
National Electric Coil Division
614 488-1151
OKLAHOMA
Oklahoma City
Essex International Inc.—IWI Div.
405 236-5411
OREGON
Portland
Essex Inernational Inc.—IWI Div.
503 655-0138
C. E. Riggs, Inc.
503 226-3286
PENNSYLVANIA
Harrisburg
Pyttronic Industries, Inc.
717 233-6591
Montgomeryville
Pyttronic Industries, Inc.
215 643-2850
Philadelphia
Brownell Electro, Inc.
215 632-3030
Essex International Inc.—IWI Div.
215 236-7100
Prehler Electrical Insulation
215 725-5014
Pittsburgh
Essex International Inc.—IMC/IWI Div.
412 244-1145
TENNESSEE
Memphis
Brownell Electro, Inc.
901 323-8554
Electrical Insulation Suppliers, Inc.
901 947-4176
TEXAS
Dallas
Essex International Inc.—IWI Div.
214 339-8346
Specialized Products Company
214 358-4663
Williamson Distributing Corp.
214 741-5831
Houston
Essex International Inc.—IWI Div.
713 227-6358
Williamson Distributing Corp.
713 672-1715
UTAH
Salt Lake City
Hyer/Cramer Electronics
801 487-3681
WASHINGTON
Seattle
Atlas Packing & Rubber Co.
206 623-4697
Essex International Inc.—IWI Div.
206 763-8650
C. E. Riggs, Inc.
206 623-5707
WISCONSIN
Milwaukee
Essex International Inc.—IMC/IWI Div.
414 342-3927

8-2200
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Single-Diffused

...better than EpiBase?

We’ve got both now. Single-diffused, UniBase* power
Darlingtons. EpiBase* power Darlingtons. Plus
capability to supply discrete power transistors in both
technologies. The first to do this.

Great, you say. “Let me have
the latest thing so I can edge
my competitor’s design.”

Wait, though . . . not that easy.
Unless you understand the basics of
both technologies you won’t get what
you really want — an optimum device
matched to true design needs, with #
the best trade-offs in device
characteristics.

More and more engineers are
educating themselves before designing
in either process. Questioning and
comparing to find out which is really
better for their application. Probing.
Analyzing. Asking.

“Are they structurally different?”

“Which is better for high-speed switching?”

“Is there an edge in safe operating area?”

“What are tradeoffs in inductive loads?”’

“Which is more applicable to complementary
designs?”’

If you’re satisfied with your supplier’s answers,
your education, your design, fine. If not, listen.

TAKING THE RIGHT SHAPE...
They’re different, alright.

Single-diffused, UniBase, is achieved by diffusing collec-
tor and emitter into lightly doped P material with the base
formed by the undiffused portion of the start material.
Emitter and collector are equidistant from opposite chip
sides. The deep emitter junction biases off high-current
density area and leads to more uniform current distribution
throughout the emitter. Result: very good safe operating

5 EMITTER 3 area ... with low frequency

e response due to distributed

resistance and longer RC
time constants.

EpiBase offers devices with emitter diffused
into an epitaxial base deposited on the collector
substrate. The collector voltage depletes into the
base region with resulting devices characterized
by higher-frequency response and low switching
losses with SOA equal to, or better than, UniBase
except at or near device BV 0.

EMITTER
CONTACT

EMITTER
Za

BASE
EPIBASE SILICON POWER

THE TRADEOFFS. ..

A couple. If switching efficiency, f or phase shift
are your thing, EpiBase wins hands down.
Although power-handling and safe area of the
two are about equal, UniBase offers an edge in
SOA if your design pushes ultimate device break-

100; T | | 1
50 I I R T
\ | m— UNIBASE 2N3772
- | w=eme= EPIBASE MJ3772
21 \
3 5 1 I . :fs
w e TS "n(;
= t - -
=z ‘51\‘~ ‘;“1—... ——”e
!L ) ~—4-—___————‘--—'_ ‘s\.“'
.1 /. J
3 &7 9 ‘3 5 7 10 30

COLLECTOR CURRENT (AMP)

down capability. And, while beta-vs.-current curves are
similar for EpiBase and UniBase transistors of given chip
size, UniBase will exhibit higher sat voltages and slightly
lower high-current beta. Again, a result of higher
distributed resistance.

Typically, more gain and gain linearity can be had
with EpiBase by sacrificing some ruggedness. With Epi-
Base, it’s near-impossible to achieve high f; and high
SOA simultaneously . . . something’s got to give.

Conversely, single-diffused offers a bit more SOA but
slower action; and gain and gain roll-off figures of merit
are only about half or less than EpiBase counterparts.

If your motto’s “‘safety first'. . .

COLLECTOR CURRENT

B | 1 {
UNIBASE |
== == == EP| BASE | - ‘ |
S i3 ¥ e 3 97 10
SUSTAINING VOLTAGE
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Power Darlin

THE APPLICATIONS ..
Practically everywhere! Commonly, regulators, hammer
drivers, inverters, converters, stereo and servo amps and power
switching. Which for which? Easy. Follow our suggestions:
we’ve factored in tradeoffs: gain, f;, ruggedness and break-
down voltage. In many applications such as regulated power
supplies for high-speed logic, EpiBase is more desirable for
its better response to fast-changing load conditions. And in all
circuits demanding higher frequency response, EpiBase is your
best bet. Because of that edge in SOA near device BV,
UniBase is better where you’re working into unclamped induc-
tors — not recommended but sometimes unavmdable — where
it must absorb stored energy. T

- eEDUKS.
JA + SPEEDORSL
.'DORSOA « SPEEDOh
A « SPEEDORSOA « SP
‘DORSOA « SPEEDORSOA
'‘EEDORSOA « SPEEDORS(
OA « SPEEDORSOA « SI
"EDORSOA « SPEEDOR®
RSOA « SPEEDORSC

EDORSOA « SP
4 + SPEEDOF
SPEEDORSQ
RSOA « S

THE DARLINGTONS...

Sounds simple: power integrated
circuits consisting of driver, output
devices and emitter-base resistors
on one monolithic chip. But advan-
tages are revolutionary: super-high
gain . . . new levels of efficiency,
simplicity, cost-savings . . . direct,
logic-to-Darlington interfacing . . .
with EpiBase available in both NPN and PNP for com-
plementary symmetry designs. Depending on your con-
clusions and your needs, your choice will be EpiBase or
UniBase Darlingtons.

Draw those conclusions now. Match your design need
with an unmatched solid-state power capability. Write us
at Box 20912, Phoenix, AZ 85036 — contact your Motorola
distributor on prototype or production.

EpiBase or UniBase . . . the choice is yours. But know
this. We've got both.

THE SPECS...

EPIBASE VS. UNIBASE
PRIME SPECS ON SOME FRIME.
. NEW DISCRETES .

o ’“_ o ‘:’ﬁ Al

gtons

SAFE [
DEVICE GAIN FREQUENCY e i I
EpiBase 2N3055 | 20 @ 4A ZMHzZ | 60V/200 mA |.
VS.
UniBase 2N3055 | 20 @ 4A | 200 kHz | 60V/1.5A |
EpiBase M)3771 | 15 @ 15A 2 MHz | 40V/200 mA |
VS. ¢
UniBase 2N3771 | 15 @ 15A | 200 kHz | 40V/3.75A

. plus a choice between these discretes
MJ3772 EpiBase MJ6257 EplBase MJ3773 cEplBase MJG302 EpiBase
d

an and
2N3772 UniBase 2N6257 UniBase 2N3773 UniBase 2N6302 UniBase
2N6253 UniBase 2N6254 UniBase

_NEW DARLINGTONS .

SAFE

DEVICE GAIN FREQUENCY OPERATING AREA
EpiBase 2N6056 | 750 @ 4A 4 MHz | 80V/100 mA
vs.
UniBase MJ3521 | 500 @ 4A 200 kHz 80V/1.4A
EpiBase 2N6283 | 750 @ 10A 4 MHz | 40V/1A
VS.
UniBase 2N6356 | 400 @ 10A | 200 kHz 40V/3.75A

. plus a choice between these Darlingtons
2N6282 EpiBase 2N6283 EpiBase 2N6284 cElpiBase

an and an
2N6355 UniBase 2N6357 UniBase 2N6358 UniBase
MJ3520 UniBase

“Trademark of Motorola Inc.

MOTOROLA POWER

—Technology By Design, For Design

INFORMATION RETRIEVAL NUMBER 8
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Advertisement

N-Channel Si Gate RAM Boosts Memory
Speed, Reduces Power and Cost.

Electronic Arrays, Inc., is pro-
ducing a 1024-bit n-channel sili-
con gate RAM that is four times
as fast as typical p-channel MOS
RAMs, just as fast as bipolar. Yet
the random-access memory circuit
dissipates much less power than
conventional RAMs and is easier
to control in memory systems.

Precharge and refresh addres-
sing are eliminated by a new in-
ternal design. The EA1500 goes
from standby to active operation
without precharge. In addition,
every cell in the memory is re-
freshed by a single pulse, permit-
ting the EA1500 to operate in an
automatic refresh mode that simu-
lates the operation of core mem-
ory systems.

Bipolar logic interfaces and
power supply design are also sim-
plified by the EA1500. The n-
channel silicon gate process pro-
vides positive-logic operation on
standard =15V supplies or +12V
supplies.

The storage configuration is the
standard 1024 x 1 expandable or-
ganization. Pinouts are compat-
ible with those of conventional
p-channel RAMs.

High-Speed Operation. Max-
imum access time of the EA1500
is 85 nanoseconds on +15V sup-
plies, a speed previously achiev-
able only with expensive bipolar
RAMs. In contrast, access times
of p-channel MOS RAMs range
from about 180 to 500 nsec.

The EA1500 also has the fast-
est cycle times—150 nanoseconds
for read, 270 nsec for write and
only about 105 nsec for refresh.
Ordinarily, it takes from 8 to
nearly 30 microseconds to com-
pletely refresh a conventional
MOS RAM because 32 pulses are
required.

The n-channel process allowed
Electronic Arrays to build buffer-
ing into all 1024 cells. Every pulse
on the write line simultaneously
refreshes all cells, although only
an addressed cell can be written
into.

Automatic Refresh. Since
any write pulse refreshes the
EA1500, the system designer can

Advertisement

14

simply pulse the write bus every
system cycle. During write cycles,
the normal write pulse is bused to
all packages. The memory seg-
ments not accessed by an address
will only be refreshed.

During read cycles, a refresh
pulse is used between accesses,
after the chip-enable (CE) pulse.

Called automatic refresh, the
read-refresh technique lets the
EA1500 simulate a core memory
because there are no ‘“memory
busy” interruptions of the regular
memory cycle.

Low Power Dissipation.
During active operation at +15V,
the EA1500 typically dissipates
160 mW—only 35% to 409 as
much as typical p-channel RAMs.
Operation at the optional +12V
differential cuts dissipation to less

than 90 mW while adding only
about 100 nsec to the average
cycle time.

Dissipation drops to about 35
mW during standby, Logic “0”
standby, as noted above, avoids
the high power consumption gen-
erally associated with precharg-
ing.

Evaluation P.C. Card. EA
has made a memory board avail-
able for the potential user to
evaluate the EA1500. The PC.
board contains all the necessary
interconnections for a 2K x 4
memory board including address
and data buffers, output sens=z
amplifiers and timing signal gener-
ator. The timing signal generator
is capable of demonstrating both
“automatic refresh” and asyn-
chronous operating modes.

Look
at that

85 nsec 1024 Bit RAM

The all new EA1500 sets the pace for RAMs—high speed, low cost—

using N-Channel Silicon Gate Technology. 85nsec access time! Yes sir,
and that’s worst case guaranteed. Price is a low $25 bucks in 100 quantities.
And then there's Automatic Refresh. Memory timing and control are
simplified by the elimination of precharge and refresh addressing. A single
write pulse does the job. The EA1500 RAM allows the memory system to be
refreshed “invisibly,” and that means no more memory busy signals.

In active operation, the EA 1500 dissipates only 160mW while standby is
typically 11mW. It can be logically turned off between accesses, reducing

standby dissipation to a few milliwatts.

The EA1500 interfaces easily with bipolar logic, operates on +15V and
—15V supplies. For other good things about the Dude, write for our data

pack and your free Dude pin.

Y

BIec(ronic arrays, inc.

—_\

501 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA 94040, (415) 964-4321 TWX: 910-379-6985

Stocking distributors: Intermark, Cramer, Computer C

INFORMATION RETRIEVAL NUMBER 9
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Other computers
have the capability
of our new 8-bit

NAKED MINI.

But they use 16 bit:

Every systems designer who's looking for a powerful, versatile
computer for the lowest possible price should take a closer
look at our byte-sized NAKED MINI 8.

Start by comparing its capability. It does everything a 16-bit
machine can do except fast arithmetic (or inflate the price
of your product). In byte-oriented applications

like intelligent batch terminals, source data entry

and data communications, the NAKED MINI 8

provides a potent capability that is unmatched =
by other 8, 12, and most 16-bit machines.

-

Priced at $1,450, in 200 OEM quantities, the NAKED MINI 8

represents the industry's lowest cost high-performance

minicomputer.

So think about it. Capability and price. They're two good

reasons you should ask about the computer that's also a
component. Write 18651 Von Karman, Irvine,
Calif. 92664

COMPUTER AUTOMATION, INC.
the NAKED MINI company

Al AILIAADED 1~



JAN-TX
POWER

TRANSISIORS

FROM PIRGO

eight JAN and eight JAN-TX types
available from stock now!

- Type Case | BVceo (sus) | hie @ TA| Ve (sat)
JAN-TX 2N2812 / JAN 2N2812 | TO-61 60 40—120(1.5 @ 10A
JAN-TX 2N2814 / JAN 2N2814 | TO-61 80 40—120|1.5 @ 10A
JAN-TX 2N2880 / JAN 2N2880 | TO-111 70 40—120| 2 @ 5A
JAN-TX 2N3749 / JAN 2N3749*| TO-111 70 40—120| 2 @ 5A
JAN-TX 2N3996 / JAN 2N3996*| TO-111 80 40—120| 2 @ 5A
JAN-TX 2N3997 / JAN 2N3997*| TO-111 80 80—240| 2 @ 5A
JAN-TX 2N3998 / JAN 2N3998 | TO-111 80 40—120( 2 @ 5A
JAN-TX 2N3999 / JAN 2N3999 | TO-111 80 80—240| 2 @ 5A

*isolated collector

Get them off-the-shelf

by calling your Sprague semiconductor distributor.

Or call Bill McCarthy at Pirgo.
603/224-1961

PIRGO ELECTRONICS, I

PEMBROKE ROAD, CONCORD, N.H. 03301
A SPRAGUE ELECTRIC CO. SUBSIDIARY

5P-2101

PIRGO

ELECTRONICS INC.

INFORMATION RETRIEVAL NUMBER 11

ACROSS THE DESK

(cont. from p. 10)

in setting the print. You didn’t ask
for 0.1387-inch type with the first
13 lines 3.16236 inches wide and
the rest 4.993 inches wide before
conversion, so why do it now?
I can buy either a 6-mm bolt or
a 1/4-inch bolt and I don’t ask for
a 6.35-mm bolt. Gradually, as 1/4-
inch bolts are phased out, I'll use
only 6-mm bolts. It should be your
position to tout the simplicity of
the metric system and not parrot
useless “conversions” that have
been thrown up for 100 years now.
Roger L. Smith
Senior Development Engineer
Goodyear Aerospace Corp.
Litchfield Park, Ariz. 85340

As an advertising type in elec-
tronics, I got a kick out of your
May 11 editorial. However, I beg
to differ with a statement in your
last paragraph: “The point, pica
and em are accepted and under-
stood internationally.” Did you
ever specify some of the European-
designed type faces, like Univers,
Optima or Melior? That’s when
you run into 12 small, 12 large, 24
small, 24 large and some of these
other goodies.

Jim Prosek
Promotions Manager
The Hickok Electrical Instrument
Co.
Cleveland, Ohio 44108
Ed Note: Our editor apparently
failed to convey the message he
had in mind. Early in the editorial,
he stated explicity: “Like most en-
gineers, I strongly favor adoption
of the metric system.” But then he
seemed to back away from this
position. The intent of the editorial
—conveyed perhaps too subtly—
appeared in the last three lines:
Too many of us accept good ideas
only if they don’t affect us. It’s like
the fellow who favors equal op-
portunity for all—as long as the
poorer guys don’t move into his
neighborhood or into his kid’s
school. We ought to accept good
ideas for their imherent worth to
us all. We ought not reject them
because the apparent short-term
effect on us—as individuals—may
be umpleasant.

ELECTRONIC DESIGN 15, July 20, 1972






Soup to nuts. Or more specifically: cable-to-
cable, cable-to-round wire, cable-to-post,
cable-to-strip receptacle, cable-to-board. You
can go anywhere you want with flat flexible
cable, with the AMP family of connectors.
They’re just what you need to take advantage
of the savings in weight and space, and the
opportunities for eliminating wiring errors and
reducing costs which flat flexible cable can
bring you.

These connectors are designed specifically for
flat cable, with exceptionally low profile. After
all, it makes sense to put a slim connector on
slim cable. And they all use an exclusive
insulation displacement crimp termination
method, which makes connections quickly,
reliably and economically.

Two-piece cable
to board

Another way to go from cable to board.
A spring retention catch holds the mating

sections firmly together.
Circle 102

A-MP and AMP-O-MATIC are trademarks of AMP Incorporated

© Copyright 1971 by AMP Incorporated. All International Rights Reserved. A-MP® U.S.A. and Foreign.

Round wire
to cable

The transition from
round wire to flat cable
is easy, because inter-
mateable A-MP con-
tacts are available to
handle both kinds of
conductor, and fit into
the same connector
housing. You can mix
wire and flat cable on
the same half of the
connector. And natu-
rally, you can link cable
to cable whenever
you need.

Circle 101

Cable to strip
receptacle

This is easy. You don’t
even need a connector
housing. A-MP con-
tacts, after attachment
to the cable, go directly
into an A-MP strip
receptacle of the same
type used for DIP
packages.

Circle 103

A-MPe products covered by U.S. and foreign patents and/or patents pending.



Cable
fo post

Single or double row
connectors let you plug
flat cable to posts on
printed circuit boards.
Up to 70 positions in
standard housings.

Circle 105

connections

The AMP termination
technique allows daisy
chain or branch con-
nections without any
need for cutting the
cable. Just machine-
attach contacts across
the width of the cable,
fold cable back on
itself and insert in
the connector
housing.

Circle 106

2 “Daisy Chain”

One-piece

cable to
board

This is the newest in our
flat flex line . . . a one
piece doubie row edge
connector, which mates
directly with bifurcated
contact pads on single or
double sided printed cir-
cuit boards. It can be
supplied with or without
mounting ears for fasten-
ing to the p/c board

or rack.

Circle 104

The fast, reliable way
to terminate
flat cable.

No stripping, no costly cable
preparation is needed. Just cut cable
to length and use an AMP-O-MATIC
machine especially designed to
handle flat cable. Our insulation
displacement crimp method is shown
in the drawing. The ears on the
contact penetrate insulation on both
sides of the conductor, then fold over
to grip and force the insulated
conductor up into the wire barrel,
where insulation displacing
lances make positive four-
point contact with the
conductor. The machine
has the capability of
terminating at the rate

of 2 per second.

Circle 107



pecono ation
n COST SAVINGS BY DESIGN m WORLDWIDE

Thinking flexible etched cable?

Think AMP. Our capabilities are unique.
And complete.

Imaginative design is our specialty. We like to
tackle ... and solve ... knotty problems like the cable
illustrated here. We can control impedance from 50
to 125 ohms. Build a shield plane on one side of the
circuit. Create performance values you've been F
reaching for but never before attained. X
Long lengths. We can manufacture continuous lengths
of cable, with repeat patterns up to 50 feet long.
Widths to 22 inches.

Reliable termination. Our insulation displacement
crimp technique assures interface with proved en-
vironmental stability, with the cost savings of auto-
mated application.

New economy. AMP solderless interconnection
method lets us use lower temperature insulating film,
eliminates costly complications.

Complete capability. We can supply you etched cable
with all connectors assembled, ready to plug into your
equipment. Let's start thinking together. For a con-
sultation, write or call AMP Incorporated,

Industrial Division, Harrisburg, Pa. 17105.

AMP

INCORPORATED

Manufacturing and direct sales facilities worldwide: Barcelona, Brussels, Buenos
Aires, Frankfurt, London, Mexico City, Paris, Puerto Rico, Sao Paulo,
s'Hertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toronto, Turin, Vienna.

LT

Circle 108



Centralab Technical Ceramics...
in line with your design requirements

Geairalab Techaical Ceramics

B0 wiite
a = Centralab
g & for
na Bulletin
No. 1117TC3
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What’s next for our ceramics?

We've been involved since 1928 when
we built vacuum tube bases for six-
tube radios.

Since then new-idea ceramics for
electronics have put us in such varied
applications as medical and scientific
equipment, instrumentation, home and
portable appliances, communications,
office machines, computers and
peripheral equipment. Our ceramics
have found use as hybrid circuit and
thin-film substrates, VHF tuner parts,
LED substrates, MOS packages, LSI
multilayer interconnections, SCR
housings and vacuum tube parts.

So, what’s next for our ceramics?
Only your new design requirements will
tell. You can specify aluminas,
steatites, cordierites, or metallized
ceramics in the configurations you need.
A variety of metallizing systems is

ELECTRONIC DESIGN 15, July 20, 1972

available to insure satisfaction in your

particular application. We also offer full GET CENTRALAB
capabilities in ceramic-to-metal THE “IN LINE” FOR
YOUR DESIGN

assemblies and engineering service to
aid you in design.

It’s this kind of involvement that
allows Centralab to be one of the
largest manufacturers of technical
ceramics. And, because we're also our
own largest customer, it’s important
that we produce only the finest ceramics
available. To us, developing better and
more reliable ceramic materials for
electronics means higher quality
electronic components. It will mean
the same to your products.

What's next for our ceramics?
Whatever you need. For the complete
capability story, call Centralab
Technical Ceramic Sales at (414)
228-2942.

INFORMATION RETRIEVAL NUMBER 12

Hybrid Microcircuits
Pushbutton & Rotary Switches
Capacitors

Potentiometers

Technical Ceramics

Ceramic Packages
Semiconductor Devices

CENTRALAB
Electronics Division
GLOBE-UNION INC.

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201
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olithic op amps have gone over the wall!
~ You probably have been buying them for years without knowing it—

under some other manufacturer’s part number. They've built a lot of great
reputations. ,
Sprague has done it by combining the most advanced techniques of
processing and control. The result is guaranteed performance over a
broadened commercial temperature range of —55 C to +100 C. Military
versions operate to +125 C.

The same technology that made these series makes other second-
source and proprietary designs as well.

Ask how you can share in Sprague’s big breakout! Just send us
your requirements!

Semiconductor Division, Sprague Electric Co., 115 Northeast Cutoff,
Worcester, Mass. 01606. Tel. 617-853-5000.

Sprague Max. | Max, Max.
Series ULS Input Input Input | Min. ;gﬂ
Require Offset Bias | Offset | Gainf Replaces:
Internally External Voltaget| Current}] Currentt | (dB) Ratet
o Compensation | (mV) | (nA) (nA) (Vius)
IMPROVED PIN-FOR-PIN REPLACEMENTS
—_— 2139 3 500 60 94 4.2 MC-1539
2151 s 2 50 5 94 6 RA741; SS-741
2157* e 2 50 5 94 6 uAT47; 8S-747
2156 _ 4 15 2 100 2.5 MC-1556
—_ 2158 2 50 5 94 6 nA748; SS-748

4SP-2112R1

UNIQUE SPRAGUE DESIGNS

Similar to
217 2172 2 15 7 94 1.5 | MC-1556, SN-52771/SN-52770
Similar to

2173 2174 2 3 15 | 100 3 SG-118/LM-108, SG-108
Similar to THE MARK OF RELIABILITY
2175 2176 2 3 15 | 100 | 1.5 |MC-1556, SN-52771/SN-52770
Similar to
2177 2178 2 6 .3 | 100 .3 | SG-118A/LM-108A, SG-108A Analog Products for Signal Processing
*Dual 1Ty = 25°C

INFORMATION RETRIEVAL NUMBER 13
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Flat CRT for military
may go commercial

A two-inch-thick, flat cathode-
ray tube with alphanumeric capa-
bility may make the difficult tran-
sition from a military product to
a commercial product.

Initially developed for cockpit
display applications by the North-
rop Electronics Div. in Palos
Verdes Peninsula, Calif., it is now
being jointly investigated for com-
mercial marketing by Northrop and
GTE Sylvania’s Electronics Com-

ponents Group in Seneca Falls,
N.Y.
Whereas the complex military

version of the display costs several
thousand dollars, a Sylvania offi-
cial concedes that the display will
have to be sold for less than $100
to be a practical commercial prod-
uct.

The display consists of a sand-
wich of six aperture plates, a wide-
area cathode and an aluminized
phosphor screen, packaged in a rec-
tangular vacuum tube. The tube
faceplate is 5.4 by 3.8 inches. How-
ever, this model is just a proto-
type. Future models may have
larger screens.

Each aperture plate has 512,
5-by-7 matrices of holes through
which electrons can pass. Each
matrix represents one character.
The aperture plates are all align-
ed so that an electron passing
through a particular hole in one

plate will pass through the same
hole in every plate. Each hole can
be set at a positive or negative
potential by a digital addressing
scheme. If the hole is positive, the
electron beam can pass through.
If it is negative, the beam is block-
ed. Only if all aperture plates have
that particular hole at a positive
potential can the electron beam
reach the phosphor screen to write
a dot.

A wide-area cathode provides the

source of electrons, which first
pass through a beam-forming plate.
The next four aperture plates select
the row, column, row bit and col-
umn bit. And the final plate is a
beam-focusing one to get a sharp
dot on the screen.

The writing speed of the proto-
type is 512 characters in 1/60th
second. The beam current at the
screen is about 1 microamp.

Edward Elowe, manager of new
product development at Sylvania
says: “If Sylvania decides to go
ahead with the project, the display
—called Digisplay—should become
a product in late 1973.” He adds:

Since the public is used to look-
ing at a CRT-type display for TV,
we feel that flat-screen CRTs may
be more acceptable to the public
than other flat screen display tech-
nologies in a television application
at a much later date.”

Surface-wave device
may shrink TV tuner

An acoustic surface-wave chan-
nel selector that may ultimately
find application as a solid-state
television tuner has been developed.

If it proves feasible, it would
shrink a TV tuner to the size of a
25-cent piece. In addition, an
acoustic surface-wave tuner is
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LSI-compdtible. By making the
device on a silicon substrate, a de-
signer could include amplifiers on
the same chip.

The surface-wave device, a circu-
lar chip, has been developed by
Westinghouse Research in Pitts-
burgh. According to Michael R.
Daniel, senior scientist for West-
inghouse, the commercial use of
such a device is still a few years

Acoustic surface-wave channel selec-
tor converts electrical signals to ul-
trasonic ones and back again.

off. The basic problem, he says, is
not one of technology but rather of
reducing the cost of the materials.

In operation, the device chan-
nels incoming signals into a mid-
dle strip (as shown in photo),
where they are converted into ul-
trasonic waves on the surface of
the disc. Five pairs of “combs” at
the periphery of the chip can be
used to tune in a single channel by
converting a particular frequency
into electrical signals for ampli-
fication. Channel selection would
take place by using a switch to
select the appropriate set of combs.

Video disc may provide
home color-TV movies

Color movies that can be repro-
duced on a standard television set
the way music is on a phonograph
may not be too far away. MCA
Technlogy, Inc., has developed a
prototype of a video color disc sys-
tem at its research laboratory in
Torrance, Calif.

Kent Broadbent, executive in
charge of research and develop-
ment at MCA, says that video in-
formation from a regular color
movie is recorded in microgrooves
on the disc. When the disc is played
back on an adapter that connects
to the antenna terminals of a
standard television set, the micro-
grooves are scanned by a laser
beam, which reads out the stored
video information. For a full-
length movie, Broadbent notes, sev-
eral dises may be needed.

Although MCA refuses at this
time to disclose more technical de-
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tails, Broadbent admits that some
problems must still be solved in the
disc duplication process. However,
he anticipates that the dise will be
ready for public demonstration
later this year.

Dielectric materials
made superconductive

Russian researchers report that
they have made dielectric mate-
rials, such as arsenic and phos-
phorus, superconductive—until
new a characteristic peculiar to
metals only.

Acting upon the theory develop-
ed by Aleksei Abrikossov, member
of the Soviet Academy of Sciences,
scientists at the Dept. of Low
Temperatures in the Moscow State
University have found that when
nonmetals are subjected to mag-
netic fields of 900,000 oersteds and
temperatures close to absolute zero,
they become superconductive.

The experiments show that at
these super-low temperatures,
super-high pressures and very
strong magnetic fields, new state
transitions occur in the material
because of changes in the energy
spectrum. Under these conditions,
the scientists note, such concepts
as “metal,” dielectric” and “semi-
conductors become less meaningful.

The scientists see eventual appli-
cation for the phenomenon in eryo-
genics, computers and communica-
tions equipment.

Danish tester screens
assembly-line resistors

High-reliability test equipment,
which heretofore has been used
only on components going into
special, critical systems, such as
spacecraft, is now being used rou-
tinely to test resistors coming off
a mass-production line.

Described as third-harmonic test
equipment, the system is called the
Component Linearity Tester. It
was built by Radiometer A/S of
Copenhagen, Denmark, and has
been bought and installed on the
production line of Vishay Inter-
technology, Inc., in Malvern, Pa.

Modified to Vishay specifications,
the unit is capable of detecting in
resistors any nonlinearity or
change in resistance value caused
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by faulty welds, film aberrations,
resistive-path inconsistencies, con-
tact instability and other imper-
fections. The tester can also identi-
fy resistors with imperfections
that might lead to failure.

A pure sinusoidal current at a
frequency of 10 kHz is applied by
the tester to the resistor. Non-
linearity is determined by selec-
tively - measuring the third-har-
monic voltage generated in the
resistor.

Vishay says the tester elimi-
nates the need for pull tests, visual
inspections and checking for devia-
tions from specified tolerances. The
test is particularly valuable for
hermetically sealed units, the com-
pany says.

Experiments sought
for celestial satellite

Suggestions for experiments to
be put aboard a small astronomi-
cal satellite called International
Ultraviolet Explorer are due by
Aug. 15.

With an expected launch in 1976,
the 669-pound spacecraft is intend-
ed to make both high and low-
resolution ultraviolet observations
of stars, planets and other celestial
objects.

Proposals for experiments should
be submitted to either the National
Aeronautics and Space Adminis-
tration in Washington, D.C., the
Science Research Council of the
United Kingdom in London or the
European Space Research Organi-
zation in Neuilly sur Seine, France.

Thosé whose experiments are
chosen will form a user group of
“guest observers” to help the three

sponsoring organizations plan the
mission and to conduct the initial
observation program.

The satellite is to carry a 213-
pound instrument package that
includes an 18-inch ultraviolet tele-
scope and spectrograph. Three tele-
vision cameras are to be used to
record the spectra for transmission
to earth. Solar-cell arrays and re-
chargeable batteries are to provide
electrical power.

The project is being managed
for NASA’s office of Space Science
by the Goddard Space Flight Cen-
ter, Greenbelt, Md.

FCC to study crowding
in land/mobile bands

In an effort to eliminate crowd-
ing on land/mobile communication
frequencies, the Federal Communi-
cations Commission has ordered a
specially equipped van to study the
channels.

The van, to be provided by Fair-
child Electrometrics of Amster-
dam, N.Y., will contain several an-
tennas, receivers, a minicomputer
and a nine-track magnetic tape re-
corder. Under computer control, a
receiver in the van will scan the
land/mobile frequencies from 25 to
512 MHz. The signals for each
monitored frequency will be re-
corded for 1 msec., with the scan-
ning cycle repeating every 0.5 s,
according to John MecMann, chief
systems engineer for the FCC’s Of-
fice of Spectrum Management.
The recorded signals will then be
analyzed and processed by com-
puter and the occupancy of each
band determined. The study may
lead to new channel assignments.

News Briefs

Scientists at the Naval Research
Laboratory in Washington, D.C,,
report they may be close to de-
veloping an operational technique
for measuring storms up to 1000
nautical miles away by using high-
frequency radar.

Calculators get smaller and small-
er. The Computer Design Corp.
of Los Angeles has introduced a
pair of 5 X 9 X 2-inch program-
mable calculators, called the
Scientist 322 and the Statistician

342. An 80-step program memory
can be entered via keyboard. The
units will sell for $795 and $995,
respectively, and use a 12-digit
Burroughs Panaplex II display.

A new Microwave Technology
Center has been established by
RCA Laboratories in Princeton,
N.J. The center, which will be at
the David Sarnoff Research Cen-
ter, combines all of RCA’s applied
microwave research activities
under one management.
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GE DESIGNED THESE TRIACS FOR YOU

.4

GE originated the triac in 1963 and now offers new standards of performance and
reliability. Silicone encapsulated SC141 and SC146 triacs, up to 500 volts, and

6 and 10 amps respectively, feature the new proprietary POWER-GLAS " passivation
process which creates a void free bond between the silicon chip and the matched
glass. This results in low "“off-state” currents of typically 10 A. The SC141 and
SC146, like all GE triacs, have inherent immunity from transient voltage damage
and improved commutating dv/dt. Additionally these rugged packages incorporate
a stress-free assembly system, which offers you torque limit-free tab mounting and
easily formed round leads. For your convenience, GE offers 6 standard lead
configurations. These features make the SC141 and SC146 your best

value in 6 and 10 amp triacs.

Another GE creative design, the ST4
asymmetrical trigger, is an ideal trigger
for light dimmer applications. It features
performance comparable to triggering
circuits using at least 3 additional passive
components and greatly reduces hys-
teresis effects by means of a single RC
time constant. At 46¢ each in 1,000 unit
level, it is truly an economical companion
to GE POWER-GLAS "passivated triacs.

GENERAL % ELECTRIC

Interested in seeing how GE triacs and triggers can help you design? For free SC141B and
ST4 samples write on company letterhead to GE Semiconductor Products Department,
Electronics Park, Bldg. #7, Mail Drop 49, Syracuse, New York 13201.
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HAT is the fastest growth
Warea in today’s electronics
market? It’s industrial elec-
tronics. The demand for specialized
industrial equipment and compo-
nents is expected to surpass Gov-
ernment electronics as a market
in the next few years. The reasons
are twofold: Much industrial
equipment is believed overdue for
replacement, particularly after the
recent recession and because of the
need for improving domestic pro-
ductivity to compete with foreign
imports. And the Federal Govern-
ment is giving manufacturers a
break on depreciation of equipment
and on reinvestment of capital.
The growth is reflected in a de-
mand for new process and machine
control systems, specialized test in-
strumentation and new power
devices.

