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Then you'll dream about it, too. This
mini power supply for op amps is the
smallest in the world. Only 2.3" x
1.8”" x 1”. It provides tracking out-
puts of =15V @ 25 ma with regula-
tion of £0.1% and ripple of 1 mv.
And it costs only $14.00 in 1000
lots — $24.00 for one.

Try it...you'll like it. Order Model
D15-03. (For =12V @ 25 ma, order
Model D12-03. Same price.)

Try it...you’ll like it.

Or, if you have to drive 50 or 100
ma loads, we have mini modules for
them, too. All comfortably priced.

In fact, whenever you need DC
power for op amps, think of Acopian.
We offer a wide range of supplies
designed specifically for operational
amplifiers and rated up to 5.0 amps.
Try them...you’ll like them.

And incidentally...if your wife
ever asks you why you dream of
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Acopian, tell her that we really de-
liver. To prove it, send your order to
Acopian Corp., Easton, Pa. 18042,
or call (215) 258-5441. Your op amp
power supply will be shipped bearing
this tag. ..

THIS POWER sypp,y
SHIPPED wiTHy

&) JAYS

'4¢‘0p/;m




Nobody has to babysit this
OEM strip chart recorder.

No more 2 a.m. bottles. No more messy early morning

pen changes.

Disposable pens make changes quick and clean.
(Or electric writing eliminates pens altogether.)

Electric writing option makes
child's play of long-term unattended
operation. Get a crisp clear trace
without pen and ink.

OEM from the ground up.
HP’s new 7100 strip chart recorder

is built for dedicated OEM applications.
You select from nearly 50 options

to customize this 3¥2-inch-high
recorder for any end-user system.

An electronic integrator is the simplest way
yet to measure the area of a curve. Set zero along any point

on the main chart,

Swing out ;

to reload, half-rack moving part.

or full-rack. A unique lingar servo motor eliminates
all those complicated pulleys, cables

and slip clutches. No wirewound slidewire
or boards full of touchy adjustments.

The uncomplicated new Model 7100
never cries for attention. Get details and
oem discount data from Hewlett-Packard,
Palo Alto, California 94304; Europe:

1217 Meyrin-Geneva, Switzerland.

HEWLETT @ PACKARD

Four- Speed incremental chart drive option. 11105
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Toggle handles in white. Rocker handles in
white, gray, black, or custom colors. Rectangular
pushbuttons, lighted green for ON, white for OFF.
Cylindrical pushbuttons, not lighted at all. An
environment-protected model with a sealed bat
handle. A model for fast snap-in mounting.

Our Type J line.

Circuit breakers have never looked
so good before.

You dont have to
settle for homely

circuit breakers
anymore.

They’re hydraulic-magnetic,
of course, and therefore offer you
exceptional performance capabilities: precise,
temperature-stable current ratings and trip points;
a choice of time-delay characteristics (or non-
time-delay operation); the option of a half-dozen
special-function internal circuits.

All are available for operation on any of the
commonly used DC or AC voltages (60Hz or 400Hz).
In any current rating from 0.020 to 30 amp.

All are reasonably priced. Even in modest
OEM quantities.

We'll be glad to send you detailed technical
literature. Just tell us to whom and to where.
Heinemann Electric Co., 2626 Brunswick Pike,
Trenton, N.J. 08602.

HEINEMANN
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If our capacitors
weren’t worth a lot more,
we couldn’t charge
a little more for them

TRW makes dependable, high-quality capacitors.
But other companies do, too. So what makes ours
worth more?

For one thing, we specialize. In wound film and
tantalum capacitors And specialists figure to know
more about making their specialty.

Also, we cover this important field in depth, offering
you far and away the broadest range of dielectrics,
case styles, shapes, capacitances and voltages.
At TRW, you get the capacitor that's exactly right
for your design.

Take the metallized types, for example. TRW offers
them with Mylar* or polycarbonate dielectrics. Wrap-
and-fill, pre-formed, hermetically-sealed or epoxy-

*DuPont’s trademark for polyester film.
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dipped cases. Round or flat. With axial or radial leads.
From .001 to 50 mfd. Tolerances to +1%. From 50 to
600 volts.

It means you never have to make do with something
that’s only pretty close. Never have to compromise
your design. Or design around.

Or shop around, either. The right capacitors for your
job are all in one place—at TRW. A good many
companies have found out why it pays to pay the
trifling extra our capacitors cost. Would you like to
find out, too?

Write or call TRW Capacitors, an Operation of
TRW Electronic Components, Box 1000, Ogallala,
Nebraska 69153. (308) 284-3611. TWX 910-620-0321.

TRW

CAPACITORS



Now available worldwide...
a line of low-cost wirewound pots
and trimmers from Spectrol Reliance Ltd.

o VAL
LIFAR

The most recent
company to join the
Spectrol Electronics
Group is Spectrol Reli-
ance Limited of Swindon,
England, a leading manu-
facturer of low-cost indus-
trial wirewound potentiometers.
And now the most popular Reli-
ance pots and trimmers are stocked
in depth not only at Reliance in England,
but also at Spectrol in the U.S.A. and at SP
Elettronica in lItaly.

Reliance models available from any of the three Spec-
trol companies include: (1) CW 15 and CW 19: 1-inch
wirewound rectangular trimmers with 3:2:2 pin spacing.
Standard RT range 10Q - 50K. 1 watt @ 20°C. CW 15
sealed for boardwash; CW 19 sealed for immersion.
(2) CW 51 and CW 52: 34-inch wirewound rectangular
trimmers with 3:2:1 pin spacing. CW 51 sealed for im-
mersion; CW 52 satisfactory for board washing. CW
52CL available with “clear lid"” for viewing position of
wiper on element. (3) CW 54 and CW 55: 34-inch wire-
wound rectangular trimmers with RT12Y (4:3:1) pin
spacing. CW 54 sealed for immersion; CW 55 meets

w1 NE
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board washing re-
quirements. (4) CW
40: 0.326-inch diame-

ter, single-turn, wire-
trimmer, fully
ealed for immersion in a
TO-5-type can, with stan-
dard .100-inch pin spacing. (5)
CW 05: Y2-inch diameter, single-
turn, wirewound, precision potenti-
ometer, bushing mount only. (6) HEL 05-
10: Y%2-inch diameter, 10-turn, wirewound,
precision potentiometer, available in both bushing mount
and flange mount versions. (7) MW: Low-cost, 1-inch
diameter, single-turn, wirewound pot. Military approved,
sealed version — the MWT — is also available.

All of these Spectrol Reliance wirewound models — as
well as the complete line of Spectrol Electronics wire-
wound, cermet, and conductive plastic precision pots
and trimmers — are available from any of the com-
panies of the Spectrol Electronics Group.

For more information, contact your nearest local source
below.

SPECTROL ELECTRONICS GROUP

UNITED KINGDOM

Spectrol Reliance Ltd.
Drakes Way

Swindon, Wiltshire, England
Swindon 21351 « TELEX: 44692

UNITED STATES

17070 E. Gale Avenue

Spectrol Electronics Corporation

City of Industry, Calif. 91745, U.S.A.
(213) 964-6565 =+ TWX (910) 584-1314

ITALY

SP Elettronica spa

Via Carlo Pisacane 10/4

20016 Pero (Milan) Italy

3530 241/2/3/4 + TWX 32242
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Minicomputer selection criteria
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Buying a minicomputer isn’t like buy-
ing a radio or other appliance. Some
of the things to be considered are il-
lustrated in the photo supplied by
Data General Corporation, Southboro,
MA and discussed in the article, ““Buy-
ing a Minicomputer{—"" starting on
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Everybody wants your
components business.

But were doing
6 things to earn it.

Better components. From

ER through industrial, from

precision through general
purpose — we give you documented
reliability. You'll find our metal film
resistors outperform other metal
films (including glazed), wire-
wounds and carbon comps. And our
Glass-K" capacitors outdistance
monolithic ceramic capacitors

on all counts.

2 extra reliability costs you no
more. The fact that we've be-

come the country’s largest supplier

of metal film resistors says clearly

that we're more than just

competitive.
tributors can give you off-

3 the-shelf delivery from an

inventory of over 50,000,000

Better prices. And this

Better delivery. Our dis-

Resistors & Capa

components. And you'll find our
“ball parks” are the most accurate
and dependable in the industry.
You benefit in reduced expediting
and inventory costs.

Better QC. Enough better
4 so that many of our custom-

ers find they can totally
eliminate incoming QC testing of
our parts. Couple this with our
unique product configurations that
cut component insertion costs and

you'll find it costs you less to do
business with Corning even when

our per unit price is the same.
5 CORDIP"Component Net-
works let you replace most
of the outboard discretes you can’t
design into an IC. With a pretested,
dual-in-line package of up to 23
discrete resistors/capacitors/diodes.

Better new products. Our
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Our FAIL-SAFE"flame proof
resistors give you an economical
replacement for non-inductive and
semi-precision power wirewounds.
But ours open —never short —
under overload.

Better support. We've built
6 the largest technically-

trained field force in the
industry. And have contracted
with the 30 most competent and
service-oriented distributors in the
country to give you in-depth
assistance whether your needs are
big or small.

Just let us prove it. Write
for full details to: Corning Glass
Works, Electronic Products Divi-
sion, Corning New York 14830.

Or call: (607) 962-4444. Ext. 8381

CORNING

ELECTROGO NI]ICS

CItOr's

for guys who cant stand failures



he’'s learning to test

- semiconductors ... FASTER!

With the 172 Programmable Test Fixture for the TEK-
TRONIX 576 Curve Tracer, you program up to eleven
sequential tests on FETs, transistors and diodes. This
new fixture saves measurement time in applications
such as incoming inspection where you make a series
of tests on a number of devices.

Programming is straightforward. Inserting pins in
holes in programming cards sets individual test con-
ditions. Omit the pin from a particular test hole and
the 172 skips that test.

Test limits can be graphed on a plastic card. This
card is then overlaid against the 576 display area for
comparison of test results and limits.

Even experienced operators are likely to make errors
in applications where repeated adjustments in con-
trol settings are needed. The 172 removes this error
source. Operators with little or no experience can
make tests quickly and accurately. You’ll save valu-
able training time.

Programmed testing frees your technically trained
personnel to concentrate on more creative processes,

CIRCLE NO. 7
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speeds incoming inspection, saves training time, re-
duces errors and decreases measurement time.

Do you have a TEKTRONIX 7000-Series or 5100-Series
Oscilloscope? Planning to get one? If so, you’ll want
to know about our new plug-in curve tracers too. For
complete information, call your local TEKTRONIX
Field Office and ask for the new Semiconductor
Curve Tracer Booklet. Or write Tektronix, Inc., P. O.
Box 500, Beaverton, Oregon 97005. We will send you
complete information—immediately.

172 Programmable Test Fixture ............ $1400
U.S. Sales Price FOB

Beaverton, Oregon

TEKTRONID
- committed to
technical excellence
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Editorial

We’ve made some changes

Anyone who is at all observant will have noticed that there are two signif-
icant changes in this issue of EDN. The first of these is our new cover
style, which we hope will be as attractive and appealing to all readers as
it is to us. We feel that the cover fully satisfies our basic criteria—namely,
that it be clean, functional, distinctive and attractive.

A considerable amount of time, effort and talent are involved in the
birth of a new cover design, and once the final choice is made, all we edi-
tors can do is sit back and wait to see the readers’ reactions. If you have
any strong ones, either positive or negative, we'd like to hear them.

The second change is the shortening of our name from EDN/EEE to just
EDN. This is the result of the overwhelming feedback we’ve gotten from
readers concerning the awkwardness of the name EDN/EEE. We'd be less
than honest if we didn’t admit that the name has caused us problems, too,
because of its unwieldly nature.

It should be emphasized that the cutting of the name to a more man-
ageable size will have no effect on our editorial content and philosophy.
What we have been doing under the EDN/EEE banner, we will continue
to do as EDN. After all, it's not what we call ourselves that really counts,
but what others, namely our readers, think of us. Lest we be accused of
immodesty, we won't relate the situation to Shakespeare’s oft-quoted ‘A
rose by any other name . . .”.

While we’re on the subject of change, we should also announce that
EDN has a new West Coast Field Editor. His name is Jerry Moseley, and
he comes to us from Rydax, Inc., where he had been designing circuits for
telemetry and data processing equipment for 2-1/2 years.

Jerry graduated from Cornell University and then become one of those
Easterners who headed west to California.

Should you happen to bump into Jerry, either in your own plant during
one of his visits, or maybe at a technical conference, don’t be shy. Tell
him what you do like and what you don’t like about what we’re doing.
Even better, tell him what you’ve been doing in the design area. It may be
the basis for a story or a technical article. This is really what Jerry’s job is
all about.

Tand G



GENTLEMEN,
THESE DDC A-SERIES
MODULES CAN MAKE

EVERYTHING !

RIGHT ON ! OVER
37CONFIGURATIONS....
OFF THE SHELF..AND IT |

WOW! g/p,
D/s,R/D,D/R...ITCAN
BE A 2-SPEED
EVEN A 3-SPEED
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Frank Egan, Editor
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Beverly Lembo, Illustrator
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Wayne Hulitzky

Everybody’s talking about DDC’s new A-Series synchro or resolver
converters. And no wonder: You can assemble your own converter
in your own way, to your own specifications, using low-cost off-the-
shelf modules! And when it's all assembled, you get a lot more:
» Errorless tracking. To 4 RPS as a result of a Type |l servo loop.
* Wide range of synchro or resolver conversion. A/D, D/A 60 Hz,
400 Hz, single speed, multispeed, binary, BCD, etc., etc., etc.
« Available for either commercial or military operating tempera-
tures. Each module measures only 1.5 x 2.2 x .61.
* High reliability. Built-in test circuitry. All MIL grade parts,
hermetic components. Qualified for airborne applications.
* Immediate availability. The 10 basic modules are available
now, off the shelf. And they’re fully interchangeable: no trim-
ming or adjustment necessary.

When you can assemble your own

Production Assistant
Susan Grober

Circulation Manager
Ron Kinnes

Editorial Consultant
John Peter

Editorial Office Addresses
Executive (617) 536-7780
221 Columbus Ave.
Boston, Mass. 02116

New York (212) 689-3250

custom converter at so little cost it
doesn’t pay to design, breadboard
test, de-bug and build, does it?
Please let us tell you more about it.
And about the rest of our data con-
version and signal conditioning de-
vices. Write us. Or phone direct to
either Steve Muth or Jim Sheahan.

One of 37 possible assemblies of

our multi-module conversion system.

(516) 433-5330.

SYNCHRO CONVERTERS

ILC DATA DEVICE CORPORATION
100 TEC STREET, HICKSVILLE, N.Y. 11801
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205 E. 42nd St.
New York, N.Y. 10017

Denver (303) 388-4511
270 St. Paul St.
Denver, Colo. 80206

West Coast (415) 383-4220

404 Wellesley Court
Mill City, Calif. 94941
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HelipC

ers for low-15¢

There’s not much sense in using cheap
wirewound or carbon trimmers anymore.
Not when the new Helipot Series 91 Cermet
Trimmers are available off-the-shelf for a
few cents more.

These single-turn, 38", covered trimmers
come in 10 different mounting styles and
19 standard resistance values from 10
ohms to 2 megohms. Covered
construction helps protect
against moisture, corrosive at-
mospheres, dust, oil and other

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION

contamination. Which means, in addition to
cermet stability and better resolution, you
get long-term dependable performance.

The breakthrough price is just 35¢ each
in the 50,000 piece quantity, and they’re
equally well-priced in other quantities.

Send now for complete data on the
Series 91 Trimmers...the finest of their
class. We've made them for
your projects where the budget
may be tight, but you don’t want
to compromise performance.

Fullerton, California

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE
INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN: GENEVA GLENROTHES, SCOTLAND MEXICO CITY: MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA
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NO MATTER WHERE YOU ARE ....

BOU

ENTIRE LINE
OF PRECISION POTENTIOMETERS

... 1S STOCKED IN DEPTH

Bourns has 73 distributor locations; more than any other
potentiometer manufacturer. One is near you . . . no matter
where you are. Each has a complete stock of Bourns: Pre-
cision Potentiometers; the indl{stry’s widest selection.
10-turns, 5-turns, 3-turns, and single-turn. In 2", 78", 1%4¢"
and 113" diameters . . . with wirewound and Infinitron®
Conductive Plastic elements . . . in either bushing or
servo-mount configurations.

BOURNS

BOURNS DISTRIBUTORS —

ALABAMA/Cramer/E. W. ARIZONA/Kierulff Elect.

Elec. Inc. ® Hamilton/Avnet e Electronic Supply Corp. ® Western Radio
Sales e Cramer Elect. Inc. FLORIDA/Cramer/E. W. ® Hamilton/Avnet ® Hammond Elect. Inc. GEORGIA/Jackson Elect. Co. ILLINOIS/Allied Elect.

Corp. ® Newark Elect. Corp. ® Hamilton/Avnet INDIANA/Ft. Wayne Elect. Supply Inc. ® Graham Elect. Supply Inc. KANSAS/Hall-Mark Elect. Inc.
LOUISIANA/Southern Radio Supply Inc. MARYLAND/Cramer/E. W. e Pioneer/Washington Elect. Inc. MASSACHUSETTS/Electrical Supply Corp.
e Cramer Elect. Inc. MICHIGAN/Harvey-Michigan MINNESOTA/Lew Bonn Co. e Hamilton/Avnet MISSISSIPPI/Ellington Electronic Supply, Inc.
MISSOURI/Hamilton/Avnet e Hall-Mark Electronics Corp. NEW JERSEY/General Radio Supply Co. ® Hamilton/Avnet e Eastern Radio Corp. NEW
NEW YORK/Standard Electronics Inc. ® Cramer/Binghamton e Cramer/Esco e Cramer/Eastern ® Hamilton/Avnet
NORTH CAROLINA/Cramer/E. W. OHIO/Hughes-Peters, Inc. ® Pioneer OKLA-
RHODE ISLAND/Wm. Dandreta Co. TEXAS/Hall-Mark Elect.

WISCONSIN/Taylor Electric Co. CANADA/Varatronics

CALIFORNIA/Westates Elect. Corp. ® Hamilton Electro Sales e Liberty Electronics e Elmar
COLORADO/Hamilton/Avnet e Kierulff CONNECTICUT/Conn. Electro

MEXICO/Electronic Parts Co.
e Federal Elect. Inc. ® Schweber Electronics e Harvey Radio Co.

HOMA/Hall-Mark Elect. PENNSYLVANIA/Pyttronics e Powell Elect. ® Cameradio Co.
Co. e Hamilton/Avnet e Harrison Equip't Co. UTAH/Cramer WASHINGTON/Liberty Elect.

® Cesco Elect. e Zentronics Ltd.
CIRCLE NO. 10
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Intmducmg “touch & see’’swept impedance

measurement.

Now the “do- everything” RF test system

does even more.

Just add our new impedance probe
to the HP 8407A Network Analyzer, and
you can measure complex impedance of

circuits, coax systems, discrete components.

View impedance excursions over the wide
range from 0.1Q to 10KQ as you sweep
between 500 kHz and 110 MHz.

The HP 8407A Network Analyzer
itself makes comprehensive swept RF
measurements quickly, and with high
accuracy. You see important characteristics
like gain/loss, phase shift, voltage and
current transfer functions, group delay,
impedance, return loss and S-parameters.
Dynamic range is greater than 100 dB, yet
you can resolve 0.05 dB. It has 360° phase
range with 0.2° resolution.

The 8407A Network Analyzer with
the 8412A Phase-Magnitude Display costs
$4650. The new impedance probe (Model
11655A) costs $750. Other accessory
kits for circuit probing and for general
measurements in coaxial systems are also
available, priced from $325 to $500.

To learn more about how our
“do-everything” network analyzer can
help you in design and production test
applications, call your field engineer or
write Hewlett-Packard, Palo Alto,
California 94304; Europe: 1217 Meyrin-
Geneva, Switzerland.

04112 A

s

HEWLETT ' ﬁ, PACKARD

NETWORK ANALYZERS
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Design News

SJCC has mis-match between exhibits
and papers, but is still worth attending

It used to be that you could justify
travelling to the big conferences like
IEEE, Wescon and the East and West
Computer shows on the basis that
both the technical sessions and the
exhibits would provide a one-stop
survey of what was going on in the
industry. Now it seems that not only
are there glaring gaps in the coverage
of the exhibits, but the exhibits and
the technical sessions aren’t even re-
lated to each other.

This year’s Spring Joint Computer
Conference (SJCC) being held May 16-
18 at Atlantic City’s convention hall is
no exception to this unhappy trend
towards ‘‘mis-matched’’ shows. The
exhibits will only be a faint echo of
the full spectrum of the technology
most visitors hope to see. The papers
being presented in the technical ses-
sions will do a far better job of up-
holding their part of the conference’s
reputation for being the major Eastern
show of the computer industry.

The main gap in the exhibits will be
the complete absence of large com-
puter mainframes. IBM, Honeywell,
Control Data, and Univac won’t ex-
hibit. There won’t even be many mini-
computers. One of the few new com-
puters to be announced at the show
will be a hybrid analog-digital ma-
chine from Electronic Associates,
Inc. — perhaps because E.A.l. is up the
New Jersey Coast from Atlantic City.
Hewlett-Packard, that hardy exhibitor
that remains with so many exhibits,
will be showing small computers, and
Data General will be showing its min-
icomputer. But most other computer
makers, large and small will be con-
spicuous by their absence.

The one type of hardware that will
be well represented at the exhibit is
magnetic-memory systems for periph-
erals. There will be cassettes, car-
tridges, reels and discs drives and add-
on cores. Much of the other hardware
at the exhibits will be for time-share
and communications terminals.

The best reason for a design engi-
neer to go to this year’s SJCC is that it
is still the best place to rub shoulders
with professional computer operators.
As the name of the sponsoring society,
AFIPS, or American Federation of In-
formation Processing Societies, Inc.,
implies, the core of the attendees will
be computer installation managers and
programmers. Obviously, any engineer
trying to design new computer systems
or hardware ought to be intimately
familiar with the likes and dislikes of
this group.

The technical papers have been se-
lected to please this software-oriented
group, EDN was told by Prof. Jack
Schwartz of New York University’s
computer science department (Courant
Inst.), head of the technical program
committee. The only change from last
year’s thrust, Schwartz said, will be to
stick more closely to serious technical
topics in software. We will have very
few of the “social conscience’” papers
we had in '71.

The advance program indicates a

heavy dosage of such insider topics
for programmers as, ‘‘Large-Scale Sci-
entific  Computation,”” (Session 2),
“Formal Algorithmic Analysis,” (Ses-
sion 15), and “Language for Special
Applications,”  (Session  10).  All
throughout the meeting there is a
heavy emphasis on very large systems,
with just an occasional polite nod
here and there to minicomputers. One
would gather that, at heart, the profes-
sional programmer likes large comput-
ers—probably on the basis that the
larger his computer, the larger his
empire. There is no session exclusive-
ly devoted to the peripheral equip-
ment that will be so prominent in the
exhibits, bearing out again our com-
plaint of a mis-match.

We note a group of sessions on the
implications of LSI (11, 22, and 34).
According to Schwartz, although these
are hardware papers, they are not di-
rected at the design engineer, but at
keeping the software people aware of
what can be expected in future hard-
ware. O

Visitors to the ““big” computer show on the boardwalk this year may be discouraged by .
the limited range of the exhibits.

EDN MAY 1, 1972



Technique yields high-quality holographic images
from ordinary light sources

A major problem in the development
of holographic data storage systems
has been the requirement for a mon-
ochromatic light source, with its inher-
ent expense, for reconstructing the
stored images.

A new technique for reconstructing
holographic images using simple light
sources may lead to a solution to this
problem. The method, developed by
IBM engineers, produces clear, high-
quality images with inexpensive,
broadband light sources.

By applying well-known optical

principles of color correction to hol-
ography, the developers of the tech-
nique have eliminated the large color
blurring that would otherwise accom-
pany an image reconstructed with
broadband, non-monochromatic light
(Fig. 1). As in previous broadband
schemes, a grating or holographic lens
is used next to the hologram to elimi-
nate lateral blurring of the image. To
eliminate the remaining first-order
color blurring, the IBM engineers add-
ed a dispersive imaging lens between
the hologram and the plane of the

/ ] [ CORRECTED
S IMAGE
DISPERSIVE
HOLOLGEZQPH'C IMAGING LENS
f=g(r)

Fig. 1—The addition of a dispersive imaging lens to correct first-order blurring produces
high-quality holographic images with simple, broadband light sources.

Coming on TV: Faster and more
informative election-night returns

When the election results start to be-
come available this fall, many TV sta-
tions will be ready to display them
more swiftly and effectively than ever
before, thanks to a new system de-
signed by Telemation, Inc., of Salt
Lake City.

Named “TED-1", the new election
reporting system automatically re-
ceives, processes and displays elec-
tion voting information. System input
may be simple typed messages in-
creasing voting totals and number of
districts reporting, or properly format-
ted messages from election comput-
ers. System output consists of elec-
tronically-generated NTSC standard
pages of highly legible characters.
These may be displayed alone on the
TV screen or, as shown in the photo,
can be matted over other program

reconstructed image. The result is a
clear, well-defined image, free from
all first-order chromatic aberrations.
With the technique, high-quality
images have been produced from
Fresnel holograms using a high-pres-
sure xenon arc lamp. Other possible
sources include laser diodes, light-
emitting diodes and CRTs. =

. E:,'." L1

=u M=

Without the dispersive imaging lens, a
non-monochromatic light source produces
the holographic image of a test target as
shown in the top photo. With the disper-
sive imaging lens, the image in the lower
photo is produced.

56000
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With the TED-1 Election Reporting System, election data can be either matted over other
program material, as shown here, or displayed alone on the TV screen.



material in the system. Each ““page’’ of
the display has a maximum of 14 lines
that contain 25 character positions
each.

Equipment that comprises the sys-
tem includes a minicomputer, a char-
acter generator “‘television typewriter’”’
with a 2000-line random-access disc
memory storage, a control keyboard, a
100-page selection panel and a tele-

printer  keyboard-printer/tape-reader
punch. Completing the system is a
comprehensive computer program tai-
lored to each individual system. This
program is provided on paper tape for
insertion into the computer. Program
loading is automatically accomplished
under pushbutton control. (By using a
stored-program operating mode, the
system allows both easy updating and

Solid-state video camera promises
improvements in size and performance

Bell Laboratories’ engineers have built
an exploratory model of a new solid-
state video camera that has the poten-
tial for markedly outperforming exist-
ing video cameras.

The new device does not need the
electron scanning beam, high volt-
ages, and vacuum envelope needed
by conventional video cameras to
convert an optical image into an
electrical signal in a video format. It
consists of a flat chip of silicon
covered with an insulating oxide over
which is an array of metal electrodes.

The camera demonstrates a major
application of charge coupling, a sem-
iconductor principle first announced
by Bell Laboratories just two years
ago.

The new exploratory system is a
two-dimensional array of 128 x 106
light-sensitive cells. The active area of
the device is 3 X 5 mm and is largely
covered with metal electrodes 9 um
wide and spaced 20 um apart.

The present exploratory model gen-
erates an image having 1/4th the de-
tail of the Bell System’s current Pictu-
rephone camera. However, Bell engi-
neers say construction of devices ca-
pable of much greater detail appears
quite feasible.

Recently, Scientists at the RCA Lab-
oratories in Princeton, N |, developed
an experimental video camera whose
solid-state sensor is approximately the
same size as that of the Bell Laborato-
ries” unit—4.83 by 3.56 mm. How-
ever, the RCA sensor contains only 32
rows of 44 elements, or 1408 light-
sensitive elements spaced on 3-mil
centers.

The new charge coupled device
(CCD) operates by manipulating small
packets of electrical charge within a
solid slice of silicon. Light incident on
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Video image is produced by camera using
charge-coupling principle. A Bell Labora-
tories’” engineer adjusts the video display
produced by the camera held in his right
hand. The heart of the camera is a 3-X-5-
mm silicon chip that contains an array of
128-X-106 light-sensitive cells. The sensor
chip is self-scanning, eliminating the need
for high voltages, vacuum systems and
electron beams associated with conven-
tional video cameras.

the silicon is absorbed, creating elec-
trical charge which is stored locally
at the surface of the silicon under
the metal electrodes. The amount of
stored charge is proportional to the
incident light flux.

Charge coupling makes it possible
to move the packets along a well-
defined path to an output electrode.
There the charge becomes an analog
electrical signal which represents
light variations along the scanned
line. The packets are moved very pre-
cisely within the silicon by varying the
voltages on the extremely fine elec-
trodes on the surface of an oxide cover-
ing the silicon. The electrode pattern
defines the path of the charge motion.

practical conversion for other applica-
tions, such as sports coverage, auto-
matic news and weather reporting).

One of the valuable capabilities of
the system is that it can be used to
save any one (or all) of the pages at
any selected time, allowing recall of
them for comparison with later (or fi-
nal) results. This recall can be per-
formed over and over. =

To produce a video image, the cam-
era focuses the image on half the de-
vice’s silicon area and integrates an
image on 64 x 106 light-sensitive cells.
The integrated frame is then trans-
ferred to a 64-x-106-element storage
area on the other half of the device
and is shifted down, line-by-line, to
be read out through a serial register.
At the same time, a new frame is inte-
grated in the imaging area. By the time
the new charge pattern has formed, the
preceding frame has been read out and
the storage area is ready to receive the
new frame. This cycle is repeated 60
times a second.

Other solid-state video cameras
have been built prior to this device.
However, these earlier cameras have
required complex integrated circuitry
to scan the image and were of little
practical importance. The new CCD
camera is self-scanning and achieves
solid-state video imaging with much
simpler external circuitry. In addition,
it provides a more uniform picture than
earlier solid-state cameras.

Several advantages are available
over vacuum-tube video cameras — the
type commonly used in current TV
systems. Since CCD imaging devices
do not have an electron beam, they
will not be susceptible to electronic
damage such as “burn-in”" that de-
grades performance of most video
tubes. Even the silicon-diode camera
tube, also invented by Bell Laborato-
ries and used successfully in the last
Apollo moon flight, has a slight amount
of electron beam burn-in. This particu-
lar tube is now used in the Picture-
phone station set.

CCDs are also not subject to lag—or
smearing—caused by moving bright
areas, as occurs in the televised image
generated by vacuum-tube cameras.—
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Digivider/ Digidecade...th great iea |

e

by Kelvin,Varley, Poggendor{f and Porter.

Hank Porter (front), used some of the principles set forth by
his distinguished friends to come up with two new products.
Digivider is a thumbwheel switch that has been con-

verted into a voltage divider. It's like a 10-
turn potentiometer. When you dial
the voltage you want, that's pre-
cisely what you get. The large dig-
its, however, give you simplicity and
greater accuracy. No fine, hairline
settings are necessary. Digivider ac-
curacies range from 0.1 to 0.01%
full scale voltage ratio. All are
available with resolutions to
0.0001% and input impedances
from 100 to 100,000 ohms.

Other available features: Over-
range. 12 and 16 position voltage divi-
sion in the most significant digit. Plus, high
resolutiontrimming inthe leastsignificantdigit.

Digidecade is a thumbwheel switch converted into
aresistance decade. Actually, one version of the Digivider
can be used, only instead of dialing the voltage, you dial
the resistance you want. Again, accurate and with visual
ease.

The Digidecade also comes as a resistance decade utiliz-
ing a weighted code of 1-2-2-2-2, using five resistors to

achieve nine discrete steps of resistance from (0-9) or mul-
tiples thereof. It is a linear progression that yields the
desired total resistance.

Digidecades are available with accuracies from 1% to
0.1% of setting, resistance ranges from 10 ohms

to 1 megohm and step sizes of 1 to
100,000 ohms.

As with all DIGITRAN products, you
can count on stability and quality. You
won’t get more than a 5 milliohm change
in contact resistance through 100,000
accurate switching operations.

So, write for our new catalog on
DIGIVIDERS and DIGIDECADES, or even
better, give us a call. That's a great
idea too.

THE DIGITRAN COMPANY

A Division of Becton, Dickinson and Co. | B-D

855 S. Arroyo Parkway, Pasadena, Calif. 91105

(213) 449-3110 * TWX 910-588-3794
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The Kokomoans now
give you Darlington
Switching Power.

Use a Darlington in place of an ordinary
transistor, and you'll realize an additional mag-
nitude of gain plus increased switching power.
Use a Delco silicon power Darlington (DTS-1010
or DTS-1020) and you’'ll also realize a gain in
dependability.

Delco’s Darlingtons are triple diffused mesa
units housed in copper TO204MA cases and built
for ruggedness. The design gives them high ener-
gy capability—the ability to handle surges of
current and voltage simultaneously. They are
ideal for switching inductive loads in circuits
subject to transients or fault conditions.

Design a switching regulator circuit around
a Delco Darlington or use it in any 60-100 volt

Now available from these distributors
in production quantities.

application to reduce circuit size, weight, and
cost. In addition, the Darlington space saving
feature allows you more design flexibility. Unlike
an ordinary transistor, it’s only energy-limited,
not beta-limited. You can exploit its full energy
capability in your circuit.

Call your nearest Delco distributor. He
has them in stock and he’s got the data on
high energy switching for small spaces.

For details on the switching regulator circuit,
ask for Application Note 49.

E-@E Deico Electronics

DIVISION OF GENERAL MOTORS CORPORATION.
KOKOMO, INDIANA

ALA., BIRMINGHAM e Forbes Distributing
Co., Inc. (205)-251-4104

ARIZ., PHOENIX e Cramer/Arizona (602)-
263-1112 e Sterling Electronics (602)-258-4531

CAL., LOS ANGELES s Kierulff Electronics,
Inc. (213)-685-5511 e Radio Products Sales,
Inc. (213)-748-1271

CAL., PALO ALTO s Kierulff Electronics, Inc.
(415)-968-6292

CAL., REDWOOD CITY e Cramer/San
Francisco, (415)-365-4000

CAL., SAN DIEGO e Milo of California, Inc.
(714)-232-8951

CAL., SAN DIEGO e Radio Products Sales,
Inc. (714)-292-5611

COLO., DENVER e Cramer/Denver (303)-
ggg-gig({ e Denver Walker Electronics (303)-

ILL., ROSEMONT (Chicago) e Kierulff Elec-
tronica (312)-678-8560

ILL., SKOKIE (Chicago) ® Merquip Electronics
(312)-282-5400

IND., INDIANAPOLIS ¢ Graham Electronics
Supply, Inc. (317)-634-8202

MD., BALTIMORE e Radio Electric Service
Co. (301)-823-0070

MASS.,, NEEDHAM HEIGHTS e Kierulff
Electronics, Inc. (617)-449-3600

MASS., NEWTON e The Greene-Shaw Co.,
Inc. (617)-969-8900

MICH., ROMULUS e Harvey/Detroit (313)-
729-5500

MINN., MINNEAPOLIS e Stark Electronics
Supply Co. (612)-332-1325

MO., KANSAS CITY e Walters Radio Supply,
Inc. (816)-531-7015

MO., NO. KANSAS CITY ¢ LCOMP-Kansas
City, Inc. (816)-221-2400

MO., ST. LOUIS ¢ LCOMP-8t. Louis, Inc.
(314)-647-5505

N.J., CLIFTON e Eastern Radio Corporation
(201)-365-2600, (212)-244-8930

N.M., ALBUQUERQUE e Cramer/New Mexico
éi%%)-265-5767 o Sterling Electronics (505)-247-

N.Y., BINGHAMTON e
(607)-748-8211

N.Y., EAST SYRACUSE e Cramer/Eastern
(315)-437-6671

N.Y.,, ROCHESTER o
(716)-275-0300

N.Y., WOODBURY e Harvey/New York
(516)-921-8700, (212)-582-2590

OHIO, CINCINNATI e United Radio, Inc.
(513)-761-4030

OHIO, CLEVELAND e Pattison Supply (216)-
441-3000

OHIO, DAYTON e Kierulff Electronics (513)-
278-9411

OKLA., TULSA e Radio, Inc. (918)-587-9123

PENN., PHILADELPHIA e Almo Electronics
(215)-676-6000 :

PENN., PITTSBURGH e RPC Electronics
(412)-782-3770

Harvey/Federal

Cramer/Rochester

CIRCLE NO. 13

S.C., COLUMBIA e Dixie Radio Supply Co.,
Inc. (803)-253-5333

TEXAS, DALLAS e Adleta Electronics Co.
(214)-741-3151

TEXAS, FORT WORTH e Adleta Electronics
Co. (817)-336-7446

TEXAS, GARLAND e Kierulff Electronics,
Inc. (214)-271-2471

TEXAS, HOUSTON e Harrison Equipment
Co., Inc. (713)-224-9131

UTAH, SALT LAKE CITY e Cramer/Utah
(801)-487-3681

VA., RICHMOND e Meridian Electronics,
Inc., a Sterling Electronics Company (703)-
353-6648

WASH., SEATTLE e Kierulff Electronics, Inc.
(206)-763-1550

WASH., TACOMA o C & G Electronics Co.
(206)-272-3181

CANADA, ONT., SCARBOROUGH e Lake
Engineering Co., Ltd. (416)-751-5980

ALL OVERSEAS INQUIRIES:

General Motors Overseas Operations

Power and Industrial Products Dept.,

767 Fifth Avenue, New York, N.Y.

10022. Phone: (212)-486-3723.

Kokomoans’ Regional
Headquarters.

Union, New Jersey 07083,
Box 1018, Chestnut Station,
(201) 687-3770.

El Segundo, Calif. 90245,
354 Coral Circle, (213)
640-0443.