Automating the factory

A major trend is the automation
of machine and process-control
functions in factories. Punched-
tape numerically controlled sys-
tems are giving way to computer-
ized numerically controlled sys-
tems. The new systems, tied to the
development of cheaper, more ver-
satile minicomputers, will in time
lead to the ultimate in factory
automation—the integrated manu-
facturing system.

A number of design problems
need to be resolved before this de-
velopment becomes a reality. For
example, control panel boards that
display information must be made
smaller. One answer: A CRT dis-
play that operates on a ‘“control-
by-exception” basis; it displays
only exceptions to normal opera-
tion. i

Another problem is reliability. A

Ralph Dobriner
Managing Editor
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Industrial electronics:

single system failure could knock
out total industrial production in
a plant. The answer may lie in
functional partitioning of subsys-
tems and the use of high-reliabili-
ty, hermetically sealed components.

Also, there is a need for more

multiplexed communication sys-
tems to join the computers and
various subsystems in the plant.
These networks should incorporate
a self-diagnostic capability.
Minicomputers are finding ever
wider use in process-control sys-
tems, data-collection equipment,
bulk memories, inventory control

and various monitoring functions.
They are being used in areas pre-
viously untouched by computer
technology. For example, in inven-
tory control geographically sepa-
rated warehouses have previously
depended on a central computer to
keep track of shipments. But this
has been at the expense of com-
plexity in the central computer and
time-consuming data communica-
tions. Warehouses are now install-
ing minicomputers to keep track of
their inventories, and communica-
tion with the central computer is
only for transactions involving
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Where today’s action is

other warehouses or for manage-
ment information.

The main spur to this dramatic
expansion of minis in industry is
their continued drop in cost and
the desire for more efficient process
and machine-control operations.

Minicomputers, in fact, have be-
come inexpensive enough to control
individual machines in a plant. A
multitude of such computers can
even be used to feed management
data to a central computer, there-
by bringing closer the day of the
fully automated factory.

Power-transistor technology re-
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Typical of today’'s automated testing
system is General Electric’s product
quality analyzer which makes up to
35 electrical performance and safety
checks on each GE refrigerator in
just 10 seconds.

mains one of the more dynamic
growth areas in a field where other
discrete semiconductor components
are rapidly succumbing to the in-
roads of integrated circuits.

In recent years power semicon-
ductors have invaded every field
of electronic amplification, switch-
ing and power control. Available
discrete power transistor types al-
ready number in the thousands.
They can dissipate 350 W, operate
at currents up to 100 A and volt-
ages as high as 1400 V. A new
process recently developed by RCA
may someday lead to devices with
ratings as high as 4000 V. In the
thyristor area, 4000-V prototype
units are now being tested with
research proceeding on 10-kV and
15-kV types.

Despite the progress being made
in discrete power devices the wave
of the future, according to design-
ers in the field, is toward integrat-
ed circuits, as customers demand
lower cost, higher reliability and
more functions per device.

Test systems look to computers

Test-equipment  manufacturers
are increasingly adopting computer
techniques to process instrument
data as well as to control the meas-
uring process. Many of today’s in-
struments, such as counters and
digital voltmeters, deliver informa-
tion in machine language as well
as visual readout.

One trend is toward the design
of specific industrial test instru-
ments rather than to use general-
purpose laboratory-type test in-
struments. For example, industrial
counters that have been developed

are not required to measure high
frequencies if they are used in the
communication or computer indus-
tries. But they must have much
higher noise immunity and they
must be able to withstand rugged
environments, such as high vibra-
tion, shock, and corrosive atmos-
pheres.

Pollution curbs have impact

Tightening government curbs on
industrial pollution, along with in-
creasing concern by the public and
manufacturers on potential hazards
in consumer products are also hav-
ing a major impact in the use and
design of industrial test systems.

A few years ago testing was
done with relatively simple equip-
ment. Now the pressure of govern-
ment regulation has created a de-
mand for sophisticated and complex
data acquisition, display and evalua-
tion systems. For example, automo-
bile manufacturers are now using
computer-controlled test systems for
analyzing exhaust emission. These
tests were once performed and re-
corded by hand and painstakingly,
analyzed later. The computer pro-
vides programmed instructions for
the test. The system automatically;
calibrates, averages and linearizes
the digitized analog outputs of the
gas analyzer sensors used to detect
the pollutants. A test report is pro-
vided by the computer when the test
cycle is completed.

The transportation industry is
particularly interested in develop-
ing specialized test systems for
analyzing fatigue, not only for pri-
vate vehicles but also for tractors
and earth-moving equipment.

The high cost of vehicle recall
makes it attractive for manufac-
turers to conduct complex multi-
channel fatigue studies on such
components as rear axle and en-
gine mounts. =m
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Minicomputers taking over in factories
in blue-collar and white-collar roles

The shift to automation in in-
dustrial plants is reaching a new
stage. With the cost of minicom-
puters continuing to drop, factories
around the country are preparing
to change over to more efficient
systems. The goal: fully automated
factories, with software replacing
hardwired logic.

Already the results are profound:

m It is now economically sound
to design systems with a minicom-
puter controlling as few as two or
even one machine. Called com-
puterized numerical control (CNC)
this technique is moving in on
numerical (NC) systems, which
follow taped instructions.

m Minicomputers can be used in
remote areas of a plant to collect
data from a number of nearby sen-
sors and send the information to
a main computer in a control room
by a single wire. At present copper
wire and its shielding is run from
every sensor in a plant to the con-
trol room, and this costs more than
a minicomputer with a single com-
munications link.

m A hierarchy of computers can
be created, all feeding data to a
big central computer to manage
an entire plant. This is helping to
prepare the way for the ultimate
in automated factories—the inte-
grated manufacturing system
(IMS), or computer-aided manage-
ment system (CAM), as it is also
called. This system not only oper-
ates the machines, controls the
processes, moves materials and
keeps inventories, but it also sup-
plies management with reports on
the manufacturing process. Philip
Geier, chairman of Cincinnati Mili-
cron, Inc., foresees such factories
by 1985.

Moving toward the new stage in
industrialization, the Foxboro Co.

John F. Mason
Associate Editor
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A numerical control system runs a Burgmaster for the precision drilling need-
ed for the casing for the AN/ARA-63 all-weather landing system receiver that
Cutler-Hammer's AIL Div. is building for the Navy.

in Foxboro, Mass., has already add-
ed some management functions to
its well-established process-control
line. And General Automation in
Anaheim, Calif., makes manage-
ment control optional in its new
computer-controlled machine tool
systems, Adapt-A-Path.

“The computer for such sys-
tems,” says Bruce Baldridge, Fox-
boro’s manager of corporate mar-
ket and product planning, “allows
you to carry on first-level control
functions of a plant plus obtain
data for creating reports and for
looking at trends over a long period
of time. This information is gath-
ered automatically and continuous-
ly. The industry is definitely reach-
ing in this direction.”

The trend toward full computer
control of the factory follows one
that saw pneumatic devices give

way to electronic analog equipment
which in turn was replaced by
digital systems.

The new thrust in automation is
not without its design problems.
Imperative to its success are solu-
tions of these needs:

m Further centralization of con-
trols.

m System reliability that will let
equipment fail—if it must fail—
piece by piece instead of -cata-
strophically.

® Communications links that
make use of such techniques as
time-sharing and multiplexing.

m Computer equipment that can
withstand harsher environments
than it ever has before.

m Simplified software.

On centralization of controls,
Foxboro’s Baldridge notes: “Cus-
tomers don’t want a dozen control
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Control panels for process control systems (top) sometimes extend 200 feet.
Replacing these panels now are CRT displays such as Foxboro's Fox 1 that
present only the portions of the system that need attention.

rooms. They want one computer to
be in charge of the whole plant.”

CRTs are cheaper now and are
moving into industrial control,
Baldridge says. The panel boards
that display sensor information are
becoming too large. Some panels
in refineries are 200 feet long.
“Just walking up and down a panel
like this is a big job, and adjust-
ing all the dials is worse,” Bald-
ridge says.

Foxboro’s answer is a CRT dis-
play that operates on a “control-
by-exception” basis. It displays
only exceptions to the established
norm. When something goes
wrong, the CRT signals the opera-
tor with a red light. For details,
the operator pushes a button and
they appear on the CRT. Even
without a problem the operator
can look at any part of the system
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on the CRT display.

Reliability is a very real design
requirement for an integrated sys-
tem, Baldridge indicates, because
system failure could halt produc-
tion, could turn out costly unusable
products, or could permit an ex-
plosion if gases or certain chemi-
cals were involved. “And our sys-
tems must operate constantly,”
Baldridge says, “24 hours a day,
seven days a week, sampling many
signals every second. And there is
no scheduled down time.”

Foxboro’s manager of corporate
development and engineering,
Charles McKay, explains the com-
pany’s solution. Since no system is
completely failsafe the company’s
engineers design each subsystem so
that if it fails it won’t drag an-
other subsystem down with it. They
do this by functionally partition-

ing, or isolating, each subsystem
so that failure in one function
can’t go through the interface to
disrupt another function.

“You can’t let a failure affect the
power source that supplies the
other functions,” McKay explains.
“Partitioning by function has been
used in the aerospace industry but
only now in process control.”

Further, only high-reliability
components are used. Foxboro no
longer uses plastic encapsulated
semiconductors—only the hermeti-
cally sealed, ceramic type or her-
metically sealed TO-5 linear ICs.
Carbon composition resistors have
also been replaced by metal film
resistors because of their increased
stability and long life.

“We build our systems for 10
yvears of constant operation. For
components that can’t possibly last
that long we design in redundan-
cy,” McKay says.

Foxboro, Kearney & Trecker of
Milwaukee, and others express
strong interest in CMOS for use
in memories. “We’re excited about
CMOS,” McKay says, “because of
its low power requirements, which
result in low temperatures, which
in turn permit density packaging.
We hope, however, that by the time
they become available, there will
be improvements in speed.”

More control, more wires

Communication is becoming in-
creasingly important to process
control systems, McKay points out.
Wire data links—radio would re-
quire too much bandwidth—are
needed to connect the computers in
the system, to join subsystems and
plants. “The increasing number of
wires required calls for much more
time sharing,” McKay says.

Two kinds of communications
reliability are needed, he indicates:
The communications equipment
“must be incapable of causing an
explosion,” and the message re-
ceived must be correct. All com-
munications networks require self-
diagnostic capability, which in-
cludes error checking codes and
periodic automatic tests of the
communications link.

McKay also foresees more multi-
plexing from the field—no one has
built a commercial, remote field
multiplexer yet—and following
this, he adds, “there will be small,
rugged, dedicated field computers
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to work with the multiplexer.”

Digital Equipment Corp., May-
nard, Mass., has just built a rug-
ged computer for severe environ-
ments, the PDP-11R20. This ma-
chine is built to withstand more
shock, vibration and temperature
extremes than standard computers
can.

Also, to survive harsh environ-
ments, the company has built an
industrial computer enclosure call-
ed the “ice box,” which will house
DEC’s 19-inch rack-mounted stand-
ard equipment. Equipped with
either an air-conditioner or an air-
to-air heat exchanger, depending
upon the ambient temperature and
the pollution to be encountered, the
container protects the enclosed
minicomputer from hazards out-
side.

Computers tried on sea floor

An example of the extreme en-
vironmental requirements that the
industry may expect is a recent re-
quest to DEC. A major oil company
wanted a PDP-14 programmable
controller, which they planned to
put into a barrel of oil and sink
to a pressure depth of 3000 psi in
the Gulf of Mexico.

DEC sold them the machine
without a guarantee, then waited
as anxiously as the oil company
to see what would happen. So far
the barrel, with its programmable
controller inside, are down to
1500 psi and doing well.

The oil company wants eventual-
ly to put such equipment on the
ocean floor alongside producing
wells to process information from
each well and send it back, multi-
plexed, via a single cable. This
would eliminate the costly manned
platforms now needed in the sea.

Ruggedizing computers and their
enclosures are only part of a big
effort by computer manufacturers
to find new applications and new
markets. Another is cost reduction.

“We’re more interested in cut-
ting costs than in trying to make
drastic improvements in perform-
ance, since performance is already
extremely good,” says Allan De-
vault, DEC’s group manager of in-
dustrial products.

For new applications, DEC and
other computer makers are looking
toward more computerization of
materials handling, automated
warehousing and on-line testing in
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both machines and process control
systems. “Unless you test while you
build you might completely finish
a turbine blade that costs $3000
and then find out it’s defective,”
Devault says, “If something is
ruined, it's a waste to keep on ‘pro-
ducing’ it.”

To help achieve the new goals of
factory automation, semiconductor
makers are striving to improve the
components for computer memo-
ries. DEC uses MOS memories and
bipolar solid-state memories, based
on conventional IC technology, at
present. But company engineers
are watching the progress of mag-
netic-domain-tipped memories as

The dc power supply for Allen-Brad-
ley's 7300 series computer-control-
led system is built as part of the
rear door to allow components to
dissipate their heat.

well as bubble and photographic
memories.

Unfortunately the MOS memory,
Devault says, is knocked out when
power is turned off. “We have to
supply a standby battery or to pro-
vide some way to recopy the
memories,” he explains. “This can
be done by using a system that de-
tects a power failure 50 millisec-
onds before it happens, instructs
the MOS memory to transfer its
information for storage to a stand-
by memory that is not affected by
a power blackout. When power is
restored, the standby disc memory
is instructed to reload the MOS
memory.

One need DEC foresees is sim-
plification of software to enable the
untrained user to communicate
easily with his minicomputer.
“CRTs as an interface will enter
into this phase more and more,”
Devault predicts. “Operators, as a
rule, don’t like typewriter inputs.”

Simplified software is a major
concern of Kearney & Trecker, and,
the company believes, it has made
a major accomplishment in this
area. The Milwaukee-based com-
pany, which will present its new
computer-controlled machining cen-
ter at the Machine Tool Show in
Chicago in September, approaches
the problem of software in two
ways that are different.

According to Norman Buck,
senior mechanical engineer in
charge of software, the program-
mers have created a special com-
puter language that helpsy them
write the software for computer-
controlled machining centers.

Also, electronics engineers who
work on the system have mechanical
design experience. And many of
the software programmers are me-
chanical engineers. “During de-
velopment there is a constant inter-
play between hardware and soft-
ware design,” Buck says. “This
permits us to cut down on both.
For example, in our new Milwau-
kee-Matic 200 machining center, we
are able to get by with a 4K core
memory whereas our competitors
used three times as much memory.
We have relied more on software
in this machine than has been ac-
complished anywhere before,” Buck
says.

“As for eliminating hardware,
we use logic to calculate measure-
ments normally collected by sen-
sors. Knowing the continual posi-
tion of a tool along with the pre-
cise times, the computer tells us
the rate the tool is moving. We
don’t need a tachometer which is
often not reliable anyway.”

Software eliminating hardware

General Automation also designs
software in place of hardware
whenever possible. Because of ef-
ficient programming, the company
says, it has built a 3-axis machine
that performs profiling, sculptur-
ing and complex contouring tasks
which heretofore were possible
only with expensive 4 or 5-axis
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Now you can inhibit corrosion for up
to 20 or 30 years or more with

Dow Corning®dielectric compounds.

We offer a wide range to solve
virtually all corrosion and moisture
problems found in electrical and
electronic equipment.

For example, Dow Corning 2 com-
pound is especially formulated to
protect copper conductors and
device leads. Our 6 compound inhib-
its rusting of iron and steel. Number

19 compound prevents galvanic
corrosion of electrical connectors,
particularly aluminum-to-copper and
steel-to-aluminum. All three
greaselike compounds have excel-
lent dielectric properties, are water
repellent, resist drying out in service,
retain protective properties from
—401t0 400 F.

For tougher moisture and water
problems, our dielectric sealing
compounds protect better, longer,
than any other sealing materials. Our
4 compound is particularly effective

on ignition systems, disconnects,
electronic assemblies, electrical
terminals. Number 11 compound
seals vacuum and pressure systems,
transformers, sonar systems.

Take your first step now, to the
prevention of corrosion. Write for full
product information. Dow Corning
Corporation, Dept. A-2308, Midland,
Michigan 48640.

Dielectric compounds from

DOW CORNING

DOW CORNING




systems.

Warner & Swasey Co. in Cleve-
land, producers of heavy construc-
tion and production equipment and
electronic controls, is increasing
its line of NC turret lathes and
other controls and it has just fin-
ished designing a crane load moni-
tor.

The monitor will warn the crane
operator when the combination of
load weight and the angle and
length of the telescopic beam is
about to endanger the crane’s sta-
bility. The monitor consists of an
LSI power supply, a transducer or
precise load cell bolt, an LSI load
signal amplifier, a reference volt-
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control, Redrode points out, is the
lack of standard instructions avail-
able for programming such a sys-
tem. “You might instruct a metal
cutting machine to cut at a certain
rate, maintaining a certain thick-
ness. But how do you know that in
following these commands the ma-
chine won’t have to use excessive
power or burn out the engine or
wear out the cutter itself? There
is much to be learned before adap-
tive control can be effective.”

A number of companies now
have big plans for direct numerical
control (DNC), another winner at
the Machine Tool Show two years
ago, which has done badly, most

A

PDP-11/45 computers are being tested before shipment by two PDP-11/20
minicomputers at Digital Equipment Corp.’s plant in Maynard, Mass.

age and switching system, a com-
parator and an alarm system.

Adaptive control, which received
so much attention at the Machine
Tool Show in Chicago two years
ago, is still waiting in the wings
because accurate sensors are not
available, according to both Warner
& Swasey, and Allen-Bradley’s Sys-
tems Div. in Highland Heights,
Ohio.

Some good sensors do exist, says
Allen-Bradley’s manager of product
planning, L. O. Rexrode, but they
are prototypes. ‘“The immediate
problem is to design sensors that
are not only functional but also
manufacturable.” Allen-Bradley
is developing its own spindle de-
flection sensor which it believes
will be both accurate and easy to
produce.

Another problem with adaptive
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manufacturers agree, because of
the economy. “If half your machines
aren’t running, there’s no need to
buy a computerized system to help
them stay idle,” one manufacturer
says. But now things look brighter.

Allen-Bradley plans to get into
DNC but only after it moves ahead
sufficiently in its main priority to
extend its computerized numerical
control applications to areas such
as lathes, including 2-turret, 4-axis
machines with simultaneous control
of each tool; inspection machines
and multimachine systems where-
by one computer will serve several
different machines. The hardware
for these new ventures will change
very little, Rexrode says. The de-
sign work will be in the software.

Display devices for industrial
control is an area where improve-
ment is needed, says Cutler-Ham-

mer’s manager of electronics de-
velopement, H. P. Schutten, in
Milwaukee, Wis. “We're looking
very closely at liquid crystals to
replace LEDs. They will require
far less power and generate less
heat.”

“We’re also looking at new ways
to solve design problems. Instead
of buying a semiconductor with
given voltage characteristics and
having to work with those char-
acteristics, we need special semi-
conductors to work with the volt-
age current characteristics most
convenient to us. Ion implantation
techniques should be helpful here.”

Safety must be designed in

One problem that designers will
have to face more and more, says
Cutler-Hammer’s manager of digi-
tal products and systems develop-
ment, Paul M. Kintner, is safety.
Electronic equipment must be im-
pervious to electrical noise. If an
electronically controlled punch
press has to operate next to an arc
welder, whose electrical signals
could close the press on a worker’s
arms, the electronics must be de-
signed to counter this danger. “An
electro-mechanical relay might be
used to protect the operator.”
Provisions of the Occupational
Safety and Health Act will be more
and more rigidly enforced, Kintner
says.

While working toward its goal
of expanding its factory and man-
agement control capability, Cutler-
Hammer has developed a static de
adjustable voltage drive, called the
Responder, with design changes
that the company feels will make
maintenance easier.

All the electronics are grouped
together in a single module. “This
enables us to pretest larger sub-
assemblies, thus achieving greater
quality control,” says designer
John F. Linsley. “And it separates
the dangerous high energy electri-
cal portion from the electronics.”

Also, the electronics portion is
close to the front of the housing
where it is easy to get to, and can
be repaired without disassembling.
Cutler-Hammer has also changed
the colors of the printed circuit
boards from green and black to
blue and white. “It’s easier to see
the silk screening when you are
working with blue and white and
it’s nicer to look at.” mm
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et a clock driver free...with each
Static Shift Register you order.

It’s built right into the chip. Every
2500 Series MOS static shift
register comes off Signetics’
production line with its own
on-board clock generator.
Plus a real windfall
of other major
improvements. To
help lower total
systems cost, and
make the parts
easier to use.

Usability at a reasonable price.
That is what you’ve been after. And usability runs in
the family of Signetics new MOS static shift registers,
the most complete collection in the field.

Operating from DC up to 3 MHz, these optimized
devices eliminate minimum frequency headaches. Go
right down to DC without adding extra logic.

And because the Signetics line can be treated like TTL
itself, no level shifters are necessary at either input or
output—again lowering your overall component count
and cost. Just as the built-in clock generator demands
no expensive high-level clock drivers.

Power requirements are standard +5V, —12V. And
you recirculate data without external logic.

Signetics 1024-Bit Static Shift Register

For the first time, with the 1024-bit static shift register
you can have the benefit of easy-to-use static shift
registers for long bit length applications. And, a
dual-128 for 128 column printers, or a quad-80 for

80 column CRTs.

Combine the on-board clock generator, with TTL
compatibility and the wide range of bit density (from
50 up through 1024), and you’ve got more flexibility to
work with, in both design and application, than you
ever hoped to find in static shift registers.

[1024x1 ] 8pin | 20 ] $9%0 | 2533V |

You save on parts, on engineering no longer required.
Yet end up with maximum memory on the board, at
minimum cost in time, space and dollars.

Write Signetics for our helpful MOS Wall Chart and
new Handbook, which organize the specs, technical
data, and applications of all our MOS memory
products—the broadest, most versatile line of static
shift registers ever put on distributors’ shelves, as well
as optimized RAMs and ROMs.

Signetics/MOS

811 E. Arques Avenue
Sunnyvale, California 94086
(408) 739-7700

Please send us your MOS Wall Chart and new Handbook,
with complete technical and applications data on
Signetics user-oriented static shift registers..

Name

Title

Company

Address

City State Zip

Telephone

C i y of Corning Glass Works.

N H
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Industrial Electronics ‘72

Power devices pushing into new fields
as costs fall and performance soars

With costs dropping and voltage
and current ratings rising dra-
matically, power semiconductors
are invading every field of switch-
ing and power control.

The developments include these:

m Manufacturers such as Delco,
Solitron and Texas Instruments
have 1400-V transistors available,
and work is being done to obtain
2200-V devices.

m Westinghouse has announced
the availability of 2500-V thyris-
tors and is testing prototypes of
a 4000-V unit.

s Semiconductor manufacturers
are responding to customer de-
mands for more functions per
device. As a result, power Darling-
tons and power hybrids are be-
coming available, paving the way,
for the introduction of power in-
tegrated circuits.

More expensive and less-reliable
devices are falling by the wayside
as power transistors and thyris-
tors find application in these areas
previously considered unfeasible:

m They are being used in high-
voltage dec systems and uninter-
ruptable power supplies.

m They are replacing less reli-
able relays and thus allowing the
construction of more complex
equipment.

m They are being used to elimi-
nate bulky transformers in power
supplies.

m They are helping to conserve
energy by dissipating less energy
as heat.

With progress like this, power
semis are turning up in mass
transit systems, ac and dc motor-
speed controls, emergency power
supplies and induction heating
equipment, among other applica-
tions.

The higher current and voltage-
handling capabilities of power

Jules H. Gilder
Associate Editor
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A new approach to power-integrated circuits is being studied by RCA. Stacked
wafgrs of doped semiconductor material, separated by oxide, are sliced
longitudinally and the device is completed with standard processing.

transistors are a result of im-
provements in semiconductor proc-
essing and materials in the last
few years. Processes such as epi-
taxial base, double diffusion and
triple diffusion are responsible for
providing higher current, faster
switching and higher voltages.

New process cuts cost

A fourth process, recently de-
veloped by the RCA Solid-State
Div., Somerville, N.J., promises
even more advances. This process
is known as m-v epitaxy and,
according to Richard Denning,
RCA’s manager of power tran-
sistor engineering, it will allow
the fabrication of devices that can
handle twice the volt-amperes of
present units of equivalent size at
the same cost. Or the cost and size
of the chip can be cut in half while
maintaining present volt-ampere
levels, Denning says.

The new npn structure uses al-
ternately grown n- and p— epi-
taxial layers on an n* substrate.
Both n-base diffusion and n*
emitter diffusions are used in the
conventional manner. There is no
limit on the wafer thickness when
the new RCA process is used, Den-
ning reports. Other processes use
wafers that are limited to a thick-
ness of 7 mils, he continues, and
that is too thin for automated,
high-temperature processing.

“With -y epitaxy,” Denning
explains, “we can now use 14-mil
wafers and therefore automate,
reducing costs even further.”

Looking to the future, Denning
sees 2200-V transistors in two to
three years. If care is taken with
material and processing tech-
niques, he continues, it will be pos-
sible to produce devices with rat-
ings as high as 4000 V. But this,
he says, is still three or four years
away.
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WHEN YOU NEED

PROTOTYPES.

Just watch our action when you call
for service! The old-fashioned, de-
pendable kind that just could be
brand new to you. With fast applica-
tion help, fast action on prototypes,
and delivery dates you can count on.

Fact is, we have snapped into
action in a big way. Coming up with
new lines cof precision snap-action
switches, designed and manufactured

: More than just switches;
SW"Ch prompt availability,
field help, innovation,
to No.1 2

quality assurance, too.

in the Cutler-Hammer quality tradi-
tion. We have samples in stock for
immediate inspection.

But remember. If we don’t have
exactly what you want already, tell
us and we'll snap into action to get
you a prototype promptly.

Call your Cutler-Hammer Sales En-
gineer or Switch Distributor and ask
him how our snap-action switches (and
service) can help you meet your prod-
uct development schedules on time.

Action you want.
Action you'll get!

INFORMATION RETRIEVAL NUMBER 17

Miniature—Five different types with
U.L. rating up to 15 amps. Four terminal
styles. Choice of.actuators—straight
lever, roller lever, simulated roller lever,
Sub-miniature—Four basic types with
U.L. rating up to 10 amps. Four terminal
styles. Same actuator choice as above,
Sub-subminiature—Four basic types
with U.L. rating up to 7 amps. Four termi-
nal types. Actuators—a variety of lever,
leaf and roller lever types.

CUTLER-HAMMER

SPECIALTY PRODUCTS DIVISION, Milwaukee, Wis. 563201



transistors, the

Like power
availability of the larger thyris-
tors is linked to new processing

techniques. In addition, package
designs like the “hocky puck”—
also known as the flat pack or the
power disc—are surrounded by
a heat sink and can dissipate heat
from both the top and bottom of
the package.

Improvements in the design of
SCRs included the addition of p+
and nt regions under the contact
areas, the use of a shunt between
the gate and the cathode and the
use of gold doping. These design
changes have resulted in improved
forward drop and lower turn-on
voltages; stabilized gate current,
better blocking voltage and dv/dt
capability; and reduced storage
time and improved frequency per-
formance.

Work is still being done to re-
duce the turn-off and turn-on
times of SCRs, says Larry Carver,
manager of advanced engineering
for International Rectifier, El1 Se-
gundo, Calif. By reducing the
turn-off time, he continues, the
designer can use smaller-value and
less-expensive commutating capac-
itors in his design.

Hal Steinbruegge, applications
engineer for Westinghouse Elec-
tric’s Semiconductor Div. in
Youngwood, Pa., agrees. Currently
available high-voltage devices have
turn-off times of about 10 wusec,
he points out—“we’d like to see
them at about 1 usec.”

The turn-on times for our big

36

Motorola’s monolithic dual Darlington (upper left) is the first of a new line of
power devices that will be introduced soon. The dual hybrid power driver
(lower left) is an example of the trend toward integration in power devices,

as is RCA’s high-current voltage regulator (right).

two-inch wafers are now about 15
usec,” Steinbruegge goes on.
“We’re trying to bring that down
to about 1 or 2 usec.”

Staney Hunt, manager of power
product sales for Westinghouse,
says that research is going on in
the development of 10-kV and 15-
kV devices.

SCRs pave way for power ICs

The SCR, which consists of two
transistors on the same chip, was

actually the first step toward pow-
er integrated circuits, says Frank

International Rectifier's diodes have

replaced ignitrons in this caustic
chlorine cell at Dow Chemical.

Taylor, marketing manager of
power products at Texas Instru-
ments, Dallas. The second step was
the power Darlington.

Today, Taylor continues, the
customer is demanding more com-
plex functions from the compo-
nents manufacturer. Power-device
technology, he explains, is going
the way of the small signal devices
—integrated. Customers want the
same low cost, high reliability and
space and labor savings in power
devices that they can get in small
signal units.

Such semiconductor manufactur-
ers as Motorola, RCA and Texas
Instruments are, in general, start-
ing out with integrated hybrids.
Examples of this are RCA’s HC-
4000 series of high-current voltage
regulators, TI's TIXH805 switch
and Motorola’s MCH2890R dual-
power driver.

But the hybrid approach is not
the only one being investigated.
RCA is developing a new fabrica-
tion technique. In it (see illustra-
tion) individual wafers of p+, p-,
nt and n- material are stacked,
with a layer of oxide separating
them. These stacked wafers are
then sliced longitudinally. The col-
lectors are then closed by n+ and
pt* diffusions, and a layer of oxide
is grown on the resulting slice.
From here on, the slice can be
handled like any power transistor
or IC. With this technique, it is
possible to produce an integrated
array of high-voltage—300 to
1000-V—transistors. mm
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11 MHz function generators with...

Model 7056

...from - AC 7. of course!

With these two instruments and five others in our 7000 series,
EXACT offers you the widest, most versatile line of broad
frequency function generators (up to 20 MHz) available.
Choose to meet your EXACT needs.

Model 7056 — 0.0001 Hz to 11 MHz.

Amplitude modulation and phase lock along with voltage
controlled frequency provides am/fm and phase lock capa-
bility over the full frequency range of the Model 7056. AM
is adjustable through 100% to suppressed carrier. Voltage
control features include:

VCA: Voltage Controlled Amplitude for analog control of
amplitude or wide band amplitude modulation (even sup-
pressed carrier).

VCSS: Voltage Controlled Start-Stop for programming the
start stop point of triggered or gated waveforms.

VCP: Voltage Controlled Phase for analog control of phase
or phase modulation. (Phase lock)

AM—Top: Triangle
modulating signal.
Bottom: Sine wave
modulating signal.

Suppressed carrier—
Top: Square wave
carrier. Bottom: Sine
wave carrier.

toward suppressed
carrier. Bottom: Ramp
modulation.

| M| "

LT

Top: 100% modulation

In addition you get Voltage Controlled Frequency and Volt-
age Controlled Offset as in other models. You can digitally
program any input with a D-A converter.

Model 7071 — 0.0001 Hz to 11 MHz.

A single burst of swept waveform is readily generated with
this model in the gated sweep mode. Both linear and loga-
rithmic sweep are available with precision start and stop fre-
quency controls. A sweep-hold mode allows both ends of
the sweep to be held and measured with a counter.

BOTH HAVE ALL THESE STANDARD FEATURES
OF THE 7000 SERIES:
® VCF input
Sine, square, triangle
ramp and pulse
' 1000:1 sweep
80 dB attenuation (10dB

30 V P-P outputs

* 15 V dc offset
Kelvin-Varley divider
frequency controls

Sync input for locking to

steps) external frequency
® 20 MHz in the 7200 ® Trigger/gate (except model
series 7030)

Prices in the 7000 series start at $595. Send for complete
specifications.

Top: Square wave
modulation, Bottom:
Ramp modulation.

Gated sweep, one burst

Top: Log sweep. Bottom:
of swept waveform.

V:F output.

j",mlml‘.

WL i
|

P.O. Box 160, Hillsboro, Oregon 97123 * 503/648-6661
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The C/MOS pioneer makes more news.
[
RCA COS/MOS base prices

Here’s what the trade press is saying about COS/MOS technology:

‘ COS/MOS expected to replace TTL as leading logic family ’

ELECTRONIC PRODUCTS MAGAZINE—MARCH, 1972

‘ C/MOS cuts data system'’s size, power drain ,

ELECTRONICS—MARCH 13, 1972

‘ Solid-state logic that mechanical engineers can use ,
PRODUCT ENGINEERING—JUNE, 1972

‘ C/MOS outlook buoys Pitney Monarch ,

ELECTRONIC NEWS—JANUARY 10, 1972

‘ C/MOS MSI is snowballing ,

EDN—JUNE 15, 1972

‘ Very low power dissipation, exceptional noise immunity,
wide power supply operating range (3 to 15 volts) and high dc

fanout make COS/MOS a very attractive logic family
SOLID STATE TECHNOLOGY—MAY, 1972

‘ plenty of competition for TTL...from an ever broadening
line of CMOS circuits

THE ELECTRONIC ENGINEER—JUNE, 1972

‘ CMOS is being considered more and more for applications
once dominated by TTL or PMOS ,

ELECTRONIC DESIGN—APRIL 13, 1972
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reduced an average of 25%

Here’s what RCA is doing about COS/MOS cost effectiveness:

The swing to RCA COS/MOS keeps
growing...for consumer products, for
commercial and industrial equipment.
Unit volume shipped thus far in 1972 is
running at about three times the rate for
the comparable period a year ago.

And now — RCA, the pioneer in
COS/MQOS, is able to offer a general base
price reduction averaging approximately
25% over the entire commercial line of
more than 180 types of COS/MOS IC’s.

These reductions are possible
through lower production costs based on
improved yields. Through increased vol-
ume production leading to a broader
base for fixed costs. And through im-
proved engineering and production per-
formance based on experience gained
during more than eight years of COS/
MOS development and production pro-
grams.

Base prices for COS/MOS circuits

in plastic packaging are now reduced by
an average of approximately 25%. In
ceramic by 20%. In flatpack by 20% . And
in chip form by 50%.

New base prices apply to dual-in-
line plastic, dual-in-line ceramic, flatpack
and chip configurations. Check the table
at right for base price reductions on pop-
ular circuits (100-999 unit levels).