Kokomo, Ind. 46901, 700 E.
Firmin, (317) 459-2175
(Home Office).
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Buying a minicomputer?
Ask these questions first.

There is a lot more to consider than just capacity, cost and speed. These questions
and answers will help you to select what you really want and need.

Lawrence Seligman, Data General Corp.

Choosing a minicomputer system has become more chal-
lenging as manufacturers offer wider selections of main-
frames, software, and peripheral equipment. At the same
time, system engineers are building small computers into
large, ambitious systems that demand more performance,
storage capacity, and reliability than earlier models could
deliver. Minicomputer users, faced with both increased
diversity in mainframe characteristics and broader system
requirements, are asking a lot more questions before they
buy equipment. Here are some of the most common ones.
What architecture is used in minicomputers?
Minicomputers’ word lengths usually run from 8 to 24

bits, with a few going as high as 32 bits. Longer words cost
more. However, since machines with longer words store
more data or more instructions, they are faster and more
powerful. A shorter word length requires more memory to
store data and programs, thus, any cost advantage may be
lost in anything but the simplest of applications. A mini-
computer with a word-length that is a multiple of 8 has an
inherent advantage over others since this is the basic unit
around which most industry-wide standards have been es-
tablished. For example, a 16-bit word is powerful enough
to handle the data of most users, and a high performance
(800 nsec) 16-bit computer can easily manage, with few

MEMORY SYSTEM (1k to 32k WORDS)
HIGH SPEED
CONTROLLER ~ PMA
MEMORY | MEmory | memoRy
ADDRESS (BIT BUFFER (e-g. FOR DISC)
REGISTER | ARRAY) | ReGisTER
DATA
1/0
. BUS
CONTROL
CARRY  je—1 az'ﬁg‘ .
REGISTER -
<—  UnIT
LOW SPEED PROGRAMMED
1/0 CONTROLLER
(e.g. FOR CARD READER)
GENERAL
REGISTERS
(ACCUMU-
LATORS &
INDEX
REGISTERS)
PROGRAM
COUNTER T ==
PROCESSOR ' — 1
SECTIONS INSTRUCTION
REGISTER &
TIMING
CONTROL
CENTRAL PROCESSOR

Fig. 1 Architecture of a typical minicomputer is a flexible combination of data handling techniques for most efficient operation.

20

EDN MAY 1, 1972



exceptions, all the processing that a 24 or 32-bit midi-com-
puter can handle.

The ready availability of MSI and LSI circuitry has now
made it economical to build minicomputers with multiple
accumulators. Accumulators provide locations in the CPU
in which an operand can be temporarily stored and later
retrieved quickly when needed. Therefore, several opera-
tions can progress at once; data flow within the computer is
easier, and programming is more convenient than in a sin-
gle-accumulator machine. Your concern should be wheth-
er the machine has single or multiple accumulators, rather
than exactly how many accumulators it has.

The minicomputer’s relatively short word length makes it
impractical to directly address all but a few memory loca-
tions since few bits would be left over for instructions or
data. Therefore, it is best to reach most locations by other
than direct means. With index registers, the effective ad-
dress is the given address as modified by the contents of the

ALL TRAFFIC
UNIFIED BUS -
(a) L 7 S
MEMORY  CENTRAL  HIGH SPEED  LOW SPEED
PROCESSOR 10 170
CONTROLLER CONTROLLER
HIGH SPEED 1/0 TRAFFIC
SEPARATE
BUSES
(b) MEMORY | CENTRAL  HIGH SPEED  LOW SPEED
PROCESSOR 1/0 1/0
HGH | CONTROLLER CONTROLLER
SPEED I i
VEMORY/ LOW SPEED
PROCESSOR  MEMORY/PROCESSOR TRAFFIC
TRAFFIC

Fig. 2 Alternate busing methods within a minicomputer. While the
single bus is fairly simple, separate buses give more flexibility.

index register. Use of indirect addressing requires the pro-
gram to go to an intermediate address to find the location of
the effective address; however, multiple word instructions
allow more bits for direct addressing. Relative addressing
allows a movable block of locations some distance ahead
and behind the location of the instruction to be addressed
directly. Thus, machines that use some flexible combina-
tion of these techniques would be the best choice (Fig 1).

A common definition of a computer’s architecture is the
relationship between its major subsystems. One method of
connecting the pieces of a minicomputer is for the CPU to
talk to the memory over a memory bus, and to all external
devices over an 1/O bus. However, some minicomputers
treat the memory as an external device and talk to it over
the same 1/O bus, just like it would to a paper tape reader or
CRT display (Fig 2a). The apparent advantage of putting the
memory on the 1/O bus is simplicity and modularity. Unfor-

tunately any malfunctioning I/O device can tie up all other
I/O devices as well as all memory/CPU functions with this
approach. Separate |/O memory buses give the advantage
of putting critical, high-density memory/CPU traffic on its
own set of optimized data paths, while less predictable 1/O
traffic is handled over a general purpose 1/O bus (Fig 2b).

Overall, a number of architecture alternatives are avail-
able, but recent trends have been toward 16-bit multi-ac-
cumulator machines employing a variety of addressing
schemes.

What instruction sets come with minicomputers?

When evaluating minicomputer instruction sets, you
should decide on the degree of complexity needed. A very
complex instruction includes more than one function and
uses more than one word. Using these macro-instructions,
you can write programs with a minimum number of instruc-
tions. However, in most situations other than custom appli-
cations, they are relatively inefficient. Because they are
more than one word long, macro-instructions require a rel-
atively long time for execution, and the total amount of
memory used is usually more than it would have been with
single-word instructions.

Micro-instructions are very simple and can be quickly
executed. They occupy less than a single word, leaving
several bits available for addressing. Micro-instructions
make it possible to write very economical, precise pro-
grams. However, their extremely abstract nature presents a
formidable obstacle to all but the most accomplished pro-
grammers. They also use a great deal of memory.

Between macro and micro instructions there is a wide
area called general-purpose instruction sets which most
mipicomputer manufacturers have adopted. A general-
purpose instruction fits into a single word and contains a
complete operation.

How is speed evaluated in a minicomputer?

Machines currently available specify memory cycle
times ranging from under 0.5 usec to 2 or 3 usec. But a
high performance memory alone is not enough. Does the
processor keep the memory busy? If the processor is not fast
enough to use memory efficiently, the effective speed of the
machine can be considerably lower than the “inflated”
memory specification would imply.

Be careful to make the distinction between memory ac-
cess and full cycle time. With core memories, access time is
the time it takes to read the data at a specific core location,
while cycle time is the time required to read and restore the
data, and typically is double the access time.

Cycle time however is only the beginning. One machine
might take two or more cycles to execute an ADD instruc-
tion, while another does it in one cycle. If the cycles of the
memory and processor are not locked together, a lot of time
will be lost as one subsystem waits for the other. Look at the
actual execution times for the computer’s instructions.

Benchmark programs for applications similar to yours
can be valuable. Compare the total execution time and the
total memory size required for each computer. This is a
good test for the computer’s speed and the effectiveness of
its instruction set for a specific type of application. How-
ever, don't let benchmarks mislead you. To be useful, a
benchmark program should be long enough to test the
computer in a variety of situations; at least 100 words of
code is probably needed. Also insure that the benchmark is



Fig. 3 Compatibility and expandability are important factors to
consider. Sufficient space should be provided in a chassis to allow
future memory expansion, and ready addition of interfaces.

designed to suit your application, not just a particular ma-
chine. A manufacturer may be able to alter your benchmark
to take advantage of the strengths of his machine without
affecting the usefulness of the program. This is a realistic
approach and should be allowed.

How important is compatibility?

In any family of computers you should evaluate compat-
ability of instruction set and software, 1/O devices, and
mechanical packaging (Fig 3). Compatability of I/O devices
means the 1/O bus must remain logically consistent
throughout the family. Mechanical compatability means
the bus must be physically the same.

An original equipment manufacturer (OEM) has a large
investment in equipment and software other than the mini-
computer so it's unrealistic to expect him to build in the
newest, fastest minicomputer if it means that he has to re-
build the rest of his system. However, if he can simply sub-
stitute a faster, compatible computer without modifying any
other hardware or software, he in turn can offer his custom-
ers a compatible line of products at different price/perfor-
mance levels.

An end-user buying a single minicomputer for long-term
use might not find compatibility within a family of main-
frames as critical, although the insurance of compatibility is
invaluable. If he does buy more computers in the future,
having truly compatible machines will allow most of his
older systems to be used with the new computer.

Both end-users and OEMs will benefit if their computers
are compatible with the complete line of peripherals and
software available for the manufacturer’s product line. Pe-
ripherals and software offered for one model won’t neces-
sarily be offered for all new models. Often in such a case,
the effort to rewrite a complex piece of software or to de-
sign a new interface is impractical.

What'’s “basic”” and what’s optional at extra cost?
There are marked differences in the hardware you get in
a “basic’” minicomputer configuration, in spite of the
highly competitive pricing in the industry. You should get a
chassis, a central processor, a memory module, input/
output bus facility, all necessary power supplies, and an

operator console with a complete set of status indicators
and control switches. Also available are “less than basic”
machines, usually with minimum memory, no operator
console, and no expansion capability. Generally, they
don’t save money over a stripped-down version of a stan-
dard model.

A basic minicomputer usually includes one 4096-word
memory module. Keep in mind the word length, for 4096
8-bit words will store only half as much data as 4096 16-bit
words. You should know whether a teletypewriter terminal
interface is standard or an extra cost option.

A Direct Memory Access (DMA) data channel is impor-
tant for most systems with high-speed |/O requirements. It
is standard on some minicomputers, but can cost as much
as $1000 for others.

A number of other common features can be standard
equipment or options. Be alert for: power fail protect and
automatic restart, hardware multiply/divide, automatic
program load, and automatic interrupt source identifica-
tion. You should also be aware of how much room is
available in the standard chassis for adding memory and
interfaces. If it's inadequate, how easy or difficult would it
be to expand capacity? The standard expansion hardware
available for some computers is expensive and clumsy.
Others have expansion modules that cleanly plug into the
original chassis, thus preserving reliability and eliminating
wiring costs.

If the system is likely to grow quickly, a large capacity
model that accepts additional memory and interface cir-
cuitry without special hardware options, is probably the
most economical longterm solution.

How about the new memory technologies?

In the majority of cases, your initial concern will be with
memories. While the quality of core has continued to im-
prove, its performance has stabilized. Cores smaller than 18
mils (500 to 600 nsec cycle time) don’t appear practical for
minicomputers. The main advantage of core is high reliabil-
ity at low cost.

Semiconductor memories will eventually achieve higher
performance at costs comparable to today’s cores. Bipo-
lar devices currently available to the minicomputer field
yield very high performance, but are still expensive in

Fig. 4 A wide variety of system software comes with minicomput-
ers. It ranges from bare essentials such as assemblers, editors and

loaders to comprehensive ALGOL and FORTRAN compilers and
disc operating systems.
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terms of both price and power consumption. MOS devices
are simpler and less expensive than bipolar devices but cur-
rently do not offer any significant speed advantage over
core. However, price/performance improvements in both
technologies are expected; therefore, semiconductor
memory may ultimately be the right choice for your appli-
cation. For high-performance applications, look at the pos-
sibility of mixing core with semiconductor memory. The
use of small blocks of very fast semiconductor memory to
store critical, frequently used subroutines or loops, can
yield substantial improvements in overall system perfor-
mance.

How much software is included?

Some minicomputers have only the barest essentials (as-
sembler, editor, loader), while others offer a compatible
selection of the same sort of software that is available on
large machines (Fig 4). In some cases, packaged applica-
tions software is available. In a few situations, software is
priced separately so those costs should be added on top of
the hardware price.

If you write your own application programs, then the
availability and quality of the developmental software is
important. You will need assemblers, editors, loaders and a
complete set of arithmetic and utility programs (floating
point software is often important). The assembler should
take no more than two passes. When comparing assem-
blers, consider memory requirements, throughput speed,
size of the symbol table, input format flexibility, and fea-
tures such as pseudo commands, relocatability, and inter-
program communication. The editor should provide the
programmer with the maximum tools for manipulating his
programs. Look for character-editing features, string search
capability, and the availability of pointers.

If you have access to a large-scale scientific computer,
the availability of a cross assembler will speed your de-
velopment programming considerably, and keep the mini-
computer free for production work. Source codes for the
minicomputer can be assembled on the large-scale com-
puter, taking advantage of its high processor speed, large
memory capability, and high-speed peripherals.

Higher level tools such as FORTRAN, ALGOL, and
BASIC compilers are important for general purpose pro-
gramming. The quality of compilers available varies wide-
ly; therefore, examine the amount of memory required and
features offered. Many minicomputer compilers are very
limited versions of standard software, while others include
the standard language features as well as powerful exten-
sions. Smaller versions usually occupy much less memory
but they are also less useful.

If your system requires mass storage and multiple periph-
erals, a Disc Operating System (DOS) provides an orderly
means of managing data files and peripheral devices. A
good operating system should also include extensive diag-
nostic and debugging capabilities. Similarly, for real-time
applications, a real-time operating system (RTOS) or real-
time features in a DOS can relieve the user programs from
the details of 1/O timing, data buffering, priority handling,
and task scheduling. RTOS gives you parallel processing
capability and both intertask communications and syn-
chronization facilities. Key points to look for are modularity
and re-entrant capability, which allow you to add special
device handlers easily.

A consideration in evaluating all software is the amount

of memory it occupies and therefore, the cost and ease of
adding more memory. Modular designs which allow reli-
able plug-in addition of core offer an obvious advantage
when you expand software.

Thorough diagnostics should be provided for the com-
puter (including individual tests for all subsystems) and for
each peripheral. They should be able to pinpoint a problem
to a specific component, not just to a function.

In a few cases, software packages are supplied for spe-
cific applications. These are usually turn-key systems for
unsophisticated users in well-defined applications. These
systems must be evaluated in terms of cost, memory re-
quirements, specific application-oriented features, and the
level of customizing required. Quite often, an application
package must be modified to fit the precise equipment
configuration it will control (e.g., a specific combination
of machine tool and controller in a machine tool tape
preparation system).

If the needed software is not supplied by the minicom-
puter manufacturer, you will have to write it yourself, or

Fig. 5 Line printers, fixed and moving-head discs, tape transports
and paper tape and card equipment are typical of standard pe-
ripheral equipment used with minicomputers.

buy it from a software house. Both cases add cost.

Are any peripherals available for minicomputers?

Almost every type of device used with a large computer
can be connected to a minicomputer (Fig 5). In most
cases the only peripherals of concern are ones you think
you need. However, requirements do change, and comput-
er systems tend to expand. Therefore, if a broad line of pe-
ripherals is offered by a given manufacturer, it will be easier
to meet future requirements with minimum design compro-
mises.

No manufacturer is able to offer every peripheral, but
there are some critical areas in which lack of support can
be a real problem. The manufacturer you buy from should
offer a line of paper tape products, several models of tele-
typewriter terminals, and a variety of alternative methods of
mass storage, including industry-compatible magnetic tape
and disc units. Off-the-shelf multiplexers, modems, and
multiline controllers are essential in communications appli-
cations, and a complete set of A/D and D/A devices is re-
quired in real-time, data acquisition applications. CRT
units, card punch equipment, plotters, printers, and other
peripherals are also available.

Some units (e.g. small line printers) are designed primari-
ly for use with minicomputers, while others are standard
industry-compatible products. Although the peripheral



doesn’t have to be a special mini model, make sure that it's
a reasonable match for the computer you pick, and that its
design includes a good balance of performance, reliability,
and cost.

Sometimes, a minicomputer manufacturer simple resells
equipment bought from peripheral manufacturers. In other
cases, he builds it himself, either totally or in part. Either
approach works well, but you should be certain that you
understand how much support the minicomputer manufac-
turer will commit himself to for a given peripheral. If he
does not support the complete system including peripherals
and interfaces, you the user may have a very difficult time
solving problems that may develop.

What about interfacing to the minicomputer?

A good interface offers simplicity, has well-defined 1/0
bus signal lines with independent meanings and requires
no complex sequencing of signals. Simplicity makes it easy
to distinguish between hardware and software design errors
for special OEM products, and also to isolate failures. The
more parallel and direct the interface, the easier it will be
for you to build and debug your logic.

Standard 1/O interfaces built by computer or peripheral
manufacturers should mount in the basic chassis without
need for an additional extender chassis. In fact, you should
be able to add several interfaces before needing an addi-
tional chassis. Interfaces should be physically simple, and
preferably mounted on a single pc board (Fig. 6). Ideally, it
will simply plug into the chassis through a reliable connec-
tor. If any wiring is required, wiring locations should be
easy to reach and be clearly marked. Clear and complete
documentation, including logic diagrams and diagnostic
programs, should be offered for each standard interface.

The minicomputer manufacturer should provide a variety
of general purpose interface products on which custom in-
terfaces can be developed, tested, and implemented. The
mainframe chassis should provide for mounting custom
interfaces as conveniently as for standard products. If
you're an OEM, custom interfaces should be easy to re-
move and to install in another computer for check-out. This
keeps systems that are in production from getting tied-up in
testing, and allows you to make last minute installations in
systems about to be shipped.

How can input/output capability be assessed?

Minicomputers interface to many different kinds of pe-
ripherals and there is no need to sacrifice speed or flexibili-
ty in the 1/O department.

The computer’s data transfer rates should be as fast as the
system’s 1/O devices, and the 1/O facility must be able to
handle the number of I/O devices you need. 1/O word
length (usually the same as the machine’s basic memory
word length) should be a good match for the data word
lengths of the 1/O devices.

Your minicomputer should be capable of handling both
types of data transfer typically used: program-controlled
data transfer through the 1/O bus, and direct memory trans-
fer. Program controlled data transfer is mostly used to ser-
vice low-speed peripheral devices (teletypewriters, paper-
tape readers, card readers). This type of data transfer is
relatively slow (up to 30K words/sec). It is also inexpensive.
An 1/O bus facility is offered as standard equipment by
all major manufacturers.

Data transfer across a Direct Memory Access (DMA)

channel services high-speed devices such as disc memories
or CRT displays. Data is transferred directly between main
memory and the peripheral device in blocks, at rates up to
one word each memory cycle (one million words/sec if
basic memory cyle time of 1.0 msec). DMA is an extra-cost
option on most minicomputers, but is standard on some.

Which priority interrupt scheme is best?

Relative priority among several pending device-gener-
ated interrupts can be established using either hardware
selected or programmed interrupt levels. Hardware levels
are generally faster, but less flexible. The number of priority
levels available varies from single-level, where the nearest
device to the processor is serviced first, to dozens of levels.
While the single-level scheme may be inadequate in a
complex system, more than 16 levels are often irrelevant.
Even in complex communications networks, there are rare-
ly more than a few significantly different levels of priority.
Flexibility is really more significant than multiplicity. For
example, if a system includes a highly critical device which
requests service only infrequently, the interrupt scheme
should be flexible enough to give that device high priority
when it makes a request.

Can a minicomputer be expanded very much?

Maximum memory capacity of most minicomputers is
32K words, and they can be interfaced to several peripheral
devices at once. However, no more than 8 or 12K of mem-
ory and one or two interfaces can be built into the box most
computers come in. An expansion chassis is required if
more memory or interfaces are needed. A few minicomput-
ers accept up to 32K of memory and accommodate inter-
faces to multiple peripherals within a single chassis.

How can hardware reliability be measured?

Start by looking at the manufacturer’'s mean-time-be-
tween-failures (MTBF) figures however difficult they are to
compare.

Medium-scale and large-scale integrated circuitry (MSI

Fig. 6 Both general purpose and custom interfaces should be of-
fered in a form that is easy to handle and implement. The one
shown plugs conveniently into the minicomputer chassis.
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and LSI) increases a minicomputer’s inherent reliability.
This advanced circuitry allows specific functions to be im-
plemented with fewer components. For example, Data

Fig. 7 Remote minicomputer installations require on-the-spot re-
pair capabilities. The modularity of a minicomputers design, along
with the manufacturers service capabilities, determine how long a
malfunction will keep a computer shut down.

General’s newer computer models use fewer components
in the processor than do earlier Novas, yet they contain 64-
bit scratchpad memories in place of 16-bit scratchpads,
read-only memory for program load, and quad 3 input
complementing multiplexers. High performance models, in
particular, make extensive use of complex ICs. Because
MSI and LSI components are at least as reliable as the less
advanced circuits they replace, the net result is higher in-
herent reliability for the specific function.

Reliability is also increased when a number of functions
are combined. The integrated back panel, power supply,
and resistor board on the Nova line of computers, as an
example, combines three subassemblies that once were
manufactured separately, tested separately, and then mat-
ed. When these were integrated on a single board, the inter-
connections among them were eliminated along with an
entire class of possible malfunctions—those caused by
connection difficulties.

Simple organization also means easy access for mainte-
nance. If major sybsystems are contained on single boards,
a malfunction can be isolated very quickly and the mean-
time-to-repair is minimal.

Are field service and training programs available?

Several types of field service contracts are available
which range from straight time and materials arrangements
to round-the-clock on-site coverage. You must establish
your own requirements. If you don’t require in-depth field
service support, you won’t be concerned if it is not avail-
able. However, if a manufacturer can'’t offer a range of field
service contracts, he may have trouble supplying even a lit-
tle timely support when it’s critical.

If your computer is used at a remote site, you probably
should buy a complete set of spare parts and make sure
that someone at the installation can handle maintenance.
Reliability, ease of maintenance, good documentation,
and a thorough set of diagnostics for both mainframes and

peripherals is essential in such a case (Fig 7).

Minicomputer manufacturers usually include training
with each machine they sell such as a programming
course and a hardware course, each one man-week long.
Additional training is often available and held at the
manufacturer’s plant. You will pay your own expenses for
these. Such courses are a useful review of the details of a
specific machine for those with previous experience. Any-
one with a general computer background but with little
knowledge of minicomputers, will find the courses abso-
lutely necessary as an introduction to the special charac-
teristics of small computers. Unsophisticated users will
probably find the courses too advanced and would benefit
by first taking some introductory computer courses.

The best way to evaluate the available courses is to read
the course descriptions. The software course should in-
clude a thorough grounding in the practical features of the
most important software in a new installation: e.g. loaders,
diagnostics, utility programs, debuggers, arithmetic rou-
tines, and assemblers.

The hardware course should also concentrate on the
basics of installation, interfacing peripherals, troubleshoot-
ing and other typical service routines.

Who should I buy from?

The original equipment manufacturer sells minicomput-
ers as part of the equipment he manufactures and the final
buyer is often not even aware that a computer exists within
the system. The computerized model is usually the most
sophisticated and expensive system he sells.

The OEM can be the best vendor to deal with if his
packaged system fully satisfies your requirements. He will
have a good understanding of the problems involved, and
if he sells a large number of computerized systems, he
should be able to offer the best support and price for the
whole system.

If you can’t handle an overall system development pro-
ject yourself, and you can’t get a packaged solution, you
might go to a systems house —a company specializing in
assembling hardware, software, and interfaces to solve a
specific problem. These are usually custom systems. The
major advantage of the systems house is that it can devote
a full-time professional effort to a specific problem until it
is solved, then you stop paying for it.

If you are confident that you can match a computer,
peripherals, and software to your specific problem, you
should buy directly from the minicomputer manufacturer.
He should be able to offer the best price and the best sup-
port for the computer, peripherals and software which he
provides. Many manufacturers can also provide systems
interfaces and application-oriented software. [

Author’s biography

Lawrence Seligman has been a
member of the technical staff at Data
General Corp., Southboro, MA, for 3
years serving as project manager for
the Supernova, Nova 800, and Super-
nova SC. He previously worked at
Digital Equipment Corp. Larry re-
ceived his BSEE and MSEE in 1964
from MIT.

FOR A FREE COPY OF THIS ARTICLE, CIRCLE L61



Your Guardian Angel ,oresents:_,
- avery small addition toa




HOW TO
BEAT
THE SYSTEM.

27

THTTT
I

T
1l

Y _\.\N \; :



ROC

ﬁ_’g\\‘q\'\!\oum.

LR

e 15

ROMES

SUGGLI

AW W

For the most part, until recently, system design consisted of
linking together a string of components, with little or no

regard toward the cost effectiveness of the system as a total

integrated unit.

So, while pennies were being saved in one part of the

system, dollars were being lost somewhere else.
Today, in order to be competitive, you've got to look
beyond the cost of an individual component as to how
it functions in relation to all other parts of the system.
Which is where we come in.

OUR COMMERCIAL

We make products to fit every part of the system.
Input Interface. Processor. Memory. Power Supply. And
Output Interface.

Products designed to perform a specific function.
But always in the context of the system as a whole.

Products built so that the system you build doesn’t
end up costing an arm and a leg. Whether it’s a computer
system. Consumer system. Industrial system. Or
military system.

On this page, we've taken the liberty of listing
the types of products we make for each part of
the system.

FRIENDS IN THE FIELD

No matter what kind of system you've got to beat,
there’s a National Field Applications Engineer in your
area who's ready, willing and able to help. For his
name and number, ask your local National distributor.
Or call us at (408) 732-5000.

INPUT INTERFACE CIRCUITS

Single or dual NPN low level amplifiers; Y
Single or dual N-channel low noise amplifiers; /N
Code converters; Table look-up devices; Analog gf
switches, hybrid and monolithic; Operational s &
amplifiers; Comparators and buffers, linear and %@

28

digital; EIA line receivers; Digital line receivers;
MOS transmitter/receivers; Bus line transceivers; VHF
and UHF oscillators.

PROCESSOR CIRCUITS

Series 54/74 TTL, SSI and MSI; Series 54/74 Com-
patible Tri-State* (TSL) Logic, SSI and MSI; Series 54S/74S
., TTL, SSI and MSI; Series 54H/74H TTL, SSI and MSI,;
a }é MOS and bipolar ROMs and RAMs; Series 10,000 ECL;
\ /o Series 930 DTL, SSI; CMOS, Series 54C/74C; Custom

MOS; Microprogrammable Arithmetic Processor
Jz  (MOS/LSD); Linear communications circuits; RF/IF
amps; N and P channel FET switches; NPN and
PNP saturated switches.
MEMORY CIRCUITS

Dynamic RAMs, MOS; Static RAMs, MOS and
digital bipolar; Read Only Memories (ROMs), MOS and
bipolar digital; Programmable Read Only Memories
(pROMs), MOS and bipolar digital; Dynamic shift registers;
Static shift registers; Character generators; Code

converters; NPN and PNP core memory drivers; Clock
drivers; Sense amplifiers; Peripheral drivers; 54/74
multiplexers, comparators and control circuits.
POWER SUPPLY CIRCUITS

Voltage regulators, * tracking; Voltage
regulators, fixed positive; Voltage regulators,
fixed negative; Operational amplifiers; NPN and

PNP medium power amplifiers.

OUTPUT INTERFACE CIRCUITS

NPN and PNP general purpose amplifiers;
NPN and PNP RF amplifiers; NPN high voltage
video output amplifiers; Custom MOS; Opera-

tional amplifiers; Comparators/buffers;
Peripheral drivers; Display drivers; Hybrid
power amplifiers; Hybrid level shifters and

digital drivers; Sample and hold hybrid circuits.
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FOR EXAMPLE:

MEMORY
Sequential Access Memory
“Silicon Disc” MM5012, MM5013, MM5025 Series
MOS Random Access
MM1101 Series, MM1103, MM5260, “MM5262
Bipolar RAMs & Scratch Pad
DM7489, DM8599 DM74200, DM8551, DM8553
Memory Drivers & Sense Amps
MH0025, MH0026, LM75451, LM75452,
LM75453, LM7520 Series, LM7534 Series

I

INPUT
Telecommunication
Receiver
LM1489A EIA
Local Line Inputs
DM8820A
Bus Inputs

#M130, *LM131 Series, [

PROCESSOR
Microinstruction Decoders
DM74187, DM8597, “DM8596 ROM's
Arithmetic Logic Unit
DM7483 Fast Adder, DM74181 ALU,
DM74182 Look-Ahead, DM8875 4-Bit Mult.

Counters
DM8281, “DM8556

OouTPUT
Display Drivers
LM350, LM75450 Series,
DHOO11 Series
Line Drivers
LM1488 EIA, DM8831,
*LM131 Series

DMB8093, DM8094, fsndonloge
“DM8095 Series DM8093, DM7442, DM10,000 Series ECL,
DM74S Series
t 1
MAIN FRAME POWER SUPPLY
Voltage Regulators
COMPUTER LMI100, LM104, LM105, LM109, LM723, LM376

*To Be Announced

© 000 800000 s s 0 s 000 s e s st et e eOsssessEEERSENBLEREELY

Transistors
Process 12 & 67 Medium Power Transistors
Control Amplifiers
LHO0052, LM108A, LM112, LM741

INPUT

EIA Input From

Terminal Equipment
LM1489A
Balanced Input From
Data Access Arrangement
(Telephone Lines)
LM301A, LM307

PROCESSOR

Bias Level Conditioner
LM301A, LM307, LM709

Active Notch Filter
LM373, LM374

Phase Locked Loop
LM565
Voltage Controlled Oscillator
LM567

Random Logic & Transistors
4 Series,
Process 20 & 63 Medium Pwr Transistors

—

OuTPUT
600 2 Balanced
Output Driver
LM101,

Process 12, 20, 63 & 67
Medium Pwr Transistors
Phase Locked Loop
Control Voltage Transistor
LM711

EIA Line Driver
LM1488

L 3

MODEM

POWER SUPPLY

LM300, LM304, LM305, LM309,
*LM340, LM376, LM723,
Process 12 & 67 Medium Pwr Transistors

MEMORY
Static Buffer Registers
MM5050 Thru MM5057
Line Memory
MM5001, MM5006, MM5018,
MM5054, MM5020, MM5021

Page Memory
MM5012, MM5013,*MM5017, MM5025 Series
Memory Drivers
MH0025, MH0026

*To Be Announced

INPUT
Keyboard Scanners
(LS1)

MM5704 Serial,
*MM5740 Parallel

(MS1)
DM74150 Series, DM8309,

PROCESSOR

Formatting
DM8570, DM8590, “DM86L90
Character Generator ROMs
MM5240, MM5241, “DM8596, DM74187
Sync Generator

OUTPUT
Horizontal & Vertical
Oscillator/Driver
Process 48 HV Video
Output Transistors
Z Axis Driver

DM8312, DNig322 Kl o] “Ovoat Taesits
DM8123. DM8214 Memory Page/Line Control Al
el DM8093, DM8094, DM8095 Series, Deflection Drivers & Amps
oca. ONEzs, bikssze Process 12,144 67
DM8820A, “DM8131, Line Counter Medium Power
“féal Stlari)es DM7490, DM7492, DM7493, *DM8555 ol LN
emote;
DMB8822, “DM1489
T T ¥
1
VIDEO DISPLAY POWER SUPPLY »
SYSTEM LM300, LM304, LM305, LM309 Series,

LM376, “LM340

*“To Be Announced

MEMORY

Rubber Band Accumulator (RAMs)
DM74200, MM1101, MM1103, MM5260,
“MM5262

First In/First Out Memory (Static Regs)
MM5050, MM5051, MM5052, MM5053,
MM5054, “MM5055, “MM5056, “MM5057
Memory Drivers
MH0025, MH0026

eeeee s essecscessesssess e ee

I i
INPUT PROCESSOR OouTPUT
(From Optical Data & Memory Control Data Output Bus Drivers
Card Position Sensors) DM8281, DM7493, DM8556 DM7483, DM74181 *DM7438, DM7405
Card-Code Converters Transmitters/Receivers

Dark/Light Comparators
LM710, LMI11
Process 52 &

LHO0042 FET Amps,

To ASCII MM5230B0
To EBCDIC MM5230QW

Random Control Logic

DM7830,0M7831,0M7832

Bus Transceivers
“LM130 Thru LM136

Process 83 Dual J-FET [~ DM7400 Series, Tri-State Logic Card Position Drive
Amplifiers Bus Address Comparator DHO0006, DHOOOS,
*DM8131 DH0028, DHO034,
Process 12 & 69
Drive Transistors
[} ) ¥
1
CARD READER POWER SUPPLY
LM100, LMI05, LM376, LM723,
*LM140, LM109, LM104,
Process 46 Medium Power Transistors
*To Be Announced
INPUT PROCESSOR OUTPUT
AM Front End AM IF Strip Left & Right Audio
Oscillator Mixer LM372, LM373 Power Amps
Process 46_ Amplifier FM IF Strip LM3§0. *LM383,
Transistor LM373, LM703, LM3075, b AR
FM Tuner LM2111, LM1351, LM2113, rocess 12 & 67 Medium
NF 506, LM1496, | | Process 47 IF Transistors L. Pwr Transistors

Process 43 & 44
Oscillator/ Mixer
Transistors
Record, Tape, &
Microphone PreAmp
LM1303, LM381, LM382,
Process 52 Low Noise
Transistors

Buffer & Demultiplexer
LM1304, LM1305, LM1307, *LM1800,
Process 27 Small Signal Transistors,

Process 52 Audio FET Transistors
Tone Controls
LM381, Process 27 Transistors

........0:

: - j
AM/FM STEREO — POWER SUPPLY
PHONOGRAPH “LM340, LM376,

Process 12 & 67 Transistors

$e000e

*To Be Announced

INPUT
UHF Tuner Oscillator

Process 43 &

47 Transistors
VHF Tuner Oscillator
Process 43, 44 & 47

Transistors
Automatic Fine Tuning
LM3064

IF Discriminators
Process 27 &
47 Transistors

PROCESSOR
Sound & Video IF's
LM3075, LM3065, LM2111, LM1351,
Process 45 & 47 RF/IF Transistors
Video Processor
*LM1845, Process 27 & 63 Transistors
Luminance
Process 20 & 63 Transistors
Chrominance
LM3070/LM3071, LM3066, Process 27 & 71
Small Signal Transistors,
Process 45 & 47 AGC/IF/RF Transistors
Chroma Demodulator
LM746, LM3067,

OuTPUT
Audio Amplifier
LM380,
Process 12 & 67
Transistors
Video Output
Process 48 High Voltage
Transistor
Vertical & Horizontal
Output Drive
Process 12, 14 &
67 Medium
Power Transistors

© 6 6 6 8 9 0 6 8 6 60 88 0 8 S0 0 S eSS0 e e 600 0SS0 e e se00000600000000000000000OCCCELESECELOGCAY SN

Process 27, 71 & 47 Transistors
t ¥ ¥
1
COLOR POWER SUPPLY
*LM340, LM376, Voltage Regulators,
TELEVISION Process 12 & 67
Medium Power Transistors
“To Be A d

NOTE: Detailed block diagrams are available for the systems shown,
as well as the following systems: ECM Receiver, MOS/Bipolar
Calculator, Credit Verifier, Telemetry, Process Controller,
Printer and Digital Voltmeter.
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National Anthem
One of the nation’s up-and-coming
si-monthly publications. “A must for
anyone who's deeply concerned
about the quality of semiconductor
life in this country,’
says Charles Sporck.

Linear IC Applications Handbook
“A real mind-boggler!” Perfect
companion to the National Linear
IC Catalog. A virtual plethora of
linear IC applications using both
monolithic and hybrid circuits.
304 pages fully indexed and cross-

referenced for your reading pleasure.

Here’s your chance to gain access to a veritable g
wealth of product, application and design :
information from a single source. The kind of . $
information that will help you to do your job -
better and more efficiently.

The kind of information that’s
sometimes not available through normal
Bingo Card channels.

By joining the National Library, | == s=
you choose only the selections you want. =2
When you want them. Without being 4 \ 8
deluged by pounds of non-pertinent

product pitches.
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JOIN
THE
NATIONAL
LIBRARY
TODAY.
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Linear IC Catalog
“A delight to read!” 205 pages.
Comprehensive guide to National
Linear products. Hundreds of
illustrations.

Transistor Catalog
“Revealing!” No-holds-barred
126-page expose of National's

complete line of small signal and
bipolar field-effect transistors.

“As big as a phone book and lots
more informative, says R. G. Phelps
of Cleveland. 280 pages of every-
thing you ever wanted to know
about National's MOS IC’s, but
were afraid to ask.

 HOAATO
BAT

HE
SYSTEM

¢ G forbuvers

National Semiconductor
Memory Seminar Film
A 30-minute filmic experience you
won't want to miss. Five-part
semidocumentary pic of the new
super-realism genre. Use of actual
memory experts adds a nice touch
of authenticity. Length:
30 minutes (Color).

How to Beat the System
Booklet for Purchasers
Here's the one that has the Vegas
big-shots cringing. Jimmy the Greek
says, “A sure thing if you've got
to save your company some bread.”
An informative course designed
for purchasers who want to
“beat the system”

Digital IC Catalog
“Eye-opening!!” A complete guide
to digital IC’s as designed by
National. More than 200 pages.
Including dozens of illustrations.
More than 50,000 copies now in print.

Best of all, there are no dues to pay. No
overdue fines. No Dewey Decimal System to
" confuse you. And no crochety librarians to
%' shush you around.

So write today for your official
National Library Card. When you do, well
also send you a Bibliography listing our
current selections (some of which we've
detailed above).

"y Simply write on your letterhead

1 to: “LIBRARY,” National Semiconductor
y Corporation, 2900 Semiconductor Drive,
Santa Clara, California 95051.
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“We packed every moré
citcuitry into C°T'S
cerinet résistor networks.

8-14-16 and-18 lead styles
“Series 760 “Dual “In-Line “Packages.

N JJJ! ‘

CTS now offers you a choice of

four popular space-saver

packages. Packed with up to

17 resistors per module, they

provide an infinite number of

circuit combinations. All are

designed to simplify automatic

insertion along with IC’s and

other DIP products for reduced

costs. Easy to hand-mount, too.