These lower base prices extend
COS/MOS cost effectiveness...open up
even broader applications...make COS/
MOS more advantageous for engineers
designing new systems or redesigning
present systems.

To find out how COS/MOS can
have a major impact on your products —
and their cost effectiveness—contact your
RCA Representative or Distributor. Or
write RCA Solid State Division, Section
67G-20, Box 3200, Somerville, New Jer-
sey 08876.

Circuit Description Previ- New Per-
ous Price cent
Price (100- Re-
(100- 999) duc-
999) tion

Plastic

CD4001AE Gate $1.18 $0.78 34%

CD4013AE Flip-Flop 2.40 1.62 33%

CD4029AE Counter 690 635 8%

Chips

CD4001AH Gate 206 0.68 67%

CD4013AH Flip-Flop 296 1.39 53%

CD4029AH Counter 8.65 3.79 56%

International: RCA, Sunbury-on-Thames, U.K., or Fuji Building,
7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku- Tokyo, Japan. In
Canada: RCA Limited, Ste. Anne de Bellevue 810, Canada.
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Do you want to have the whole picture on
Japan's great leap forward?

The Japanese Miracle and Peril witard price

Leading the world's nations in electronics, shipbuilding, cameras, watches,

literacy rate . . . gaining rapidly in other areas, Japan has risen meteorically IF

from the ashes of World War II. Such is the Japanese miracle. Within it looms £ bo the Japewese century, R
the peril, expansionism, a Japanese passion that has recurred throughout her ;’;‘j,:d"‘;:‘;ﬁgfﬁs‘°g$:§o‘:““§\.
history. Willard Price, who has been interpreting Japan to the West for more Japan today.

. " 2 9 : . Only twenty-five years after
than half a century, provides a fascinating, informative account of these inter- her utter military defeat, Japan

related themes as he probes Japan's history and the Japanese character for stands first before all the world
the root explanations of her dynamism. X .
256 pages, #6103-x, paperback $3.85

Other New and Informative Books from [ | Hayden

Eight Lives in Jazz: Combo U.S.A. FOATREl  America the Vanishing: Rural Life
e ' and the Price of Progress

Here are the stories behind the music, intimate portraits Edited by SAMUEL OGDEN

of the people who put their genius and dreams into a ) ) |
distinctly American sound. They all come alive in these From paradise to pollution-riddled land, the sorry fate of
the American countryside is recounted by some of our

pages: the late, legendary Louis “Satchmo’ Armstrong; ’ ) ;
Sidney Bechet, Jack Teagarden; Lester Young; the bitter- best-known writers. Audubon, Muir, Twain and others
evoke the small-town and rural life that has virtually dis-

sweet ‘‘Lady Day", Billie Holiday; Gene Krupa; Charlie
appeared. In stark contrast, E. B. White, Rachel Carson,

Christian; and Eubie Blake. : 3
240 pages, illustrated, #6104-8, paperback $3.65 and other contemporaries portray the impact of progress
on our environment and way of life.

256 pages, illustrated, #6105-6, paperback $3.95

The Politics of Fear:
Joseph R. McCarthy and the Senate

ROBERT GRIFFITH

This compelling, award-winning study of a shameful
episode in recent American history views McCarthyism
as a political phenomenon created and sustained by
politicians hungry for power or fearful of the passions
aroused in a divided nation. In its eventual censure,
the Senate side-stepped the real issues and assumptions
upon which McCarthy built his career.

376 pages, #6100-5, paperback $3.75

The Due Process Revolution: The
Warren Court’s Impact on Criminal

Law ereo p. GraHAM

Demolishing the myth that the Supreme Court handcuffed
the police, New York Times Supreme Court reporter Fred
P. Graham reveals the background of such landmark
decisions as Mapp, Escobedo, Miranda, and Wade. He
places in perspective the Warren Court’s courageous
affirmation of the Constitution's promise of equality to
all Americans.

377 pages, #6101-3, paperback $3.75

The Electronic Invasion prsiell  Humanizing Schools: New Directions,

ROBERT M. BROWN »Y ROBERT GRIFTITR N . e
ew Decisions bouatas H. HeaTH
Anyone concerned with Big Brother’s methods will find JOSEPH R.

this best-selling exposé¢ fascinating and instructive. It MCCARTHY A disturbing analysis of today’s youngsters and of where
details all types of snooping gadgetry, names major AND THE their schools are failing them. Reporting as one intimately
manufacturers and buyers. The extent of governmental SENAT involved as both educator and psychologist, DQUQ|BS H.
and corporate bugging is surveyed, and legal strictures & Heathbprgsents adrealistic f:?mework for tdec,:dgwg what
are fully covered. [T must be done, and a compelling argument, why?

188 pages, illustrated, #0779-5, paperback $4.95 240 pages, #6003-3, cloth $6.95

At your bookstore or by mail with this convenient coupon.
L. B B N B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B |

[:]HAYDEN BOOK COMPANY, INC., 116 W. 14th St., New York, N.Y. 10011

Please send the book(s) whose code numbers | have circled below. Enclosed is my  Name
check for the total amount, plus 25¢ to cover postage and handling on my order.  Address
6103-X  6101-3 61056 60033 61048 07795 6100-5 City

If not satisfied, | may return the book(s) for full refund.
Amount enclosed: $_ State
[] Send free 96-page catalog of all Hayden Books. 72.35 ED
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Licon has added LED’s to one LPB switch line ...
another line offers neon or incandescent lamps ...
both feature patented Butterfly® switching.

You always get a great choice with
Licon® LPB switches. For example, take
just two of our many lines —Types
01-700 and 01-600 single light
switches. Our 01-700 line is now
available with integral Light Emitting
Diodes. That means virtually infinite
light life and negligible operating
current. And the 01-700’s low profile
design assures maximum light
intensity. Or choose neon or
incandescent lamps instead. In either
line. Mounting styles? Type 01-600
line features bezel or bezel-barrier, in

The Innovating Electronic Group of ITW...LICON * ELECTRC MATERIALS * PAKTRON

a single switch or multiple in matrix.
Time-saving, snap-in mounting.
Switching action? Choose from
momentary or alternate — plus a
selection of non-lighted switches or
non-switching indicator lights in
matching styles. But whatever you
choose, you also get patented double-
break Butterfly switching which
offers greater reliability and other
advantages not possible with single-
break switches. Licon LPB'’s are easily
installed and serviced.

Test light them yourself.

g LICO

Call your local Licon
rep or distributor for a
lighted demo in your
office. Or call or write
for a Licon Switch
Catalog.

Licon, Division

Illinois Tool Works
Inc., 6615 W. Irving Park
Road, Chicago,

Illinois 60634.

Phone

(312) 282-4040.

TWX 910-221-0275.




More TI integrated circuits are

used in today’s electronic systems
than any other brand in the world.
And for the reasons you’d expect:
Technology. Volume, Price. Breadth.
Dependability. Service. Quality.
Weigh them all

when you buy low-power logic.




TI announces
low-power Schottky MSI:

10 ns at less than 2 mW,

TI’s new low-power Schottky TTL line provides all
the performance of low-power TTL (Series 54L/74L)
with increased speed of 10-ns/gate and power dissi-
pation of less than 2 mW.

Improved performance in
power-critical applications

Low-power Schottky offers greatly improved speeds
in portable or remote systems, or in any application
where minimum power is a prime consideration.
Compared to their low-power TTL counterparts, low-
power Schottky circuits require less than 1 mW/gate
more power—but offer a three-fold increase in gate

speeds.

Typical Speed/Power Performance Comparison

Family 54H/74H | 54/74 | 54S/74S | 54L/74L | 54LS/74LS

Average Propagation

Delay (ns) 6 10 3 33 10

Average Power

Dissipation (mW) 22 10 19 1 2

Speed/Power

Product (pJ) 132 100 57 33 20
Full compatibility

TI’s new low-power Schottky series is compatible
with all TTL —standard, high-speed, low-power and
Schottky. Together, these TI families offer more than
250 integrated circuit functions with compatible
logic levels, voltage swings and noise margins. No
interface circuits or level shifters are required.

Broad MSI line available now

TT’s low-power Schottky TTL line now includes 13
high-complexity functions. These circuits offer you
the full benefits of MSI design—fewer packages,
smaller PC boards, fewer system interconnections—
all contributing to lower component and system costs
per gate, plus added reliability.

And within weeks, TI will introduce a full line of

low-power Schottky SSI, including 13 gates and eight
flip-flops.
Here are the MSI functions available now:

TYPICAL  TYPICAL  100-PIECE
DESCRIPTION SPEED. POWER (mW) PRICE

SN74LS83N  4-bit full adder 35ns 80 $ 3.51
SN74LS95AN  4-bit left-right
shift register 30 MHz 52 478

SN74LS138N 3 to 8 line decoder.

1 to 8 line demulti-

plexer 20 ns 30 478
SN74LS139N Dual 2 to 4 line

decoder. Dual 1 to 4

line demultiplexer 20 ns 35 478
SN74LS153N Dual 4 to 1 data

selector/multiplexer  15ns 35 478
SN74LS155N Dual 2 to 4 line

decoder 20 ns 30 478
SN74LS18IN Arithmetic logic unit/ :

function generator 30ns 105 25.85
SN74LS194N 4-bit bidirectional

universal shift register 30 MHz 60 4.78
SN74LS195N 4-bit parallel-access

shift register 30 MHz 52 478
SN74LS196N Presettable decade

counter 30 MHz 55 478
SN74LS197N Presettable binary

counter 30 MHz 55 478
SN74LS253N  3-state version of

SN741S153 20 ns 45 5.74
SN74LS295N  3-state version of

SN74LS95A 30 MHz 60 5.74

Immediate availability

Low-power Schottky circuits are available in the
plastic dual-in-line package. Evaluation quantities
are available immediately from your authorized TI
distributor or direct from factory inventories. Pro-
duction quantities are available four weeks ARO.

Send for data sheets

For complete information on TI’s new, low-power
Schottky family, circle 210 on the Reader o
Service Card. Or write Texas Instruments Z]
Incorporated, P. O. Box 5012, M/S 308,

Dallas, Texas 75222.

TEXAS INSTRUMENTS

INCORPORATED 84036



Advertisement

RECENT SOLID STATE
CONTROL DEVELOPMENTS

New

Solid State | 7
Contactor ¢ egg
Reduces Downtime,
Has Trouble-Free Life

Vectrol’s new series of solid state con-
tactors feature no moving parts and are
designed to operate under a variety of
conditions found in most industrial appli-
cations without failure.

Designated the VSSC 1000 and VSSC
500 Series, one for normal loads, the other
for extreme in-rush loads, these contactors
eliminate replacement of contacts, coils,
and other moving parts due to wear and
welding associated with conventional elec-
tro-mechanical contactors.

The two series consist of 18 models for
30 and 42 amp loads, single phase. Addi-
tional models available soon for loads up
to 80 amp and 3-phase operation. Other
features: complete transient protection,
zero voltage crossover-firing, input-output
isolation. Request Bulletin 4615.

CIRCLE NO. 19

Whal o you need

[0 know aboul

solid State power and
{emperaturs controis?

NOW you can update yourself and your de-
signs in solid state industrial control.
Choose either a complete solid state power
control system or select the electronic
building blocks necessary to meet your
system requirements. Our highly-experienced
control specialists can reduce your valuable
design time and help you realize sub-
stantial cost reductions. Get our new Short
Form Catalog 64 that details our capabilities
and gives you up-to-the-minute data on:

¥ SCR Triggers and Control Modules

v” Solid State Temperature Controls

¥ SCR Power Controllers

¢ Solid State Relays FRE !

CIRCLE NO. 20
Write: Vectrol Inc., 1010 Westmore Ave.,
Rockville, Md. 20850 (301) 424-6900

VECTROL INC.

SOLID STATE SCR CONTROL

For your copy, circle
the bingo number below
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technology
abroad

Permanent magnets strong enough
to use in high-speed, magnetically
levitated interurban transporta-
tion systems will be developed in
the not-too-distant future, accord-
ing to Krupp of West Germany.
Similar systems—in which the
vehicle is suspended by the mag-
netic flux between the magnet
and a repelling magnetic field in-
duced in a metallic guide chan-
nel—have been suggested by the
Stanford Research Institute and
others. The SRI proposal, how-
ever, calls for the more complex
superconducting magnet technolo-
gy. Krupp says that high-efficien-
cy permanent magnets, such as
the rare earth/cobalt type, could
speed 100-passenger vehicles at a
cruising velocity of 450 kilome-
ters an hour. The company pre-
dicts that the high present costs
of this magnetic material will
be reduced 90% through new
mass-production techniques.

CIRCLE NO. 441

New solar cells developed for the
Azur and Intelsat satellites by
AEG-Telefunken of West Ger-
many have improved photoelec-
tric efficiency and reliability,
says the manufacturer. The cell
surface area is 2 X 6 cm. Titan-
ium dioxide layers inserted be-
tween the cell surface and a cover
glass reduce light losses due to
reflection. The welding of titan-
ium-palladium-silver contacts to
the cells avoids the corrosion that
occurs in soft-soldered contacts.
The welded contacts also have
better resistance to extreme tem-
perature cycling.

CIRCLE NO. 442

Rapid diagnosis of kidney dis-
eases by laser is being done by a
West German physicist, J.H.
Kraushaar. He passes a laser
beam through urine samples, and
impurities in the liquid break the
laser beam up into speckle pat-
terns. The patterns are caused by

coherent scattering of suspended
particles. Different kidney mal-
functions produce individual par-
ticles, and therefore unique spec-
kle patterns. The clinical work is
being done at the Urological Dept.
of Justus-Liebig-University, Gies-
sen.

CIRCLE NO. 443

A range of magnetostrictive elec-
tromechanical filters for multi-
channel telephone use has been
developed by Tesla, a Czechoslo-
vakian company. It claims a 100%
increase in channel density com-
pared with conventional LC filter
systems. The frequency range is
between 50 and 120 kHz, available
in 4-kHz spacings. Tesla is work-
ing to extend the range by 0.5
MHz.

CIRCLE NO. 444

A new range of silicon diodes
with reverse voltage ratings of
up to 18 kV and current ratings
of 5 and 10 mA are being mar-
keted by Switzerland’s Brown
Boveri. These diodes offer a fav-
orable alternative to selenium
high-voltage devices, since sili-
con has a lower forward voltage
drop—and hence reduced power
dissipation—and higher stability
at elevated temperatures. The
new devices are plastic encapsu-
lated and are primarily designed
for use in cascade multipliers for
generating CRT beam voltages.

CIRCLE NO. 445

Fog buildup at airports can be
detected in its early stages with
a neutron probe developed by Ber-
tin of France. A balloon sonde
is equipped with a fast neutron
emitter and neutron detector and
tethered above the airport. Ther-
mal neutrons backscattered from
the hydrogen in water are regis-
tered by the detector, and the re-
sulting pulses transmitted to a
monitor via the tether cable.

CIRCLE NO. 446

ELEcTRONIC DESIGN 15, July 20, 1972



BOURNS

Nnevv

wirewound

Model
3095

and
cermet

Model
3099

BETTER Il THE LONG RUN...

...FOR AUTOMATED COMPONENT INSTALLATION

WIREWOUND OR CERMET LOOK AT THE SIGNIFICANT SPECIFICATIONS!
Bourns new TRIMPOT® Adjustment Potentiometers now MODEL 3095 MODEL 3099
offer the equipment manufacturer the best of both po- WIREWOUND CERMET
tentiometer element technologies, in the popular TO-116

Power Rating: 1 watt at 70°C 1 watt at 70°C

DIP package.

T.C. *=50 ppm/°C =100 ppm/°C
AUTOMATIC OR MA.NUAL ASS.E.MBLY AP Temperature Range: —65°C to +150°C —65°C to 4+150°C
Both models are designed specifically for compatibility i i
with IC circuit-board layouts, and can be installed Resistance Range: 10 to 50,000 ohms 10 to 2 megohms
manually or with high-speed, high-volume automatic Resolution: 0.16 to 1.54% Infinite

testing and insertion equipment for those LONG PRO-
DUCTION RUNS.

RUGGED AND READY

Available in ready-to-use magazines, both models are
sealed against humidity, and circuit-board cleaning sol-
vents and processes.

DELIVERY

Both models are available for immediate delivery from
stock.

To place your order, contact the local Bourns Field Office,
Representative, Distributor, or the factory-direct: Bourns
Trimpot Products Division, 1200 Columbia Avenue, Riverside,
California 92507.

BOURNS

BOURNS, INC., TRIMPOT PRODUCTS DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507
INFORMATION RETRIEVAL NUMBER 21
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Fluke problem solvers

At .002% guaranteed accuracy,
our 8400A is the ultimate
bench and systems DVM

POWER

Pese 0. 0fF

K2 OVER

SAMPLE RATE @

o
11 #

§400R YECHLE TR NATALY

DA e

Built with an accuracy for all seasons, every
season.

With a guaranteed accuracy of 0.002%, true RMS
AC, 1 microvolt resolution, resistance measurements
down to 100 micro ohms, auto polarity and ranging,
you will find it's the top DVM in the field. And, in the
Fluke tradition, you’ll find this member of your meas-
urement team won’t be technically obsolete or out of
style next year or the year after, because of its wide
choice of systems and measurement options.

It's built to last. It’s built to use.

It’s the DVM to use for low-level, high speed measure-
ment of distorted AC waveforms, physiological meas-
urements, transducer calibration and virtually every
other laboratory or field application demanding “state-
of-the-art” digital measurement.

Here’s what you get for $2450: [] Five ranges of DC

from 0.1v full scale to 1,000v with up to 0.002% accu-
racy. [[] 5% digits with 20% overrange. [] Recirculat-
ing remainder A-to-D conversion for low power con-
sumption and high reliability. [] 1500v peak overload
resistance and the ability to meet tough environmental
specs. [] Switched filter for DC, AC, resistance and
ratio with better than 65 dB noise rejection.

Wide choice of options: Fluke uses single main frame
construction with all options field installable. Get them
when you buy or anytime later.

[] Choose from seven ranges of 4-terminal resist-
ance. [] Four ranges of true RMS AC from 1 to 1,000
volts. [[] Well isolated and buffered serial or parallel
data outputs. [[] Multiplexing of analog input, data
output or remote control. [[] Automatically adaptive
time-outs with status flags.

For more information, call your nearby Fluke sales
engineer or contact us directly.

Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850/In ' Lu K E

Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Phone: (04250) 70130.

Telex: 884-52337/In the U.K., address Fluke International Corp., Garnett Close, Watford,
WD2, 4TT. Phone: Watford, 33066. Telex: 934583.
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FCC adopts open domestic satellite policy

In the latest chapter of the long-playing saga on who should or
shouldn’t offer domestic communications satellite services, the Federal
Communications Commission has ruled that all qualified applicants can
provide such services so long as they can demonstrate that they are
financially and technically qualified and the service is in the public in-
terest. The agency has warned, however, that common carriers now offer-
ing ‘“essential” services, such as telephone and telegraph, will have to
demonstrate that they can pay for their satellite operations without pass-
ing on the costs to telephone and telegraph customers.

Under a new FCC policy, AT&T and the Communications Satellite
Corp. (Comsat) are saddled with specific conditions: Within the conti-
nental 48 states, AT&T’s initial use of satellites is limited to its regular
and wide-area telephone services (MTT and WATS), and to the Defense
Dept.’s Autovon (automatic voice) network system. AT&T also will be
allowed to use the satellites as an emergency backup system for its
standard land-line or microwave systems.

FAA orders ground monitor for new ILS

Under contracts totaling some $685,000, Westinghouse Electric of
Baltimore, and the AIL Div. of Cutler-Hammer, Deer Park, N.Y., will
develop ground-monitoring equipment for an all-weather instrument land-
ing system (ILS) for the Federal Aviation Administration. The monitor
will maintain a near-continuous check on the performance of the ILS
by measuring the path of aircraft making approaches to an airport.

During the first phase the two contractors will develop separate feasi-
bility models of the ILS ground monitor. Both models will then be tested
for 14 months at the experimental center in Atlantic City, N.J. Following
evaluation of the two systems, one contractor will be selected to build
two development (engineering) models of the ground-monitoring system
for operational evaluation at two major airports.

Rohr sews up District of Columbia subway contract

After weighing in with a competitive bid so low that Rep. Earle Cabell
(D.-Tex), chairman of a subcommittee of the House District of Columbia
Committee, asked the General Accounting Office to check it out, Rohr
Industries of Chula Vista, Calif., received a $91.6-million contract to

<4 INFORMATION RETRIEVAL NUMBER 22 43
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supply 300 computer-controlled subway cars for the Capital. The award
was made by the District of Columbia’s Metro Board. Sixty of the cars
are to be delivered in the summer of 1974, when the subway system, now
under construction, is scheduled to begin operations. The remainder of
the cars are to be shipped by 1976. All will be manufactured at Rohr’s
plant in Winder, Ga.

On top of this, Rohr has made two ‘“handshake agreements” with
foreign governments—one in South America—to develop high-speed
ground transportation systems for them. These agreements were made at
Transpo 72, the transportation exhibition held last month at Dulles
International Airport, near Washington, D. C. Details and identities of
the foreign buyers will be revealed after negotiations are completed.

One point seems clear: While Europe and Japan may be ahead of the
U.S. in building sophisticated public-transportation systems, U.S. tech-
nology is not lagging and can still get foreign business if it keeps the
costs competitive, which Rohr apparently did.

Ceramic-package ‘dumping’ complaint studied

The Treasury Dept. has opened an investigation into the import of
electronic ceramic packages and related parts from Japan to determine
if U.S. laws forbidding “dumping” are being violated. Japan has been
the target of a number of anti-dumping investigations in the past over
such items as TV sets and deflection yokes. The new inquiry follows a
complaint to Bureau of Customs that ceramic packages are being dumped.
The total value of electronic ceramic packages and parts imported from
Japan in 1971 amounted to about $2-million.

Meanwhile, Sen. Richard S. Schweiker (R.-Pa.) has introduced an
anti-dumping bill, called officially The Fair International Trade Act of
1972, to “combat the flood of low-priced imports into the U.S.” He says
the bill would impose stricter sanctions on foreign sellers who sell their
products in this country at unrealistically low costs while charging
higher prices in their own countries to make up for low profits here.
Among other things, the measure would authorize treble-damage legal
actions against foreign companies that dump products.

Capital Capsules: Exporters and potential exporters of electronic equipment will be
pleased to know that procedures for clearing exports have been simplified.
Under the new procedure, announced by the Commerce Dept., the ship-
per’s export declaration can be presented directly to the carrier by the
exporter or the foreign freight forwarder prior to departure of the ship-
ment. Previously the declarations had to be authenticated by a Customs’
officer before they could be accepted by a carrier. For details, get Export
Control Bulletin 63, dated June 13, 1972, from the U.S. Commerce Dept.,
Washington, D.C. 20230. . . . The Air Force Systems Command’s Electronic
Systems Div. will issue a request for quotations (RFQ) this fall for
development of a prototype Seek Storm system. Seek Storm will provide
Air Force weather-service aircraft with an improved weather radar. . . .
The Soviet Union will exhibit a wide range of electronic equipment at the
Washington State International Trade Fair next month in Seattle. Dubbed
“Unimart 72,” the fair will feature a 16,000-square-foot- Soviet exhibit,
the largest single display at the show. Russian-made equipment to be
displayed will include signal generators, potentiometers, frequency meters,
oscillographs, “mini TVs” featuring IC circuity and instrumentation and
measuring devices.

ELECTRONIC DESIGN 15, July 20, 1972
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Allen-Bradley Type CJ. That's
right, 5 watts at 70°C. Now you
can have the stepless control of
cermet without sacrificing
power-handling capability. Re-
place wirewounds with perform-
ance that's hard to match. Low
noise. No inductance. Smooth
mechanical operation.

Five watt power
In a cermet pot!

Operating temperature range
—65°C to +150°C. Rotational
life 50,000 cycles with less than
10% resistance change. Resist-
ances from 100 ohms to 5 megs.
Single, dual or triple section
units with plain or locking bush-
ings. Dust-tight and “splash-
proof’ Large variety of shaft

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY

INFORMATION RETRIEVAL NUMBER 23
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and bushing options available.
Allen-Bradley CJ. Available
through your A-B electronics
distributor, or write today for
further information to Allen-
Bradley, Electronics Division,
Milwaukee, Wisconsin 53204.
Export: Bloomfield, N. J. 07003.
In Canada: Galt, Ontario.

N




Adigital multimeter that
measures true RMS and
ook what you can measure wi e Hicko dBm dlrectly.

3310 Universal Multimeter: true RMS voltage
and current like these —
+180V| +lesv +lov A A F
-180V. -165V -rovV l/ l/ .
Sawtooth waveform
ERMS = 5.77 Volts; 17.4 dBm Iust

Sine wave synthesis by Load voltage using full-wave
voltage switching SCR phase control
ERMS — 110.2 Volts; 43.1 dBm ERMS = 98.6 Volts; 42.1 dBm
You save money and receive performance with the Hickok 3310. Here are Oo
PENEEEF

some of its RMS specs — 100-,.V resolution, 4:1 crest factor, bandwidth
from 20 Hz to 50 kHz, RMS current capability from 100 nA to 2 A plus all-

solid-state circuits for reliability and ruggedness.
But keep going. The 3310 reads from —40 dB to + 60 dB with 0.1-dB resolu-
tion directly; no conversion or mental additions are necessary. You can

choose between a 600 and 900-ohm internal reference with a front panel

switch.
And don’t forget the “multi.” The 3310 measures DC voltage from 100 .V to
1.5 kV, DC current from 100 nA to 2 A, and resistance from 100 milliohms to

200 megohms. ;
Then, there are the extras. You can add an internal rechargeable battery option

with 20 hours consecutive operation or you can add a BCD-output option. Ac-
cessories extend ranges to 30 kV or 100 A, and one converts the 3310 to a
20-MHz counter. All accessories will fit into a convenient carrying case along

with the 3310.
Try the 3310 for yourself. Call Hickok or your nearest Hickok field engineer for
a demonstration and see RMS for yourself.

Instrumentation & Controls Division
Cleveland, OH 44108

H I c Ko K 10514 Dupont Ave.

the value innovator (216) 541-8060

shown
23 actual size
INFORMATION RETRIEVAL NUMBER 24
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FROM THE POWER HOUSE

Dual and Triple Output OEM Power Supplies

The most economical power/cost ratios in the power supply industry are now available in 16 new multiple
output power supplies. These new units are specifically designed for computer, peripheral and instrument
applications.

The same high quality components, low manufacturing costs, proven engineering design, reliability and
economy incorporated in our highly successful single output OEM Series are here now in our new multiple
output series and that means multiple satisfaction! We do it better for less, that’s why Powertec is the leader
in the OEM business. EXCLUSIVE FEATURES: Reliability « Economy * Proven Engineering Design ¢ Low
Manufacturing Costs * High Quality Components.

MODEL OUTPUT POWER 100 PIECE %%
NUMBER OUTPUT #1 OUTPUT #2 OUTPUT #3
2K — DUAL OUTPUT 2K15D-1.3 +12V, 1.5A or +15V, 1.3A —12V, 1.5A or —15V, 1.3A NA
% 2K5D-3.0 5V,30A0r 6V, 2.5A 5V,30A0r 6V,25A NA snoo
Depth — 2.50 3 2K5, 15D 5V,3.0A0r 6V, 2.5A 12V, 1.5Aor 15V, 1.3A NA ®
n/e'?é:t = Iﬁgg % 2K5, 24D 5V,30A0r 6V,25A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A NA
2L — DUAL OUTPUT 2L15D-2.8 +12V,3.0A or +15V, 2.8A —12V, 3.0A or —15V, 2.8A NA
X % 2L5D-6.0 5V,6.0Aor 6V, 5.0A 5V,6.0A0r 6V, 5.0A NA s 65 oo
Depth — 2.75 %2L5, 15D 5V,6.0A0r  6V,5.0A 12V,3.0A0r 15V, 2.8A NA ®
m‘i’é?\t = %gg % 2L5, 24D 5V,6.0Aor  6V,5.0A 18V, 2.0A or 20V, 2.3A or 24V, 2.3A NA
2R-70T  +12V, 1.5A or +15V, 1.3A —12V, 1.5A or —15V, 1.3A 5V, 6.0A or 6V, 5.0A
% 2R-72T 5V,30A0r 6V, 2.5A 12V,1.5A0r 15V, 1.3A 5V, 6.0A or 6V, 5.0A s” oo
Depth — 287 % 2R-74T 5V,3.0A0r 6V,25A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A 5V, 6.0A or 6V, 5.0A ®
m?é'ﬂ: = 11:33 % 2R-76T 12V,1.5A0r 15V, 1.3A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A 5V, 6.0A or 6V, 5.0A
Dep;g 2S-140T  +12V, 3.0A or +15V, 2.8A —12V, 3.0A or —15V, 2.8A 5V, 12A or 6V, 8.0A
4,

wign ¥2S-142T  5V,60Aor  6V,5.0A 12V,30A0or 15V,28A 5V, 12Aor6V,8.0A su oo
H‘?“:: %2S-144T  5V,60Aor 6V,50A 18V,2.0A or 20V, 2.3A or 24V, 2.3A 5V, 12A or 6V, 8.0A 9'
eilg
488 %2S-146T  12V,30Aor 15V,2.8A 18V, 2.0A or 20V, 2.3A or 24V,2.3A 5V, 12A or 6V, 8.0A

All outputs are floating, can be connected in any common configuration unless otherwise noted. Other voltages and currents available, consult factory for price and delivery.
*¥NON-STOCKED sk For quantities other than 100, contact factory.

SPECIFICATIONS: INPUT: 115VAC +10V, 47-63 Hz « REGULATION: Line *.25%, Load *+.25% < RIPPLE:
1mv RMS 5 & 15V « RESPONSE: 50 usec typical ¢« TEMPERATURE: 0°C to 40°C derated to 71°C < O.L.
PROTECTION: Current limit/foldback ¢ Optional OVP available. DELIVERY: stocked models within 24 hours,
30 days for others.

Incidentally, if you don’t see your exact model on the chart, we’ll build an OEM multiple from stocked
subassemblies in any voltage/current combination. Give us a call and we’ll be glad to quote within 24 hours.
Stay within the same size and power rating, and the price won’t change.

POWERTEC INC. anAirtronics Subsidiary
9168 DeSoto Ave., Chatsworth, California 91311« (213) 882-0004 « TWX (910) 494-2092

INFORMATION RETRIEVAL NUMBER 25
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Microdata gives you a new kind of minicomputer

The Twin Mini
doubles throughput
for justa

few dollars more

INFORMATION RETRIEVAL NUMBER 26

Put two microprogrammable CPU’s
with separate control memories and
1/0 facilities into a Micro 1600 cabi-
net where they share a common core
memory. That's the idea behind the
Twin Mini. And it works wonders. For
the first time, core memory is used so
efficiently that your throughput rate is
more than double that of other CPU’s.
Applications which normally call for
much larger or more expensive com-
puters can now be handled simply
and economically by this effective

combination of Micro 1600 parts.

You show us your requirements.
We’ll show you how to build a
system with unmatched process-
ing power per dollar. Your sys-
tem may fit into a single Micro
1600 cabinet or overflow into two.
Either way, the performance will
match our claims or your money
back. Find out how easy it is to
do business with Microdata.
Write for details.

# Microdata

Microdata Corporation
644 East Young Street
Santa Ana, Calif. 92705
(714) 540-6730

TM trademark Microdata Corporation

ELECTRONIC DESIGN 15, July 20, 1972



Do-it-yourself molded cables
you don’t have to do yourself-
that's yankee ingenvity.

Doing it the hardway puts you in the and data processing. That's why we kind of problem, you'll find a

cable assembly business. The engineered and improved method Switchcraft representative

accountants are happy, but chances for strain relief. That’s why we maintain right in your back yard.

are, you're not. You're still not a pé'ecise/match between cablie diameter Not across the pond, so to speak.
etting your money’s worth. and plug/connector handle. Less wear, - 5 . e

i v : less exposure to moisture and it talggs a'lllit:ﬂ_e yagléiet_a"u':genmtytstp

Do it the easy way. Switchcraft gives contamination means more reliability. PIOVige @'l LIS, and 1l KREP SOS1s I

you the same thing as do-it- yoursfelfff Kol s ek s v enaued line. But we manage.

assemblies, but takes all the grief o . 4 : Test us. Send for your free copy of our

your hands and it ends up costing Ao e wmlenL e sembles, Switchcraft Englnesring Specification

you less. We don 3 secriica sliind ing. Of course, File for Molded Cable Assemblies.

both our reputations are protected by
1009, testing for continuity, shorts
and voltage breakdown.

Or contact Switchcraft or our local

What you call éustom, we call representative directly. See what

production. Yankee ingenuity can do for you.
We've got virtually every kind of plug, Want to save money? m
jack, junction, clamp, connector or wire Fair enough. Our expertise in the area FEMEASEELMBL S
you can specify. We just put them of cables, connections and assemblies
together the way you want. We even helps you specify right down to a
or color-code your equipment. Ribs, unit costs with precise cable 5555 N. Eiston Ave.
dots, legends and various indices can be design and specifications. : “\‘““‘k“ Chicago, lil. 60630 ‘
molded in for easy identification. Next, we'll pass along some of : Please send me your Engineering Specification File for
oo our manufacturing efficiency I Molded Cable Assemblies, M-701a.
Reliability? and you won't have to invest -
Our reputation is tested a million times in the molded cable assembly g Name
~every day. Each time somebody makes business. Finally, Switchcraft ! Title
a Switchcraft connection. So we know reliability will save you plenty. :
about things that must work. Things Service and replacement costs  § Company
like communications equipment. Or for home-made cables will 1
medical electronics. Instrumentation dwindle. And, if there is any : Address
! City State Zip
'
: Comments:
i
1
]
.
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Heres a tline
to hand A

the government.

Our switches will help your aerospace/defense equipment
meet military specifications. Here are a few examples.

PROXIMITY SWITCHES. Our solid state FW integral proximity
(MIL-STD-810) can be used for landing gear, ordnance and cargo
handling equipment.

FR two-piece reed proximities (MIL-STD-810) feature 10 million opera-
tions at rated load. Use the FR (not shown) to monitor things like aircraft
entry, cargo and landing gear doors.

ENVIRONMENTALLY SEALED SWITCHES. EN limit switches are the most
versatile environment-proof switches available. They're explosion and immersion
proof (MIL-S-8805) and ideal for military/aerospace and commer-

cial aircraft applications.