Available without inorganic

cover coat, so you can trim for

circuit balance in your own

plant. 5 Ibs. pull strength on all fg{;?:&i%i‘:‘t’gfp’;‘gggées
leads; .100” lead spacing; rated available in infinite
up to 2 watts on 18 lead style. s a wide
Choose from standard circuit selection of package
available for immediate delivery gt i

(see data sheet3760...or

custom design to specifications). CTS C'UHPUHA TION

CTS of Berne, Inc., Berne, Elkhart, Indiana ®

Indiana 46711. (219) 589-3111. A world leader in cermet and variable resistor technology
CIRCLE NO. 16




DESIGNER’S GUIDE TO MODULAR POWER SUPPLIES

Know the pitfalls of modular
power-supply applications

Thermal considerations and input/output connections are important systems factors.
Their proper evaluation can assure maximum systems performance.

Glenn Green, Hewlett-Packard Co., Berkeley Div.

Modular power supplies offer some of the best solutions
for many system dc power requirements. They provide the
convenience and economy of complete, prepackaged
units ready to install and tend to make up a larger percent-
age of total system volume and cost as time goes on. This
is particularly true in digital equipment and the day may
well be gone forever when a power supply was “‘the first
item needed and the last one considered.”

But use of a modular power supply can result in some
trying moments unless certain basic power-system guide-
lines are followed. Determining the nature of the load and
specifying the power-supply operating characteristics and
conditions are only two of many steps in arriving at a satis-
factory dc power system. Two very important system de-
sign considerations that should not be overlooked are:

B Cooling requirements.

B Load and input ac connections.

Cooling requirements

Operating efficiency is a major determinant in power-
supply size. Adequate volume must be allowed for heat
sinks and cooling air circulation to keep power-supply
components within their temperature rating for a given set
of conditions. Manufacturers specify maximum continuous
current ratings for different ambient temperatures in order
to keep components within their rated temperatures. Typi-
cally, full-output current is rated at 40 or 50°C ambient.
Specified output current is then derated (reduced) for an
increased ambient temperature. In some cases, this is
done to compensate for changes in supply efficiency—
usually due to a different input frequency (i.e., 50 Hz in-
stead of 60 Hz).

To maintain a 40 or 50°C ambient may at first glance
seem easy, since the dc power utilized may be only a few
hundred watts within an enclosure. But this is only the
tip of the iceberg. Series-regulated supplies are not partic-
ularly efficient power converters, and hence produce con-
siderable heat. Typical efficiencies range from 20 to 25%
for fixed 5V supplies to 30 to 40% for fixed 48V supplies
in the 20-to-80W output range. Thus for every dc watt
utilized, the equipment enclosure must dissipate 2.5 to 5W
while maintaining a maximum permitted ambient tempera-
ture. Provision must be made to remove this heat to main-
tain the required ambient temperature.

Natural convection cooling is normally used when a few
hundred watts of heat are involved and when there are
moderate ambient temperatures. Forced-air cooling may be
required when there is insufficient natural air flow for a
group of supplies, or where compact system design is para-
mount.

Since system power requirements have a tendency to

grow rather than shrink during design, some reserve power
provision may also be required for future system additions.
The first power and heat estimates should be on the gener-
ous side and be reviewed and refined as the design pro-
gresses. The early design phase is the best time to contact
power-supply manufacturers. Not only can they provide
technical information on standard products, but they may
also provide valuable applications assistance during the
time when there is a choice among alternate solutions.

Load and input ac connections

By making improper wiring connections to a power-sup-
ply’s input or output, a user can inadvertently degrade the
supply’s performance capability. At best, this can result in
excessive output ripple, a tendency toward oscillation,
poor load and line regulation, and unnecessary degradation
of stability, temperature coefficient, and transient-recovery
specifications. At worst, the result can be supply failure and
potential shock hazards. Careful attention to the following
guidelines will improve the safety and usefulness of modu-
lar power supplies.

Ac-power input connections. Input ac connections to a
power supply should be carefully scrutinized. Accidental
interchanging of ac and safety ground leads may elevate the
power-supply chassis to an ac potential equal to the line
input voltage. This could resultin a potentially lethal shock
hazard if the chassis is not grounded; or blown fuses if the
chassis is grounded.

Most ac input line regulators should not be used with
well-regulated power supplies without first checking with
the power-supply manufacturer. Such regulators tend to
increase the impedance of the line in a resonant fashion,
and can cause malfunctioning of power supplies. This is
because the control action of most line-voltage regulators
is accompanied by a change in the output waveshape
which is just as effective in causing output-voltage
changes of the power supply as the original uncorrected
line voltage amplitude changes.

When connecting ac voltage to a power supply, it is not
only necessary to use a wire which is rated to carry the
maximum input current, but it must also retain a sufficiently
low impedance from the service outlet to the power sup-
ply input terminals, particularly if a long cable is involved.
As a general guideline, input cables should employ a wire
size sufficient to insure that the IR drop at the maximum
rated power-supply input current will not exceed 1% of
the nominal line voltage.

Load connections. The simplest and most common
example of improper load wiring is the technique of di-
rectly paralleling power-supply loads in sequence (often
called ““daisy chaining”’). With this connection method,
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POWER SUPPLY

Fig. 1—The equivalent circuit of a power supply should include
the equivalent source resistance as well as the equivalent source
inductance (a). The equivalent circuit for multiple power supplies
is shown in (b).

each load sees a power-supply voltage which is depen-
dent upon the current drawn by the other loads. Since
most power-supply loads draw a current which varies with
time, a time-varying interaction among the loads results. In
many cases this interaction can be ignored. But in some
applications, the resulting noise, pulse coupling or tenden-
cy toward inter-load oscillation is undesirable and often
unacceptable.

Dc distribution terminals. For proper power distribution
to the load, a single pair of terminals designated as the
positive and negative ““dc distribution terminals’’ can act
as the power-supply output, the B+ at the load or as a
separate pair of terminals established expressly for distri-
bution. Their proper location results in improved overall
performance and reduced mutual coupling effects be-
tween separate loads using the same power supply.

If remote sensing is not used, these terminals should be
located as close as possible to the power-supply output
terminals. For optimum performance, the power-supply
output terminals should be used as the distribution ter-
minals. If remote sensing is employed, the distribution
terminals should be located as close as possible to the
load terminals. Sensing leads should then be connected
from the power-supply sensing terminals to the distribu-
tion terminals. Only a single pair of wires should be con-
nected directly from the power-supply output terminals to
the distribution terminals and a separate pair of leads from
the distribution terminals to each load.

Load wire rating. As an absolute minimum, each load
wire must be of sufficient size to carry the power-supply
short-circuit output current. However, impedance and
coupling considerations usually dictate the use of wire
larger than the minimum required to satisfy current rating
requirements.

Most well-regulated power supplies have an upper limit
on the load current IR drop beyond which remote sensing
cannot be accomplished without losing regulation. This
maximum limitation is typically 0.5, 1 or 2V and may ap-
ply to the positive, negative, or both the positive and nega-
tive output leads. In addition, the voltage lost in the load
leads reduces the voltage available for use at the load.
This is usually not significant at high voltages, but a typical
5V power supply will only have 3V left for load use if 1V
is dropped in each load lead—remote sensing does not
increase the total voltage available from the power-supply
rectifier and regulator. Either of these two factors will in
some cases lead to a wire size selection which is larger
than that dictated by consideration of wire temperature
rise, current rating or impedance only.

Every regulated power supply has a small output imped-
ance at low frequencies which increases with higher fre-
quencies. Thus a more exact power-supply circuit model
than the usually-thought-of battery-and-line-equivalents in
a schematic includes an equivalent source resistance and
inductance as shown in Fig. 1A. R_ is the power supply
output impedance at dc, and is found by dividing the load
regulation by the current rating; for example, a power
supply which has a load regulation of 10 mV for a full-
load change of 10A has an equivalent R_ of T m(, a typi-
cal value. Similarly, a power supply with an output imped-
ance of 0.2Q at 100 kHz and 2 at T MHz has an equiva-
lent high-frequency output inductance L, of 0.3 uH-—
again, a value typical of high-performance power supplies.

Connecting lines on a schematic represent ideal
connections between two points, but the physical wires
used are characterized by distributed resistance, induc-
tance and capacitance. For determining necessary load-
wire sizes, it is usually sufficient to consider only the
equivalent lumped constant series resistance and induc-
tance (L, L,, L,, . . . and R, R, R,, . . .). Given the wire
size and length, these lumped equivalents can be deter-
mined from wire tables and charts.

In general, the power-supply performance degradation
seen at the load terminals becomes significant whenever
the wire size and length result in a load wire impedance

DC SYSTEM
CONSISTING OF ALL INTERCON-
NECTED POWER - SUPPLY OUTPUTS,
THEIR DC DISTRIBUTION WIRING,
AND ASSOCIATED LOAD CIRCUITS

»

GROUND SYSTEM
CONSISTING OF ALL CHASSIS FOR POWER
SUPPLIES AND THEIR LOAD DEVICES, THEIR
GROUND TERMINALS, SAFETY GROUND, AC
GROUND WIRING, RACK FRAMES, ETC.

Fig. 2—To avoid conductive paths in common with ground cur-
rents, connect the dc distribution system to ground with one wire.
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comparable to or greater than the equivalent power-sup-
ply output impedance. With one load, this degradation
can be evaluated by comparing 2R, with R, and 2L, with
L,. The total impedance seen by the load is

Z, = R, + 2R) + joll, + 2Ly,

and the variation of the dc load voltage caused by a sinu-
soidal variation of load current is
Eac = Iacz’l"

If load current variations are more pulse or step-shaped
than sinusoidal, then the resulting load voltage spike will

have a magnitude of
di
o= u{g)

Ly

where

L, + 2L,

and di/dt is the maximum rate of change of load current.
If these calculations indicate that the resulting variations
in dc voltage provided to the load are greater than desired,

i
F

i

i

Wity

Fig. 3—Selecting the best dc common point for various types of
loads. Either positive or negative load terminals will do as the
common point (3a) when remote sensing is to be employed and
the load terminals serve as the dc distribution terminals, with sin-
gle isolated loads. Fig. 3b shows the preferred ground connections

then shorter and/or larger load leads are required.

With multiple loads (Fig. 1B), it is necessary to consider
separately the common or mutual impedance seen by the
loads, Z,, and the added impedance seen by each load
individually,

2R, + jwl)), 2R, + jul,), etc.

Connecting remote sensing leads to the load terminals
of Fig. 1A or the distribution terminals of Fig. 1B has the
effect of reducing R, by a factor equal to the loop gain of
the power-supply regulator, usually of the order of 103,
10¢, or 10°. However, remote sensing does not in general
alter the effective value of L, seen by the load, since L,
predominates at frequencies above the bandwidth of the
power-supply regulator.

Since remote sensing affords little or no reduction in the
effective load wiring impedance at high frequencies, some
amount of capacitive load decoupling is sometimes desir-
able, particularly when multiple loads are connected to a
power supply.

Load decoupling. A local decoupling capacitor, if re-
quired, should be connected across each pair of load and
distribution terminals. This reduces the high-frequency

Pt

for multiple isolated loads. For single grounded loads, the ground-
ed terminals must necessarily be the common point as shown in
3c. Where only one of a number of loads has an internal ground
or chassis connection, use the circuit in 3d. Where two or more
loads out of a number of loads are grounded, 3e is preferred.
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impedance seen by any individual load looking back to-
ward the power supply. Decoupling capacitors are often
employed with multiple loads drawing pulse currents with
short rise times. Without local decoupling, these current
changes can cause spikes which travel down the load-dis-
tribution wires and falsely trigger one of the other loads.

To be effective, the high-frequency impedance of local
decoupling capacitors must be lower than the impedance
of wires connected to the same load. A decoupling capac-
itor must be chosen with care, with full knowledge of its
inductance and effective series resistance, as well as its
capacitance. Moreover, the shortest-possible leads should
be used to connect local decoupling capacitors directly to
the load and distribution terminals.

Ground loops. The ideal concept of a single “quiet”
ground potential is misleading. No two ground points
have exactly the same potential. The potential difference
in many cases may be small, but even a difference of a
fraction of a volt will cause amperes of current to flow
through a complete ground loop.

To avoid ground loop problems, there must be only one
ground return point in a power-supply system. The selec-
tion of the best dc ground point is dependent upon the
nature and complexity of the load and dc wiring. How-
ever, practical problems in large systems sometimes tend
to force compromises with the ideal grounding concept.
For example, a rack-mounted system consisting of sepa-
rately mounted power supplies and loads generally has
multiple ground connectors —each instrument usually has
its own chassis tied to the third “‘safety ground”’ lead of its
power cord, and the rack is often connected by a separate
wire to “‘safety ground.” With the power supplies fastened
to the rack frame, circulating ground currents are inevit-
able. When these ground currents are confined to the
““ground system”” and do not flow through any portion of
the power-supply dc distribution wiring, the effect on sys-
tem performance is usually negligible.

The only way of avoiding conductive paths in common
with ground currents is to connect the dc distribution sys-
tem to ground with only one wire, as illustrated in Fig. 2.
Dc (and signal) currents circulate within the dc system,
while ground loop currents circulate within the ground
system. With only one path between the two systems,
ground-loop currents are isolated and have no affect on
the power-supply dc output and load circuits. Any mag-
netic coupling between the dc system and ground system,
or any capacitive coupling from the dc system to ground,
can provide a return path for ground-loop current to link
both the dc system and ground system. Consideration
must also be given to reducing stray coupling between
high and low-level wires as well as to ground.

Common dc point. One of the dc distribution terminals
should be designated as the ““dc common point.”” There
should also be only one dc common point per dc system.
Here are some additional suggestions for selecting the best
dc common point for five different classes of loads:

(a) Single isolated loads: Select the positive or negative
dc distribution terminal as the dc common point. A single
isolated load exists when a power supply is connected to
only one load and that load circuit has no internal
connections to the chassis or ground. If remote sensing is
to be employed and the load terminals serve as the distri-
bution terminals, then either the positive or negative load

terminals will do as the common point as shown in Fig.
3a.

(b) Multiple ungrounded loads: Select the positive or
negative dc distribution terminal as the dc common point.
This alternative is applicable when there are two or more
separate loads with separate pairs of load leads, and none
of the load circuits has internal connections to chassis or
ground (3b).

(c) Single grounded loads: The load terminals of single
grounded loads must serve as the distribution terminals
and the grounded terminal of the load must necessarily be
the common point (3c). This method of common-point
selection is followed when there is only one load which
has an essential (internal) connection to ground or chassis;
or when there are multiple loads and only one of them
has an internal connection to ground or chassis (3d).

(d) Multiple loads, two or more of which are individu-
ally grounded: This is an undesirable situation and must
be eliminated if at all possible. Ground-loop currents cir-
culating through the dc and load wiring cannot be avoid-
ed as long as separate loads connected to the same power
supply (or dc system) have separate ground returns (3e).
One solution is to break the circuit connection to ground
in all of the loads and then select the dc common point
following alternative (b); or break the circuit connection to
ground in all but one of the loads and treat it as in alterna-
tive (c). In other cases the only satisfactory solution is to
increase the number of power supplies, operating each
grounded load from its own separate supply, and treating
each combination of power supply and load as in alterna-
tive (c). However, in this case any conductive path re-
maining between the loads may degrade load perfor-
mance, and any conductive path between power supplies
(except via their respective load grounds) will probably
degrade both power-supply and load performance.

(e) Load systems floated at a dc potential above
ground: In some applications it is necessary to operate the
power-supply output at a fixed voltage above (or below)
ground potential. Here, it is advantageous to designate a
dc common point and couple it to the dc ground point
through a 1-uF capacitor. In certain applications such as
bridge-load circuits, neither conductive nor capacitive
grounding of the dc load distribution system is appropri-
ate, since such grounding would also short out the desired
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Fig. 4—Remote-sensing connections. Connections between the
power-supply-sensing and output terminals should be removed
and through the use of a shielded two-wire cable, the sensing
terminals should be hooked up to the dc distribution terminals.



output signal being generated by the bridge.

Dc ground point. The terminal connected to ground
should be designated as the dc ground point. This point
may be any single terminal, existing or added, which is
conductively connected to “‘safety ground’’ of the building
wiring system and eventually to earth ground.

The common should be connected to the ground point
as shown in Fig. 3a through 3d (unless one load is already
grounded), making certain there is only one conductive
path between these two points. This connection should be
as short as possible, and the total impedance from the dc
common point to the dc ground point should be small
compared with the impedance from the ground point to
earth ground. :

Remote sensing. A power supply achieves its optimum
load performance and its regulation achieves it lowest
output impedance, drift, ripple and noise and fastest tran-
sient-recovery performance at the power-supply output
terminals. If the load is separated from the output termin-
als by any lead length, some of these performance charac-
teristics will be degraded at the load terminals— usually by
an amount proportional to the impedance of the load
leads compared with the output impedance of the supply.

With remote error sensing, a feature included on many
modular power supplies, it is possible to connect the feed-
back amplifier directly to the load terminals so that the
regulator performs its function with respect to these load
terminals rather than with respect to the supply’s output
terminals. Thus, the voltage at the power supply output
terminals shifts by whatever amount necessary to compen-
sate for the IR drop in the load leads, thereby keeping the
voltage at the load terminals constant.

Connections between the power-supply sensing and
output terminals should be removed, and using shielded
two-wire cable, the power-supply sensing terminals
should be connected to the dc distribution terminals as
shown in Fig. 4. Do not use the shield as one of the sen-
sing conductors. For clarity, the diagram shows the load
leads as straight lines. However, some immunity against
pick-up stray magnetic fields is obtained by twisting each
pair of plus and minus load leads.

Typically, the sensing current is 10 mA or less. To insure
that the temperature coefficient of the sensing leads will

not significantly affect the power-supply temperature coef-
ficient and stability specifications, it is necessary to limit
the IR drop in the sensing conductor to less than 20 times
the power-supply temperature coefficient (stated in
mV/°C).

The possibility of an open remote sensing path, which
might occur on either a long-term or transient basis,
should be avoided. Such open-circuit conditions are likely
if the remote sensing path includes any relay, switch or
connector contacts. When a sensing open occurs, the reg-
ulator circuit within the supply reacts as though the load
voltage were zero—usually, the output voltage corrects
this deficiency by climbing rapidly toward the maximum
rectifier voltage, a value which is significantly larger than
the power-supply’s maximum output voltage. Even if the
power-supply output circuitry is designed to withstand this
extreme, the chances are that the load is not.

To reduce the degree of output overshoot which can
result from accidentally opened remote-sensing connec-
tions, many regulated power supplies include internally
wired resistors or small silicon diodes as shown in Fig 5a
and 5B. If these components are not included in the power
supply, and if the application involves any likely cause of
even momentary ~open-circuits in the remote-sensing
paths, then the user should add them on.

Output oscillation. The possibility of power-supply os-
cillation must be considered when a supply is for remote
sensing in a system. The impedance of the load leads is
included inside the power-supply feedback loop. In re-
mote-sensing applications involving small or long load
wires, there is a tendency for power-supply oscillation to
occur due to the phase shift and added time delay associ-
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Fig. 5—To reduce output overshoot due to accidental opening of
the remote-sensing connections, use resistors (a) or small silicon
diodes (b) for proper protection.
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Fig. 6—For multiple power-supply connections, loads can be
hooked up as configured above.

ated with the load and sensing leads. Removal of such
tendency toward oscillation is usually done empirically. In
some cases readjusting a ‘“transient-recovery”” or “/loop-
stability”” control inside the supply can prove adequate; in
more severe cases the power-supply loop equalization
may have to be redesigned for the application.
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An output capacitor, internally connected directly
across the power-supply terminals, is commonly included
in order to suppress load transients and reduce the power-
supply impedance at the load at high frequencies. How-
ever, the capacitor must be chosen with care if power-
supply oscillation is to be avoided, since any capacitor
resonances or other tendency toward high impedance
within or near the bandpass of the power-supply regulator
will reduce loop stability. It is therefore common in ex-
treme remote-sensing applications to remove the output
capacitor from the power supply and connect it directly
across the load.

Current limiting. Proper current-limiting operation is
often a problem when the power supply is connected in
the system for remote sensing. With some power-supply
designs, the resistance used for current-carrying leads adds
to the resistance used for current-limit monitoring, thereby
reducing the threshold value at which current limiting be-
gins. As a check for proper operation, the current limit
value should not change significantly while shorting the
negative sensing terminal to the negative output terminal
and the positive sensing terminal to the positive output
terminal, at the power supply.

Load connections for multiple power supplies. The ex-
tension of the preceding single-power-supply concepts to
multi-power-supply systems (Fig. 6) is simple and direct,
requiring only the application of the following guidelines.

First, there must be only one point of connection be-

tween the dc outputs of any two power supplies in the
multiple power-supply systems. This point must be desig-

nated as one of the two distribution terminals for both

power supplies.

Second, one of the distribution terminals, determined in
accordance with the preceding paragraph, must be desig-
nated as the common point for the system. There can by
only one common point per system—the distribution ter-
minal which is to be held at ground potential.

Third, there must be only one ground point per multiple
power-supply system. This rules out the possibility of con-
necting two grounded loads in the same system.

Finally, the system common point must be connected to
the system ground point (unless one load is already ground-
ed), and it must be verified that there is only one conduc-
tive path between these points for the entire system. 3
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FREE YOKE SELECTION KIT

Information you need to know about select-
ing and specifying a precision yoke for your
CRT display. Indicates the interaction
between circuitry, CRT and yoke. Includes
an application checklist to simplify your
work. Send for your kit.

SYNTRONIC INSTRUMENTS, INC.
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SWITCH TO MAXI

1200 Series Keystrip with KMS
® Compact ® Durable
® Simple Construction

Rugged 1200 Series Maxi-Switch Keystrips, up to
20 stations, available as strips or in panel assem-
blies to your specifications. Options include
variety of buttons, plunger actions, illumination,
snap switches or leaf contacts. Substantial savings
over single station type switches.

Give Maxi-Switch a try.
Write for free literature.
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BREAKTHROUGH:
NEW VOLTAGE
COMPENSATED




New ECL series has internal temperature
and voltage compensation to maximize noise
margins, minimize power supply problems.

We’ve simplified power supply cost and distribution
design problems of large mainframe systems by
making logic levels virtually independent of power
supply variations.

Our new 95100 series adds on-chip power supply volt-
age compensation to the industry’s lowest power, high
speed ECL gates. This feature obviates the need for
tightly regulated supplies; useful noise margin is
guaranteed with differential supply voltages from
—4.7V to —8.0V. Combined with the original temper-
ature compensation feature of the 9500 series, the
new 95100 series offers the mainframe system
designer the easiest ECL of all to use.

Net result: far lower cost techniques can be applied
for cooling, power supply design and board design in
a system using the relaxed design rules of the totally
compensated 95100 ECL devices.

Noise Margin Comparison
Vix and Vour transfer characteristics

Conventional Uncompensated ECL 95100 Totally Compensated ECL

Veg =—4.7V thru —5.7V

With +10% Vg, variations

T,=65°C T, =25°C thru 65°C

With 25° to 65°C T, variations

These diagrams indicate the effect on ECL logic levels of variations in
power supply and temperature.

The V,y and Vour transfer characteristics show how Fairchild’s 95100
Series voltage and temperature compensation maintains stable logic
levels despite variations in power supply voltage and/or ambient temper-
ature. The constant —and higher —noise margins gained with 95100
permit significant cost savings in the design of power supplies, distribu-
tion networks and cooling techniques.

CIRCLE NO. 19

95100 ECL Features

Broad line of low power SSI and MSI functions
—Unloaded Gates less than 256mW /gate.

Voltage supply compensation

—Noise margin guaranteed over greater than 3.0V
power supply differential.

Temperature Compensation

—Constant noise margin between devices at greater
than 50°C differential.

High Input Impedance

—To allow external 509 series terminations.

Corner power supply pins

For compatibility with standard multilayer boards
and CAD placement programs.

95100 ECL Devices and Availability

Device Description Available
95102 Dual OR/NOR Gate Now
95103 Triple OR/NOR Gate &
95104 Quad OR/NOR Gate g
95101 Dual 2 Wide OR-AND/NAND Gate  2nd Qtr. 72
95105 4 Wide OR-AND/NAND Gate "
95106 Dual 3i/p, 3 o/p OR Gate b
95108 Quad 1i/p OR/NOR Gate e
95109 Dual 31i/p, 3 o/p NOR Gate he
95110 Synchronous Decade Counter 4
95116 Synchronous Hexadecimal Counter %
95128 Dual D Flip Flop E¢
95141 4 Bit ALU/Function Generator &
95134 Quad Latch 2nd Half '72
95138 One-of-8 Decoder 2
95178 Quad Exclusive OR s
95179 Quad 2 i/p Multiplexer i
95180 Triple 2 i/p Multiplexer el
95196 Quad ECL-TTL Level Converter ”
95197 Quad TTL-ECL Level Converter il

The 95100 series functions are based on the 9500
series, which will also incorporate voltage compensa-
tion in future products. Both families will be made
from the same basic chip, the only difference being
the input impedance and pin configuration options.
95100 functions may be mixed with 9500 elements.

Both 9500 and 95100 EASY ECL devices are available
in production quantities immediately from your
friendly Fairchild distributor. For data sheets and
application information, please call this special 95100
Hot Line number: (415) 962-3333.

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



i DESIGNER’S GUIDE TO MODULAR POWER SUPPLIES |

Match your power supply to your

system’s needs

Overspecifying a power supply can lead to increased systems costs
without the benefit of improved systems performance.

Joshua A. Hauser, Lambda Electronics

Virtually all electronic equipment requires some device to
transform available ac line voltage into dc output voltages
which are isolated from the ac line. This device is known
as a power supply. There are several performance criteria
which may be used to evaluate a power supply. These
generally indicate how close a power supply approximates
a zero-output impedance dc voltage source that is com-
pletely independent of the input line, output load and
ambient temperature. This is the case for an ideal power
supply. (In the case of the less-frequently used constant-

current power supply, the ideal unit has infinite output
impedance.)

As is the case with most things, the closer you ap-
proach the ideal power supply, the more money you
need to spend. Therefore it is important that you evaluate
your needs carefully. Overspecifying a power supply can
lead to increased system costs without necessarily achiev-
ing improved system performance.

For example, if all you're interested in as far as your sys-
tem is concerned is a power supply that has roughly 0.1%
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Fig. 1—The four common methods of getting regulated dc volt-
age from an ac voltage source. The least-expensive is the ferro-
resonant supply (a) which also provides relatively course regula-
tion and high output ripple. The second method (b) uses a linear
or series regulator which is more expensive but provides fine reg-
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ulation. It is also low in efficiency. The third and fourth methods
make use of switching regulators, either with SCRs (c) or ultrason-
ic square-wave oscillators (d) respectively. The use of SCRs al-
lows for a tradeoff between cost and performance. Supplies with
ultrasonic oscillators are small in size but cost the most.

EDN MAY 1, 1972



regulation and supply efficiency is mildly important, speci-
fying a supply that uses SCR control elements gives 0.15%
line and load regulation and 45% efficiency, yet can save
you 35% in cost over ones using dc-to-dc converters. The
latter types may provide 0.1% regulation and are slightly
more efficient (50%), but they also cost quite a bit more
(Table 1). Of course they can provide other advantages
such as faster transient response and less weight, but these
parameters may not be justified in a system given the addi-
tional cost.

Power supply methods

There are essentially four methods of providing regulated
dc voltage from an ac source (Fig. 1). The simplest and least
expensive method consists of a ferro-resonant transformer,
rectifiers and a dc filter capacitor. As can be seen from Ta-
ble 1, this method provides relatively coarse regulation
with high output ripple. There is also no way to adjust the
output voltage without changing transformer windings. And
the output voltage is very dependent upon the line frequen-
cy (2.4% per hertz of line change for a 60-Hz transformer.)

The second method is the linear or series regulator which
consists of a linear transformer, rectifiers and filter capaci-
tors followed by a dissipative pass element. This type of
supply provides fine regulation but relatively low efficien-
cy. Itis also relatively costly.

The third and fourth methods differ from the linear or se-
ries regulator in that the regulation is not provided by a lin-
ear dissipative element but from some type of duty-cycle
control. These two methods employ what is generically

known as switching regulators. Here, the regulator is gener-
ally a high-efficiency switch followed by some type of inte-
grating network, usually a low-pass LC filter which allows
only the average or dc component of the switched wave-
form to reach the output.

The first of these last two techniques utilizes line-fre-
quency phase control, usually with SCRs as the power con-
trol elements. Supplies using this method provide a tradeoff
between cost and some performance parameters.

The second switching-regulator method takes the ac line
voltage and rectifies it to high-voltage dc which is then used
to power an ultrasonic square-wave oscillator. The oscilla-
tor output is rectified and regulated, usually with a magnet-
ic amplifier as the controlling device. The high-frequency
operation of this dc-to-dc converter allows a great reduc-
tion in the size and weight of the magnetics and filter com-
ponents but is usually the most expensive in cost.

How they compare

In applications where the input frequency range is very
narrow, the ferro-resonant supply will be satisfactory. If,
however, wide input frequency variations are anticipated,
this type of supply is not usable.

Of the three remaining approaches, what are the perfor-
mance areas which require critical examination? If ex-
tremely fine regulation, low ripple and noise, and fast tran-
sient response to step load changes are required, the series
regulator represents the only solution. When considering
regulation requirements, the system user must recognize
that even with remote sensing, the power supply can only

TABLE 1. POWER SUPPLY TYPES

SCR with
Linear dynamic filter Ultrasonic Ferro-resonant
Rating ($/W) @ 5V $1.75 $1.25 $2.00 $0.80
Line regulation 0.01% to 0.1% 0.15% 0.1% 2%
Load regulation 0.01% t0 0.1% 0.15% 0.1% 5%
Ripple (pk-pk) 5 mV 100 mV 35 mV
" (?ms) 1.5 mV 10 mV 10 mV 1%
Temperature coefficient 0.03%/°C 0.03%/°C 0.03%/°C 0.05%/°C
AC input (V ac) 105-132V 105-132V 105-132V 105-132V
(frequency) 47-440 Hz 57-63 Hz 47-440 Hz 59-61 Hz
or 145V dc £10%
Temperature range —20to +71°C 0to +71°C Oto +71°C —20 to +55°C
Protection
Overload Yes Yes Yes Yes
Over-voltage Maybe Maybe Maybe Inherent
optional optional optional characteristics
Thermal Yes Yes Yes Yes
Efficiency (@ 5V output) 25% 45% 50% 75%
Storage time after
line failure 5 msec 1 msec 20 msec 1 msec
Weight (Ibs/A) @ 5V 0.9 0.8 0.4 0.6
Transient response 100 usec 100 msec 2 msec 25 msec
W/in? 0.4 0.6 1.0 1.0
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Commonly used power supply terms

AMBIENT TEMPERATURE:

The temperature of the air surrounding the power sup-
ply, generally taken to be the room temperature. Care
must be exercised here in interpreting this term, as some
supplies may produce very high-temperature ambients
of their own when not properly cooled.

CONSTANT-CURRENT SUPPLY:

A supply that provides a fixed output current regardless
of changes in its output voltage, line voltage and am-
bient temperature.

CONSTANT-VOLTAGE SUPPLY:

A supply that maintains a fixed output voltage regardless
of changes in its output current, line voltage and am-
bient temperature.

CONSTANT-CURRENT/CONSTANT-VOLTAGE
SUPPLY:

A supply that behaves as a constant-voltage source for
relatively large values of load resistance and as a con-
stant-current source for relatively small values of load
resistance. The crossover point between these two
modes of operation occurs when the value of the critical
load resistance (R,) equals the value of the supply volt-
age setting (E,) divided by the supply current setting.

EFFICIENCY:

The relative percentage of the output power delivered at
the supply’s output terminals divided by the power de-
livered to the supply needed to produce this output
power. The ideal supply would be 100% efficient.

LOAD REGULATION:

For a constant-current supply, it is the change in the
steady-state value of the output dc current due to a
change in load resistance from a short-circuit current
(zero resistance) to a value which results in the maxi-
mum rated output voltage.

For a constant-voltage supply, it is the change in the
steady-state value of the output dc voltage due to a
change in load resistance from an open-circuit condi-
tion (infinite resistance) to a value which results in the
maximum rated output current.

LINE REGULATION:

The change in the steady-state value of the output dc
current (for a constant-current supply) or the output dc
voltage (for a constant-voltage supply) caused by a
change in the ac input line voltage from maximum to
minimum or minimum to maximum specified levels.

RIPPLE AND NOISE:

The superimposed residual ac component on the output
dc voltage of a supply. Ripple and noise are generally
specified in terms of rms or pk-pk values. Switching-reg-
ulator type power supplies can however have very-
large-amplitude spikes in the output that may not show
up in any rms or pk-pk noise specifications. A wideband
instrument should be used to measure noise to indicate
the presence of these large-amplitude and high-fre-
quency spikes.

TEMPERATURE COEFFICIENT (TC):

The maximum change in a supply’s output voltage (for a
constant-current supply) or output current (for a con-
stant-voltage supply) per degree of change in ambient
temperature, given a constant ac input voltage and a
constant load value. The TC is sometimes calculated by
taking two temperature extremes and plotting their volt-
ages to give a TC slope. This method can be misleading
as it does not indicate what happens during the tempera-
ture change or between the two extreme temperature
points.

TRANSIENT RESPONSE OR RECOVERY:

The time it takes a supply’s output voltage to recover to
within a few millivolts (usually specified) of the nominal
output dc voltage, following a sudden change in load
current (usually the supply’s maximum rated current).

regulate to one point. If the load is distributed in a large sys-
tem, the precision load regulation will not be attained for
all load points. This can only be accomplished by using
multiple point-of-load regulators which are fed from a
coarse dc source.

In most logic applications, there are many logic boards,
each with its own decoupling networks. Even though the
individual gates may be changing states very rapidly, the
total load current seen by the power supply is fairly con-
stant. Thus in an application of this type, the full-load tran-
sient response of the power supply is a meaningless pa-
rameter. Most applications of this type find either the SCR
phase-control or the ultrasonic supply adequate.

At present the SCR supply represents a less-expensive
source of power than either the linear or the ultrasonic
types. The ultrasonic one does have some advantages
which are unique. It offers a relatively long storage time,
something useful in many computer applications. It is, of
course, smaller and lighter than any other method, which

is important in any application when space is at a pre-
mium. In addition, it can run from battery power, which is
useful in many situations.

Author’s biography

Joshua A. Hauser is Director of

Engineering at Lambda Elec-

tronics, Mellville, New York.

Joshua began working at Lamb-

da in 1967 where he was Pro-

ject Engineer until 1970. From

1970 to 1971 he held the posi-

tion of Manager of Project

Engineering. During 1971 to

1972, he was Manager of

Micro-Electronics Engineering.

Joshua holds a BSEE which he

received from Columbia Uni-

versity in 1966 and an MSEE

from the same school in 1968.

FOR A FREE COPY OF THIS ARTICLE, CIRCLE L63 = S

EDN MAY 1,1972




Harris’ Family of Op Amps.

They're a different breed.
By design.

Harris op amps have always been a little bit different ever since we introduced the industry’'s
first internally compensated op amp back in 1966.

Today, we still make our op amps a little different. For example, our PNP's, or better put, our N —
are vertical instead of lateral to give you
superior AC performance without sacrificing
DC characteristics. = v T
Then take our designs. We employ a o7
single gain stage to provide better behaved L
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frequency response. Our bias networks are a bit
more complex for uniform performance over a
wide range of supply voltages and temperature
ranges, and our output stages have better
output current capabilities. In testing we're ‘ q &L\\
different too—more thorough. In fact, we were T T

guaranteeing slew rates and rise times long aL L LI oo

before other manufacturers did. Consider just PN

two examples:

Harris wide band general purpose op amps offer:

M Close loop bandwidth up to 100 times greater at the same gain or 100 times greater gain
capability for the same bandwidth than the common 741 types.

B Much lower closed loop phase shift, lower gain error, and lower distortion at all frequencies.
B Superior response at higher gains.

M Hundreds of times better DC performance (for example, the HA-2600/2620 has a 5nA bias
current, 300M(2 input resistance, and 100K minimum open loop gain).

Harris high slew rate series offer:
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FULL POWER BANDWITH (20V. P-P outpu) M The only monoalithic high slew rate amplifiers
® B o oK ™ that are true operational amplifiers. They can be
[ [ =1l 1 . ] | o . operated inverting, non-inverting, or balanced with
L fast settling times. In fact, they provide improved
oo, wao  wao fowse, £ performance in virtually any standard hookup.
B The fastest settling time of any monolithic op
o o [oh amp. (For example, the HA-2520 settles in
oF i e e 250nst00.1%.)

SLEW RATE - VOLTS PER MICROSECOND

M Higher output voltage swing at high frequencies.

(If you have ever tried to put a 10V peak 1MHz sine

wave through a 741 type, you know what we mean.)
In summary, Harris makes a difference . . . our family of proprietary devices and popular

alternate source devices can offer you the best price/

performance op amp package for your system.