XE subminiatures are corrosion resistant as well as waterproof
(MIL-S-8805). With a temperature range of —65° to +221°F,
they’re excellent for gun mount and door interlock applications.

HERMETICALLY SEALED : —
SWITCHES. HR limits are explo-
sion-proof (MIL-E-5272) as well as
resistant to corrosion and shock
(MIL-S-8805). High temp. capa-
bility makes them suited for air- —
craft engines and missile systems. 4
HM miniatures (MIL-S-8805) are
for all-weather, multi-environ-
ment military/aerospace jobs.

See your MICRO SWITCH Branch
Office or Authorized Distributor
(Yellow Pages, "“Switches, Elec-
tric’’). Or write for our brochures.

MICRO SWITCH makes your ideas work.

HIODALIAMS OXMIIw

I

[
l

f
W

/ K/Mﬁ//

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL MICRO SWITCH products are available worldwide through Honeywell International.

INFORMATION RETRIEVAL NUMBER 28
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ZELTEX DACability!

Meet the two newest current DAC’s to join
our pverter™ line: The ZD400 and ZD401. . . 8- and
10-Bit Models that sell for only $8.00 and $12.65 (in
OEM quantities).

The ZD400 settles to % LSB in less than 1
usec; the ZD401 is accurate to +0.05% =1 LSB.
Output current for both converters is rated at 0 to
+2.6 mA with a compliance voltage of 4-1.2V.

Plus higher reliability: Our thick-film DAC’s
are subject to 16 hours “stabilization bake” at 85°C
reducing infant mortality to virtually zero; active
resistor trimming guarantees accuracy; DIP leads
provide compatibility with most DIP printed circuit
boards, and high quality packaging meets most

shock, stress, and environmental conditions.

Use them for CRT ramp generators, special
function generators, and for building custom ADC'’s.

Ask about our other 17 versions of DAC’s —
from 2-Digit BCD to 12-Bit Binary, from modules to
systems — uverters™ mean DACability!

Call or write today for a complete Zeltex
Data Pak.

Conversion Products Specialists
(415) 686-6660
TWX (910) 481-9477 \ 4
1000 Chalomar Road 'I‘k. .\ e

Concord, Ca. 94520
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to build a better
VHF/UHF FET mixer:
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Try our U310 junction FET in this balanced How do you select an optimum JFET
mixer and make your own performance com- for a mixer? Low gate capacitance is needed
parison. Our results are below. The inherent for wide bandwidth — the Siliconix U310
square-law transfer characteristic of the FET en-  typically has Cy = 4.5 pF and Cq= 1.9 pF.
sures high intermodulation intercept and signal Useful conversion gain comes from high
desensitization. The grounded-gate connection transconductance. Our U310 has typical

is most stable, while source injection of both the g ts = 14,000 pmhos. Dynamic range is
signal and local oscillator make easy impedance bracketed by the lowest drain current for

matching into the FETs. Also, the balanced con-  an acceptable noise figure and the maximum
figuration reduces l.0. radiation from the signal drain current — typically Ipss = 40 mA

port and suppresses the generation of even har- for the U310. For an optimum balance,
monics (which helps reduce intermodulation). matched pairs are available.

50-250 MHz Mixer Performance Comparison

Characteristic JFET Schottky Bipolar
Intermodulation Intercept Point +32 dBm +28 dBm +12 dBmt
Dynamic Range 100 dB 100 dB 80 dBT
Desensitization Level (the level for an +8.5 dBm +3 dBm +1 dBmft

unwanted signal when the desired signal
first experiences compression)

Conversion Gain +3 dB* —6dB’ +18 dB
Single-sideband Noise Figure 6.5dB 6.5dB 6.0 dB

1 Estimated * Conservative minimum

There’s a lot more to this, so

write for data

and get the complete story on VHF /UHF mixing and the Siliconix U310.
Applications Engineering: (408) 246-8905

Siliconix incorporated
2201 Laurelwood Road, Santa Clara, California 95054
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(editorial

Innovate in new designs
or let the world slip by

The major discussion at the recent long-
range planning symposium called “Electronics
1985" (see “EIA crystal ball shows trends in
electronics to the year 2012,” ED 13, June 22,
1972, p. 34) involved the declining United
States share of the world electronics industry.
The economic figures supporting this view
were impressive. Despite the expected growth
of the world electronics market to $205-billion
by 1985 from $56.7-billion in 1970, the U.S.
share will have dropped from 49.89% to only
39.5% during that period. The message is
clear: Should the U.S. fail to develop new
products for domestic consumption or fail to expand into international
markets, the domestic electronics industry will be in big trouble.

Granted that U.S. companies are today and will in the future become
more world-oriented in their marketing efforts—meeting Japanese and
European competitors head-on—it still boils down to a question of new
technology and improved product design. As John Mpyers, vice president
of Allen-Bradley Co.’s Electronics Div., noted: “It is ever-harder to com-
pete with lower technology products in world markets—or even the U.S.
markets—as manufacturing of them becomes more widespread. Putting
it another way, a nation that cannot successfully make ICs can make and
sell resistors and capacitors and relays and knobs and wire even though
they may be far below ours in quality and design.” Myers argues for the
need to keep our technology high if we are to continue to be an effective
world competitor.

As Carl Cottrell, Deputy Director, International Group of Hewlett-
Packard put it: “Our industry is faced with maintaining our technological
leadership against a fast-growing capacity for creative research and
development from abroad. We have been exporting our know-how since
World War II, and we are now seeing it returned in the form of well-
engineered competitive products.”

In short, if our industry is to compete in world markets, we must use
innovative design to maintain and extend our technological advantage.

plorenes

RALPH DOBRINER
Managing Editor
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Improve efficiency in power control

by returning the load energy to the source. Circuit
complexity goes up but size and dissipation go down.

In systems using solid-state power control, the
load often stores a significant amount of energy.
Preferably the control circuit should be design-
ed to recover this energy rather than leaving it to
be dissipated unproductively. Energy recovery,
of course, improves circuit efficiency and reduces
the dissipation requirements of the equipment.

A regenerative technique, to return power
from the load to the source, can recover the
stored energy. This technique may or may not
prove worthwhile, depending on the specific ap-
plication. The design decision will depend on
the following factors:

m The efficiency of the load when acting as a
generator.

m The over-all system efficiency improvement
that can be obtained, compared with the in-
creased cost and complexity of the system.

= The ability of the source to accept energy.

Once you decide to use regeneration, choose
the simplest energy-recovery scheme, and be sure
it is compatible with the type of control circuit
used. To show where regenerative systems can
be used, let’s consider three general control cir-
cuits: ac-to-dc conversion systems, de-to-ac con-
version systems and de-to-de chopper regulators.

Four possible operating quadrants

Any electrical control system can operate in
four possible quadrants. The number of quad-
rants in a design depends on the circuit con-
figuration and the control elements. There is a
forward power flow from source to load, if the
equipment is operating in quadrants I or III
(voltage and current are of the same polarity).
If in quadrants II or IV (voltage and current are
of opposite polarity), there is a reverse power
flow from load to source. In many systems the
equipment operates partly in quadrants I or IIT
and partly in quadrants II or IV ; the net power
flow in this case depends on the relative magni-
tudes of the “positive” and “negative” flow.

One of the simplest power-conversion systems

Bryan Bixby, International Rectifier Corp.,
El Segundo, Calif. 90245
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is the three-phase, full-wave-bridge rectifier in
Fig. 1. This circuit operates in quadrant I—
power can flow only from the source to the load.
Thus a simple diode-rectifier system cannot be
used to recover energy.

As an example of operation in more than one
quadrant, consider the controlled-rectifier circuit
of Fig. 2. This circuit differs from the simple
diode rectifier in one important aspect: the con-
trol elements (SCRs) can support voltage in both
directions. Now, if the load and source charac-
teristics are suitable, the circuit can operate in
quadrant IT and return energy to the source.

Typical waveforms for the SCR circuit are in
Fig. 3. The load in this case could be a dc electro-
magnet, which needs a large amount of charging
energy. After charging is complete, the converter
output is readjusted to supply just enough ener-

1. The common, three-phase full-wave bridge rectifier
operates in quadrant | only. Regeneration cannot be used
with this circuit.

2. By substituting SCRs for the diodes in the full-wave
bridge, the circuit can be made to return energy to the
source by proper phasing of the firing sequence.
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gy to overcome the circuit losses. Then, to dis-
charge the magnet, the control circuit selects a
firing sequence that will cause energy to return
to the supply. This involves delaying the firing
until near the end of the forward-biased period.
At the start of regeneration, at time t,, SCR 4
fires (Fig. 3e), and the firing pulses for all other
SCRs (SCR 5 is already conducting) are inhibit-
ed until later, at time t.. But as seen in Fig. 3a,
the output voltage of the converter changes sign
at t,: After t.,, the converter operates in quad-

3. Waveforms for the SCR bridge show the output volt-
age/current, line voltage/current and the individual SCR

ELECTRONIC DESIGN 15, July 20, 1972

rant II, and energy is returned to the supply.
Examination of the remainder of the wave-
shapes of Fig. 3 shows that, after t., the normal
firing sequence is re-established. But because of
the delay ‘introduced by inhibiting the firing
pulses until time t., the converter returns energy
to the supply. Note that in the regenerating mode
the phase angle between the line-to-line voltage,
V.. and line current is almost 180°. ]
Note the absence, in the regenerative mode,
of the free-wheeling diode, often used in SCR

anode-cathode voltages and switching relationships for
recovering the load energy.




circuits to carry the inductive current of the
load when the SCRs are off.

In the regenerative technique freewheeling
is accomplished by phasing the converter to pro-
duce an average output of zero. This is illustrated
in the waveforms of Fig. 4, which show a phase
lag of about 150°, that is, the SCRs are fired
about 30° before the zero-voltage level. The out-
put voltage then rises to half the positive peak
line-voltage. Then, because there is an inductive
current holding on the SCRs, the output follows
the ac line down to half the negative peak. At
this point the next SCR is turned on. Current
thus continues to flow through the bridge, with
zero average voltage at the output, and the cur-
rent level remains constant.

However, it must be remembered when the
converter delivers zero average output, it draws
no ac power from the supply lines—it has zero
power factor. But it does draw KVA. Industrial
electric bills are computed on the basis of total
KVA and not simply the kilowatts, and this
should be remembered when considering a re-
generative system.

SCRs should turn off fast

Another important consideration is SCR turn-
off time. The anode-to-cathode waveshapes of the
SCRs (Fig. 3b through 3f) show that, while
regenerating, the SCRs are reverse-biased for a
relatively short time. As a result, the.SCRs
should be suitable for inverter applications—with
the necessary fast turn-off characteristics.

Normally, in phase-control applications where
the SCRs are not used in the regenerative mode,
there is ample time for the SCRs to be com-
mutated. But in the regenerative application the
turn-off time is controlled by the firing; the
further you phase back, the less time the SCR
has to be off; the greater the phase back angle,
the closer you are to turning the SCR on before
it becomes reverse-biased. This also means that
you are much closer to turning off the SCR that
is about to become forward-biased. But an SCR
will not turn off when it is forward-biased; it
will keep conducting. The turn-off time therefore
defines the maximum “reverse’” voltage applied to
the load by fixing the minimum time before zero
crossing at which the SCRs can be fired.

The dual converter in Fig. 5 is an example of
a circuit that can be operated in all four quad-
rants. By selection of the R or F bank of SCRs,
the direction of the load current can be chosen.
The extra cost of this circuit is justified only
where regeneration is economically advantageous
and voltage reversal is not feasible—that is, load
current alone must be reversed to recover the
stored energy.

An example of this is a shunt motor that, for
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AVERAGE
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WAVEFORMS
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4. Free wheeling is accomplished with inductive loads by
phasing the converter to obtain zero average output
voltage. The current level remains constant.

B

SCRIg _ -
SCRI¢ SCR3q

SCR3; =

AO-

BO

co

SCR2 SCRaq
SCR4,. SCR6

5. Four quadrant operation is possible by using a dual
bank of SCRs. The current direction is controlled by
selection of the forward or reverse bank.

ENERGY SUPPLIED TO LOAD

PER UNIT OUTPUT VOLTAGE

FIRING ANGLE
DEGREES (RELATIVE

TO SCR BECOMING
| FORWARD BIASED) |

1o 130 150 |70|
180

POWER
0.2 | FACTOR

0 30 50 70

ENERGY RETURNED TO SUPPY

6. The power factor at the supply input terminal varies
with the SCR firing angle. This must be taken into ac-
count when computing system efficiency.
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some reason, cannot have its field winding volt-
age reversed. Thus the machine-generated emf
does not change polarity, but current flows out
of the machine during regeneration. The ampli-
tude of the generated current is controlled by
field strength up to the maximum and then by
armature voltage control as the speed is reduced.

Once again, it must be recognized that the
power factor of the system varies as a function
of firing angle. Fig. 6 shows how both output
voltage and input power factor vary as a func-
tion of firing angle.

What about ac loads?

By its very nature, an ac load often cannot
store energy. But there are some exceptions. For
example, an ac motor stores energy in the rotat-
ing mass of the rotor. A parallel-resonant circuit
can also store energy, which can be recovered
when the dissipative load is removed.

With these systems an important consideration
is the ability of the dc supply (which is con-
verted to ac) to accept energy from the ac
load: A battery can accept energy, but a simple
rectifier cannot. However, if other systems are
connected to the same dc supply as the load under-
going regeneration, the stored energy can be ap-
plied to one or more of these, thereby reducing
the total energy drawn from the supply. If the
dc is derived from an ac source to which energy
must be returned, then either a controlled con-
verter or a dual converter is required. Which one
depends on the ability of the dec-to-ac inverter to
reverse either the voltage or the current of the
de link.

A regenerative system can be advantageous in
an induction motor speed control circuit, where

'COMMUTATING
CIRCUIT
dc SUPPLY
DI
&)
O . T :
COMMUTATING
CIRCUIT
dc SUPPLY
DI
o

L

7. Regeneration can be used to control the braking of a
chopper—regulator driven dc motor. High braking torque
can be maintained at low speeds in this way.
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controlled braking is a requirement or the system
efficiency can be significantly improved. To
achieve a controlled, regenerative brake, the in-
verter output frequency is set to be less than the
equivalent rotor frequency. The rotating machine
then acts like an induction generator. By con-
trast, during acceleration the inverter frequency
is set to be greater than equivalent rotor fre-
quency.

Chopper regulators can be regenerative

Chopper regulators are widely used where a de
supply voltage has to be modified (generally re-
duced) for voltage regulation. In motor-drive ap-
plications the braking function is accomplished
by using the chopper regulator as a parallel
switch when the machine is generating and as a
series switch when the machine is motoring. A
regenerative system is useful in de¢ motor drives
to improve braking or efficiency—or both. It has
a major advantage in that high braking torque
can be maintained down to low speeds.

A chopper regulator operating in its normal
mode is shown in Fig. 7a. The average voltage
to the motor is controlled by alternately connect-
ing and disconnecting the motor to the supply via
SCR 1. During the OFF time of SCR 1, the motor
current flows through D1 and decays at a rate
that is a function of the winding inductance and
the back emf of the motor. Generally the regula-
tor is operated at that frequency that assures
continuous current in the load.

When the motor must decelerate, the regula-
tor connections are changed (Fig. 7b). At the
same time the field winding has to be reversed
to maintain the same polarity of motor-generated
emf (the machine is rotating in the same direc-
tion, but with a reversed current flow). With the
circuit connections in Fig 7Tb—and the SCR 1 con-
ducting—the current in the machine will increase
at a rate determined by the circuit inductance
and the machine-generated emf. When the cur-
rent reaches some preset maximum, SCR 1 is
commutated OFF. Because of the inductive na-
ture of the load, however, current continues to
flow, and the inductively generated voltage, com-
bined with the machine-generated emf, reach a
value sufficient to force current back into the
supply. The current during this period then de-
cays at a rate that is a function of the load in-
ductance and the difference between the machine-
generated emf and the de supply voltage. The
motor can thus be decelerated in a controlled
manner while returning energy to the supply,
since the braking torque for this type of rotating
machine is proportional to the square of the
armature current. The current can be controlled,
except at very low speeds where the armature
current level is limited by a loop resistance. wm

57



CARTRIFILE
and the
COMMON
| CARTRIDGE

(Or how to expand mini-system memory power the easy way)

Now you can expand mini-system memory power the
easy way. Simply incorporate one or more Tri-Data
CartriFile tape units. There's a model to fit just about
every need. And they all use a COMMON cartridge.

Our CartriFile family includes complete memories that
are plug-to-plug compatible with all popular minicom-
puters. It also includes “bare essential’ models for
OEM system builders. You can choose two or four inde-
pendently controllable tape drives. Prices range from
$975 to $4950.

With a CartriFile in your system, you'll get a true feeling
of security. It's no experiment. We've sold over 1,000
CartriFiles since 1968. They're providing ultra reliable
service in hundreds of different applications.

If you have mini-system memory problems, give Tri-
Data a call. CartriFile and the Common Cartridge may
be just what you're looking for.

TRI-DATA

800 Maude Avenue / Mountain View / CA 94040
Phone (415) 969-3700 / TWX 910-379-6978
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If you need

a tester

with special
scales, ranges,
accessories

or any
combination...

Buy a
Triplett tester
custom-designed
for you

Triplett, manufacturer of the
World's most complete line of
V-O-M’s, is ready, willing and
able to design and manufacture
special testers of virtually any
size, style or type to meet your
specifications.

Tester A (above) was designed
to give auto mechanics a simple,
rugged tester for 'go/no go"
tests that would otherwise be
measured in electrical units
unfamiliar to them.

Tester B is a modification of a

ELECTRONIC DESIGN 15, July 20, 1972

TESTER
IGNITION CABLE

BATTERY
ADJuUST

standard Triplett tester incorpo-
rating only the specific ranges
needed by the field service engi-
neers for whom it was designed.

Tester C has special ranges and
special input connectors and
cables to permit a single-point
connection for trouble-shooting
and servicing all the circuits of a
complex business machine.

Several other buyers of standard
Triplett test equipment request
their company name on the dial
to personalize their testers.

INFORMATION RETRIEVAL NUMBER 31

100(-48)
100(+50)
~100(-30a)

If you think a custom tester may
solve some problems for you,
contact your Tripleﬁ representa-
tive. He'll put you in touch with
the Tester Designers and Engi-
neers at Triplett who'll help you
analyze the problem and sug-
gest the optimum cost/result
solution. Triplett Corporation,
Bluffton, Ohio 45817

mTRIPLETT

BLUFFTON, OHIO 45817

Manufacturers of the World's
most complete line of V-O-M's
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DPMs — Part 2 of a series

Will your DPM work with your system?
Buffered BCD outputs and isolated inputs are needed in
most industrial applications for proper interface.

When BCD outputs are added to a digital panel
meter, it becomes a powerful system component
for recording, controlling or computing, while
simultaneously displaying numerical values. But
you had better be sure that the BCD output cir-
cuits are compatible with the rest of the system.

Since the circuit configuration of the BCD out-
puts is seldom specified by the DPM manufac-
turer, the user often overlooks its significance. As
a result, the DPM doesn’t interface properly, and
this can be especially serious in noisy industrial
environments. For example, many DPMs won’t
operate accurately when their outputs are bun-
dled into cables that are longer than 10 feet or so.
If you remember the word BIGS when selecting
a DPM, you can avoid most interface problems.
BIGS is an acronym for Buffered, Isolated, Gated
and Stored.

BCD outputs should be buffered

The first thing you need is a separate circuit
in series with each BCD output to buffer the me-
ter’s internal circuitry from external influences.
In a typical DPM the input signal is first condi-
tioned by linear amplifiers and then compared
with a reference signal, according to the timing
control provided by decade counters. The BCD
value is contained in the decade counters at the
end of the conversion process and is applied to
the display decoder-drivers either directly (Fig.
la) or through storage elements (Fig. 1b).

The BCD outputs are generally connected di-
rectly to the counter output lines, so that noise
picked up externally is applied to these circuits
at full amplitude. As a result, DPM decade count-
ers that use either TTL or RTL flip-flops are
susceptible to false triggering.

If TTL storage elements are used, they also
are susceptible to false triggering. By contrast,
an RTL storage element has a buffered output
and is therefore relatively immune to false trig-
gering.

Norman Gray, Vice President Engineering, Newport Labo-
ratories, Inc., Santa Ana, Calif. 92702
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Another possible problem is that capacitive
coupling between bundled BCD output lines may
cause one flip-flop to change state when another
changes state. This can be attacked by shielding
each individual output line. However, this sig-
nificantly adds capacitance between each output
line and its shield ground. And this may prevent
the flip-flops from toggling properly.

Further, counter and latch flip-flops make un-
satisfactory line drivers, because the reflected
signal caused by an improper line termination
can change a flip-flop state.

Specifying a DPM with buffered BCD outputs
can solve all these problems. Separate inverters
or gates are generally used for buffering the in-
ternal BCD lines (Fig. 2). These can drive lines
up to 100 feet or longer, with no errors in the
data. DTL, RTL or open-collector TTL gates have
an advantage over conventional TTL gates in that
the output lines can sustain ground shorts with-
out stressing the ICs.

Input isolation avoids ground loops

Common grounds between the analog input and
the digital outputs exist in many of the less ex-
pensive DPMs available today. This restricts per-
formance in applications where the BCD outputs

STORAGE
P

1. BCD outputs in a nonbuffered DPM are taken direct-
ly from the decade counter (a) or from the storage stage
(b) if there is one.
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are connected to another instrument or system
component. Appropriate circuits added to the
DPM can provide isolation by separating the in-
put and output grounds.

Ground loops normally appear in a single-ended
instrument when it is connected as in Fig. 3a.
A ground current (I,) as small as 1 mA, flowing
through a resistance (R,) of 1 Q in the input
common line causes an error of 1 mV in the DPM
reading. Since ground currents of greater than 1
mA can be expected in a realistic instrumentation
system, a DPM with isolation should be specified
whenever each digit of resolution represents 10
mYV or less. Isolation of the grounds drastically
reduces the flow of ground current and hence the
resulting errors.

Several volts of isolation between analog and
digital grounds can be built into the DPM by
using a differential amplifier at the input (Fig.
3b). This is adequate for most applications. When
greater isolation is required, a pulse transformer
between the analog and digital circuits can pro-
vide isolation on the order of 300 V (Fig. 3¢).

Gating can handle multiple DPMs

Gating can simplify the design and reduce the
cost of a system that has multiple DPMs. A
quad, two-input gate (per decade) provides BCD
buffering and at the same time allows the DPM
outputs to be enabled or disabled with a single-
line control signal (Fig. 4). If the system has sev-
eral DPMs feeding data to a remote location, all
the BCD outputs can be connected to a common
data bus. To transmit data, you activate an en-
able line to the selected instrument. The receiving
equipment (printer, controller or remote display)
sees only the outputs of the gate-enabled instru-
ment. This technique reduces system complexity
and results in substantial wiring savings. Gated
outputs also provide for future expansion, even

STORAGE

2. Inverters or gates buffer the BCD outputs and allow
the DPM to drive lines of 100 feet or more. Buffers
also prevent noise feedback to the BCD stage.
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though the system may need only a single DPM
at present.

Storage simplifies synchronization

Synchronization of the BCD output data to the
instrumentation system’s timing requirements
can be simplified by adding data storage to the
DPM.

A quad-latch inserted between the decade
counter and the decoder driver provides the stor-
age. With this feature, the DPM provides a
flicker-free display, and the BCD outputs do not
change during the conversion period.

If the DPM with storage also contains gated
BCD outputs, the transfer of information into
storage may be inhibited by the same signal that
enables the BCD outputs. This further simplifies
system operation.

Several DPMs with their outputs gated off and
connected to a common bus can be commanded to
read simultaneously. The data will be held and
displayed on each DPM but will not be available
to the data bus until an individual enable com-
mand is received. Data can then be transferred
to the recording device or controller, one instru-

3. When the input circuit, DPM and output device have
a common ground (as in ‘““a’’), currents flowing through
the line impedance generate an error voltage. The error
can be minimized by using a differential input (as in
“b’") or by isolating the input from the output with a
transformer (as in ‘‘c'").
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MORE
SWITCH
FOR LESS

MINIATURE T
PRECISION THUMBWHEEL SWITCH

1,000,000 Detents (for quality)
Low Cost (for savings)

9 TOP QUALITY FEATURES

.05 ohms max. contact resistance.

. 200 megohms min. insulation.

. 1,000 volts min. dielectric strength.
. 2amps @ 115VAC current carrying capability.
125 ma @ 115VAC current breaking capability.
. Mounts on %2” centers only 1%2” behind panel.
Glass laminate with precious metal contacts
& plating.

. Multi-applications—you name it.

. Over 1,000,000 detents.

IMMEDIATE DELIVERY ...ASK THE PRICE—
BE PLEASANTLY SURPRISED.

ﬂ:Dl Covers The Spectrum of Switches
Saves You Space ¢ Effort ® Time « Money

THUMBWHEEL  ROTARY g
SWITCHES SWITCHES r
b @l o

= Snap-in, snap-out
\‘§ )

©® NOUAWN=S

\m’“_\
e modules in seconds,

eliminating
downtime.

Tabet Pat.

2841660,
2971066,
3015000,
2956131,
2088607.

PUSHBUTTON
SWITCHES

i

Mounts on
2" centers, £
retrofits

most panel e

openings s

for miniature # Miniature :
thumbwheel add/subtract units
switches. retrofit most minithumb-

wheel switch panel openings.
CDI earns its reputation every day for Consistently
High Quality, Consistently Good Delivery.

CHICAGO DYNAMIC INDUSTRIES, INC.

PRECISION PRODUCTS DIVISION
1725 Diyersey Blvd., Chicago, lllinois 60614
Phone: 312, 935-4600
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STORAGE
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4. Busing of several DPMs to common BCD lines is
achieved by gated outputs that use either DTL or open-
collector TTL. The data from each DPM can be sequen-
tially applied to the lines by the individual enable inputs.

Table. DPM IC-logic comparison.

BCD output |Fan | Relative =Maximum  Relative
logic type out | immunity | bundles immunity
to line to noise
capacitive = length
loading
RTL decade 2.5 Poor 5! Poor
counter
TTL decade 8 Fair 51 Fair
counter
TTL low power i Poor 1’ Poor
decade counter
RTL latch 5 Good 100’ Good
TTL latch 9 Fair 5 Fair
TTL low power 1 Poor 1 Poor
latch
RTL gate 5 Good 100’ Fair
DTL gate 8 Good 100’ Good
TTL gate 10 Good 100’ Good

ment at a time, by sequencing the BCD enable
lines.

The type of BCD output circuit supplied with
a DPM must be investigated to insure successful
system use. The table compares the performance
of the most common circuits. The advantages of
buffering the outputs with gates are apparent.

A DPM that can satisfy most present and fu-
ture systems needs might look something like the
unit of Fig. 4b, with the isolation of either Fig. 3b
or 3c. A single DPM can display and also perform
signal conditioning, a/d conversion and multi-
plexing.

A final point: While this article has covered
DPMs, a similar analysis can be applied to spe-
cialized panel instruments, such as digital ther-
mometers, counters, totalizers and clocks. mm
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The PDP-11
family grows on. Y
The rugged one:
PDP-11R20

Some computer problems are plain
impossible to bring to the computer.
PDP-11R20 goes to them.

Goes where there are bad things like 5G
shocks, 500Hz vibration, 55°C temperatures,
95% relative humidity, severe EMI, 30%
voltage swings, 10% frequency transients.
Even if the power source fails completely,
the PDP-11R20 processor will resume when
the power does — from just where it left off.
You won't lose data.

Then there are convenience features:
Peripheral connections are MIL type —
quick and reliable. The computer will
operate in any attitude — at weird angles,
even upside down if it comes to that.

Aside from these and other protective
features, the 11R20 is the same high-
performance 16-bit computer as the
PDP-11/20 and possesses the most
powerful mini-computer architecture in
the world. Like core memory expandable
to 124K words, built-in multi line and
level priority interrupt, 8 general purpose
registers, over 400 instructions, direct
memory access, automatic power fail
and restart.

It goes on and on. So if you happen to
have an ocean going ship, or a tank, or
just an ordinary van, take PDP-11R20 to
where the control or processing
problems are. It will not only survive the
environment, it will keep processing in
the environment for a long time.

But first, send for the complete story.
Digital Equipment Corporation, Main St.,
Maynard, Mass. 01754. (617) 897-5111.
European Headquarters: 81, route de
I'Aire, 1211 Geneva 26 Tel.: 427950
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Boost op-amp bandwidths and slew rates
with input lag compensation instead of the usually
recommended lag-compensation techniques.

To get improved full-signal power bandwidths
and slew rates in op amps, replace the conven-
tional second-stage (or later) lag compensation
circuits with an input lag-compensation network.
Since the input network is at the low signal-
excursion points of the op amp (the summing
junctions), less time is required to change the
capacitor charge than in the higher-level stages.

Equally important is the elimination of first-
stage saturation that occurs with the standard
compensation. As shown in Fig. la, the large
jump in error voltage, e, saturates the first
stages, thus limiting frequency response back
towards the open-loop, first 3-dB break point.
The input lag compensating network (Fig. 1b)
integrates such an input jump, and keeps the er-
ror voltage within the linear response range of
the first stage.

The input lag-compensation network

In designing an input lag-compensation net-
work, you need know only the open-loop dc gain
of the op amp, Ao, and the first 3-dB frequency,
for. These parameters are usually given in data
sheets (fo,, is often called the 3-dB point, the
natural rolloff or the open-loop bandwidth).

For example, suppose you want to design a
unity-gain, inverting 10-MHz amplifier—that is,
one with Ao, = 1 and f,;, = 10 MHz—using the
RCA CA3015 op amp. From RCA application
note ICAN-5213, it can be seen that this op amp
has an open-loop gain, Ao, of 70 dB, a first
break, Fo., of 320 kHz, and a second break of 10
MHz. By using the manufacturer-recommended
phase-lead compensation network, you move the
second-break frequency out to 35 MHz.

Figure 2 shows a simplified Bode plot of the
open-loop lead-compensated CA3015, as well as
the desired closed-loop response of our example.
Also shown is the required lag compensation plot,
together with the equivalent amplifier circuits
corresponding to the three frequency bands of
interest.

David M. Weigand, Senior Engineer, Gulf & Western In-
dustrial Products Co., Swarthmore, Pa. 19081
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1. Increase in bandwidth and slew rates is obtained by
placing the standard lag compensation network, R.C.,
(a), across the op amp input or summing points, (b).
The error voltage, e, is now averaged by the time con-
stant R,C,, thus preventing first-stage saturation.

The first step in the design procedure is to
select values for R,, R,, and R,, usually below
10 kQ for high-speed response. R, can be any
reasonable value, but to minimize dec offset, R,
is usually made equal to the parallel value of R,
and R.. You can thus let:

R, = 10 kQ (input impedance).
Rg — (—A.(‘[‘Rl) s 10 kQ (A(‘[‘ is unity).
R; = (R, in parallel with R,) = 5.1 kQ, choos-

ing the closest standard resistance value.
The next step is to determine f,, the first 3-dB
break frequency of the desired lag-compensation
network. For stability, f, should be less than F,,
by a reasonable amount. The f, break frequency
is determined graphically by extending the —1
closed-loop slope from f., back up to the inter-
section point on the open-loop response curve
(Fig. 2). The equivalent calculation is:
f1 —— f(‘l,/lox,
where x = (AoL — |Acw|) /20, and Ac., and Ay,
are in dB. In the example under consideration,
fat—=2 3 16 H 7
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The break at f, is caused by the compensation-
network capacitor, C., which attenuates the open-
loop gain at this frequency. An equivalent circuit
explaining this effect appears in Fig. 3a, to-
gether with the lag-compensated, open-loop Bode
plot of Fig. 8b. From this circuit, a simple calcu-
lation yields the value of C,:

= 1/(2#f,)) = C. [R, + (R, in parallel
with R.)]. [For our example, where R; = R, in
parallel with R.,

C.= (R, + R.) / (47f,R,R,) = 0.005 uF.

OPEN-LOOP
LEAD-COMPENSATED
@
°
z
I
©
10\, MHz FREQUENCY
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1
LOowW | HIGH
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2. A unity-gain amplifier with the break at 10 MHz .is
obtained by supplementing the standard lead compensa-
tion network, C., with the input lag compensating net-
work, R.C.. The equivalent amplifier circuits are sketch-
ed below the corresponding frequency bands.

The breakout frequency of our lag-compensa-
tion network is caused by the R.C. time con-
stant. As shown in Fig. 2, this lead break is set
equal to the natural rolloff frequency, f,., for
maximum feedback bandwidth. Thus R. is cal-
culated to be:

R
Bl )

and, for our example,

R: = 100.Q.

The resulting unity-gain amplifier appears in
Fig. 4, together with power-supply bypass ca-
pacitors and an emitter-follower power stage.

For best results, follow these tips

There are some practical hints for building op-
amp circuits like the one just described. Here are
seven hints:

1. Use high-frequency layout methods—that is,
shzrt lead lengths, single-point grounding, close
spacing and (if possible) a ground plane. Stray

ELEcTRONIC DESIGN 15, July 20, 1972

capacitance can cause oscillations up to the open-
loop unity-gain crossover frequency of the op
amp, usually above 100 MHz.

2. Dec power supplies should be decoupled right
at the IC, using 0.1-to-0.01-uF ceramic capaci-
tors. The decoupling should be good to 100 MHz.

3. For high-frequency operation, keep imped-
ances low in the forward and feedback resistors.
This reduces stray-capacitance effects on the roll-
off.

4. Check the amplifier pulse response at design

R2
RI
O wWv
¢in  Z=Cc| cazois
el

Ry = (RIl|R2)+R3

W '|
c 7048
c 1
it g N
T o 0 :
THEVENIN f)
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3. The amplifier equivalent circuit (a) shows the effect
of the input lag-compensation capacitor, C., on the
open-loop gain characteristics, (b). That is, C, attenuates
the effective open-loop gain of the amplifier at the fre- -
quency f,.

limits, using a scope with bandwidths as high as
those of the open-loop unity crossover. Remember
that a 100-MHz oscillation looks like a dc bias
or a fuzzy line on a 5-MHz scope.

5. Watch output capacitive loading (such as
long cables) and use one of the standard schemes
—like a resistor, resistor-capacitor and emitter-
follower buffering (Fig. 5).

6. Watch out for parasitic emitter-follower os-
cillations that occur when a modern, high f,
transistor is driven from a low-impedance source,
such as an op amp. A 2N2219 transistor can
produce oscillations with amplitudes of up to
100 mV at 150 MHz. Emitter or collector decou-
pling and placement of the follower outside the
feedback loop will not help. Addition of a 27-Q
resistor (Rg in Fig. 5) eliminates these parasitic
oscillations.

7. Be careful when using ferrite beads for
limiting ringing or parasitics, often they will
only mask a design problem. Printed-circuit
boards often become larger when subsystems are
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TheTime Machine...

New Heath/Schlumberger

Programmable Timer... $395*

Precise, low cost time measurements. The new SM-102A is a compact, light-
weight time-measuring instrument capable of 100 nanosecond resolution
(direct count). Both Start and Stop inputs are internally switch-selected
to allow for a zero-crossing or TTL-level signal. Although time-interval
measurement is its primary function, the SM-102A will also measure
period, period average, events, scaled events and frequency ratio.
Excellent sensitivity. The SM-102A will trigger with as little as 100 mV rms
input. And the input is protected to =50V at DC and 25V rms at 20 MHz.
Differential input. The true differential input of the SM-102A allows
measurement of time interval between signals that do not have a com-
mon ground, as well as signals referenced to ground. Front panel binding
posts and binding post-to-BNC adapters provide connection flexibility.
Programmable. Standard BCD output and programmability make auto-
matic measurements easy. External control of range and reset is
provided, as well as 5 digits of BCD output, over-range flag, and com-
pletion flag . . . a computer can easily program and control the SM-102A.
Connect a TTL-compatible digital printer to the back of the SM-102A
and recording is automatic.

If you have measurement problems in the anywhen, we have an accu-
rate, low cost solution: the SM-102A. . . the Time Machine.

Assembled SM-T02A; 8 IDS. ... ccvoiivnibovinnsensavasnon $395.00*

SM-102A SPECIFICATIONS — START/STOP INPUT — Input Impedance: 1 megohm
shunted by less than 50 pF. Maximum Input Voltage: =50 V DC referenced to
ground for either, or both sides of Input. Sensitivity: Zero crossing mode: 100
mV RMS. TTL/relay mode: TTL compatible. Minimum Pulse Width: Zero crossing
mode: 100 ns at 300 mV pk-pk. TTL/relay mode: 50 ns at TTL levels. GENERAL
— Range: Time A-B: 0.1 us to 104 sec. Period Average: 5 x 10-% sec to 9999.9
sec. Events: 1 to 99999. Resolution: Time A-B: 100 ms to 100 ns. Period Aver-
age: 100 ns/number of periods averaged. Accuracy: =1 count, = time base
accuracy, —=trigger error (start/stop). External Oscillator Input Range: DC to
12.5 MHz. Time Base: Frequency: 10 MHz. Aging Rate: less than 5 ppm/year.
Line Voltage Stability: less than =1 part in 107 for 10% line variation. Tem-
perature Stability: =5 ppm 10°C to 40°C ambient. Referenced at 25°C. Read-
out: Five 7-segment LED’s plus 3 incandescent lamps and 2 decimal points
for range indication and overrange. BCD Output: Rear panel connector for 5
digits of BCD, Overrange flag, Completion flag, 5-volt reference (1 K2 imped-
ance), Ground, and Range programming inputs (binary). Maximum cable length,
18”. Power Requirements: 105-125 volts, 50/60 Hz, 23 watts. (210-250 volts
by changing internal switch and fuse). Fuse: 125 volt operation: 14 ampere,
125 volt slow blow. 250 volt operation: Y8 ampere, 250 volt slow blow. Dimen-
sions: 94" deep, 634” wide, 214" high. Net Weight: 414 Ibs.

The Heath/Schlumberger frequency machines

If frequency measurement is your prob-
lem, we have a solution to that as well.
Our SM-105A provides 10 Hz to over 80
MHz range, 5-digit LED readout, 100 mV
rms input sensitivity and time base sta-
bility of =10 ppm. .. for only $350*.
Our SM-104A frequency counter provides
the same range as the SM-105A, but has
a research-grade TCXO time base guaran-
teed stable to 1 part in 10¢ per year and
5-digits of TTL-compatible BCD output...
for just $500*.

For high frequency measurement, choose
our new SM-114A Scaler for only $365*.
It extends the range of any 6 MHz, 50
ohm counter to 600 MHz. Prescale fac-
tors of 1, 10 & 100 are pushbutton-
selected, with the =1 range providing
17 dB of amplification. Input sensitivity
is 50 mV rms.
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Heath/Schlumberger Scientific Instruments Schimberger

Dept. 531-263

Benton Harbor, Michigan 49022

[] Please send additional information on the SM-102A Timer.

[ Please send additional information on the SM-105A, SM-104A

and SM-114A.

[] Please send latest Scientific Instruments catalog.

Name

Title

Company/Institution

City State. Zip
*Mail order prices; FOB Benton Harbor, Michigan

Prices and specifications subject to change without notice.
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2N2219

CA3015

=12V

4. The complete unity-gain amplifier demonstrates the
simplicity of designing a suitable input lag compensation
to meet a given performance criterion, see text for step-
by-step design procedure. The power supply is decoupled
using a pair of ceramic capacitors. To minimize the ef-
fects of capacitive loading, an emitter follower is added.

5. To minimize the effects of capacitive loading, a re-
sistor (a), or a resistor-capacitor (b), or an emitter fol-
lower (c) can be added to an amplifier as shown. Also
see text for several practical tips on layout, grounding,
decoupling.

incorporated into complete systems, with more
circuits sharing common power supplies, ground
planes and coupling areas. Putting a problem
circuit into the middle of a large PC board can
create havoc because of unexpected circuit inter-
actions, am

Bibliography
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Bandwidth,” Motorola AN 459.
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high
power
linear
amplifiers
from
MCL

Reliability in linear amplifiers begins with cavity
amplifier design. MCL combines today’s most
advanced cavity designs with regulated power
supplies, metering and cabinetry for total
system dependability.

For example, MCL Model 10581 linear amplifier
system covers a frequency range of 200 to 400
MHz for dependable command communica-
tions. Bandwidth at 3 db is 4 MHz and gain is
13 db. Servo controlled autfomatic tuning is
available as an option. And MCL can provide 11 rowsn ANPURR
this amplifier in the exact power and frequency
configuration you require.

A wide range of high-reliability amplifier systems
in addition fo Model 10581 are available from
MCL. For complete specifications on the
amplifier that meets your high power microwave
requirements, call (312) 354-4350, or write:

MCL, Inc., 10 North Beach Avenue,

La Grange, lllinois 60525.
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Opportunities developing now for RF engineers at MCL, Inc—an equal opportunity employer.
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MANAGEMENT

You have to earn management’s support,
says this company president. You can, if you learn to sell ideas
as business propositions as well as engineering feats.

Are you getting enough support from the man-
agement of your company ? If the answer is ‘“no,”
ask yourself why not. Half of you will probably
say it’s because management is shortsighted. But
perhaps the reason management has failed to
support engineering is because engineering has
failed to do the right job for management.

Many engineers believe that management
should always cooperate with them. But they
have to recognize that there’s competition for the
time and support of management, and they must
compete for it. Engineers can improve their com-
petitive position in four ways:

1. Learn how to sell ideas to management.

2. Identify the technologies of their competi-
tors and develop discriminating plans to give
their company more technical leverage per dollar.

3. Translate the technologies in business terms.

4. Reassess their duties in the company.

I wonder how many engineers have determined
which people around them decide whether or not
their ideas are acceptable. All too often the engi-
neer fails to consider what his customer likes and
dislikes. And his first customer is probably his
manager, followed by the purchasing agent, the
production man and then the user. It doesn’t
do any good if the engineer complains that he’s
a genius but no one knows it. He must realize
that the requirements for making a sale are the
same everywhere—convincing the customer that
the product has features that are important and
meaningful to him.

And selling an idea at the next level is even
more difficult. To corporate management, new
and improved technology is money. Company
management has just so many dollars to spend,
and it can spend them on advertising, on sales-
men, on a new plant, or in a thousand other
ways. During the process of budgeting and plan-
ning, management gets reports from every de-
partment in the company. The engineer must
realize that the investment in technology is only

Robert C. Wilson, president, Collins Radio Co., Dallas,
Tex. 75207
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one of many alternatives open to management,
and it isn’t necessarily a question of whether an
engineering idea is good or bad.

I think that sometimes engineers get carried
away and say things like: “Obviously we can im-
prove product X, but management is too short-
sighted to see it; they just don’t understand.”

The engineer who says that doesn’t really put
the whole business into perspective. If he did,
he’d know that management has 10 ways to spend
every dollar, and unless he makes his way more
attractive than the nine other alternatives, man-
agement won’t spend its money on engineering.

Cashing in on your knowledge

Success has always been success vs competi-
tion. It’s fundamental. So if you want to sell your
engineering, you have to know your company’s
competition ; that’s one thing that both engineer-
ing and management understand. If you're in
semiconductors, you should know the technol-
ogies of Motorola, Fairchild and TI, and know
how to improve on them—but not just from an
engineering standpoint. You have to relate your
technical knowledge to your company’s business
situation.

How do you do that? Well, suppose there are
four products before us from four leading com-
petitors. What conclusion are you going to draw
from your analysis of these products? How are
you going to apply your knowledge to your own
particular business? Are you going to try to
match the performance of your company’s prod-
uct with that of the competition by, say, raising
the gain? Is one of the other engineers on the
staff going to improve the reliability of the
product? Is still another engineer going to im-
prove the manufacturing process?

It’s possible that four competent engineers
could arrive at completely different conclusions
about what should be done to beat the competi-
tion after looking at the same products. So unless
you know what your company management is
looking for, you won’t know how to cash in on
your analysis.

In an ideal situation, management would give
the engineering department a strategy statement.
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Robert C. Wilson

Education: B.S. degree in mechani-
cal engineering, University of Cali-
fornia.

Experience: Manager of manufac-
turing and plant operations; general
manager, consecutively, of the radio
receiver dept.; the consumer elec-
tronics div.; the industrial drives
div.; and corporate vice president,
all at GE. Executive vice president
of North American Rockwell Corp.,
responsible for NR’s industrial
products and electronics groups.
Currently president and chief execu-
tive officer of Collins Radio Co.

Societies: ASME; Tau Beta Pi; and
associate member of AIEE.

Publication: Co-authored, ‘“Capaci-
tors for Industry.”

Personal: Married, three children.

Employer: Collins Radio Company
is an international electronics firm
manufacturing a broad range of
products for communication, compu-
tation and control functions. An im-
portant segment of the company’s
current activities include the de-
sign, development, and manufacture
of data communication systems. The
company, incorporated in 1933, start-
ed operations with eight people in a
rented basement. Today, it employs
more than 11,000 persons in locations
throughout the world, including
Dallas, Tex.; Cedar Rapids, Iowa;
Newport Beach, Calif.; and Toronto,
Ontario, Canada.
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From that, the manager of engineering would
determine a strategy to support the company
goals. The designer himself would also determine
his strategy, and after analyzing the competitor’s
products, he might say : “What our company really
needs to compete is high serviceability in the
field ; it’s the greatest leverage we can have.”
That’s the kind of technical identification an
engineer can help his company with most.

Don’t lose it in the translation

What about engineering breakthroughs? How
does management translate an engineering break-
through in business terms?

Suppose an engineer announces to the engi-
neering manager that he has found a new device
that will increase amplification in the company’s
widget 110? The manager asks:

Does this improvement allow me to take some
cost out of another part of the system, making
it less expensive to manufacture?

Is this improvement important to the customer?
Will he pay more for it?

Can we standardize with this improvement?

Does it give us an opportunity to make units
of a system play together better?

One thing an engineeer should do to help his
management, it seems to me, is try to translate
his finding into end results that are meaningful
to the business equation. Engineering is part of
management, and there’s an implicit obligation
on the part of both engineer and manager. The
general manager has an obligation to make sure
he doesn’t omit or shortchange the engineering
input. The engineering function has an obligation
to make sure management is aware of the con-
tributions engineering can make to help him
shape the business strategy.

Reassess through peer analysis

Since many businesses are fighting for their
lives today, engineers can’t afford to work in
splendid isolation. If they’re going to help their
employer, they need to know more about the busi-
ness part of their industry. What contributions
then, should you, as an engineer, be making ?

Why not reassess your responsibilities? As-
semble your peers from the other functions of
the business—finance, plans, relations, manufac-
turing, marketing and so on—and ask each to list
the contributions that engineering should make
to the business. Don’t say anything; just listen.

I'll guarantee you that there wouldn’t be one
engineer in a thousand who would know what
many of his contributions to the business should
be. Do you, for example, consider yourself re-
sponsible for manufacturing and processing in-
ventory ? Probably not. But how many times have
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you or other engineers at your company issued a
design that doesn’t have the right kind of stand-
ardization or parts? How many change notices
have you put through at the wrong time to foul
up manufacturing? You’d be amazed at the con-
trol you have over inventory processing.

To complete the analysis, ask each of your
peers to grade you on the present contributions
you're making to the business. They’ll be expect-
ing contributions from you that you haven’t even
thought of making. It’s a handy-dandy way to
broaden your perspective.

If the engineer who goes through this analysis
is the right kind of individual, he’ll accept the
findings. If he’s living in an engineering world
and not in a business world, he’ll reject the find-
ings. Because, he’ll rationalize, why should a
marketing man grade an engineer? Does a mar-
keter know anything about engineering? No, but
he does know what contributions marketing
would like to have from the engineering function.

On the other hand, the marketing man may not
know what’s expected of him either. He may say
that he’d like to have a special widget for each
of a thousand different customer groups. The
manufacturing man may say that he has to have
complete standardization or he won’t be able to
build a thing at cost. And the financial man may
decide somewhere in between. As you can see, an
engineer must understand a lot more than engi-
neering, because an engineering viewpoint alone
will seldom be the right one for business.

Most of you are being called on every day to
make decisions that require knowledge outside
the realm of engineering. The sooner you can ap-
ply a knowledge of business to your engineering
decisions, the sooner you're going to get the un-
qualified support of management. ==
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THE
1024-BIT
TILRAM
IS HERE
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Our new 93415 RAM:

1024 x1 bit. TTL.60ns access time at 0.5 mW/bit.

And Isoplanar did it.

The 93415 RAM is the most com-  quantities in 16-pin hermetic DIP.

plex monolithic bipolar read/

: What this means to designers of
write memory ever made.

high-speed digital systems is

This self-contained subsystem that for the first time they have
also features 30ns chip select available a major TTL memory
access time, open collector building block that can operate

(expandable) output, static TTL  at speeds compatible with those
operation and decreasing power of their systems’ logic. Because
dissipation with rising tempera- it’s static, the 93415 is simple

ture. Available now in prototype to use, requires no complicated

Functional diagram of the 93415 TTL RAM
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peripheral electronics. And be-
cause of its functional density
and capability, the 93415 gives
the designer a fine opportunity
to realize significant cost savings
by 1) reducing package count,
2) reducing circuit board number
and size, 3) reducing number of
connections, 4) increasing sys-
tem reliability.
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Significant Memory Applications
Some of the more exciting appli-
cations of 93415 are: as a fast
writeable control store for micro-
programming, eliminating many
present needs for fixed ROMs;
as a large high-speed scratchpad
to make multiprocessing more
feasible; for simulation of long
high-speed shift registers; for
improvement of buffer or cache
memory performance by increas-
ing capacity without any power
or size trade-off; and obviously
for building cost-effective high-
speed main-frame memories.

Fairchild Bipolar Memories

Isoplanar did it. Again

Our 93415 is the most recent, and
most important, product of our
isoplanar technology. Isoplanar
proved itself last year with the
successful introduction, and
volume production, of our 93410
256-bit TTL RAM and our 95410,
world’s first 256-bit ECL. RAM.

The introduction of the 93415,
another industry first, is just one
more demonstration of what
isoplanar can do. Soon, isoplanar
will do it again, with even more
complex TTL and ECL memories.

BIPOLAR READ/WRITE MEMORY APPLICATIONS SUMMARY
AN- REGISTERS SCRATCHPAD ON BUFFER MAIN
1%’7\%0N SYSTEM SPEED | SYSTEM SPEED | SYSTEM SPEED | SYSTEM SPEED | SYSTEM SPEED
5-30ns 15-60ns 20-70ns 50-80ns > 75ns
(TTL) 9338,93539*
8 x1)(EcL) 9539* >
1) 93407,93433
16x1 %E:L’) 95401
(TTL) 93403
16x4 (ECL)) 95400
TTL) 93410%
256 x 1 EECL) 95410%
TTL) 93415
1024 x 1 EECL)) 95415¢t' >

*IN DEVELOPMENT

$ISOPLANAR DEVICES.

What is Isoplanar? It’s a bipolar
fabrication process that replaces
conventional planar P+ isola-
tion diffusion with an insulating
oxide. Result: High density. High
vield. Low cost. Improved
speed/power performance (from
lower parasitic capacitance).
Improved reliability (from planar
surface). Isoplanar is the design- °
er’s assurance of proven repro-
ducibility and deliverability.

regions and isolation in isoplanar bi-polar
(bottom) compared to conventional planar
bi-polar (top).
Availability
Some 93415 RAMS are already out
in the field in evaluation quantities.
Prototype quantities are available
now from your friendly Fairchild
distributor at the following prices:
1-24 25-99 100-999
$87.50  $80.50 $70.00

Volume shipments available during
4th quarter.

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. (415) 962-5011. TWX: 910-379-6435
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'ideas for design |

Add thermal cutoff to current limiting
for complete protection of passtransistors

Current-limiting techniques won’t protect pass
transistor junctions during partial short-circuits
unless the heat sink is efficient enough to keep
the junction temperature at a safe value during
worst-case conditions. If a thermal cut-off pro-
tection circuit is used—such as in some integ-
rated-circuit designs—no additional heat-sinking
is required.

The circuit in Fig. 1 cuts off pass-transistor Q.
when its base-emitter junction temperature rises
above a predetermined level. Transistor Q
which controls Q,, may be driven by an ON/OFF
control signal, or it may be part of a linear regu-
lation loop. When Q, turns on Q. transistor Q,
also turns on, with resistor R, limiting its base
current. Transistor Q. turns on when the voltage
drop across resistor R. exceeds the transistor’s
base-emitter voltage [Vsrq.] by at least a factor
of R,/R.. Transistor Q,, however, bleeds off the
current that resistor R, feeds into Q.’s base.

If a short-circuit occurs at the output, transis-
tor Q. turns on, thus limiting the output current.
Also, transistor Q, remains on—at least initially.
As the base-emitter junction of Q, heats up, the
junction voltage Vg, decreases by approximately
2.2 MV/C. When V;(Q.) drops sufficiently to
turn off Q,, transistor Q. turns on—ecutting off
the pass transistor until either power or the con-
trol signal is removed and then reapplied.

The base-emitter voltage of Q, acts as a refer-
ence voltage. Therefore Q, should be maintained
at the ambient temperature and should be ther-
mally separated from Q, and its heat sink. The
cut-off temperature is determined by the equation

Views — Ve
Jeiy 1(Q3) BE (Q1)
Time =Ta —

228518 i
where
Ty 18 the cut-off temperature of circuit in
26
8 is the ambient temperature in °C.

Viegs 18 the base-emitter voltage of pass-tran-
gistor at T; = 25 C and at the limiting
current of the circuit.

Ve 1s the base-emitter voltage of the refer-
ence transistor at T; — 25 C and at the
operating current of Q, supplied by R..
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o 2N2222

Transistor Q, turns on, cutting off pass-transistor
Q, when the base-emitter junction temperature of
Q, exceeds a desired level.

If it’s assumed that Q. and Q; have equal base-
emitter voltages at the same current and temper-
ature, the current supplied by R, should be ad-
justed as follows to obtain the desired cut-off
temperature differential:

Ir,n\uQs)
'l'u,\l-TA) v

IR4 =
2( 12

In addition to thermal cut-off protection, cur-
rent limiting is provided to maintain operation
below the rated maximum collector current of
the pass transistor. The voltage Vgg. is the
reference for current limiting, and a negative
temperature coefficient of the limit results. For
worst-case conditions, the limit must be below the
transistor’s maximum rating at the lowest pos-
sible operating temperature—and above the nor-
mal operating current at the highest possible op-
erating temperature. The current limiting resis-
tor R, is determined by the equation

=20 VBE(Q:Z) = (VCE)SAT(QU
Ri— :

ILIM

For normal operating temperature ranges, the
pass transistor should be rated for at least twice
the normal operating current.

Bill Olschewski, Engineering Manager, Instru-
ment Systems Corp., 789 Park Ave., Huntington,
Dol INEY 21743

CIRCLE No. 311
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SHOWN ACTUAL SIZE

You can’t do better than our
Series 82 Trimmers for small
size and low cost. .. and, of
course, Helipot dependability.
These %, single-turn,
general-purpose cermet
models have the lowest
profile in the industry with

a proven cermet resistance
element that can be set to
any voltage ratio within
0.05% of full scale. Sealed
metal housings, solid stops,
and essentially infinite
resolution. They'll save

you space—they’ll save you
money. (Our prices start at
$1.40 list.) Two good reasons
to write for specs and prices
today.

Beckman® INSTRUMENTS, INC.

HELIPOT DIVISION
2500 Harbor Blvd., Fullerton, Calif. 92634

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE

INFORMATION RETRIEVAL NUMBER 38
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Scheme uses fewer gates
in bidirectional shift register

A BCD bidirectional shift register normally
needs a number of gates at the inputs of the flip-
flops to handle data entry from either side. If the
connection scheme of Fig. 1 is used to shift the
data, the number of hex ICs needed can be re-
duced from 10-5/6 to 3-5/6 for a four-digit regis-
ter, or from 38-1/3 to 11 for 14 digits.

Left/right shifting is done through only one
bit position among the four AND-OR-INVERT
structures at the inputs of the most significant
bit (MSB) of the flip-flops. Since each digit posi-
tion is connected as a miniature ring-shift regis-
ter, all the bits in one position are automatically
shifted to the next higher or lower-order position
after four clock pulses have been applied. The
number of shift pulses required is thus independ-
ent of the number of digits involved.

A connection diagram for right-shifting a four-
digit number is shown in Fig. 2. Cycling is per-
formed by a simple modulo-four counter, which
stops automatically after allowing four clock
pulses.

Pradip K. Das, Dipak K. Basu and R. Datta-
gupta, Computer Center, Jadavpur University,
Caleutta 32, India

CIRCLE No. 312
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How to save silver when buying gold: Spec Cherry
Gold ““Crosspoint”” Contact keyboard switches. With a
momentary Form A (SPST/NO) price tag of just 29¢
in 250,000 quantity . . . lower prices in higher quantities.

What do you get besides low price? Unique, proven
Cherry Gold ‘“Crosspoint” contact configuration that
enhances reliability. Tested beyond 50,000,000 opera-
tions. (Test Report No. TK 10071 available on request.)
You get Cherry’s low profile Keyboard switch featuring
rugged construction, 2% ounce operating force and
stable contact resistance (typically 25 milliohms over
life). Made by the people who pioneered the Gold
““Crosspoint” Contact in snap-action switches.

The result? Cherry keyboard switches are your ideal
choice for computer terminals, electronic calculators
and credit card validators.

CHERRY

Makers of patented Leverwheel/ Thumbwheel Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards.

...and give you

A PENNY CHAN

TEST A FREE SAMPLE- Choose the
29¢ Form A switch . . . or any of Cherry’s complete line
of keyboard switch modules. Just TWX 910-235-1572

. or PHONE 312/689-7703 and ask Walt to give you
facts on Keyboard Switches . . . or circle appropriate
reader service number.

FORM A, MOMENTARY
(SPST/NO)

Circle No. 211 for Free Sample
ALTERNATE ACTION (SPST)
Circle No. 212 for Free Sample

DUAL FORM A, MOMENTARY

(DPST/NO?
Circle No. 213 for Free Sample

ACTUAL SIZE

CHERRY ELECTRICAL PRODUCTS CORP.
® 3609 Sunset Avenue, Waukegan, Illinois 60085




Use an IC voltage regulator
in simple lab power supply

The pAT23 IC voltage regulator, though origi-
nally intended for fixed-output power supplies,
can also be used for adjustable-output regulators
like those needed for lab supplies.

The circuit shown functions as a continuously
variable 0-to-25-V, 0-to-1-A power supply, with
line and load regulation of 0.05% in the voltage
mode and 0.2% in the current mode.

An auxiliary floating de voltage, V,, feeds the
IC regulator. If the Vggr output is connected to
ground, the negative side of V, is held at the
— Vier level. Voltage V, thus provides a negative
reference voltage for the control potentiometers
Rs (current control) and R,, (voltage control).

Internal error amplifier A,’s noninverting in-
put is tied to ground, while its inverting input
receives the error signal at the junction of sam-
pling resistor R,, and reference resistor R,,. The
output voltage is thus (R,./R.;) Vi, where Vy is
the voltage at the slider of potentiometer R,

78

Internal output transistor Q;,, connected as a
common-emitter driver, controls the power con-
trol transistors Q. and Q..

Current control results from a differential
amplifier composed of internal current-limit tran-
gistor Q;; and Q,. In the voltage mode, transistor
Q, conducts while Q;, is cut off. As the output cur-
rent increases, so that the voltage on resistor R,
equals the voltage at the slider of potentiometer
R, transistor Q;, begins to sink the base current
of Q. to maintain a constant output current.
Resistor R; should have a value that permits Q;,
to sink the maximum output current—approxi-
mately 1 mA—of the voltage error amplifier A,.
Closed-loop stability is provided by the two com-
pensation capacitors, C, and C..

L. Boiucaner, Electrical Engineering Dept.,
University of the Negev, P.O. Box 2053, Beer
Sheva, Israel.

CIRCLE No. 313
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Don Femling of National Semiconductor
Wins Annual “Ildeas for Design” Award

“I can’t believe it. I can’t believe it.”” Those
words came from Don Femling as he received the
annual “Ideas for Design” award for 1971. Fem-
ling had no idea of what was in the offing when
he was called to the office of Pierre Lamond,
General Manager of National’s Santa Clara Div.
Lamond simply asked, “Don, could you pop into
my office for a moment ?”

When he arrived, Don was puzzled to find a
small, but silent, crowd. In addition to Lamond,
there was National’s Marketing Services & Com-
munications Manager, Charles Signor, photogra-
pher, Don Shapero, ELECTRONIC DESIGN’S Pub-
lisher, Peter Coley, and Editor, George Rostky.

Rostky broke the silence with, “Don, the read-
ers of ELECTRONIC DESIGN think you’re a pretty,
good designer; you've won the annual Ideas for
Design award for 1971.” He then presented a
walnut-mounted, gold-toned-brass plaque, hand-
somely engraved with the inscription, ELECTRONIC
DESIGN’s Top Award to Don Femling of National
Semiconductor Corporation in Recognition of his
Innovative Contribution to Electronics Engineer-
ing for the Outstanding Idea for Design, 1971.”

After several minutes of gaping at his plaque
and muttering, “I can’t believe it,” Femling was

interrupted by Rostky’s, “Oh, I almost forgot,”
whereupon Rostky handed Femling a check for
$1000. At this point, Femling modified his solilo-
quy to “Wow! I can’t believe it.”

Femling is a senior applications engineer with
National, which he joined two years ago after
spending eight years with Fairchild Semiconduc-
tor. The award-winning idea, ‘“Digital IC tone
detector responds immediately to inputs,” ED 8,
April 15, 1971, came to him when a boy-scout
friend needed a tone detector for model-airplane
control. He wanted to transmit 10 to 15 tones
instead of four or five. The limited bandwidth
available called for a more selective detector.

After he designed the detector, Femling real-
ized that it could be used for process-control
instrumentation and other applications where
data could be transmitted over a single wire. The
design uses inexpensive TTL ICs, so it’s “cheap
and dirty,” says Femling, “but effective.”

An active member of the Church of Latter Day
Saints, Don and his wife Barbara Joyce have four
children, Barbara, 23, Dawn, 15, Rhonda, 12, and
Stean, 6. Don enjoys motorcycling, camping and
fishing. Electronics has been his hobby since he
was a boy.

Pierre Lamond is happy, too, but Don Femling is overjoyed with ELECTRONIC DESIGN's award.

IFD Winner for March 16, 1972

Mike Black, Design Engineer, Texas Instru-
ments, Inc., M.S. 257, 13500 North Central
Expressway, Dallas, Tex. His idea, “Voltage-
to-frequency converter produces TTL logic
output,” has been voted the Most Valuable
of Issue Award.

Vote for the Best Idea in this Issue.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas for Design editor. Ideas can only be considered
for publication if they are submitted exclusively to
ELECTRONIC DESIGN. You will receive $20 for each
published idea, $30 more if it is voted best of issue
by our readers. The best-of-issue winners become
eligible for the Idea of the Year award of $1000.

ELECTRONIC DESIGN cannot assume responsibility for circuits shown nor represent freedom from patent infringement.
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M BETTER QUALITY AND RELIABILITY THROUGH CONTROL

em———

They’re Small and Reliable *

EL-MENCO DM5 — DM10 — DM15 — ONE COAT DIPPED MICA CAPACITORS

STYLE

WORKING
VOLTAGE

CHARACTERISTIC

CAPACITANCE
RANGE

DM5

50vDC

1pF thru 400pF

m

27pF thru 400pF

85pF thru 400pF

DM5

DM10

DM15

100vVDC

1pF thru 200pF

m

27pF thru 200pF

85pF thru 200pF
1pF thru 400pF

m

27pF thru 400pF

85pF thru 400pF

1pF thru 1500pF

m

27pF thru 1500pF

85pF thru 1500pF

DM5

DM10

DM15

300VDC

1pF thru 120pF

27pF thru 120pF

1pF thru 300pF

m

27pF thru 300pF

85pF thru 3OOEF

1pF thru 1200pF

m

27pF thru 1200pF

85pF thru 1200pF

DM10

DM15

500vVDC

1pF thru 250pF

m

27pF thru 250pF

85pF thru 250pF

1pF thru 750pF

m

27pF thru 750pF

moofnjoolmoofmo|OmoOfT|o oMo |OfT o [OfTm O |0
m

85pF thru 750pF

85pF thru 120pF |

Where space and performance are critical, more and
more manufacturers are finding that EI-Menco minia-
turized dipped mica capacitors are the reliable solu-
tion. The single coat is available in three sizes: 1-CRH,
1-CRT and 1-CE.

The 1-CRH DM “‘space savers’” easily meet all the
requirements of MIL and EIA specifications, includ-
ing moisture resistance. The 1-CE and 1-CRT units
also meet the requirements of MIL and EIA specifica-
tions, except that they have less moisture protection
because of their thinner coating; these capacitors,
therefore, are ideally suited where potting will be
used. Note: DM10 and DM15 units are still available
in the standard 4-CR size.

Specify “El-Menco” and be sure . . . the capacitors

with proven reliability. Send for complete data and
information.

*Normally, El-Menco 39 pF capacitors will yield a failure rate of less than
0.001% per thousand hours at a 90% confidence level when operated with
rated voltage and at a temperature of 85°C. Rating for specific applications
depends on style, capacitance value, and operating conditions.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC, CONNECTICUT 06226

Dipped Mica * Molded Mica * Silvered Mica Films ¢ Mica Trimmers & Padders
Mylar-Paper Dipped * Paper Dipped * Mylar Dipped * Tubular Paper

West Coast Manufacturers contact: COLLINS & HYDE CO., 900 N. San Antonio Rd., Los Altos, California 94022

5380 Whittier Blvd., Los Angeles, California 90022

ALSO SOLD NATIONALLY THROUGH ARCO ELECTRONIC DISTRIBUTORS
INFORMATION RETRIEVAL NUMBER 41




If you're converting synchro/
resolver data to digital format,
you need both speed and accu-
racy to keep pace with today's data
explosion. Only one converter meets
both these requirements without com-
promise. And for under $4K. . . . North
Atlantic’s Model 545/100.
The solid-state Model 545/100 converts both
resolver and synchro data with 0.01° accu-
racy and resolution. And continuously digitizes
input angle data at 20,000° per second in the face
of real-life noise, harmonics and quadrature levels.
BCD output is available at the rear connector. Con-
version can be stopped by a data freeze command.
If multiplexed signals are your bag, acquisition
time is less than 30 ms.
Options? Other models offer many options,
including 0.001° resolution with 10 arc-sec-
ond accuracy; data frequencies from 60Hz
to 2.4kHz, binary output, small size.
No matter what your conversion prob-
lem, if you require ultra-fast, ultra-
accurate tracking, contact your
North Atlantic sales engineering
representative today. He'll show
you a better angle.

OUR
ANGLE:
High Speed
Accurate and
Automatic Angle
Position Indicators

WHAT’S
YOUR
ANGLE?

NORTH ATLANTIC
industries, inc.

200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803
cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600

Ve
INFORMATION RETRIEVAL NUMBER 42
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(new products |

Small, low-cost, modular power supplies
woo light-minded users

Trio Laboratories, Inc., 80 Dupont
St., Plawmwew, L., NJY., 11808
(516) 681-0400. P&A : See text.

While it doesn’t claim best regu-
lation, smallest size and weight,
largest power output, lowest noise,
widest line-frequency range, best
temperature coefficient or lowest
cost, a 5-V power supply offers
what Trio Laboratories feels is the
best combination of size, weight
and price.

At 40 C, Trio’s 6560A-05 delivers
12 A, offers combined line and load
regulation (zero to full load) of
0.2%, operates from line frequen-
cies of 47 to 500 Hz, changes no
more than 0.056%/°C over —20 to
+40 C (for 12-A output), spits out
no more than 50 mV pk-pk of rip-
ple and noise, fits in a 94-cubic
inch package that weighs 3.25 Ib
and costs $200.

While none of these specs is daz-
zling by itself, Trio can select one
combination or another to show
the superiority of its supply over
competitive units. And because
there are so many power-supply
specs, so many different user re-
quirements and hundreds of ven-
dors, it’s almost always possible to
select a suitable spec combination
to prove superiority.

Some combinations—Ilike dollars
per watt—may prove extremely im-
portant to most power-supply users,
while others—Ilike watts per pound
—may be important to few. Fur-
ther, competitive comparisons can
sometimes be bent to suit the wish-
es of the man making the com-
parisons.

For example, Lambda does not
have a 5-V, 12-A supply, but it
has 5-V, 9-A and 5-V, 16-A sup-
plies. The former matches Trio’s
$3.33 per watt and the latter (the
LXS-CC) beats Trio with $2.50/W.
In a size-and-weight competition,
Trio’s 0.64 W/in.* and 185 W/lb
easily top Lambda’s 0.35 W/in.?