Full military temperature range (— 55°Cto + 125°C):
HA-2101A HA-2600 HA-2620 HA-2500 HA-2520 HA-2909

HA-2101 HA-2602 HA-2622 HA-2502 HA-2522 HA-2700

HA-2107 HA-2510 HA-2400
HA-2107-3 HA-2512

Commerical/Industrial (0°C to + 70°C): H A R R I S
HA-2301A HA-2207 HA-2505 HA-2525 HA-2704 HA-2404

HA-2201A HA-2605 HA-2515 HA-2911 HA-2705 HA-2405

HA'2307AII in standard 741 pin-compatible SE M I CON D UCTOR

configuration. (Except HA-2400/2404/2405 A DIVISION OF HARRIS-INTERTYPE CORPORATION
4-channel op amp.) For details see your Harris P.O. Box 883, Melbourne, Florida 32901
distributor, representative, or contact us direct. (805) 727-5430

DISTRIBUTORS: Schweber Electronics: Westbury New York (516) 334-7474; Rockville, Maryland (301) 881-2970; Hollywood, Florida (305) 927-0511 / Harvey/R & D Electronics:
Lexington, Massachusetts (617) 861-9200 / S lists, Inc.: Chicago (312) 279-1000; Detroit (313) 255-0300; Minneapolis (612) 884-8132; Kansas City (816) 452-3900;

St. Louis (314) 428-6100; Dallas (214) 358-5211; lnd|anapo||s(317)243—8271 Pittsburgh (412) 781-8120; Dayton (513) ) 278-9455 / R.V. Weatherford Co.: Albuquerque(505 ) 265-5671;
Anaheim (714) 547-0891; Austin (512) Enterprise 1443; Dallas (214) 231-6051; Denver (303) 427-3736; Glendale (213) 849-3451; Houston (713) Enterprise 1443; Palo Alto(415)321-5373‘
Phoenix (602) 272-7144; Pomona (714) 623-1261; San Diego (714) 278-7400; Seattle (206) 762-4200. HARRIS SALES OFFICES: Wellesley, Massachusetts (617) 237-5430;

Wayne, Pennsylvania (215) 687-6680; Palos Heights, lllinois (312) 597-7510; Melbourne, Florida (305) 727-5430; Palo Alto, California (415) 321-2280; Melville, New York (516) 249-4500;
Syracuse, New York (315) 463-3373; Washington, D.C. (202) 337-4914: Dallas. Texas (214) 231-9031; Scottsdale, Arizona (602) 946-3556; Long Beach, California (213) 426-7687
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Switching,
plain and not so plain

The hybrid time delay relay featured below (at d) is a busi-
ness-like combination of modern electronics with a reliable,
inexpensive electromagnetic relay. A single package wraps up
the whole deal. It is for places where you want a switching
delay of from 1 to 120 sec. repeatably accurate to +3%, fixed
or variable: and prefer not to provide the timing elsewhere.
The idea is neither original nor recent. Sigma does it more
compactly, reliably and cheaper.

10,000 volt switching doesn’t sound like a subject that be-
longs on this page. It wouldn’t under common circumstances,
but item ¢ is an elegant means of grounding the high voltage
in an office copier when somebody has to reload it. Would you
believe it's an internally illuminated photoconductive element
dropping open circuit resistance of 102 ohms to 100k?

a. Series 77—DPDT or 3PDT —10,000 @ $1.00 each

Light controlled photoconductor relays in standard pack-
ages were brainchildren of a Sigma division specializing in
solid state photoconductors. Great merit and flexibility re-
sults from use of these Datacels® as we call them; viz. total
isolation of input from output or outputs (1 to 4)—with out-
puts passive and nearly as compatible as resistors. The latest
variety was invented by our lady physicist and is imaginatively
known as a “"Ladybug.”

A Ladybug-relay combination solved a recent delayed
alarm problem for a Sigma customer. By using a Neon light
source for control, the Ladybug imposed no load on the timing
circuit, operated directly from 120 volts with lock-on alarm.
It makes quite a time delay device —up to 60 sec. after opening b. Miniature Reed Relays
a control circuit. Ladybugs and Datacels® have the flexibility
of three alternative internal light sources: Incandescent, Neon
and LED.

Savvy switching is a worthwhile specialty to know about
when you can use it. Sigma has it and has had it since the late
thirties.

If you'll circle No. 21 on the beano card, you'll get a fistful
of poop. If you write on a specific question, we’ll answer it
carefully along with the poop: and if you make it a personal
letter to relay marketing chief, Stu Knapp, with your problem
and project laid bare, the action will be sudden and substantial.
Write Sigma Instruments, Inc.. 170 Pearl St., Braintree, Mass.
02185. Telephone 617-843-5000.

SIGMA

INSTRUMENTS INC

c. See text

d. Seetext

CIRCLE NO. 21
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ECL arithmetic unit performs
high-speed binary multiplication

With an ECL 4-bit arithmetic unit you can reduce both package count and
interconnections in a ripple multiplier and achieve very fast multiply times

Tom Balph, Motorola, Inc.

Digital communications equipment and fast arithmetic
processors often require high speed multiplication of bina-
ry numbers. This high speed multiplication has usually
been implemented with a ripple processor using various
algorithms. Unfortunately, this has meant large numbers of
interconnects and parts.

Parallel multiplication, on the other hand, requires large
numbers of high speed adders. By utilizing the fast add
time (4-bit add in 7 nsec, typical) and the versatility of the
control functions of an arithmetic unit, package count can
be significantly reduced, since only dual adders were pre-
viously available in ECL.

An example of a 4-bit by 4-bit multiplier using a simple
““add-shift”” algorithm is shown in Fig. 1. Each level of log-
ic performs an add function followed by a hardwired shift.
The equivalent numerical tabulation for this operation is
also shown in Fig. 1. The first add operation is performed
by a gate package because no carry can result at that lev-

el. Each succeeding logic level forms the next partial prod-
uct until the final product is reached.

The many functions available on the MC10181 simpli-
fy implementation of the algorithm in the secondary log-
ic levels. Among other functions, the arithmetic unit has
the ability to sum (word A) + (word B), or to sum (word
A ) + (“ZERO") depending on the state of the control
inputs (SO thru S3). This feature is used to ““mask’’ the mul-
tiplicand (word B) and add “ZERO" to the previous partial
product or to multiply the multiplicand by the appropriate
bit of the multiplier and then add, to form the next partial
product.

The diagram of the ripple multiplier is shown in Fig. 2.
Note that this diagram differs from the block diagram
of Fig 1 in that the one’s complement of the multiplicand
and multiplier are used to provide the one’s complement
of the product. This is necessary because of the basic
NOR function definition of the MC10181.

: §23 s22 s21 s20

lc23 c¢2 ¢ c2

Fig. 1 —4-by 4-bit high-speed ripple technique uses ECL gates for the first level and ECL arithmetic logic units (ALUs) for the remaining
levels. The equivalent numerical tabulation at the right depicts the exact sequence of binary multiplication through the multiplier.
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Fig. 2 —One’s complement of multiplier and multiplicand must be used, in practice, with the ECL ALU multiplier. The product output is
also inverted, thus X, Y and Q functions replace the X, Y and Q functions used for illustration in Fig. 1.
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Fig. 3— Expansion of basic multiplier to 8-by-8-bit unit, or n-by-n-
bit is very straightforward, requiring type-one logic blocks, con-
sisting of gate packages, and type-two logic blocks of ECL ALU:s.

The typical multiply time can be calculated from the
worst delay path through the multiplier. Multiply time is
equal to one gate propagation delay, plus three times the
“word-A-to-function-out”  propagation delay of the
MC10181. The delay is typically 2 nsec + 3 X 7
nsec) = 23 nsec.

The multiplier may be expanded to accommodate larger
numbers of bits. To multiply n-bits by n-bits, each adder
must be n-bits wide. Also, there will be n logic levels, with
the first logic level implemented with gates, and n-1 sec-

ondary logic levels implemented using ALUs.

A simplified block diagram of an 8-by-8-bit ripple multi-
plier is shown in Fig. 3. Logic block 1 consists of two gate
packages, and logic block 2 consists of two arithmetic
units connected as an 8-bit adder. Multiply time for this
circuit is typically 56 nsec.

As the number of word bits increases, the algorithm
used here may not be the most effective technique. Other
squaring and summing techniques prove more efficient as
word length increases. The same ALU can still be used in
many of these techniques, and will help to minimize pack-
age count and the number of interconnects.

The multiplication technique used in this article can be
implemented somewhat similarly using TTL, although
multiplication times will be longer. As an example, using
standard 54/74 TTL, multiplication time would be about 4
times longer for a 4 x 4 multiplier. Using high speed 74S
TTL, multiplication time is still about twice as long as the
time required using ECL. @
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HERE’S THE INSIDE STORY

OF ATOMICLAD'IT

Gibson Electric’s “Silver Saver”
COMPOSITE CONTACT RIVETS

Silver plated

Full Contact Surface Area

The proper
thickness of

to prevent
corrosion

-

Metallurgically
bonded to
prevent separation

OFHC Copper
for economy,

Dimensionally
congsistent

silver or silver
alloy to do
the job

Clean, sharp edge,
inside and
outside corners

Available with

flat or indented

heat dissipation shank end

The new, improved second generation of
Gibson Electric ATOMICLAD II composite
electrical contact rivets are available

in standard and custom sizes and

various materials to solve your contact
problem economically without sacrificing
dependable performance.

sramicLAD T

SEND FOR FREE CATALOG
AND SAMPLES
OF ATOMICLAD II's

- Gibson
| ELECTRIC |

TALON DIVISION OF TEXTRON
BOX 586-E
DELMONT, PA. 15626

A Few of the Many Atomiclad Users:

A tamper-proof, drift-proof mechanism that
incorporates fine silver Atomiclad II rivets
is one of the reasons Square D Company’s
pump switch is the favorite of contractors
who demand long, dependable service.

ITE Imperial Corporation uses KB-2 Atomi-
clad I rivets for reliable operation in in-
strument and control switches rated from
24 V. to 250 V. D.C. and 120 V. to 600 V.
A.C. Gibson also makes the brass contact
support and attaches the Atomiclad I to
provide a complete contact assembly.

CIRCLE NO. 22

Robertshaw Controls Company, Indiana Di-
vision's electric Thermal Eye, utilizes per-
formance-proven fine silver Atomiclad II
rivets for long-lived automatic cooking.
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TTL pipeline multipliers
double multiplication rate

Ripple multipliers and pipelines each have their specific advantages. Pipelines
are slower from input to output, but can process twice as many operands.

John Springer, Advanced Micro Devices, Inc.

In the ordinary ripple multiplication method, multipliers
are connected in an array, where each row in the array
produces a partial product based on the full multiplicand
and two bits of the multiplier. An array of AM2505s con-
nected as a ripple multiplier is shown in Fig. 1. The inter-
nal adders are used to sum all the partial products, so the
delay through the array is basically the sum of the delay
through n/2 adders, where n is the number of bits in the
multiplier. Ripple techniques are best used when delay
through the array is important or when the initial product
is required before the next multiplication can begin.

Very-high-speed multiplication problems, such as those
encountered in fast Fourier transforms, where all data is
available and must be processed quickly, often require
only a high rate of multiplication, rather than a short delay
from application of operands to generation of product. In
this type of application, pipelining techniques such as the
one shown in Fig. 2 offer the best approach.

While the 2505 multiplier in a standard ripple array will
perform a 16-bit multiplication in 265 nsec, the rate of
multiplication can be increased substantially by using the
2505 in conjunction with an Am2506 4-bit arithmetic log-
ic unit. The Am2506 is functionally identical to the 74181
and 9341 four-bit ALUs, but has the additional feature of a

X0X1x2X3  x4X5 x6)
ibel pd le X0, X2

X' x3
Y0, K CARRY [ CARRY K ; - “ I
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l
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vs- k1 f1ib .
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Fig. 1—8- by 8-bit ripple multiplier array, shown here with
AM2505 multipliers, can also be implemented with 9344s or
standard TTL techniques. Twice as many 9344s would be re-
quired, and signed multiplication would not be possible. Typical
delay from input to product output with this array is 135 nsec, a
significant improvement over standard TTL designs.

four-bit latch built into the outputs. In this system the inter-
nal adders in the multipliers are not used. Instead, each
row of 2505s generates a partial product independently

xo-x7 B X0 - X7
: Y2 — : Y6 —
o % ¥3_ AM2505s 0-x7 & Y1 AM2505s
= 4
;(1) - AM25055 ¥5 - AM2505s
— . FOUR SETS OF SIGNED
% % PARTIAL PRODUCTS
?@/ ¥ '/,
1
_*D" : 9308 OR EQUIVALENT LATCHES LATCHES
e .
cLock
A B A B
AM25065s AM25065s FIRST LEVEL
: N “ADD" WoDE IN "*ADD'* MODE OF ADDERS
W F
A B
,AM2506s SECOND LEVEL
D; : IN ADE MODE OF ADDERS
PRODUCT

Fig. 2—8- by 8-bit pipeline multiplier can accept new operands
each time the latches in Row 2 are set (each 67 nsec), even
though total time from input to product output is 200 nsec. The
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pipeline illustrated here uses a 2506 arithmetic logic unit which is
equivalent to a 74181 ALU with a built-in latch. The same circuit
can be implemented using 74181 ALUs and 9308 latches.
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based on two bits of the multiplier. The partial products
are all stored in latches which feed them to the ALUs for
addition.

As soon as the latches have stored the partial products,
the enable can be closed and a new set of operands can
be applied to the multiplier chips. While the new set of
partial products are being formend, the first level of adders
adds together pairs of partial products from the latches.
When the new partial products are ready, they drop into
the latches, and the output latches in the ALUs are closed,
holding the sums from the first addition and feeding the
next level of adders.

The process is repeated until a final sum is produced.
The latches at each level (9308 latches following the mul-
tipliers and internal latches following the adders) are en-
abled on alternate states of a single ““clock’” line, so that
data drops synchronously through the system.

The system illustrated in Fig. 2 provides 8-bit multiplica-
tion, but the extension to 16-bit multiplication is simple,
requiring eight rows of four multipliers (2505s) each, in-
stead of four rows of two each, because one more level of
addition will be required. For 16-by-16 multiplication, this
method can accept new operands every 95 nsec com-
pared to the 265 nsec required for the same function by
the ripple technique in Fig. 1. =
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ductor’s applications depart-
ment. John received his BSCh
from College of Idaho and
MSCh from Oregon State Uni-
versity.
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The latest addition to the p r Bodine N-1D line of
parallel shaft gearmotors is a newly designed D-c type.
And when used with a Bodine solid state control . . . you
have a perfectly matched system.

The gearmotor delivers unusually high torque in a space-
saving package. It's only 6” long and 33 ” square. Fea-
tures high overhung load capacity, exceptionally long
life and reliable, consistent power.

Available in different gear ratios and types of windings.
Write for literature. :
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Bodine Electric Co., 2512 West Bradley Pl., Chicago, IIl. 60618
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8 digits, TCXO; 120 MHz, all for 349%
...It'sin the new FREE Heathkit catalog

The new Heathkit IB-1102 Frequency Counter has 120 MHz measurement
capability with eight-digit display, 1 Hz resolution without switching
time base. Sensitivity is 50 mV to 100 MHz and 125 mV above 100 MHz.
It will accept inputs up to 120 V rms from 1 Hz to 150 Hz, 50 V at 4 MHz,
and 3 V at 120 MHz. Overall accuracy is assured by a temperature-
compensated clock, and the high impedance, low capacitance input cir-
cuit presents minimum loading to the circuit under test. Features include
automatic triggering |evel for “hands-off” operation, cold-cathode dis-
play tubes, indicator lamps for range, overrange, and gating conditions.
The new IB-1102 Frequency Counter is just one of the money-saving
instruments you'll find in the free
'72 Catalog. Not to mention the
acclaimed line of Heathkit stereo
and 4-channel components, color
TV, fishing and marine gear —
plus 350 other kits for home,
shop and hobby. Send for your
FREE copy, NOW.

____________________ hlumb: = |
! HEATH COMPANY, Dept. 57-5 P i
: Benton Harbor, Michigan 49022 :
| [J Please send FREE Heathkit Catalog. 1
: Name :
: Address :
I City. State Zip. 1
: Prices & specifications subject to change without notice. :
1 *Mail order prices; F.0.B. factory. TE-261 1
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A CAMBION® Double “QQ” Product Line

When your design calls for handles, standoffs, solder termi-
nals, spacers, insulated terminals, battery holders, and basic

hardware, it's nice to know there's a source that believes in
- quality — CAMBION. And it's also nice to know that you can get
CAMBION quality in quantity. That's the CAMBION Double Q"
HEAT SINKS _

CAMBION puts the extra finish on handles, precise plating on
significant surfaces of terminals, and long-life in plugs and
jacks for almost infinite cycling. The quality stands up as the
quantity goes on. All CAMBION hardware items are available
“off-the-shelf.”

Try the CAMBION Double “Q” approach. Tell us of your needs
and we'll supply a jumbo catalog, No. 747, full of answers.
Cambridge Thermionic Corporation, 445 Concord Avenue,
Cambridge, Mass. 02138. In Los Angeles, 8703 La Tijera Blvd.

,f,
COMPLETE LINE OF

FORCED AIR '{Illlere’s plenty more where
*gﬂ% m ese come 1rom.

W

COMPLETE LINE OF
NATURAL AIR

We fabricate heat

sinks to your speci- t"an:bec
fications. Write for CORPORATION
NEW CATALOG P.0. Box 1022 — Columbus, Nebr. 68601

Phone: (402) 564-2748

the guaranteed electronic components
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 MILITARY
 BITE| MI61S
INDICATOR

M 161S, a manually resettable Bite Indicator, requires only a 40

: SUPPLIES millisecond, one watt pulse to show a “‘circuit fault.” The M161S

Send f r can be manually reset by rotating the knob clockwise.
5 O, ou atalog fU”y \ When electrically pulsed, the display changes from all black to
explaining the y features, black/white and magnetically latches in its SET position. The high

latching capability provides excellent, visible indication under
shock and vibration in rugged military environments, Standard

such as high an@low voltages
— printed circuif pins — sol- voltages available are 3, 5, 6, 12, 20, 24 and 28,

dered terminals. Up to 20 watt
packages. B

Write today for

Immediate de | MINE LCO Bulletin M-17.
‘ a subsidiary

ELECTRONICS | GENERAL TIME
LOWELL, MA. 0T ‘

a Talley Industries Company

‘ 135 SOUTH MAIN STREET « THOMASTON, CONN. 06787
PHONE: 203/283-8261 « TWX: 710/475-1091
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IC multiplexer puts zip into digital

switching matrix

Incoming signals can be controlled by arranging toggle switches in a 2-D array.
But if speed is needed, then the IC multiplexer is the best choice.

Thomas R. Zwaska, Drexel University.

In some designs a number of input signals must be switched
to any one of several destinations. One obvious solution is
a 2-D array of toggle switches located at each X-Y cross-
point. Although this scheme is feasible, it is impractical for
high-speed operations. In such designs, digital multiplex-
ing ICs do the job best and almost any size matrix is
possible.

Although matrices designed in this manner will only
handle digital signals, applications that process analog
signals need not be excluded. By connecting the appropri-
ate A/D or D/A converters to the input and output devices,
this scheme will lend itself to both types of signals.

Building an array

The digital multiplexer is a device in which any one of a
number of input signals appears on the output when the
appropriate code is applied. A functional diagram of a 4-
input multiplexer is shown in Fig. 1.