ELECTRONIC DESIGN 15, July 20, 1972

and 5.33 W/lb. But Lambda, with
ripple and noise at 5 mV pk-pk,
kills Trio, with 50 mV pk-pk.

Similarly Trio beats HP’s new,
$175 62005E, an 8-A supply, on
HP’s 0.15 W/in.3, 3.06 W/lb and
$4.37/W. But HP has five times
better line and load regulation, at
0.049%, and 25 times better ripple
and noise, at 2 mV pk-pk.

In most cases, Trio’s switching-
regulator supply wins the size-and-
weight competition. But not al-
ways. The Ro Associates 210, an
8.7-A supply, beats Trio’s density
with 0.95 W/in.2 (vs 0.64) and

Part of a new line, Trio’s 5-V, 12-A
supply boasts advantages in size,
weight and price.

almost matches Trio’s 18.5 W/Ib
with 17.4 W/lb. Its noise output,
25 mV pk-pk, is half of Trio’s. But
at $225, it costs $5.17/W.

In the same way, Trio beats
Technipower’s soon-to-be-announc-
ed LPC (with 10 A at 55 C), which
has 0.24 W/in2 and 4.16 W/Ib.
Technipower’s combined line and
load regulation, at 0.5%, is worse
than Trio’s 0.29%. But the price—
about $80—makes for a nifty
$1.60/W.

With electrical specs similar to
Trio’s, Power/Mate’s SWR 5-12

(which gives 12 A at 60 C), costs
only $150 ($2.50/W). But Power/
Mate’s unit—using a switching
regulator, as does Trio’s—has vol-
ume and weight of only 45.6 in.?
and 2.2 Ib, making for 1.32 W/in.?
and 27.3 W/lb. Further, Power/
Mate’s ripple and noise are only 20
mV pk-pk.

With substantially better regu-
lation and noise, 0.02% combined
line and load and 3 mV pk-pk,
Faratron’s FRD5 (delivering 13 A)
beats Trio’s electrical specs. But it
loses on size (0.188 W/in.?) and
weight (3.42 W/Ib), and it just
noses out Trio on cost ($3.30).

At $169 ($2.82/W), Dynage’s
L5.25-12 beats Trio’s price. It
matches the ripple and noise, with
50 mV, loses on combined line and
load regulation, at 0.5%, and loses
with 0.41 W/in.? and 5 W/Ib.

If one were to pursue such com-
parisons with scores of competitive

supplies, one would likely find more

cases of “win some, lose some.”
Even here, where all the supplies
mentioned include over-voltage pro-
tection, the comparisons are only
partial. All vendors give quantity
discounts—some greater than
others. Current ratings for most
are at 40 C, but some (like Power/
Mate and Technipower) don’t speci-
fy current ratings below about 60
C. And many supplies include fea-
tures not listed here that may
prove most decisive to you.
For more information from:

Dynage CIRCLE NO. 250
Faratron CIRCLE NO. 251
Hewlett-Packard CIRCLE NO. 252
Lambda CIRCLE NO. 253
Power/Mate CIRCLE NO. 254

Ro Associates CIRCLE NO. 255

Technipower CIRCLE NO. 256

Trio-Laboratories  cipce No. 257
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1982

atan
under-grand
price

INTER-COMPUTER
ELECTRONICS

ONIC
AD-5104N

Analog-Digital Converter

IAD-5104

Designed as a video signal digitizer,
the Inter-Computer Electronics’ IAD-
5104N offers a dramatic cost and size
breakthrough in signal processing,
testing and enhancement. An offer
made good by its $950 price tag and
its NIM packaging.

The 5104N—one of a family of A/D
Converters and Encoder Modules rang-
ing from 500 kHz, 12 Bits to 100 MHz,
4 Bits.

From Inter-Computer . . .
the data handling company.

A SUBSIDIARY OF AMERICAN ELECTRONIC LABORATORIES, INC

P.O.BOX 507 e LANSDALE, PENNSYLVANIA 19446

(215) 855-0922 » TWX 510-661-4976 « CABLE: AMERLAB
INFORMATION RETRIEVAL NUMBER 43
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MODULES & SUBASSEMBLIES

Sample-and-hold amp.
settles in 500 ns

Tustin Electronics Co., 1656 S.
Minnie St., Santa Ana, Calif.
92707. (714) 835-0677. $240; stock

to 2 wks.

The Model 2000 sample-and-hold
amplifier features an accuracy of
+0.019 of full scale. Its settling
time for a full-scale, step-function
change of +=10.0 V is 500 ns. Its
aperture uncertainty time is 10 ns.
Input impedance is 100 megohms
shunted by 70 pF. Output voltage
is +=10.0 V and output current is
10 mA. Full power bandwidth is
1.0 MHz. Hold drift is 1.0 mV
for 1.0 ms. The unit is mounted on
a PC board featuring open board
construction and its dimensions are
54 x 4.2 x 0.4 inches.

CIRCLE NO. 258

CRT ten-gun display
features new font

Industrial

FElectronic
Inec., 7720-40 Semona Ave., Van
Nuys, Calif. 91405. (213) 787-0311.
$17.50 (1000); 4 wks.

A new type font which enhances

Engineers,

readability and aesthetics is now
being offered in the Series 6000,
ten-position, nimo CRT. Letters,
numbers and symbols are projected
on the same plane in a 5/8 x 1/2
inch message area. The display is
easily read from a distance of 15
feet, even in bright sunlight, and
at a viewing angle of 160 degrees
vertically and horizontally. Stand-
ard projected color is green, but
blue and red are also available.
Phosphor life under normal oper-
ating conditions is 10,000 hours at
a brightness level of 100 ft-L, with
no fear of catastrophic failures.
CIRCLE NO. 259

| 8-bit a/d converter
- sells for $59

HYEjQyD

' SYSTEMS
CDQD

AlD CO(\J\/EQ rER

ADC 590-g

Hybrid Systems Corp., 95 Terrace

Hall Ave., Burlington, Mass. 01803.
(617) 272-1522. $59; stock to 2
wks.

The ADC590-8 8-bit a/d con-
verter includes references, clock,
switches and ladder and is pack-
aged in a 2 X 2 X 0.4 inch mod-
ule. Its performance characteristics
include: An input of £5 V or 0 to
+10 V; a preset scale factor and
offset so no external trimming is
needed to meet rated accuracy of
0.1% £1/2 LLSB; and a conversion
time of less than 200 ws. The unit
can operate over a temperature
range of 0 to 70 C with an accu-
racy tempco of 50 ppm/°C. The
module requires =15 V and 5 V
power.

CIRCLE NO. 260

Divider gives 0.5%
over 100:1 range

Burr Brown Research Corp., Inter-
national Airport Industrial Park,
Tucson, Ariz. 85706. (602) 294-
1431. $75
The Model 4290 Analog Divider
operates over a 100:1 denominator
range and gives 0.5% of FS accu-
racy at 25 C, with no external
trimming or external vresistors.
However, 0.19, accuracy at 25 C
can be obtained by trimming. The
unit operates over the temperature
range of —25 to +85 C at a re-
duced accuracy of 1.5%. Accuracy
drift is 0.029%/°C. Other key specs
include: An input range of 0.1 to
10 V for the denominator; 5 mV
to 10 V for the numerator, which
must be less than the denominator
at all times; a small signal BW of
100 kHz for denominator equal to
10 V, and 50 kHz for denominator
equal to 0.1 V; and input and out-
put impedances of 25 kQ and 1 Q,
respectively.
CIRCLE NO. 261
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HowdoesTantalumlook without its
military jacket? A lot betterin the budget.

Take a solid tantalum capacitor out of the military specs and you
notice one thing immediately.
Hardly any loss in reliability. And a big drop in price.
can get KEMET®E Series dipped solid tanta-
pay for aluminum electrolytics, you can start to
isappear.
helf life leggthens. Operational life soars.
tantalums g¥me in four case sizes from 0.175"
h plug in lealls on either .125" or .250" precision
p to S0 voltgROff the shelf delivery on standard values.
Talk to youUnion Carbid® Sales Representative about them.Or
write us at Unionfarbide, Comffonents Department, Box 5928,
Greenville,Sout}lf Carolina 296@®. Telephone: (803) 963-7421

see all sorts of proble
Rejects dwindl
KEMET E Seri
diameter to 0.400"
centers. 0.1to 330u

Available through your KEMET distributor.

INFORMATION RETRIEVAL NUMBER 44



MODULES & SUBASSEMBLIES

Assemble pulse generators

by the module

xincom3940

Xincom Corp., 20931 Nordhoff St.,
Chatsworth, Calif. 91311. (213)
341-5040. P&A : see text; stock to
90 days.

You can probably get the pro-
grammable pulse generator you
really need—and no more—by as-
sembling modules from a new
Xincom series. Since the line has
six timing modules (for frequency
and multiple-phase generation),
seven driving modules (for pro-
grammable amplitude and transi-
tion time) and interface modules,
it’s likely you can save the ex-
pense of performance your system
doesn’t need.

The key module in Xincom’s new
line, the 6699, is a 100-MHz crys-
tal oscillator with decade count-
down for six ranges down to 100
Hz.

The rep-rate coder, the 6620,
controls frequency generation while
the 6610 dual-phase generator pro-
grams start/stop timing for inde-
pendent phases. With these mod-
ules, one can digitally program
frequency as well as period from
30 ns to 10.2 s with up to 10-ns
resolution.

Another module, the 6601, pro-
grams dual 1-ns delay with inac-
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curacies less than 500 ps. And the
6602 programs 1-ns starts and
stops. Still another module, the
3999 data-bus buffer and address
demux, simplifies interfacing be-
tween Xincom modules and a digi-
tal controller or minicomputer.

Three driver modules generate
5 to 40 V at rates to 25 MHz.
They are reverse-terminated to
absorb reflections in both dynamic
and steady states.

Other modules provide =*=40-V
level switching with slewing at 1
V/ns; *=15-V pulsing at program-
mable slew rates from 2 V/ms to
2 V/ns; and =*=5-V pulsing with
2-V/ns transitions.

Rounding out the family are
four drivers that strobe eight
channels of input data to a single
output with less than 1/2-ns skew
for ECL, 1 ns for TTL.

All the modules come in Xin-
com’s proprietary Pinto package
with through-the-edge pins that
are accessible from the top and
bottom. In single quantities, mod-
ule prices range from $84, for the
+5-V ECL/TTL programmable
pulser, to $600, for the rep-rate
coder or dual-phase generator.

CIRCLE NO. 262

1000 V/ s op amp
settles in 200 ns

Intech Imec., 1220 Coleman Ave.,
Santa Clara, Calif. 95050. (408)
244-0500. $57.

1000 V/us slew rate and settling
time to 0.01% in 200 ns are guar-
anteed features of Intech’s new
FET-input op amp, the Model A-
132. Typical slew rate is 1500
V/us and thé settling time is typi-
cally better than 100 ns. The low
output impedance and exceptional
stability permit the A-132 to drive
high speed logic, cables or other
capacitive loads to 1000 pF. Open
loop gain is 94 dB min. and band-
width is 20 MHz min. Input bias
current is less than 50 pA and in-
put drift is 50 uwV/°C. The A-132
comes in a 16 X 15 X 0.4 inch
package.

CIRCLE NO. 263

400 Hz to dc converter
gives10Aat14to30V

Abbott Transistor Laboratories,
Ine., 5200 W. Jefferson Blvd., Los
Angeles, Calif. 90016. (213) 936-
8185. $434 ea.; 4-5 wks. ARO.

The W10 series power modules
convert 115 V ac, 400-Hz power to
any output between 14 and 30 V
dc at a full load current of 10 A.
The units regulate line voltage to
+0.05% or 10 mV (whichever is
greater) for input changes of 105
to 125 V rms, at constant load. The
load regulation is +0.05% or 20
mV (whichever is greater) from
no load to full load, at constant
line. Ripple is 0.02% or 5 mV
(whichever is greater), 25 mV
peak-to-peak, max. Other features
include a load transient recovery
time of less than 100 ms for 50%
step changes in load current, and
a maximum TC of 0.03%/°C. All
specs are guaranteed under full
load operation from —55 C to
+100 C base-plate temp.

CIRCLE NO. 264
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Norden Encoders perform for you!

Look at these new additions to Norden’s line. More are on the way.

For more information and detailed specs, write Norden, Att: Com-
ponents Dept., 200 Helen Street, Norwalk, Conn. 06856. Phone

(203) 838-4471. TWX: 710-468-0788.

Total Revolutions for
Count Full Count Diameter” Model Number
NEW! Optical Absolute 10,000 50 2.25 0ADC-23/4/BCDQ-200L
NEW! Optical Absolute 1,000 1 2.25 0ADC-23/3/BCD-1000L
NEW! Optical Incremental:
Series now available with shaft seal—permits drenched operation.
NEW! Contact Size 11 8,192 32 or 64 1.06 ADC-11/13/BNRY-256L
NEW! Contact Size 11 Altitude Reporting Encoder 1,280 16 1.06 ADC-11-ALT-1280
NEW! Contact Size 11 10,000 100 1.06 ADC-11/4/BCDX-100
NEW! Contact Size 11 3,600 36 1.06 ADC-11/4-36/BCDX-100
NEW! Rugged Industrial Grade Optical Incremental Encoders :
All available with quadrature and 2,000 Pulses 1 3.500 0ADC-35/2000/INC
internal squaring circuit options 1,500 Pulses 1 3.500 0ADC-35/1500/INC
1,250 Pulses | 3.500 0ADC-35/1250/INC
1,000 Pulses 1 3.500 0ADC-35/1000/INC
600 Pulses 1 3.500 0ADC-35/600/INC
500 Pulses 1 3.500 0ADC-35/500/INC
300 Pulses 1 3.500 0ADC-35/300/INC
200 Pulses 1 3.500 0ADC-35/200/INC
100 Pulses 1 3.500 0ADC-35/100/INC
Optical Incremental Encoders
All available with index marker, 100 Pulses 1 2.250 0ADC-23/100/INC
quadrature outputs and internal 250 Pulses 1 2.250 0ADC-23/250/INC
squaring circuit options. Other 256 Pulses 1 2.250 0ADC-23/256/INC
counts on special order 336 Pulses 1 2.250 0ADC-23/336/INC
500 Pulses 1 2.250 0ADC-23/500/INC
512 Pulses 1 2.250 0ADC-23/512/INC
1,000 Pulses 1 2.250 0ADC-23/1,000/INC
1,024 Pulses 1 2.250 0ADC-23/1,024/INC
I1C-Compatible Encoders. For direct interface with TTL & DTL circuits
Binary 128 1 1.750 ADC-ST7-BNRY-E/L
8,192 64 1.750 ADC-13-BNRY-E/L
524,288 I TR
Binary-Decimal Code 100 1 2.250 ADC-ST2-BCD/L
1,000 10 2.250 ADC-3-BCD/L
10,000 100 2.250 ADC-4-BCD/L
100,000 1,000 2.250 ADC-5-BCD/L
1,000,000 10,000 2.250 ADC-6-BCD/L
360 1 2.250 ADC-3-36BCD-E-360L
3,600 10 2.250 ADC-4-36BCD-E-360L
36,000 100 2.250 ADC-5-36BCD-E-360L
360 1 3.250 ADC-ST3-36-BCD/L
3,600 36 2.250 ADC-4-36-BCD/L
36,000 360 2.250 ADC-5-36-BCD/L
360,000 3,600 2.250 ADC-6-36-BCD/L
External Logic V-Scan Binary Encoders
128 or 256 1 1.750 ADC-7/8-BNRY-XB
8,192 or 16,384 64 1.750 ADC-13/14-BNRY-XB
524,288 or 1,048,576 4,096 1.750 ADC-19/20-BNRY-XB
Single Turn Gray Code Encoders
Available with various 256 1 1.066 ADC/11/8/GRAY
levels of RFI suppression 256 1 1.750 ADC-ST8-GRAY
512 1 2.250 ADC-ST9-GRAY
1,024 1 3.062 ADC-ST10-GRAY
" Multiturn Gray Code Encoders
Available with various 1,024 4 1.062 ADC-11/10GRAY256
levels of RFI suppression 1,024 16 1.062 ADC-11/10GRAY 64
Low Cost Magnetic Noncontacting Encoders
Incremental 128 1 1.750 MADC-18/128/INC
Binary 128(V scan) 1 1.750 MADC-18/7/BV
Binary 8,192(V scan) 64 1.750 MADC-18/13/BV
Binary 524,288(V scan) 4,096 1.750 MADC-18/19/BV

Nord en DIVISION OF UNITED %ﬂ-‘r CORPORATION
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Subminiature

PANEL LIGHTS

THAT LAST
(up to 50 years)

The FAN-IN Series — self-driven incandes-
cents with built-in drivers and keep alive
bias = Field proven reliability = Life rat-
ings to 30 years = Interface directly
with TTL and MOS = Mounting diame-
ters to 1/4"” = Prices start at an
unbelievably low $1.87 ea. (1000 qty.).

LED's — with built-in resistors for 3 to 28
volt applications = These high brightness
little lights (3/16" and 1/4" mounting
diameters) are rugged, reliable perform-
ers ® Qver 50 year life ratings = Priced
at just $1.19 ea. (1000 qty.).

Long life, low cost standard incandescent
and neon lights are also available . .
single unit prices start below $1.00.

Data Display Products panel indicator
lights are available in low profile and stan-
dard mounting models. They feature shock
proof and fully insulated housings with
gold plated, Wire-Wrap terminals. And, come
in a wide variety of lens colors, with dec-
orative lens collars to match any panel -
design.

Call or write for mare information today!

the little light people

DATA DISPLAY

PRODUCTS

8036 Westlawn Ave., Los Angeles, Ca. 90045
(213) 641-1232
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FET-input preamp combines
speed and versatility

o
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Harris Semiconductor, P.O. Box
883, Melbourne, Fla. 32901. (305)
727-5407. P&A: See text.

The HA-2000/2005 monolithic
FET-input preamplifier offers high
input impedance and low bias cur-
rents with high speed—an ideal
combination for many linear cir-
cuit applications.

The Harris device lists an input
impedance of 10!2 Q, bias current
of 1 pA and slew rate of 100 V/us.
Its frequency response is flat to
10 MHz and down only 10 dB at
100 MHz.

The versatility of the basic pre-
amp is indicated by its use in two
other ICs offered by Harris in the
company’s new op-amp line. They
are the HA-2050/2055 high slew
rate (120 V/us) op amp and the
HA-2060/2065 wideband (100 MHz
gain-bandwidth product) op amp.
Both monolithic ICs use the basic
circuit of the FET-input preamp
(see circuit diagram).

The circuit is a unity gain dif-
ferential amplifier stage with
JFET inputs and bipolar transis-
tor outputs in a configuration that
does not lend itself to direct com-

parison with other monolithic
FET circuits.

It has much wider common mode
ranges than simpler JFET pairs,
allowing op amps to be connected
as voltage followers with full out-
put swing. Both transistors can be
used as high-impedance unity-gain
buffers for differential or two
single-ended signals for frequencies
from de to rf.

The new preamp is available in
a military version (—55 to 125 C
temperature range) as the HA-2000
for $6.50 (100 up) and a commer-
cial version (0 to 75 C) as the
HA-2005 for $4.35 (100 up). For
each version, the minimum uncom-
pensated offset voltage is 5 mV
(suffix A) at $10.95 and $5.95
(100 up), respectively.

Maximum offsets reach 12 mV
for the HA-2000 and 25 mV for the
HA-2005. These voltages are about
the same as those obtained with
other monolithic FET circuits.
And while a spec on drift is not
listed, Harris says it is about 20
nV/°C, which can also be obtained
with other FET circuits.

CIRCLE NO. 265
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Look-ahead carry gen
for fast add/subtract

Texas Instruments Inc., P.O. Box
5012, M/S 308, Dallas, Tex. 75222.
(214) 288-8741. SN74S182N:
$7.56, stock; SN54S182N: $9.45, 2
wks.; 100 up.

The SN54S/74S182, A Schottky
TTL look-ahead carry generator,
can be combined with four SN54S/
745181 Schottky arithmetic logic
units to provide the fastest TTL
IC adder/subtracter available. Av-
erage propagation delay time
through the longest delay path for
the new IC is 6.75 ns while the
speed of the standard TTL 182 is
13 ns. The increase in power con-
sumption is only 16%.

CIRCLE NO. 266

Clock driver interfaces
TTL clock, MOS system

Motorola Semiconductor Products
Inc., P.O. Box 20912, Phoeniz,
Ariz. 85036. (602) 273-3466. $3.90
(100 up); stock.

The MHP401 hybrid IC clock
driver can interface saturated logic
circuits to the highly capacitive
loads of MOS systems, and main-
tain high clock rates. While driv-
ing a 500-pF load and operating
from +5 V and —12 V power sup-
plies, the driver supplies clock
pulses at rates up to 5 MHz. Max-
imum switching times when driv-
ing a 1000-pF load with +5 V and
—12 V supplies and a 1-MHz in-
put pulse (with a 209 duty cycle)
are t,.—t <75 ns.

CIRCLE NO. 267
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NPRECISION
OV ZMONOLITHICS

INCORPORATED

"NO.1

IN LINEAR IC TECHNOLOGY

. .. and here are the products that prove it —

D/A CONVERTERS

Complete 10 bit plus sign D/A Converter on a single chip! monoDAC-02
Complete low cost 6 bit D/A Converter on a single chip! monoDAC-01
Fast, low cost 10 bit current output DAC in a DIP! AIMDAC-100

PRECISION COMPARATORS
Fastest precision voltage Comparator! monoCMP-01
Lowest input current, most accurate voltage Comparator! monoCMP-02

PRECISION OPERATIONAL AMPLIFIERS

Lowest noise, lowest drift precision OP Amp! S§SS725
New PMI-improved version of the 108A OP Amp! SSS108A
Highest performance bipolar picoamp Op Amp! monoOP-08
Lowest cost fast slewing, fast settling compensated Op Amp! monoOP-01
Highest performance 741/747 Op Anips available! SSS741/SSS747

All PRECISION MONOLITHICS products are processed per MIL-STD-883,.
of course — and tough spec specials are our specialty! Highest perform-
ance linear circuits at rock bottom prices —

that's PRECISION MONOLITHICS!

Contact your local rep or stocking distributor for off-the-shelf delivery
of these outstanding performers!

PRECISION MONOLITHICS...

delivering tomorrow’s linear technology today!

o

START SAVING TODAY —
GET THE FACTS FROM OUR
NEW 1972 PRODUCT GUIDE

AVAILABLE NOW/
408-246-9225 X
P RECISION 1

MONOLITHICS

INCORPORATED
1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050
INFORMATION RETRIEVAL NUMBER 47
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ICs & SEMICONDUCTORS

MOSFETSs offer lower
noise and higher gain

Texas Instruments Inec., P.O. Box
5012, M/S 308, Dallas, Tex. 75222.
(214) 238-3741. 3N204 and 3N205:
$0.80; 3N206: $0.70 (100 up); 2
wks.

Three n-channel dual-gate MOS-
FETs are said to feature lower
noise and higher power gain than
similar devices currently on the
market. Designated the 3N204,
3N205 and 3N206, these MOSFETSs
feature typical noise figures rang-
ing from 2 dB at 200 MHz to 7 dB
at 900 MHz. Typical power gains
vary from 24 dB at 200 MHz to
12 dB at 900 MHz.

CIRCLE NO. 271

Schottky-barrier diode
rated at 50 A, 20 V

}
AL

3
g
International Rectifier Corp., Semi-
conductor Div., 233 Kansas St., El
Segundo, Calif. 90245. (213) 678-
6281.

A hot carrier Schottky-barrier
diode with low forward voltage
drop, the type 50HQ020, has a list-
ed rating of 50 A and 20 V. The
diode’s maximum peak forward
voltage drop is 0.87 V at 157 A and
25 C; it’s 0.65 V at 100 A. The
50HQ020 can be used for rectifier
circuits operating at frequencies
over 20 kHz.

CIRCLE NO. 272
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Hybrid VCO
good to 1 MHz

Novadyne Inc., 3500 “B” Westmin-
ster Ave., Santa Ana, Calif. 92703.
(714) 839-5350.

The ND-501 hybrid voltage-
controlled oscillator (VCO) offers
center-frequency operation up to
1 MHz, as determined by external
timing components. It can also be
used with frequency deviations up
to +50% of center frequency.
Linearity is typically *0.19% at
+409% deviation. Temperature sta-
bility is typically 70 ppm/°C over
the range of —55 to +125 C.

CIRCLE NO. 273

Op amp lists guaranteed
max long-term stability

.@ﬁ

t
Analog Devices, Inc., Route 1 In-
dustrial Park, Norwood, Mass.
02062. (617) 829-4700. J: $14;
K: $20; L: $30 (100 up). Stock.
The first precision op amps to
guarantee maximum temperature
and long-term stability, according
to the company, are the AD 508 IC
series. It includes units with guar-
anteed maximum drift of 0.5
wV/°C and maximum long-term
stability of *10 wV/month. The
AD508 series is available in three
drift versions: “J” with £5 uV/°C
max, =15 pV/month typical; “K”
with 0.6 uV/°C max, +10 uV/
month typical; and “L” with £1.0
puV/°C max, and +10 wV/month
max.
CIRCLE NO. 274

One resistor programs
micropower op amp

National Semiconductor Corp., 2900
Semiconductor Dr., Santa Clara,
Calif. 95051. (408) 732-5000. $8.75
(100 up).

With a single resistor connected
between the supply and an internal
bias network of the LM4250 op
amp, operating characteristics can
be fixed over a 1 V to 18 V
supply range. These include the in-
put characteristics, noise perform-
ance and standby power. At a
nominal value of the programming
resistor, maximum input bias cur-
rent is 7.5 nA; input offset cur-
rent, 3 nA; input offset voltage,_3_
mV; noise current, 0.1 pA/VvV Hz
and standby power dissipation, 255
uW.

CIRCLE NO. 275

Power transistors for
high frequency use

RCA, Solid State Div., Route 202,
Somerville, N.J. 08876. (201) 722-
3200. 40934 : $6; 40936: $9; 40940:
$7; 40941: $6.90 (1000); stock.

A power transistor for hf SSB
operation, the 40936, and three
transistors for vhf/uhf power am-
plification are now available. The
40936 is a 28-V transistor for 2-
to-30 MHz single-sideband ampli-
fiers or other linear applications.
The 40934, a 12.5-V vhf/uhf class
C amplifier, provides 2 W with 7-
dB gain at 470 MHz. And the
40940 and 40941 are 28-V vhf/uhf
amplifiers that provide 5 W with
5.2-dB gain and 1 W with 10-dB
gain, respectively, at 400 MHz.

CIRCLE NO. 276

Op amp guarantees
1000 V/ us slew rate

Intech, Inc., 1220 Coleman Awve.;
Santa Clara, Calif. 95050. (408)
244-0500. $57.

The A-132 FET-input op amp
guarantees a slew rate of 1000
V/us and settling time of 0.01% in
200 ns. Typical slew rate is 1500
V/us and the settling time is typi-
cally better than 100 ns. Open loop
gain is 94 dB min and bandwidth
is 20 MHz min. Input bias current
is less than 50 pA and input drift
is 50 uV/°C for the A-132 and 25
@V /°C for a similar model A-133.

CIRCLE NO. 277
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Which air movers
for your system?

Rotron® has the answer.

There are at least three major reasons why you can rely on Rotron to provide the
best possible answer to your air moving need.

1. Rotron makes the widest selection of fans and blowers in the industry.

2. Rotron has a reputation for producing only the finest air movers. It's a
reputation well earned, and one Rotron intends to keep.

3. Rotron offers you this superior selection and quality at hard-nosed competitive
prices.

What’s more, Rotron field application engineers will be glad to work directly with

you where custom solutions may be required. You get the benefit of more than

20 years experience in developing specific answers to specific air moving problems.

Finally, Rotron products are available through a large, nationwide network of

stocking distributors, to meet your needs in fast off-the-shelf delivery time.

Next time an air moving question arises, check Rotron. You'll like the answer. Get

more information now by writing for Rotron’s Quick Reference Catalog.

Why settle for less when the best costs no more?

ROTRON INC., Woodstock, N. Y. 12498 [0 914 +679-2401 [] TWX 510-247-9033
Ru'"mN Pacific Div., Burbank, Cal. 91506, 213¢849-7871 ® Rotron N.V., Breda, Netherlands, Tel.: 49550, Telex: 844-54074

INCORPORATED

15726
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ICs & SEMICONDUCTORS

Internally compensated, fully protected
op amp beats key specs of 725 family
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Precision Monolithics, Inc., 1500
Space Park Dr., Santa Clara, Calif.
95050. (408) 246-9225. P&A: See
text.

The monoOP-05 op amp, inter-
nally compensated and with full
input/output (I/0) protection, of-
fers improved specs over Fairchild’s
nA 725 op amp. In some cases,
it also beats Precision Monolithics
own premium version, the SSS725.

Compared to Fairchild’s popular
nA 725 op amp, which has a cir-

cuit configuration similar to that
of the new IC (see diagram), the
monoOP-05 has lower maximum
bias current (3 nA vs 100 nA),
lower maximum offset current
(2.8 nA vs 20 nA) and a greatly
increased slew rate (0.25 V/us vs
0.008 V/us). Moreover, the uA
725 requires four external compo-
nents for frequency compensation
and additional circuitry for I/0O
protection.

The monoOP-05 lists a maximum

pk-pk noise voltage of 0.7 wV (10-
Hz bandwidth), with 0.38 uV typi-
cal, and a maximum drift of 0.6
pV/°C (E versions). By compari-
son, the uA 725 has a higher typi-
cal pk-pk noise voltage of 1.0 uV;
no maximum noise voltage or drift
spec is listed.

The SSS725 op amp has neither
input protection nor internal com-
pensation, but it does have output
protection and essentially the same
noise voltage and drift ratings as
the monoOP-05.

But the monoOP-05 has a mini-
mum common-mode rejection ratio
of 114 dB, as compared to 120 dB
for the SSS725. The new op amp
also lags in power supply rejection
ratio; the minimum value is 100
dB, compared to 114 dB with the
SSS725.

The monoOP-05 is available in
TO-99 packages that fit directly
into existing 725 sockets with or
without frequency compensation
components. Prices for 100-249
quantities and the three versions
offered are the following: monoOP-
05J (—55 to 125 C range), $19.95;
mono OP-05EJ (premium, 0 to 70
C range), $14.95; and mono OP-
05CJ, $6.95. Flatpack and 14-lead
DIP packages are also available.

For Fairchild wA 725 CIRCLE NO. 278

For Precision Mono-
lithics monoOP-05

and SSS725 CIRCLE NO. 279
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COS/MOS phase-locked
loop handles 500 kHz

RCA, Solid State Div., Route 202,
Somerville, N.J. 08876. (201) 722-
3200, $15 (1-24).

A COS/MOS micropower phase-
locked loop, the CD4046A (prelimi-
nary), consists of a linear voltage-
controlled oscillator and two dif-
ferent phase comparators having a
common signal-input amplifier and
a common reference input. This
phase locked-loop features high op-
erating frequency (up to 500 kHz),
good linearity, an inhibit control
for ultra-low standby power con-
sumption, a zener diode to assist
supply regulation and low frequen-
cy drift with temperature.

CIRCLE NO. 301

PMOS shift register
guarantees 5 MHz

SGS-ATES, PR Dept., Via C. Oli-
vetti 1, 20041 - Agrate Br., Milan,
Italy.

A high-speed dynamic shift
register, the M130, boasts a guar-
anteed speed of operation of 5
MHz. The two-phase M130 has a
capacity of 1024-bits. Its fabrica-
tion uses the low threshold, sili-
con gate p-channel MOS process.
In addition, quad 256-bit and dual
512-bit versions are available. Sup-
ply voltages for all devices are 5 V
and —5 V, and operating tempera-
tures are 0 to 70 C.

CIRCLE NO. 302

Comparators handle
longer binary numbers

National Semiconductor Corp., 2900
Semiconductor Dr., Santa Clara,
Calif. 95051. (408) 732-5000. DM-
8130N: $4.50; DMS8160N: $3.25
(100 up).

The DM7130/DM8130 ten-bit
comparator determines equality or
nonequality between two 10-bit bi-
nary words, while the DM7160/
DM8160 compares two 6-bit words.
Both monolithic ICs perform this
function in about 20 ns. The de-
vices are arrays of exclusive-OR
gates with A and B inputs and
NAND’ed outputs. If word A
equals B, the output is ZERO. If
not, the output is ONE. A strobe
input forces the output to ONE.
For longer words, the comparators
may be paralleled.

CIRCLE NO. 303
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Another Sprague Breakthrough!

PRODUCTION-ORIENTED
SOLID TANTALUM

CAPACITORS

Solid flame-retardant
epoxy with precise
dimensions for

automatic insertion.
Completely shock and

vibration resistant. Top flat for easy

identification of
5 positive lead either
Flat surface permits visually or by touch.
clear easy-to-read

marking.

Standoff feet on base
to eliminate moisture
entrapment and
facilitate cleaning of
wiring boards.

No rundown to interfere
with seating of capacitors
on printed wiring board.

Rugged 0.025" dia. tinned —g»
leads maintain alignment.
0.100” lead spacing for
standard PWB grids.

Formed leads with either
0.200” or 0.250” spacing
to permit
interchangeability with
dipped capacitors.

ACTUAL SIZE

Type 198D Low-cos

Econoline’ Tantalum Capacitors
Lead in Performance!

When it comes to low-cost solid tantalum capacitors, the new Sprague
Type 198D Econoline Capacitors outperform all other designs. Here are
some additional advantages:

® Withstand severe
temperature cycling and
temperature shock over
—55Cto+85C

® Low d-c leakage
® Low dissipation factor
@ Wide voltage range,

4 to 50 VDC
: Speedier handling for insertion
® Capacitance range from

0.1 to 100uF Easier-to-read markings

The new Sprague Type 198D epoxy-encased Econoline Capacitor is tooled
for mass production and priced competitively with imported dipped units.
Investigate this new Sprague breakthrough without delay.

Call your nearest Sprague district office or sales representative, or
write for Engineering Bulletin 3546 to: Technical Literature Serv-
ice, Sprague Electric Co., 347 Marshall Street, North Adams,
Mass. 01247.

4SM-2110

SPRAGUE

* Trademark

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS b floist i 4
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Low-cost minicomputer race
gets a new OEM entry

GRI Computer Corp., 320 Needham
St., Newton, Mass. 02164. (617)
696-0800. Price: See text.

Improved and lower priced, the
new GRI-99 mini line uses the uni-
versal-bus architecture that GRI
Computer introduced in its GRI-
909 about three years ago. An 8-k
unit sells for as low as $2975, while
the largest 32-k unit sells for $7798
in quantities of 25 and up.

With additional hardware regis-
ters, including an index register,
up to 32,768 16-bit words of di-
rectly addressable memory can be
plugged in 8-k increments into the

mini’s 10-1/2-in.-high mainframe.’

A 4-k unit is also available for
$2500 (25 and up).

As many as nine additional ports
can be added for more input-output
options. The central processor is
modularized, too. Hard-wired firm-
ware modules can be added to pro-
vide hundreds of computer instruc-
tions. The computer uses the latest
LSI and MSI circuits, and the con-
sole display has LED indicators for

94

increased reliability and life.

Three models are being offered.
The Model 10 is sold with a blank
console for dedicated applications
that require no operator interac-
tion. The Model 30 is equipped with
an operator’s console, permitting
manual access to any register or
peripheral device. Both the Models
10 and 30 have 12 registers. The
Model 40 has extended math capa-
bility, including multiply/divide
and floating point hardware and 18
registers. Also, an expanded dis-
play console permits simultaneous
display of the internal computer
registers.

Core cycle time is 1.76 us, and
the instruction executive takes 440
ns. The maximum I/0O data rate is
568-k of 16-bit words/s, with +4-V
logic ONE, TTL compatibility.

Other features include: unlimit-
ed priority interrupt levels, seven
address modes, 233 instruction
types with many variations and a
well documented library of soft-
ware, using the GRI-909 set.

CIRCLE NO. 304

Hard-copy printer uses
electrostatic technique

Infomax, 757 N. Pastoria Ave.,
Sunnyvale, Calif. 94086. (4,08) 736-
6881. $3750 (unit).

The Model 76 is a nonoptical,
desktop copier. Using electrostatic
techniques, the unit generates a
printed 8-1/2 x 11 in. page from
the same type of video signals as
the input to a CRT display. Using
a roll of electrostatic copying pa-
per, a multistylus assembly selec-
tively charges areas of the paper.
The charged areas pick up a
“toner,” which is fused to the sur-
face of the paper to produce a
black and white image.

CIRCLE NO. 305

Two types of two-channel
analog recorders offered

ESTERLINE ANGUS

Esterline Angus, Box 24000, In-
dianapolis, Imd. 46224. (317) 244-
7611.

Minigraph portable analog re-
corders are offered in two models,
each weighing 3-1/2 lb. Two-chan-
nel Minigraphs have two-independ-
ent galvanometer-measuring sys-
tems which record side-by-side on
identically calibrated chart areas.
Time-shared Minigraphs synchro-
nously switch two inputs to pro-
duce two-independent traces on the
full chart width. For identification,
one trace is broken, the other solid.
An inkless recording system re-
cords on pressure sensitive paper.

CIRCLE NO. 306
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It’s downright humiliating!
Any field return is one too many!

| hate these impassioned

Horace, you're never satisfied.  {achnical discussions.

We may have just set the industry’s

lowest return record!

Even a 3.1% Function Generator
return rate agitates Horace.
IEC has trained him well.

It's an unwritten business rule that you
don’t discuss your problems with the out-
side world, but we're breaking tradition
because we feel our F34 returns are worth
talking about. This extremely low warranty
repair record was established during the
first year of production, even though
industry statistics demonstrate that failure
percentages are highest during the initial
stage of product life. According to elec-
tronics manufacturers’ trade association
data, standard warranty returns can range
from 109, for DVM’s and oscilloscopes,
to as much as 3009, for some tempera-
mental instruments. This is why we feel
that our F34's current return rate of 3.1%
is a real achievement.

INFORMATION RETRIEVAL NUMBER 51

Much of the credit for this reliable new
function generator must go to IEC’s Cor-
porate Cal Lab, one of the few testing
facilities with analysis standards one gen-
eration away from the National Bureau of
Standards. The F-34 underwent the same
kind of computerized error-analysis and
evaluation testing that our Metrology
staff developed for Polaris/Poseidon and
other government programs.

With our stringent Quality Control system,
we make sure that our test instruments
measure up to performance standards,
because we're vitally aware that down-
time is a significant factor in test instru-
ment selection. Over 300 generators were

shipped before one was ever returned,
and to date, 96.9%, have never required
warranty maintenance. But because our
QC people, like Horace, worry about that
3.19%, we'll try to do even better.

If you would like a perfectionist like
Horace on your team, specify the
F-34. It generates reliable 0.03Hz -
3MHz waveforms, with Variable
Width Pulse for pulse generator
applications, and an outstanding com-
bination of operating features for
$495...In a hurry to match your
requirements? Call John Norburg
(collect) 714/772-2811.

[EC s
CORPORATION

Subsidiary of A-T-O Inc.

Dept. 7000, Box 3117, Anaheim, Calif. 92803.

TWX 714-776-0280

TELEX 655443 & 655419



The Elegant
Transformer
Kits

Select from 157 kits. To find the exact
match for your needs. Plus ready-made
economies. With ferrite cores. Steel
frames. Cases. And bobbin/coil forms
that pin precisely into standard printed-
circuit grid patterns.

Six materials: fluorocarbon, nylon,
glass-reinforced nylon, DAP, polyester
and epoxy. For stability at temperature
ranges from 105 to 200 C.

The complete collection expresses
the craftsmanship you expect from EPC
as an EAl component company. Look to
EPC also for custom-molded parts. Or

2 to EAI for thick-film audio
amps. Capacitors. Cus-
tom coils. Solenoids. Ac-
tive filters. Analog/digi-
! tal converters and other
specnal functlon modules. Plus a growing
list of other elegantly crafted etceteras.

Electrical Plastics Corporation
500 Long Branch Avenue

Long Branch, New Jersey 07740
Tel. (201) 870-9500

A Subsidiary of Electronic Associates, Inc.

INFORMATION RETRIEVAL NUMBER 52
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Tape-cassette unit replaces
paper-tape punch and reader

Memodyne Corp., 369 FElliot St.,

Newton Upper Falls, Mass. 02164.

(617) 527-6600. $700 (with elec-
tronics); 4 wks.

Acting much like a punch-paper
tape system, the Model 113 tape-
cassette unit records individual
characters or plays them back, one
at a time, asynchronogsly. This type
of operation is particularly suited
to key-to-tape-to-printer systems,
displays and numerical controls ap-
plications. While accepting a seven-
bit, parallel-input word, the Model
113—also called the Incre-Deck—
records the data on the tape serial-
ly. Upon command, it plays back
an eight-bit, parallel-ASCII code.
The eighth bit is an internally add-
ed, odd-parity bit.

The Incre-Deck uses a Philips-
type cassette, can store 36,000
ASCII characters at 120 b/in. and
handles data to a speed of 30 char/
sec. It uses a NRZI tape format
that requires two tracks, one each
for logic ONE and ZERO.

A stepping motor drives the unit
in the record and read modes, while

a separate-brushless dc motor is
used for the high-speed rewind.
The capstan and pinch roller, used
in record/read, must be manually
released for high-speed rewind.
This can prove inconvenient,
though.

The use of a stepping motor re-
sults in a start time of only 3 ms
and a stop time of 7 ms. Thus large
tape gaps between characters do
not occur.

A “load forward” mode runs the
tape continuously until a lead hole
is sensed by the EOT/BOT sensor.
Backspace and automatic high-
speed rewind modes complete the
functions supplied. Missing, how-
ever, is a fast-search mode that
could be very useful, since not all
processes flow smoothly from start
to finish. Many times it is neces-
sary to start in the middle of a
sequence. Or it may be necessary
to go back for troubleshooting.

All input and output signals are
TTL-compatible. File-protection
and cassette-in-place sensing are
provided.

CIRCLE NO. 307
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Digitizer creates wire-
wrap program from list

Some people still use
old-fashioned ways
to stop 1-time signals.

BEEY R o |
o s, i u,(.,.\nm |

il L-“

Houdaille Industries, Inc., Electron-
ies Div., 9020 Wehrle Dr., Clarence,
N.Y. 14031. (716) 632-8412.

This digitizer system generates
a program tape for numerically-
controlled, wire-wrapping machines
directly from a “to-from” list.
Flexible operation is virtually inde-
pendent of part geometry. Consist- _
ing of a 4-k digital computer, tele- S ‘ | mmmm
typewriter and crosshair gun sight, 2= . ]
the system connects directly to ex- >~ ; =
isting numerical controls. Original-
ly developed for the Houdaille
Econo-Wrap wire-wrapping ma-
chine, it can be retrofitted to other
manufacturer’s equipment.

CIRCLE NO. 308

Tape deck, strip chart, conventional scope and camera
— the old ways die hard.

And yet there is a better way — with one of our
waveform recorders.

These are perhaps the world’s only instruments ideally
suited to measuring non-repetitive (or repetitive)
signals. They are ideal for electronic trouble-shooting,
shock and vibration studies, explosives testing, kinetic
energy and plasma physics analysis, sonar applications,
and many more.

They let you capture the signal, digitize it at rates
o orjon s paon up to 100 MHz, store it in memory, then transmit it in
digital form, or reproduce it as a repetitive analog signal.

You can observe the stored waveform on a scope,
make permanent records on a strip chart recorder, or
feed the digital data directly to your computer for
analysis. You can even record the data preceding your
trigger signal for cause-effect or “leading edge” studies.

This kind of fast data acquisition is priceless —
especially in such convenient, easy-to-use form.

We have the broadest line of waveform recorders

Bridge amplifier eases
pressure measurements

MODEL 50 BRIDGE AMPLIFIER

Fogg Systems Co., Inc., Box 2226,
Denver, Colo. 80222. (303) 758

2979, $396; 30 days.
Bridge amplifier, Model 50, with
a battery power supply, measures
pressure from resistive-bridge
transducers, in remote locations.
Digital dials permit a two-step cali-
bration to obtain output scale fac-
tors such as 100 mm Hg/V or 1000
psi/V so that data can be con-
veniently displayed in digital form.
Its +3 V output into 3 kQ (or
greater) is compatible with most
recording and display devices.
CIRCLE NO. 309
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in the world. Choose the speed, resolution, memory
length, and price to fit your application. For full
information, write or call Biomation, 1070 East Meadow
Circle, Palo Alto, California 94303. (415) 321-9710.
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Always a trace ahead.
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Modular controller
programs temperature

Electronic Design Labs, Inc., 1618
Olney Ave., Philadelphia, Pa. 19141.
(215) 224-3565.

The Auto-Digital Programmer
provides temperature control over
periods from 8 hrs to 42 hrs based
on a maximum temperature level of
1950 F. It furnishes a precise ramp
voltage (increasing or decreasing)
from 0 to +10 V. Zero F cor-
responds to zero volts and 1950 F
corresponds to +10 V. The opera-
tor can decide what the starting
temperature should be. The pro-
grammer can drive up to five-inde-
pendent, modular three-mode con-
trollers.

CIRCLE NO. 320

Meter analyzes vibration
in 10-Hz to 10-kHz band

Vibro-Meter Corp., 875 N. Virgil
Ave., Los Angeles, Calif. 90029.
(213) 666-2313.

Designed for on-the-spot ana-
lysis of industrial vibration prob-
lems, Model VM-3/C accepts input
signals from piezoelectric or veloci-
ty pickups and offers readouts in
acceleration, velocity or displace-
ment. A tunable-narrow, bandpass
filter allows scanning over a range
of 10 Hz to 10 kHz with readout
of frequency and amplitude.

CIRCLE NO. 321

Kit teaches servo and
control principles

serve control
course manual

Electro-Craft Corp., 1600 Second
Street S., Hopkins, Minn. 55343.
(612) 935-8226.

This educational and experi-
mental kit provides introduction to
the theory and practice of de mo-
tors, speed controls and servo sys-
tems. It includes a dec¢ motor-gen-
erator, a transistor-control unit and
other parts for the 20 experiments
outlined in the accompanying 144-
page text.

CIRCLE NO. 322

Pertec introduces
the new T8000 Transport.

SALES OFFICE: Los Angeles (213) 882-0030 * Orange County (714) 830-9323 « San Francisco (415) 964-9966 * Chicago (312) 696-2460  Philadelphia (215) 849-4545
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Position transmitter
resists high temperature

ERAT
GH TENTGITTER

!
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W ao%zi‘n-lspogﬂc -
- Ll

Industrial
Linear Position Transmitter
Model 5175

Bourns, Inc., 6135 Magnolia Ave.,
Riverside, Calif. 92507. (714) 684-
1700. 6 wks.

The Model 5175, a linear-poten-
tiometric position transducer, is
suited for industrial applications
where high temperatures (30 to
500 F) and harsh environment are
encountered. Constructed of stain-
less steel and Teflon-insulated lead-
wires, it has a linearity of £0.5%
and is available with resistance-
range options of 1, 2, 4 and 6 in.,
and 2000, 5000 and 10,000 Q.

CIRCLE NO. 323

Magnetic pickup heads
feature 5% cross feed

~

Magnusonic Devices, Inc., 124 Duffy
Ave., Hicksville, N.Y. 11801. (516)
938-4700. 4 wks.

Dual-gap (read-after-write) and
single-gap (read-write) digital-cas-
sette and card-reader magnetic
heads feature full-width to four-
track formats in ECMA and ANSI
configurations. They are designat-
ed models 226-1/2 and 129-1/2. The
dual-gap heads demonstrate a cross
feed of only 5% (write-to-read).
Heads may be used for NRZI and
phase-encoded recording with pack-
ing densities of 800 BPI (NRZI)
and 3200 FRPI (phase encoded).

CIRCLE NO. 324

Differential pressure
unit has one moving part

Unitran Corp., 2555 Honolulu Ave.,
Montrose, Calif. 91020. (213) 249-
1955. s
A potentiometric-pressure trans-
ducer for differential-pressure
measurements, the Mode] P9, em-
ploys only one moving part, elimi-
nating pivots, linkages, gears, etc.
It has an isolation diaphragm for
dirty, corrosive or conductive pres-
sure media. Standard units have
ranges from *1 to x=2500 Ib/in.2
differential pressure, at 3000 Ib/in.2
max line pressure with 500 to
10,000 Q@ =*10% resistance.
CIRCLE NO. 325

Packed with

customer inspired features.
At the same low price.

Now you can have the easiest tape
loading and the most rugged transport
for your data entry, remote terminal, or
minicomputer system. And it won't
cost you any more.

Pertec introduces new 10%z2-inch reel
tape transports with increased data
reliability and convenient new features
that you have been looking for. Like
an all new quick-lock hub which auto-
matically seats the tape reel. Retract-
able tension arms and contoured head
cover for easier tape loading. A new
tape cleaner. A fast 200 ips rewind
speed. Rotatable card cage for ease
of maintenance. And a rugged, attrac-
tive new design to enhance your
own system.

And these IBM compatible transports
also have all the standard Pertec
reliable features such as single-
adjustment electronic write deskew-
ing, remote edit capability, dynamic
braking, photo-sensing arm positioner,
low power consumption and temper-
ature stable head guide assembly.

Pertec T8000-Series transports are
available in 7 or 9 track, NRZI or 1600
cpi phase encoded or the new NRZI/
PE electronically switchable tape for-
mats. They're completely compatible
with the popular Pertec 6000-Series
transports and our own exclusive data
formatter. Tape speed is up to 45 ips
and you can choose from a variety of
models including read only.

Pertec’s new T8000 transports are
backed by a complete factory-trained
customer service and support organi-
zation in 30 U.S. cities and 20 foreign
countries. We also offer complete
application assistance to help you in
your special requirements.

For more information on the new
Pertec T8000 transport and the
company behind it, write or call
today. Pertec Corporation, Peripheral
Equipment division, 9600 Irondale
Avenue, Chatsworth, California 91311.
(213) 882-0030.

PERTEC

PERIPHERAL EQUIPMENT

Boston (617) 890-6230 » Washington, D.C. (703) 573-7887 * New York (203) 966-3453 * Detroit (313) 769-4376 » London Reading 582115
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SPREADERS

100

LEAD

for
INTEGRATED
CIRCUITS

Thermalloy lead spreaders
reduce your production cost and
improve reliability. Wide lead-in
grooves accurately align leads
with circuit board holes for fast
assembly. Spreading leads to a
larger diameter prevents solder
bridges and allows visual inspec-
tion of topside solder joints for
improved reliability.
Thermalloy stocks 13 lead
spreaders for 6, 8, 10 and 12
lead I.C.'s. The newly expanded
line now includes 57 mounting
pads and converters for TO-5,
TO-18, I.C. and Epoxy cases.

FREE
Samples and

Catalog
on request

0
Thermalloy
Company
8717 DIPLOMACY ROW
DALLAS, TEXAS 75247

PHONE: 214-ME 7-3333

INFORMATION RETRIEVAL NUMBER 55
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Pressure tran§ducer
includes amplifier

Standard Controls, Inc., 2401 8.
Bayview, St., Seattle, Wash. 98144.
(206) 723-1705. $199 and up.
Series-212 strain-gauge pressure
transducers, constructed of all
stainless steel, offer pressure ranges
from 0-5 to 0-10,000 lb./in.? with
static-error accuracies of less than
+0.359%. A thick-film integral am-
plifier provides a low impedance,
0-5 V de output. The built-in pow-
er-supply regulator operates on raw
28 V de.
CIRCLE NO. 326

Adjustable clutch/brake
controls start/stop

Omni-Action Controls, Div. of Dy-
namic Instrument Corp., 115 E.
Bethpage Rd., Plainview, N.Y.
11803. (516) 694-6000.

Dynamic’s clutch-drag/brake al-
lows the drag torque to be adjust-
ed and set to the required value.
The clutch can be run in either di-
rection at speeds to 2000 rpm. In
cassette drives it permits a soft
start, to eliminate tape breaking
or stretching, and a constant-drag
torque for a soft-rapid stop.

CIRCLE NO. 327

Hexadecimal display has
built-in logic

Texas Instruments Inc., P.O. Box
5012, M/S 308, Dallas, Tex. 75222.

(214) 238-3741. $12.50 (100 and
up); 4 wks.

A hexadecimal display, the TIL-
311, comes complete with logic in
a single 14-pin DIP. With 0.270-in.
high characters, it can form the nu-
merals 0 through 9, the letters A
through F and two decimal points.
It contains a TTL-MSI integrated
circuit with a four-bit latch, de-
coder, and driver. Average lumi-
nous intensity is 50 uwed with a 5-V
supply.

CIRCLE NO. 328

Heat switch operates
100 ft from source

Infrared Industries, Inc., P.O. Box
989, Santa Barbara, Calif. 93102.
(805) 684-4181. $295.

The Thermodot Model TD-100
heat switch is believed the only in-
dustrial long-range (to 100 ft)
noncontact sensor offered in the
U.S.A. Target temperatures are
400 to 3000 F. The unit is all solid-
state, and self-contained in one box.
It senses radiated heat from all
materials with a response rate of
300 operations/min. Life is 100
million contact closures, minimum.

CIRCLE NO. 329

Stepping motors provide
many stepping angles

Electrie Indicator Co., Inc., 195
Danbury Rd., Wilton, Conn. 06897 .
(203) 762-8655.

Stepping motors, both perma-
nent-magnet or variable-reluctance
types, designated Series WK, are
used in applications which require
an accurate pattern of fixed, re-
peatable rotor positions. The per-
manent-magnet units will mag-
netically lock at the last command
position when de-energized. The
variable-reluctance stepping motor
provides discrete angular steps
when the stator windings are ex-
cited, but rotates freely when ex-
citation is removed.

CIRCLE NO. 330
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Repeat-cycle timer has
two circuits per package

Vanguard Relay Corp., 225 Cort-
land St., Lindenhurst, N.Y. 11757.
(516) TU4-5000. $25.50 (unit qty.).
Combining the timing functions
of two separate fixed or adjust-
able timers into one compact plug-
in unit, this repeat cycle timer
uses solid state circuitry to con-
trol 10 A (switching) SPDT out-
put relays. Transistorized circuitry
consists of two RC timing net-
works triggering unijunction tran-
sistors. Other features include:
diode polarity protection on de,
input-output isolation, operation on

all ac and dec voltages from 24 V.
CIRCLE NO. 331

Toggle switch mounts
on PC board

C&K Components, Inc., 103 Morse
St., Watertown, Mass. 02172. (617)
926-0800.

This right-angle mountin g,
SPDT subminiature toggle switch
measures 0.5 x 028 1> 1.04 in.
Designed for PC mounting, it fea-
tures a terminal support of half-
hard brass, Electrotin plated. The
contacts and terminals are normal-
ly gold-plated brass. Available in
two models, one has a minimum
life of 100,000 make-and-break
cycles, the other only 40,000 cycles.

CIRCLE NO. 332

ELECTRONIC DESIGN 15, July 20, 1972

We jplay to win the game of 4%z digit DPM’s with the Model 4000.
A full four digit panel meter with 100% over-range and a complement
of other features and capabilities.

Our deck is stacked with provisions for remote control of conversion

cycle and reading rate,
digital grounds.

The spots on our LED’s
are big, bright and re-
liable.

Circuit design, component
selection and mechanical
packaging have all been
carefully dealt to provide
the highest level of
quality.

You can buy in our game
for the moderate price of
$400 complete . . . no
ad-on options required.

We're holding a full house
in the field of Digital
Measure, Compare, Con-
trol Components.

For full details write direct
or contact your ERC rep-
resentative. Offices are
located in or near most
major cities.

a fextron] company

plus complete

Eve COUNTER

Er

isolation of analog and

MINUTES

A. Digital Counter

B. Digital Comparator
C. Digital Stop Watch
D. Frequency Meter

E. Digital Clock

F. Preset Select

G. Remote Display

H. Digital Thermometer

electronic research co.
Box 913« Shawnee Mission, Kansas 66202 « Phone 913, 631-6700
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Slide potentiometer
saves PC board space

1100
Tex.

CES Inc.,
Roosevelt St., Brownsville,
78520. (512) 546-5184.

The Series 470 linear-motion,
composition-slide control is said
to give the performance of a full-
size rotary control in a compact
molded housing (profile of 5/16 x
5/8 in.). Thus it permits close
mounting on PC boards. With a
power capability of 1/2 W and a
travel of 1-3/4 in., it includes other
features such as: resistance values
from 200 Q to 5 MQ; wirewrap,
PC, or solder lug terminals; top
or bottom twist tab mounting, and
a choice of resistance tapers.

CIRCLE NO. 333

of Brownsville,

Position transducer has
three ranges of strokes

Mﬂ&w ......

Columbia 'Research Labordtories,

Inc., MacDade Blvd. & Bullens
Lane, Woodlyn, Pa. 19094. (215)
532-9464. Industrial types: $45 up
(1000 up); 4 wks.

The family of LVDT linear,
variable-differential transformers
has three basic sizes. The minia-
ture sensors are 0.375 in. OD, with
lengths starting at 0.500 in. and
measurement ranges from =+0.005
to =0.150 in. The standard units
are 0.875 in. OD, with lengths
starting at 1.125 in. and ranges
from =0.040 to *=1.000 in. The
high stroke LVDTs are 0.625 in.
OD with lengths starting at 4.5 in.

CIRCLE NO. 334
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Minifilters provide
90-dB noise rejection

il 4 /0,,
Genisco Technology Corp., 18435
Susana Rd., Compton, Calif. 90221.
(213) 451-8491.

Providing up to 90 dB of noise
rejection to over 1 GHz for both
conducted and radiated EMI/RFI,
a series of small filters are avail-
able in four basic circuits. The “L”
type are the least expensive. The
“Pi” capacitive-input filters and
the “T” inductive-input filters pro-
vide a higher level of rejection,
and the “2L” filters have the sharp-
est cutoff and rejection. With rat-
ings of 200 V dc or 115 V ac, they
operate at line frequencies to 400
Hz with current from 0.1 to 10 A.

CIRCLE NO. 335

Trimmer capacitor cuts
size and boosts capacity

Voltronics Corp., West St., Han--

over, N.J. 07936..(201) 887-1517.
$3.50 (1000 up); 3-4 weeks.
These capacitors are offered either
side or top tuned in eight standard
maximum values from 5.5 pF to 40
pF with considerable size saving.
For instance, a 20 pF trimmer
0.44 in. long is 40% shorter than
a sealed 16 pF (MIL-C-14409C)
unit 0.734 in. long. Yet it has 25%
more capacitance. The dielectric
is glass.
CIRCLE NO. 336

Rotary switch on single
wafer has many options

6 - POLE 3 - POSITION VERSION

OB,

STANDARD SINGLE POLE VERSION

Chicago Dynamic Industries, Inc.,
1725 Diversey Blvd., Chicago, Ill.
60614. (312) 935-4600. Single pole,
$3.00 (100 and up); 3 wks.

The Series-SP rotary switch, it
is claimed, has a design that offers
more options on a single wafer
than previously available. It has
a capability of up to six poles, three
positions, on one wafer. Back-of-
panel space is less than 1 in., with
other dimensions from 1-3/4 x 2
to 2-1/4 x 3 in. The basic switch
is single pole, with 8, 10, 12 or 16
positions, silver contacts, standard
bushing for panel mounting, and
solder lug terminals.

CIRCLE NO. 337

Powerful permanent
magnets uses samarium

Varian Assoc., 611 Hansen Way,
Palo Alto, Calif. 94303. (415) 493-
4000.

Powerful magnets, up to 50
times stronger than common iron
magnets, are being produced from
an alloy of samarium (a rare-earth
element) and cobalt. They resist de-
magnetization and withstand ex-
tremely high temperatures. Appli-
cations include: microwave tubes
for satellite communications, elec-
tronic wristwatches, tiny but pow-
erful electric motors and for
scientific research into high-speed
transport systems in which passen-
ger vehicles are suspended in air
by magnetic “levitation.”

CIRCLE NO. 338
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“LISTEN, WE
JUST CAN'T
AFFORD
TWO NEW
PROCESSORS!

You only need one.
The KODAK
SUPERMATIC-STAR
Processor.

_—-----—-———--——-——---—--1

| Eastman Kodak Company
| Business Systems Markets Division
| Dept. DP853,Rochester, N.Y. 14650

| ENGINEERING DATA SYSTEMS

L—--—_---—----------_—----J
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It's almost a complete processing department | Please send me full details on the i
inonly 25 square feet of floor space. Letsyou | Kodak Supermatic-Star processor. |
q .

process Kodagraph wash-off films. ... plus I Name :
conventional Kodagraph films and Super-K j Position I
papers, all in two minutes or less. { Cormpany :
For the full story on this two-in-one processor, | Address 1
send in the coupon. We'll process your I city __ State Zip i
inquiry fast. =

|

|

i




PACKAGING & MATERIALS

Copper clad laminates
vield high uniformity

1323
Calif.

Fortin Laminating Corp.,
Truman St., San Fernando,
91340. (213) 365-9651.

A line of thin foil 1/2-ounce
copper clad laminates designed to
give more uniform PC boards
eliminate the normal waste in the
etching of 1, 2 or 3 ounce copper
foil laminates. The laminates are
processed similar to regular boards,
but with a minimum of waste be-
cause of their extreme foil thin-
ness.

Track-type, 3-pole block
cuts assembly time 1/3

i

Curtis Development and Manufac-
turing Co., Inc., 3266 N. 33rd St.,
Milwaukee, Wis. 53216. (414) 445-
1817. $0.51 (1000 quantities); 2
wks.

A 3-pole, 3PSW series unit has
expanded the Curtis line of track-
type terminal blocks, which form-
erly included only double pole
units. Ratings of the new unit are
25 A at 600 V in a unit handling
up to #10 AWG wire, and 50 A at
600 V in units handling up to #8
AWG wire.

IC sockets increase
packaging density

Stanford Applied Engineering Inc.,

2165 S. Gramd Awve., Santa Ana,
Calif. 92705. (714) 540-9256. 14-
pin: $0.41; stock.

A line of 14, 16, and 18-pin dual-
in-line sockets reduce the over-all
height of socket mounted compo-
nents by nearly 50%. Only 150
mils, the 3100 series sockets may
be end-to-end mounted on 100-mil
centers and side-by-side mounted
on 400-mil centers to give high
packaging density. The sockets
have a special SAE designed spring
that accepts round, square or rec-
tangular leads as large as 25 mils.

CIRCLE NO. 339

CIRCLE NO. 340 CIRCLE NO. 341
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_ILLUMINATED

New brilliance in a
miniature rocker
featuring front panel
lamp replacement.
Entire switch simply
snaps into .655” x
.728" hole. Choice
of 3 doublepole
switching actions; 4
lens colors & 4 volt-
ages. Replaceable
lamp. Rated 6A @
125 VAC.

ALCOSINITLCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS.
INFORMATION RETRIEVAL NUMBER 58

PADDLE - MIHIIITIIHEE

PADDLE
N

New series of econ-
SPDT ROCKER

|
La

MSLN-206
DPDT

MINIATURE SIZE

omy ‘‘snap-in’

switches have high
6 amps rating. Fea-
tures ease of instal-
lation in .49 x .59”
hole. Choice of°
SPDT & DPDT in 4
colors, adds distinc-
tion to front panel.
Molded “‘silver” ter-
minals & contacts.

ALCOSWITLCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC.,

.
SPDT PADDLE

LAWRENCE, MASS.

INFORMATION RETRIEVAL NUMBER 59
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AJ100

The OEM
Digital
Cassette
Deck

..because it makes no compromise in performance
or quality at low cost.

The secret is an exceedingly straight-forward
design for the ultimate in reliability and long life,
with minimum maintenance. The result is a cassette
deck that is small, lightweight, and quiet. Two reel
motors with two capstans give bi-directional re-
cording, and electronic clutching and braking re-
duces wear. Our unique tape guiding system helps
eliminate problems of cassette variables. All ser-
viceable elements are accessible for quick, easy
maintenance...in the field. And the AJ700 operates
in ANY position.

There’s more to the AJ700. Write or call us:

We promise what we say, and we service what we sell!

1065 Morse Ave. m Sunnyvale, California 94086 m (408) 734-4030
Sales offices in principal cities throughout the U.S.A.
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Apply heat-shrinkable
tubing automatically

Varied Industrial Products, 445
Fifth Ave., Paterson, N.J. 0751}4.
(201) 279-2334. $4200; 8 wks.

By automatically applying heat
shrinkable tubing onto solderless
terminals, the RTS-Mark I in-
creases production rates to 1500
assemblies per hour. This compares
to 300 to 400 per hour by manual
operation. The machine accommo-
dates all wire sizes from 22 to 8
AWG and a wide variety of solder-
less terminal sizes. Only 115-V
single-phase power and 80 psi air
pressure are required.

CIRCLE NO. 342

Overcoat protects
magnetic discs

Integrated Memories, Inc., 260
Fordham Rd., Wilmington, Mass.
01887. (617) 658-5073.

Lubricoat, a protective overcoat
for magnetic recording media, can
be applied to either plated or oxide-
coated discs. The excellent abrasion
resistance of Lubricoat significant-
ly improves the head-to-disc inter-
face without any permutation of
the performance characteristics of
either the disc or the head. Lubri-
coat will prove to be very effec-
tive in applications where the re-
cording heads are loaded so that
the heads come in direct contact
with the recording media. Experi-
ments have shown that a stop/start
operation can be carried out even
at constant head-loading weights
of 1800 grams without causing any
deleterious effect to the heads or
recording media. Another factor
causing some head crashes is the
head-load angle due to mechanical
failures, or human elements in-
volved. With Lubricoat, a head-load
angle of up to 20° is permissible.

CIRCLE NO. 343
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What

IS @
butfered
lape
transport?

We’ll answer that question.

Kennedy Model 1708 series tape transports offer a solution to
many recording problems where data rates are too high for
incremental recorders but where the interface simplicity of
the incremental is desirable.

Model 1708 accepts data asynchronously at high rates until
an input buffer is full — then records the data at 15 ips.

Meanwhile data is being stored in a second buffer. At data
rates below 5500 characters/second gap time is zero; data flow
is uninterrupted. Alternatively data bursts at rates up to 250
Khz can be accepted.

Tapes produced are fully formatted 9-track, 800 cpi. Read-
After-Write check and asynchronous read options may be
incorporated. Both 8%2 and 102 inch reel versions are available.

We haven’t made incrementals obsolete — we have extended
their speed and flexibility to new levels.

For complete information on Model 1708 and buffered tape

transports, contact Kennedy Co. today. KENNEDY CO
540 W. WOODBURY RD., ALTADENA, CALIF. 91001 = (213) 798-0953

K EN N =0

@LWT N yim

SOUNE ODNEE
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(" COMPLETE
PRESS-FIT SERIES

TRIACs
&SCR’s

0] SCR's 8A to 35A [lzus]
50V to 600V (Vorow)
TRIAC’S 6A to 40A [lzus]
50V to 600V (Voron)

Electrically isolated &

non-isolated types.

%" and %" sizes

Press-fit, Stud Mount & TO-3 Out-

line Mounting Flange

Shorted-emitter, center-gate de-

sign for lower switching losses

and improved critical & commuta-

ting dv/dt ratings & di/dt charac-

teristics.

[] Patented Di-Mesa construction
with void-free glass-passivated

maximum operational

S i =S ] S ]

chips for
reliability.

[ Other triacs and SCR's in all pop-
ular package configurations and
in chip form.

Write for new

Hutson catalog
L *T.M. HUTSON INDUSTRIES )

HUTSON INDUSTRIES

BOX 34235 ¢ 2019 W. VALLEY VIEW
DALLAS, TEXAS 75234 (214) 241-3511
TWX 910-860-5537

Distributed by:

BODELLE CO., INC., Chicago, Ill. 312/468-1016
Detroit, Mi. 313/273-6920 ® NEWARK ELECTRONICS
CORP., Inglewood, Cal. 213/678-0441

THOR ELECTRONICS, Elizabeth, N.J. 201/354-2420

Canada: WEBER-SEMAD ELECTRONICS, Downsview, Ont.

European Marketing Director:
30 Rue Pierre Semard, Yerres, 91 France
Tel: Paris 925-8258 TELEX 21-311
Distributed in Europe by:

Switzerland: D. LEITGEB, Dubendorf
Sweden: ELEKTROFLEX, Sundbyberg
Spain: BELPORT, Madrid

Holland: RODELCO, Den Haag
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PACKAGING & MATERIALS

Relay socket saves
mounting space

Custom Connector Corp., 1738 E.
30th St., Cleveland, Ohio 44114.
(216) 241-1679.

The QC series square base relay
socket is for use with 187-mil
quick-connect terminals. Dimen-
sions over-all are: 3.156 in. long by
1.640 in. wide by 1.202 in. deep.
It has an insulated base for mount-
ing directly on the panel or channel
to save installation time and
materials.

CIRCLE NO. 344

Pressure-sensitive tape
drains static electricity

13000 S. Broad-
Calif. 90061.

Zippertubing Co.,
way, Los Angeles,
(213) 321-3901.
Conducto-Tape, a new pressure-
sensitive tape, prevents the build-
up of static electricity. All types of
electrical cables, components, and
assemblies may benefit from its ap-
plication as a wrapping or sealing
material. It can provide protection
in volatile environments as in air-
craft, mines, ships, submarines,
around explosives and in high-
oxygen areas.
CIRCLE NO. 345

Optic coatings
resist damage

Perkin-Elmer Corp., Industrial
Products Div., Main Ave., Norwalk,
Conn. 06856. (203) 762-6972. $115/
surface; stock.

Damage resistant coatings with-
stand power densities of up to
500 mW /em? in a 55 ns pulse. The
durability of the new coatings,
which conform to all requirements
of MIL-C675A, allows them to be
cleaned easily with alcohol, acetone,
or a mild detergent solution. The
hard high field damage resistant
coatings can be supplied at any
specific reflection value up to 99%.
The reflection is less than 0.25% at
6943 A or 1.06 w.

CIRCLE NO. 346

Epoxy is designed
for screening circuity

Ablestik Laboratories, 833 W.
182nd St., Gardena, Calif. 90248.
(213) 321-6252.

A silver-filled, electrically con-
ductive epoxy is ideally suited for
screening circuitry on LED pack-
ages. Designated Ablebond 466-2,
it is specifically designed to mini-
mize outgassing and provides low
volume resistivity (0.00050 to
0.00075 ohm-cm) up to tempera-
tures as high as 600 F. The epoxy
cures in 5 minutes at 300 F or 30
minutes at 2560 F and has a work
life of 8 hours at 77 F.

CIRCLE NO. 347

Thick film screens come
in mesh sizes 80 to 400

Sel-Rex Co., 75 River Rd., Nutley,
N.J. 07110. (201) 667-5200.

A line of thick-film screens for
the production of hybrid microcir-
cuits are precision-matched to the
frame for accurate and repeatable
production of printed circuits. The
screens are available in three types:
uncoated, emulsion and electro-
formed (Letro-Screen), and all are
pretensioned to stabilize the wire
and minimize loss of tension in the
printer. Stainless steel mesh have
openings from 7 mils to 1.5 mils.
Patterns can be placed on the screen
with accuracies of =0.001 inch.

CIRCLE NO. 348
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Thick film substrates
are free-abrasive ground

Accumet Engineering Corp., 25
Broad St., Hudson, Mass. 01749.
(617) 568-8311.

Accu-Ground thick film 96%
Al,0, substrates eliminate imper-
fections such as excess material,
scratches, indentations and bumps.
Free-abrasive grinding also gives
reduced camber, narrow thickness
variations and uniformity of sur-
face finish.

CIRCLE NO. 349

Epoxy panel boards
boast 125-mil thickness

Garry Manufacturing Co., FElec-
tronic Div., P.O. Box 94, North
Brunswick, N.J. 08902. (201) 545-
2424.

Dual in-line assemblies are avail-
able in 14 and 16-pin configura-
tions on 100-grid centers with
square contact termination for two
or three levels of solderless wrap.
The glass epoxy boards are able
to plug into any standard 54-mil
to 71-mil PC card-edge connector
or plane-mounting. A variety of
panel sizes is available to fill al-
most all IC packaging needs.

CIRCLE NO. 350

Thick film compositions
offer production ease

E. I. Du Pont de Nemours & Co.,

Inec., 11444 Nemours Bldg., Wil-
mington, Del. 19898. (302) 774-
2358.

Three thick film conductor com-
positions offer exceptional fired
film properties and outstanding
production rheology. Gold composi-
tion DP-8760 has superior die
bonding capabilities for either chip,
wire, or beam-lead bonding. The
composition easily resolves 5-mil
lines on 10-mil centers through a
325-mesh stainless steel screen. Pt/
Au composition DP-8895 also ex-
hibits excellent resistance to solder

leaching and may be resoldered

many times without excessive
leaching. Pd/Ag DP-9061 offers
outstanding initial adhesion and a
superior degree of aged adhesion
not found in previous Pd/Ag com-
positions.

CIRCLE NO. 351
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How would you get
ameasurable signal

fromonly 6,000
electrons persecond?

Most people do it Victoreen's way

With just 6,000 electrons, our 102 RX-1 will give you a good clean one
millivolt signal . . .

We've been making hi-meg resistors for over 30 years, making it pos-
sible for engineers like you to make big things out of little things. And with
Victoreen RX-1 resistors, hi resistance is just one of the nice things you
get . . . how about accuracy to =1%, good stability, and ranges from
10710 104 ohm:s.. . .

Victoreen . . . where else can you get so many accurate ohms for your
money?

DMA 722
VICTOREEN e 10-AMPS
Logs s (6000 elect./sec.)
VICTOREEN per=sr
INSTRUMENT DIVISION :
10101 Woodland Avenue
Cleveland, Ohio 44104

INFORMATION RETRIEVAL NUMBER 63
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INSTRUMENTATION

3-digit DVM
can’t break

Dana Laboratories, Inc., 2401 Cam-
pus Dr., Irvine, Calif. 92664.

(714) 833-1234. $350; 30 days.
The Model 3300 3-digit DVM
has a ruggedized case made of
Lexan and is virtually unbreakable.
Because the 3300 operates at a
low temperature, the case needs no
ventilation louvers, permitting use
where dust, dirt, and water often
present problems. The 3300 oper-
ates on ac or on battery for eight
continuous hours. Insignificant
zeros are eliminated preventing
erroneous readings. Special cam
rotary switches prohibit selec-
tion of improper combinations
of ranges and functions. Overload
protection is 250 V for ohms
measurements and 1000 V when
measuring ac or de. The 3300 has
five de, four ac, and five ohms
ranges, 120-dB CMR, and 100%
overranging. It weighs 5-1/2 Ibs.
CIRCLE NO. 352

Epoxy die bonder
uses no heat

Nordex Inc., 50 Newtown Rd., Dan-
bury, Conn. 06810. (203) 743-7673.
The RES 4100 epoxy die bonder
combines epoxy die-mounting tech-
nology with production speeds and
reliability. Among the 4100’s fea-
tures is epoxy dispensing without
hypodermic needles yet compatible
with existing methods. Other fea-
tures include solid-state, modular-
ized circuitry, modular mechanics;
ultra precise time and pressure
control ; positive cycle interlocking ;
unique LED display; dual, built-in
microscope lights; and precision
micrometer adjustments on both
heads and table. Services required
are 50 psi air, 20” Hg vac. and 115

Ve ac.
CIRCLE NO. 353
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Solderability tester
performs four tests

Electrovert, Inc., 86 Hartford Ave.,
Mt. Vernon, N.Y. 10553 (91})
MO 4-6090.

The Electrovert universal solder-
ability tester performs the four
most widely used solderability test
procedures for pw boards, leads
and terminals. These include: the
solder globule test which gives a
numerical description for the sol-
derability of wires and leads, the
edge dip test, dip test and meniscus
test. Kach is performed in accord-
ance with accepted standards and
specifications. Operation of all test
procedures is highly automated to
eliminate operator error and as-
sure continuous, repeatable, pre-
cision operation.

CIRCLE NO. 354

Cassette tester
measures winding torque

e \ &\ |

Information Terminals Corp., 1160
Terra Bella Ave., Mountain View,
Calif. 94040. (415) 964-3600.

The M-400 cassette tester allows
tape cassette manufacturers, dupli-
cators and users to follow ANSI
specs in checking cassettes and in
servicing cassette drives. The unit
measures the winding torque and
determines force exerted on heads
by individual pressure pads. Wind-
ing torque is indicated by a meter.
An eight gram-centimeter holdback
torque may be switched in and out.
The winding torque, when a head
is penetrating a cassette, may also
be measured.

CIRCLE NO. 355

Roughness tester
offers digital displa

K i /
) e ! '

Measurement Systems Div., Gould,
Ine., 4601 Arden Drive, El Monte,
Calif. 91731. (213) 442-7755.

The DR-20 digital readout sys-
tem is available as an option on the
new Surf-Indicator AD-22 and is
designed for production line oper-
ation. An operator can detect aver-
age surface-roughness variations
from 0-2000 microinches in a mat-
ter of seconds. Automatic scaling
eliminates operator error. The dis-
play meter has large (0.5-inch)
numbers that can be read directly
as English or metric units for
either AA or rms applications. The
new DR-20 System meets or ex-
ceeds ANSI B46.1-1962 and Mili-
tary Standard MIL-STD-10A for
stylus type instruments.

CIRCLE NO. 356

Wire identifier
displays in any format

'

Educational Computer Corp., P.O.
Box 32, Radnor, Pa. 19087. (215)
687-2600. $2560, numeric readout;
$3060, alphanumeric. 60 days.

The ID-256 displays any user-
devised coding system to identify
specific terminals or connector pins
to which wires are to be mated.
As many as 256 wires in a cable
harness may be uniquely identified
by a four-character, alphanumeric
format completely devised and
specified by the user. With field-
programmable, plug-in memory
boards, the user can interchange
identification display codes for a
particular wiring or cabling appli-
cation. Size is 6 X 6 X 7 inches
and weight is less than 7 lbs.

CIRCLE NO. 357

ELEcTRONIC DESIGN 15, July 20, 1972



And it doesnt look

ike acir

Therein lies its beauty.

When you use the JC rocker-
handle circuit breaker as a front-
panel on-off switch you get over-
load protection, too. Without the
expense of using a switch and a
breaker.

Behind that handsome rocker
handle is the engineering and con-
struction you know Heinemann
for. Hydraulic-magnetic protec-

ELECTRONIC DESIGN 15, July 20, 1972
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tion. Which means precise ratings
from 0.020 to 30 amp. 32, 50, and
65V DC; 125 and 250V at 60 Hz
and 400 Hz. Job-matched time de-
lays or non-time-delay response.
Temperature-stable trip points.
Optional special-function internal
circuits. One, two, or three-pole

HEINEMANN

INFORMATION RETRIEVAL NUMBER 64

models. And a five-year warranty.

Oh, yes. The rocker handle
comes in white or gray.

A pretty attractive package. All
around.

Write us for Bulletin 3381.
Heinemann Electric Company,
2616 Brunswick Pike, Trenton,
N.J. 08602. Or Heinemann Electric
(Europe) GmbH, 4 Dusseldorf,
Jagerhofstrasse 29, Germany.

4933

uit breaker:
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MICROWAVE & LASERS

Low-level limiters
for 1/2 to 12 GHz

Aertech Industries, 825 Stewart
Dr., Sunnyvale, Calif. 94086. (408)
732-0880.

A line of low-level limiting diode
junctions, integrated into a minia-
ture 50-Q coaxial transmission line
structure, operate over the fre-
quency range 400 MHz to 12.4
GHz. Termed the A9L200 series,
the limiters also operate in octave
bands to 18 GHz. These devices are
available as leaded modules for
coax or stripline use or with either
SMA or TNC connectors.

CIRCLE NO. 358

- Waveguide switch has
' 2/3 height reduction

(Y 4
Transco Products, Inc., 4241 Glen-
coe Ave. Venice, Calif. 90291.
(213) 821-7911.

The P/N 33C90600 waveguide
switch in WR-650 has a waveguide
height of 1 inch instead of the
standard 3-1/4 inches. The switch
also features the Transactor actua-
tor with direct drive and no me-
chanical linkage between actuator
and rf rotor. According to the com-
pany, features like these make the
switch inherently more reliable
than conventional actuators.

CIRCLE NO. 359

“intermodulation ratio is

90° octave-band hybrids
in 20-to-80 MHz range

Anzac Electronics, Div. of Adams-
Russell Co., Inc., 39 Green St.,
Waltham, Mass. 02154. (617) 899-
1900.

Two quadrature hybrid devices
—the JH-114 for the 20-to-40 MHz
range, and the JH-115 for the 40-
to-80 MHz range—are four-port
90° hybrid devices. They can sup-
ply isolated outputs of an input
signal, with an isolation of 20 dB
min and 25 dB typical. Third order
—85 dB
(typical) with two 20 dBm signals.
Both units provide 3° phase track-
ing.

CIRCLE NO. 360

Servo-Tek DC TACHOM-
ETER GENERATORS are
great for precision speed
sensing and velocity feed-
back. Convert speed to an
analog voltage signal with
low driving torque; just right
for rate damping in all types
of servos.
m High Linear Speed/
y Voltage Relationship

Highly Stable

Minimum Ripple

Low Driving Torque

Outputs from 2.6 to 45v
dc/1000 rpm

tach
on to
this
one

R | -‘J:ﬂc Lo

h' 2138 Max—ﬂ

Ask for a copy of
our NEW catalog.

SERVO-TEK.

PRODUCTS COMPANY

1086 Goffle Road, Hawthorne, N. J. 07506 e 201 — 427-3100 |

Servo-Tek of California, Inc. |
8155 Van Nuys Blvd., Van Nuys, California 91402 e 213 — 786-0690

“IT'S GOOD BUSINESS
T0 HIRE THE HANDICAPPED.”

ISN'T THAT A GREAT IDEA, SNOOPY?

THE PRESIDENT'S COMMITTEE ON EMPLOYMENT
OF THE HANDICAPPED, WASHINGTON, D. C.

INFORMATION RETRIEVAL NUMBER 66
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explore Bahamas,
West Indies,
Virgin Isles, Mexico.

Comfortable
cabins...good
“Grub’n Grog”.

10 adventurous
days from 200

¢ Great for employee
incentive programs

 ldeal for executive
meetings and parties

* Wonderful for
customer prizes

WRITE CAP'N MIKE
s FOR FULL INFORMATION

AND ADVENTURE BROCHURE
P.0. BOX 120, DEPT.

’
RMIAMI BEACMH CINDINDA 221720

SOVNIER, COUISES



application
notes

Real time clock

An application note discusses the
advantages in using a real time
programmable clock calendar for
reading time and date into a com-
puter memory under program con-
trol. A brief discussion is included
eovering several possible jobs that
could be performed by the clock/
calendar, such as, job identifica-
tion, accounting, control, machine
language identification, time limit-
ing, timing of iterative loops, auto-
matic preparation of log, and others.
A comparison is made with the use
of a register in the computer memo-
ry as an interval timer, or core-
clock. The several serious disadvan-
tages of core-clocks for real time
purposes are discussed. Chrono-Log
Corp., Broomall, Pa.

CIRCLE NO. 361

Induction motor speed

How certain types of loads make
practical some degree of speed
variation in induction motors is
detailed in the latest Motorgram
(Vol. 52, No. 2). A “Chief Engi-
neer’s Handbook” article concen-
trates on induction motors having
conventional squirrel cage nonsyn-
chronous rotor, and the hysteresis
synchronous rotor. Basic methods of
varying induction motor speeds are
described—by changing frequency
of power source, the number of mo-
tor stator poles or the amount of
rotor slip—and the advantages and
disadvantages of each presented.
Bodine Electric Co., Chicago, Il

CIRCLE NO. 362

Electromagnetic shielding

An eight-page catalog outlines
repeatable and nondestructive elec-
tromagnetic shielding test pro-
cedures; shielding calculations;
shield design considerations; a
sheet and foil stocking guide; and
photomultiplier tube shield availa-
bilities. Eagle Magnetic Co., Inc.,
Indianapolis, Ind.

CIRCLE NO. 363
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Op amp noise

A six-page application note sim-
plifies the computation of total
equivalent input noise for oper-
ational amplifiers. Several ex-
amples of the use of the formula
are given by its application to the
SSS725, the industry’s lowest
noise, lowest drift operational am-
plifer. Also presented is a discus-
sion of the effects of power supply
noise and type of frequency com-
pensation used. Precision Mono-
lithics Inc., Santa Clara, Calif.

CIRCLE NO. 364

Transformer control

Tech Tips 2-2 tells how to iden-
tify and avoid problems caused by
poorly designed or damaged thyris-
tor firing-circuit packages used for
phase control of transformer pri-
maries. Seven illustrated pages ex-
plain the basic circuitry and tell
how to isolate causes of such com-
mon problems as: erratic blown
fuses without load shorts, equip-
ment shutdown by overcurrent log-
ic, current surges in the power bus,
strange sounds from the trans-
former laminations. Westinghouse
Electric Corp., Semiconductor Div.,
Youngwood, Pa.

CIRCLE NO. 365

Magnetic shielding

Application notes covering a wide
range of magnetic shielding prob-
lems offer design engineers a com-
prehensive file of case histories con-
cerning magnetic shielding prob-
lems. Perfection Mica Co., Bensen-
ville, TlI.

CIRCLE NO. 366

Transfer oscillators

A 20-page application note de-
scribes AM, FM measurements
with the transfer oscillator. Trans-
fer oscillators, in combination with
electronic counters, are widely rec-
ognized as the least costly means
of measuring great frequency
ranges, 50 MHz to 18 GHz or more,
for example. They are equally well
accepted as the preferred or only
way to measure pulsed rf or heavi-
ly modulated signals. Hewlett-
Packard Co., Palo Alto, Calif.

CIRCLE NO. 367

A/d conversion

A 20-page article explains the
cost/performance trade-offs of an-
alog-to-digital conversion subsys-
tems. The subjects covered are:
typical per channel costs and speci-
fications for low level differential,
solid state, multiplexers, low level
systems featuring an amplifier per
channel ; low level relay multiplex-

. ers; high level, differential and

single ended, solid state multiplex-
ers; and the related costs of slow
speed conversion systems vs state
of the art very high speed sys-
tems. Tustin Electronies Co., Santa
Ana, Calif.

CIRCLE NO. 368

Serial impact printers

A nine-page technical article out-
lines the principles of serial im-
pact printers. The article explains
how the letters, numerals and sym-
bols of a “print-on-the-fly” ma-
chine are “wrapped” around the
surface of a print wheel that is
motor-driven at high speed, and
electronically synchronized with a
print hammer that drives the paper
against selected characters as the
print wheel spins into position. The
note also explains the principles
of the dot matrix printing method,
then compares the “print-on-the-
fly”” approach with this alternative,
and somewhat faster, dot matrix
method. Printer Technology Inc.,
Woburn, Mass.

CIRCLE NO. 369

Triac power controls

A basic approach to the design
of triac power controls for use
in the switching of three-phase
power is described in a six-page
application note. Application Note
AN-6054, “Triac Power Controls
for Three-Phase Systems,” lists
basic design rules, describes an in-
tegrated-circuit zero-voltage switch
used for triac triggering and ex-
plains methods for isolation of the
de logic circuitry in power con-
trols for three-phase systems. Spe-
cific design requirements for triac
power controls intended for use
with both resistive and inductive
balanced three-phase loads are also
discussed. RCA Solid State Div.,
Somerville, N.J.

CIRCLE NO. 370
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The smallest PDP-11 just got bigger.

Bigger in performance. Not in price. Or
size. It's a power package that’s designed to
shake up the competition.

We've given the 11/05 a real time clock.

We've replaced the standard 1.2 usec
memory with one that’s 0.9 usec fast.

And added our PDP-11 multi-level auto-
matic priority interrupt.

So now you can spend less time writing
programs and more time out selling

your systems.

Now the 11/05 will do your job, any job,
better, more efficiently than ever before.

You can even use it for disc-based systems.

But the 11/05 still goes for the same,
easy-to-take $4,795 per. Including 4K core.

Or $3,070 in quantities of 100.

For which you still get the same UNIBUS
architecture, direct memory access, hard-
ware stacking, vectored interrupts, auto-
matic power fail protection and all the other

INFORMATION RETRIEVAL NUMBER 67

™

features that have made the PDP-11 the
best-selling 16-bit computer on the market.

We've already sold a lot of 11/05’s.

And we're going to sell a lot more.

Because now the 11/05 is an even bigger
bargain.

Digital Equipment Corporation, Maynard,
Mass. 01754. (617) 897-5111. European
headquarters: 81, route de I'Aire, 1211
Geneva 26. Tel.: 42 79 50.

PDP IS A REGISTERED TRADEMARK OF DIGITAL EQUIPMENT CORPORATION



new Iiteratur@

Digital panel meters

The Digitizers, an eight-page
short form catalog, describes a
complete line of high performance
DPMs and data conversion systems
and modules. The catalog lists over
100 instruments and devices, pro-
viding typical system configura-
tions, product descriptions, speci-
fications and prices. Analogic,
Wakefield, Mass.

CIRCLE NO. 371

Thick-film hybrids

Features and benefits offered by
thick-film hybrid circuits in eco-
nomically solving circuit design and
packaging problems are described
in an eight-page illustrated bro-
chure. Costs, performance ranges
and times for product development,
prototype delivery and alteration
turn-around are compared for
thick-film and IC techniques. Speci-
fications and capabilities of cir-
cuits are also listed. Color photos
of a variety of products illustrate
the company’s capabilities. Corn-
ing/Spacetac, Burlington, Mass.

CIRCLE NO. 372

Oscilloscopes

Test instruments—oscilloscopes,
probes and other accessories—are
described in a two-color, 28-page
catalog. Dynascan Corp., Chicago,
Tl

CIRCLE NO. 373
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Pots and counting dials

A complete line of precision po-
tentiometers and counting dials is
described in an 84-page catalog.
The catalog features quick selec-
tion charts offering easy visual
specification. Included are electri-
cal, mechanical and environmental
characteristics, specifications, line
drawings and product photos and
features of the precision potentio-
meters. For the counting dial line,
the company offers mechanical, op-
erational, material and environ-
mental specifications, line draw-
ings, and product photos and
features. = Amphenol Connector
Div., Janesville, Wis.

CIRCLE NO. 374

Piezoelectric couplers

A four-page bulletin provides an
overview of the wide assortment
of piezoelectric couplers. Photo-
graphs show seven different mod-
els of the couplers. The bulletin
contains line drawings of the con-
figuration and principal connec-
tions used with the seven models
of couplers. Included is a table of
specifications for each of the seven
couplers, including input, transfer
characteristics, filter, output im-
pedance, bias, signal and power.
Kistler Instrument Co., Redmond,
Wash.

CIRCLE NO. 375

Stepping motors

A 16-page M Series Slo-Syn
Stepping Motor catalog MSM1171
describes a line of advanced de-
sign, high-speed stepping motors,
controls and drives. Useful formu-
las and sample selection calcula-
tions are given as well as complete
engineering data and specifications.
The Superior Electric Co., Bristol,
Conn.

CIRCLE NO. 376

Telephone components

Hundreds of items of wire and
cable, patch cords, plugs and tele-
phone components are described in
the 16-page catalog, 2A. Lynn
Electronics Corp., Feastervill, Pa.

CIRCLE NO. 377

Industrial relay

Engineering bulletin, General
Purpose Solid-State Hybrid Indus-
trial Relay, provides end-user in-
formation on a family of solid-
state relays, definitions of terms
applicable to these relays and rat-
ing-derating curves. Midtex Inc.,
Mankato, Minn.

CIRCLE NO. 378

Industrial switches

Numerical display switches, nu-
merical sequence stepping switch-
es, electromechanical memory bank,
mechanical numerical counter and
general purpose relays for indus-
trial applications are described in
a two-page two-color condensed
catalog. Detailed electrical and
mechanical specifications are given
on the nine components listed. Chi-
cago Dynamic Industries, Inc., Chi-
cago, Ill.

CIRCLE NO. 379

Ratio transformers

RatioTrans precision variable ac
voltage dividers are described in an
eight-page brochure. RatioTrans
dividers are provided with certifi-
cate of accuracy showing trace-
ability to NBS standards. Charts
are provided for selection of 25
different types according to elec-
trical characteristics, dimensions
and features. Singer Instrumenta-
tion, Los Angeles, Calif.

CIRCLE NO. 380

Modular power supplies

A four-page data sheet describes
a line of 23 de regulated minia-
ture modular power supplies. The
center spread of the bulletin is a
table listing model number, dc out-
put voltage and current, regula-
tion, ripple rating, temperature co-
efficient, cast size and prices.
Ambac Industries, Inc., Tele-Dy-
namics/Wanlass Div., Fort Wash-
ington, Pa.
CIRCLE NO. 381

Connectors

Hermetic and titanium connec-
tors for aerospace applications are
described in a series of bulletins.
All are designed to meet MIL spec
standards. Gulton Industries, Inc.,
Connector Div., Newport Beach,
Calif.

CIRCLE. NO. 382
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Greater RFI/EMI shielding in
new, harrow-width contact strips

- S
AT MAX. #  Original
DEFLECTIO Sticky-Fingers

%" on max.
deflection &

Latest addition to ‘ﬁck%ﬂgg@mo liné!

Instrument Specialties now offers Sticky-Fingers self-adhesive, beryllium copper contact
strips in three variations to solve your most critical RFI/EMI problems.

Comparable to the shielding effectiveness of the original Sticky-Fingers, our newest
series 97-520* offers shielding effectiveness of 92 dB at 10 GHz plane wave or greater
than 92 dB at 1 MHz magnetic, and has a dynamic range of 0.10”. Yet, it measures a
scant 3" wide, and 2" at maximum deflection.

Supplied in standard 16” lengths, series 97-520 is ideal for metal cabinets and electronic
enclosures where variations exist in the space to be shielded, and where high

shielding effectiveness must be maintained in narrow spaces, even with frequent opening
and closing .of the cabinet.

Select the exact series that fits your application best. Write today for a complete
catalog, list of finishes available, and our latest Independent Shielding Evaluation Report.
Address: Dept. ED-68

Series 97-500*—the original 34" wide Sticky-Fingers. For those all-purpose applications where economy and

Specify when you require greatest possible shielding space are both factors, specify the 3" wide single- ®
and where space permits. Also, supplied as 97-510 with twist series 97-555, or 14" wide double-twist series
Magnifil® for optimum magnetic shielding. 97-560 Sticky-Fingers.

Specialists in beryllium copper springs since 1938
INSTRUMENT SPECIALTIES CO., INC.
Little Falls, New Jersey
*Patented Phone 201-254-3500

INFORMATION RETRIEVAL NUMBER 68
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NEW LITERATURE

Electronic hardware

A new 3-ring, vinyl bound quick
reference catalog and cross-refer-
ence guide is available to specifiers
and purchasing agents of PC jacks,
plugs, pins and terminals. The 20-
page cross-reference section shows
equivalents to most manufacturers,
with same-day shipments on items
in stock, including many odd and
discontinued numbers. Concord
Electronics Corp., New York, N.Y.

CIRCLE NO. 383

Solid-state switches

Product Sheet 16SS describes
the division’s latest addition to its
Hall-effect solid-state switch line,
a pulse output device. The four-
page product sheet lists features
and typical applications for the
16SS and describes the Hall-effect
operating principle and construec-
tion of the 16SS1. The publication
shows ratings and electrical char-
acteristics, mounting dimensions
and ordering information. Product
Sheet 16SS also offers a concise
description of magnetic field char-
acteristics and reviews the use of
calibrated Hall elements to measure
flux densities. Honeywell Inc., Mi-
cro Switch Div., Freeport, TIll.

CIRCLE NO. 384

Thermocouples

A condensed two-color, six-page
catalog describes and illustrates
thermocouples, connectors, instru-
ment service and special design
services. Marlin Manufacturing
Corp., Cleveland, Ohio.

CIRCLE NO. 385
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Panel connectors

A catalog containing detailed
electrical and physical specifica-
tions describes the 8, 16, 24 and
32-contact connectors and 14, 24,
36 and 50-contact connectors. In
addition to the standard rack and
panel configurations, the catalog
contains information on cable to
chassis and cable to cable styles, as
well as “high barrier” and other
special types. Cinch Connectors, an
Operation of TRW Electronic Com-
ponents, Elk Grove Village, Ill.

CIRCLE NO. 386

Power regulators

An eight-page technical bulletin
describes the company’s recently
introduced “building block” system
of de¢ power sources and remote
regulators. The bulletin provides
detailed technical information, ap-
plications, thermal and mechanical
considerations and related data.
ERA Transpac Corp., Cedar Grove,
N.J.

CIRCLE NO. 387

Solderless terminals

Stator terminals, Bobbin tabs,
Brush terminals, Welding tabs,
Staking terminals, Ring tongue
terminals and nearly 100 other
types of Amplivar terminals and
splices are fully described in cata-
log 332-1. AMP, Inc., Harrisburg,
Pa.

CIRCLE NO. 388

Crimp removable contacts

An expanded line of miniature
and microminiature rectangular
plug and socket connectors and
solderless crimp termination re-
movable contacts that conform to
MIL-C-28747 specifications are
covered in a 34-page catalog. Con-
tinental Connector Corp., Wood-
side, N.Y.

CIRCLE NO. 389

Blowers and fans

Miniature cooling devices for
electronic enclosures are described
in a 16-page short-form catalog.
The catalog describes features, de-
sign characteristics and perform-
ance tests. Pamotor, Burlingame,
Calif.

CIRCLE NO. 390

Injection phenolics

A 36-page brochure details in-
jection molding of Genal injection
phenolics and Genal pellets. The
brochure covers all aspects of
thermoset injection molding in de-
tail: materials available, selection
guide, typical properties charts,
processing equipment, complete
molding procedures, rheological
data, mold design and mold con-
version. GE Plastics, Pittsfield,
Mass.

CIRCLE NO. 391

Resistor products

Precision resistors, trimmers,
networks and resistance measure-
ments are described in a six-page
short form catalog, Bulletin G-11.
Performance tables, circuit dia-
grams and illustrations are includ-
ed. Vishay Intertechnology, Vishay
Resistor Products Div., Malvern,
Pa.

CIRCLE NO. 392

Optoelectric components

Optical/electrical characteristics
of all devices in the company’s
lines of light emitting diodes, pho-
totransistors, photodarlingtons and
photodiodes, as well as optical cou-
pler isolators, emitting diodes and
opto chips are detailed in a 12-
page illustrated reference guide.
Package configurations are illus-
trated with photographs and di-
mension drawings. An application
report is included which details
characteristics and typical use.
Spectronics, Inc., Richardson, Tex.

CIRCLE NO. 393

Semiconductor guide

A supplement to the EGC Semi-
conductor Replacement Guide lists
recent industrial additions to the
ECG line. The 12-page supplement,
designated ECG 212D-2, cross ref-
erences more than 7100 industrial
part numbers with the Sylvania
types which replace them. The
solid-state devices listed include:
zener diodes, silicon controlled rec-
tifiers, triacs, diacs, silicon recti-
fiers, unijunction transistors and
several types of switches. Applica-
tions include numeric control sys-
tems, automatic process lines and
motor controllers. GTE Sylvania,
Inc., New York, N. Y.

CIRCLE NO. 394
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We've pulled a switch.
DC input to drive an AC

airmover.

We call it,"The DC Boxer”’

An integrally mounted solid state con-
verter does it. Eliminates brush wear,
arcing and attendant noise problems and
adds years to service life.

Fan mounts with all the ease of a stand-
ard Boxer (4-11/16” sq., 1%2"” deep), no
extra connections or fasteners required.
Eight models deliver up to 120 cfm
cooling output.

Available with patented Grand Prix
sleeve, or rugged ball bearings, both
rated at 10 or more years operating life.

Other airmovers? Of course!

Send for our full-line catalog No. ND4r.
It’s free, and contains performance data,
electrical and mechanical specifications

on more than 100 units
And valuable application information too.

Meet the Extremists:

Measure

from
1 Gamma

For immediate service, contact us at IMC
Magnetics Corp., New Hampshire Divi-
sion, Route 16B, Rochester, N.H. 03867,
tel. 603-332-5300. Or the IMC stocking
distributor in your area. There are more
than 50 nationwide and overseas.

€ 1mc)
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‘pin-for-pin

to

50,000 ~ feplacement?

Gauss!

>/ A complete line of
prec:s:on magnetic measurmg equlpment. Vee ‘
m P 05
ur AV
MODEL 505 GAUSSMETER  MODEL 750 GAUSSMETER  MODEL 3265 GAUSSMETER N
* Lowest cost o Wide range o Unexcelled readability o &
o Self-contained o Versatile o High precision A
A completely self- Features wide measure-  Features absolute, dif- ;
contained instrument ment range, high ac- ferential and incre- Wy
for magnetic field curacy and ease of mental measurement 5
measurement. operation. operations. : ;
Send for Free technical booklet on Ry
RFL Magnetics equipment. A A

RFL Industries, Inc.

Boonton, N. J.

Instrumentation Division -

IMC New Hampshire Division Airmovers
are available at the following locations:

Ariz., Phoenix/Parts Electronics, 1310 No.
7th Street 85002/ (602) 258-6476

Calif., Los Angeles/El-Com Sales, 5134
Valley Blvd. 90032/(213) 223-1351/1353
Conn., Fairfield/U-Tronics, Inc., 273 Lin-
wood Ave., 15222/(203) 838-4106

Fla., Orlando/Hammond Electronics, P.O.
Box 3671 32802/(305) 241-6601

I, Chicago/Newark Electronics Corp.,
00 U. Pulaski St. 60624/(312) 638-4411
lowa, Cedar Rapids/Deeco Inc., 2500
16th Ave. S.W. 42400/(319) 365-7551
N.Y., Deer Park/Conco, 151-13 W. Indus-
try Court, 11729/ (516) 586-1110

N.Y., Farmingdale/Arrow Electronics, 900
Broad Hollow Rd. 11735/(516) 694-6800
N.C., Winston-Salem/Kirkman Electronics,
Inc., 901 W. 2nd St. 27108/ (704) 724-0541
Ohio, Dayton/Esco Electronics, 3130 Val-
leywood Dr. 45429/(513) 298-9816
Penn., Philadelphia/Simco Electronics,
3907 No. Broad St. 19140/(215) 229-1880
Penn., Pittsburgh/Cameradio Company,
2801 Liberty Ave. 15222/(412) 391-4106
S.C., Greenville/Carolina Radio Supply,
221 W. Washington St. 29602/ (803) 239-
5125,

Tex., Dallas/Texas Inst. Supply, 6000
Denton Drive 75235/(214) 238-2011
Canada, Ottawa 3, Ont./Wackid Radio &
TV, 312 Parkdale Ave./(613) 728-1821
Send for the complete IMC Distributor
Directory.

The Halex Model HX 0009
Two-Phase MOS Clock Driver
provides fixed-width clock Ppulses

for MOS 