Using these multiplexers, it is possible to design an array
in which data fed into any of the X-input terminals is
switched to any of the Y-output terminals (see Fig. 2). The

STROBE >—c{>—

[ N
Pe

=]
—
~,
—
DATA i
INPUTS
~ DATA
i b—! OUTPUT
~,
’ »
DATA >
SELECT

}_[>¢

Fig. 1—Composition of a 4-input digital multiplexer in-
cludes decoding as well as logic.

inputs of each multiplexer are connected to a series of bus
bars that form one axis of the matrix. The output terminals
of the multiplexers then form the other axis. Application of
the proper encoding closes a particular crosspoint within
the array and permits data to pass through the matrix.

The array can be expanded in the Y-direction by con-
necting the inputs of additional multiplexers to the X-input
bus bars. However, expanding the array in the X-direction
cannot be as easily handled. Multiplexers having up to 16
inputs are readily available and are suitable for large arrays
up to 16-by-16. However, expansion beyond this point
must be handled in the manner shown in Fig. 3. In this
scheme, the output of each multiplexer is gated through a
NOR gate that forms the Y-output of the matrix. Thus, an
array of almost any size may be constructed. As the matrix
size increases, the complexity of X-Y select code increases,
and the loading factors of the ICs become more critical.

Using the array
Many applications, such as automatic testing of ICs, re-
quire that a response to an input signal be accessible for

SELECT

X-DATA INPUTS CODES STROBES
T — el A — . — —
\
—] 1
»’1
s
>—
Y-DATA
)OUTPUTS
b
o

Fig. 2—Additional multiplexers tied to the X-input bus
expands the array in the Y-direction.




evaluation by a controlling processor or device. This bi-
directional exchange of data requires only two arrays —one
for each direction. A dual 4-line to 1-line multiplexer (Fig.
4) simplifies the circuit somewhat. Although both arrays are
addressed simultaneously, data in either direction need not
be concurrent because each array is strobed individually.
Expansion of this bidirectional scheme may be handled in
the previously discussed manner.

In all of these circuits, the select code must be applied
during the exchange of data. This might be handled by
clocking the select code instruction into a binary latch con-
nected to the multiplexer. Thereafter, the multiplexer is
strobed enabling the exchange of data to occur.

It should be noted, that more than one data path may ex-
ist at any one time within the matrix. In other words, an
input signal connected to any X-input terminal may be
connected to any number of Y-outputs, and simultaneously
another input signal applied to a different X-input will be
connected to any of the other Y-outputs. Therefore, it is
necessary that the select code instructions be issued prior to
strobing the multiplexers.

If all of the strobe terminals on the individual multiplex-
ers are connected to a common bus, then all data paths are
made or broken concurrently. However, it may be neces-
sary to individually latch the strobe terminals. When this is
done, a data path may be made or broken without disturb-
ing any other data path that might exist.

This switching technique offers the designer all of the
advantages of digital integrated circuits including speed,
reliability, noise immunity, low power consumption and a
rugged mechanical package suitable for automatic assem-
bly on printed circuit boards. The matrix, limited only in
size by the application, switches either digital signals or
analog signals (with proper signal conversion). This ap-
proach should be very useful in many designs. =

X-DATA INPUTS
e o

Y-DATA
QUTPUTS

Fig. 3— Expanding the matrix in the X-direction requires a NOR
gate to combine the outputs of the additional multiplexers.
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senior at Drexel Univer-
sity, Philadelphia, PA. Mr.
Zwaska is pursuing a Bach-
elor of Science Degree in
Electrical Engineering.
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New

for those who

Value has always been synonymous with HP
power supplies, and these new 62000-series
modular power supplies are no exception.
They’re competitively priced (with quantity
and OEM discounts), reliable, systems com-
patible, and available now. Coverage is from
3 to 48 volts, at up to 200 watts, with per-
formance assured to specifications. Best of
all, HP offers applications assistance and
service support before and after the sale.
It's all backed up with an international
network of 220 offices to serve you. For
detailed information, contact your local HP
field engineer. Or, write: Hewlett-Packard,

HEWLETTW PACKARD Palo _Alto, Californie.t 94304. In Europe: 1217

Meyrin-Geneva, Switzerland.

POWER SUPPLIES
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CIRCUIT DESIGN AWARDS

Gating circuit detects positive or negative peaks

Clark S. Penrod and W. T. Adams
Applied Research Labs., Austin, Texas

The following circuit provides a method of detecting and
sampling the positive or negative peaks of a voltage wave-
form. The circuit is amplitude restricted only in that the
input voltage should not exceed the maximum for the
comparator or analog switch. Frequency sensitivity is de-
termined by the Q of the phase lag network. Duration of
the sample time is controlled by the monostable. The out-
put of the circuit is a pulse of the same amplitude as the
input but only as wide as the monostable “ON “ time.

The circuit works as follows. An input voltage is com-
pared to a delayed version of itself. Whenever the voltage
is increasing, it will be larger than the delayed version.
When the signal begins to decrease, the delayed version
will become larger, since it follows, in a time sense, the

input. When this happens, the output of the comparator
changes state and triggers a monostable. The monostable
output drives an analog switch which samples the input
for the duration of the monostable. The circuit shown will
sample the positive peaks. Negative peaks may be sam-
pled by driving a monostable with the output at point B.

When the attenuator is unnecessary, a more accurate
representation of the peak voltage may be obtained by
sampling at point A instead of the input. If this is done,
care should be taken not to load the output of the phase
lag network.

This circudit has been constructed at our facility with the
simple RC phase lag network and FET switch shown in
Fig.1, and was used to detect peaks in the waveform of a
sonar video signal.

To Vote For This Circuit

of 5 kHz, R, = 2.7k, C; = 120pF.

R, and C, mist be selected as they are dependent on the
frequency spectrum of the sjgnal. For a principle frequency

Circle 150
O+12v
= \ INVERTER  INVERTER
Attenuation unnecessary when g ;
input voltage magnitude is
less than £5V.
O VWAA ?
INPUT
% B
= . 10
PHASE LAG NETWORK IC ONE - SHOT
ATTENUATOR SIGNETICS
62A

-6V
2N3904 12V
ANALOG GATE
CIRCUIT IN914
150k

VWA |

Analog gate shown can pass signals of approximately £5V
amplitude For larger signals, other designs must be used.

Fig.1—Waveform peaks are detected with this circuit by compari-
son of the waveform with a delayed version of itself. Detection of

a positive peak is triggered when the original input falls below the
voltage level of the delayed input.
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Extra IC insures oscillator start-up

Steve Rummel
San Jose, CA

Want a cheap oscillator that always starts? Here is one that
only uses one quad 2-input nand gate, two capacitors and
two resistors.

Gates Number 1 and 2 compose a standard multivibra-
tor design. The timing resistors R, and R, are chosen so
that: R = Vin (zero)/lin (zero). This ensures that the gate
inputs can go to a “ZERO" level.

The values of C, and C, are chosen so that:

r= —Pe;;"d= REC=RE,

This is the standard design for a multivibrator. However,
this does not guarantee that it will start, especially when
power is applied slowly. This is where gates 3 and 4 come
in.

If the multivibrator does not start oscillating, gate num-
ber 1 and 2 outputs will go ““HIGH"" because the inputs
will go “LOW" through R, and R,. In this case both of
gate 3’s inputs will be “HIGH"”, resulting in a “LOW”
output from gate 3. This is inverted to a “HIGH’’ by gate
4. Gate 2's input will then be toggled from a “LOW" to a
““HIGH"" state. At this point the pulse is coupled to gate 1

through C, and gate 3 output is returned to a “HIGH"
state, inverted by gate 4 which goes “LOW", and returns
control back to gates 1 and 2. As long as gates 1 and 2 are
operating as a multivibrator, gate 3 will be inhibited.

SN7400N

Fig.1—Standard NAND-Gate oscillator composed of gates 1 and
2, cannot fail to start. Gates 3 and 4 will supply a starting pulse if
the oscillator does not start, but are inhibited during normal oper-
ation.

To Vote For This Circuit
Circle 151

DPM makes self-contained digital thermometer

Maxwell Strange, NASA,
Greenbelt, MD

Either of these circuits. can be built into, and powered by,
an inexpensive digital panel meter to produce a compact,
accurate electronic thermometer.

The circuit in Fig. 1 uses a Yellow Springs Instrument
Co. linear thermistor network whose resistance is a linear
function of temperature. The op amp biases this sensor at
a constant current, so that the output voltage is proportion-
al to temperature. Any 3-1/2-digit DPM having a 100 mV
range will indicate temperature directly in degrees F with
0.1-degree resolution.

" The Yellow springs 44203 sensor network is precalibra-
ted to be interchangeable and linear to within 0.27°F over
the entire range from —22°F to +122°F. The network ac-
tually uses 2 thermistors to achieve this linearity and a sim-
ple equation supplied on the spec sheet sent with each sen-
sor shows the networks resistance value for any tempera-
ture within its range. This equation is based on temperature
in degrees Centigrade, and that information has been con-
verted to degrees Fahrenheit here. Thus, the circuit can be
set up simply by replacing the sensor with a resistance de-
cade box set for two known temperatures. There will be no
interaction between these adjustments if the offset is set first
with the “’0° set”” potentiometer R, and the decade box set

for O°F (R, = 14435€). Next the gain should be set for
100°F with the 100° set potentiometer R, and the decade
box set for 100°F (R, = 7374Q)). Typical meter overrange
capability provides readings well beyond the 0 to 100°F
range. .

This circuit was built with a Weston 1290DPM that had
+6.2V references available internally which could easily
support the extra load of about 2 mA. Other voltages can be

SENSOR
(Y.S.1. #44203 NETWORK)
TEMP. R
R, I
R ' ' 0°F -14,4358Q
Y o 100°F = 7,374%2

ALL RESISTORS SHOULD
BE STABLE WIREWOUND
OR FILM TYPE.

Ry
5k POT 100° SET)
(0° SET) *
(0 - 100MV.
= =0 - 100°F)

Fig. 1—Accurate temperature-to-voltage converter can be built
into a panel DPM. The sensor is a linear thermistor connected in
the resistance mode for easy calibration.
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used (with appropriate resistance changes) as long as V“t,. is
stable. Sensor current should be less than 0.5 mA to mini-
mize the self-heating error.

An ““economy’’ circuit which uses the linear temperature
coefficient of a forward-biased silicon diode for sensing is
shown in Fig. 2. The diode is biased at about 0.3 mA. The
current through R,, R, and R, produces a voltage drop
across R, which cancels the diode drop at 0°F to zero the
DPM. The Weston 1290’s internal adjustment is used to set
the gain; a voltage divider may be required for other me-
ters. This circuit is best calibrated by alternately dipping the
sensor in crushed ice (32°F) and warm water monitored by
a mercury thermometer.

In use, the two circuits behave identically, but the therm-

-6.2V +6.2V
Ry 1k POT
R, (OFFSET)
3.3k Ry
5.6k

——— VA

SENSOR R,

(1N4153 620
OR EQUIV.)

+
DPM (0 - 100MV
-0 -100F)

.|}

Fig. 2—Economy version of the thermometer circuit uses silicon
diode as a temperature sensor. Internal DPM gain adjustment is
used for overall gain calibration

1\ q-VISION

SUPER
NGAGE

portable instant readout accurate to .0005”
Inexpensive, permanent measuring standard

Measurements are made unbelievably fast by placing a
Micro-Line 1000 lines per inch transparent scale directly
over work to be measured. Sharp crisp image . . . viewed
through a Bausch & Lomb 40X microscope. For use in

the fields of inspection, drafting, electronics, tool and

die making and photography. Optional accessories converts
unit to an optical height gage. Write for Catalog No. 38-21.

MICRO-LINE

DIVISION OF BAUSCH & LOMB (§)

JAMESTOWN, N. Y. 14701 716/ 488-1958
CIRCLE NO. 44

istor has somewhat better long-term stability and is easier
to calibrate. These thermometers can replace thermocou-
ples in most test setups, and provide better accuracy and
readability. The diode circuit used with an inexpensive 2-
digit DPM makes an ideal desk-top indoor/outdoor ther-
mometer.

To Vote For This Circuit
Circle 152

Your vote determines this issue’s winner. All cir-
cuits published win a $25 U.S. Savings Bond. All
issue winners receive an additional $50 U.S. Sav-
ings Bond and become eligible for the annual
$1000 U.S. Savings Bond Grand Prize.

Vote now, by circling the appropriate number on
the reader inquiry card.

Submit your own circuit, too. Mail entries to Cir-
cuit Design Program Editor EDN, 221 Columbus
Ave., Boston, MA 02116.

Readers have voted:

Stephen A. Jensen winner of the February 1 Savings
Bond Award. His winning circuit was called, ““High-
voltage source follower.” Mr. Jensen is with Radiant
Industries, Inc. North Hollywood, Cal.

FREE!
NEW INSERTION
HANDBOOK

FOR AXIALS, DIP’S, TRANSISTORS

New, comprehensive,
16 page technical
bulletin covering to-
day’s industry stan-
dards and design
parameters for auto-
matic insertion of
electronic compo-
nents into PC boards.
Over 30 detailed
schematics. Send for

it now. Dept. ENE-72

DESIGN
GUDELINES

1L niversaL INSTRUMENTS CORPORATION

East Frederick St., Binghamton, N.Y. 13902
(607) 772-1710/TWX 510-252-1990
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PROGRESS IN PRODUCTS

Tiny, high-performance log/antilog

amplifier has a low $55 price

PROGRESS IN
PACKAGED CIRCUITS

Purchasing a high-accuracy log/antilog
amplifier that has good log conformity
together with low-drift and bias-cur-
rent has not been difficult providing
the user was willing to pay the price —
typically in the $100 range. Analog
Devices, Inc., of Norwood, Mass., has
now introduced a low-drift and low-
bias-current log/antilog amplifier for
only $55 (1 to 9 units).

Its Model 755 with a built-in FET op
amp features an offset voltage drift of
+10 wV/C and maximum input bias
current of just 10 pA. Dynamic range
of the 755 is £2% with a four-decade
1-mV-to-10V input voltage range and
a six-decade 1-nA-to-1-mA input cur-
rent range. The input offset voltage is

trimmed to +20 pV.

Available in two versions —755P for
negative inputs and 755N for positive
inputs —the amplifier provides a
choice of three scale factors (2V, 1V
and 2/3V per decade) and log or anti-
log operation through appropriate pin
connections.

An added bonus is the amplifier’s
small size of just 1-1/2 by 1-1/2 by
0.4 in., which is about one-half the
size of competitive units.

Accuracy of log conformity (referred
to the input) is broken down as fol-
lows: +1% for the 1-nA to 10-nA and
100-pA to 1-mA ranges and =0.05%
for the 10-nA to 100-uA range. For
input voltages, it is =0.5% for the 1-
mV to 1V range and =1% for the 1V
to 10V range.

The 755 is rated to operate over the

Portable 4-1/2-digit multimeter
with 14 ranges introduced at $650

PROGRESS IN
INSTRUMENTATION

Dana Laboratories has introduced a 4-
1/2-digit multimeter that features an
impressive price of $650. The rugged
(made of Lexan) instrument can oper-
ate either from the ac line or from a
rechargeable Ni-Cd battery ($100 op-
tion) and weighs just 7-1/2 Ibs with
the battery (5-1/2 lbs without).

The 100%-overranging multimeter,
Model 4300, has 5 dc voltage ranges
from 0.1 to 1000V full scale, 4 ac
voltage ranges from 1 to 1000V rms
full scale, and 5 resistance ranges
from 1 kQ to 10 MQ full scale. Accu-
racy is £0.03% of reading +0.01% of
full scale for dc voltages. Ac voltage
accuracy is +0.2% of reading +£0.03%
of full scale (50 Hz to 10 kHz) and
+0.5% of reading +0.08% of full
scale (10 to 20 kHz).

Dana’s newest 4-1/2-digit multimeter costs
$650. The 100%-overranging instrument
includes 5 dc voltage, 4 ac voltage and 4
resistance measurement ranges.

The 4300 is not designed for sys-
tems applications. It does not have
autoranging or BCD output. Rather it
is intended for use as a bench instru-
ment or for field servicing applica-
tions. Even without these systems fea-
tures, its $650 price is impressive.

The 4300’s LED display includes an
adjustable automatic intensity control.

Battery operation is available for up

Low price and small size are two key fea-
tures of the 755N log/antilog amplifier.

temperature range of 0 to +70°C and
has a rated output of =10V at 10 mA.
It requires =15V dc =1% at 10 mA
for operation.

Applications include data compres-
sion, transducer linearization, expo-
nentiation and root extraction.

Analog Devices, Inc., Rte 1 Indus-
trial Park, Norwood, MA 02062.
Phone (617) 329-4700. 256

to 8 continuous hours. The batteries
can be fully recharged in 16 hours
while the meter operates from the ac
line. A switch position is available to
provide a readout of the battery volt-
age. Coupled with an available chart,
the readout can be used to compute
the approximate unused battery time
remaining. Should the battery voltage
drop to a predetermined level, the
meter shuts off automatically.

Protection is abundant on this new
multimeter. Overvoltage protection is
1000V for any ac or dc voltage range
and 250V for the resistance ranges. In
addition, the operator needn’t be
afraid of selecting an improper combi-
nation of ranges and functions since
the 4300 uses rotary cam switches
that protect against this.

Dana Laboratories, Inc., 2401
Campus Dr., Irvine, CA 92664. Phone
(714) 833-1234. 257



COMPUTER PRODUCTS

M1 Momory System.

Moy Kudwokoy
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SEMICONDUCTOR ADD-ON MEMORY
FOR PDP-11. The MTI-311 system provides
high speed and low cost. (An 8K system
with power supply and rack mounting for
$4990.) System speed is 450 nsec for read
access, 600 nsec for read cycle, 800 nsec
for write cycle and 400 nsec for the write
portion of a read/modify/write cycle. Sys-
tem storage is available from 4K words by
16 bits, up to 28K words in a single 7" high
enclosure. Memory Technology Inc., 83
Boston Post Rd., Sudbury, MA 01776.
Phone: (617) 443-9911. 170

DATA TERMINAL HAS CALCULATING
CAPABILITY. Model 2113 is designed pri-
marily for data entry applications that re-
quire addition or subtraction capability in a
manual or a batch mode. It sells for $4960
with a 1024-word read only memory. Field
upgrade kits will also convert presently in-
stalled systems. Viatron Computer Systems
Corp., Route 62, Bedford, MA 01730.
Phone: (617) 275-6100. 171

CORE MEMORY FEATURES 500 NSEC
ACCESS TIME. Model 688 is a 20-bit word
by 32K (or 65K by 10-bits) memory on a
single 15 x 21.5-in. board. It may be field-
expanded to 65K, 128K, 256K, or 512K
with up to eight modules operating from a
single timing and control assembly. Full
cycle time is 1.2 msec and architecture is
3D, 3-wire. Fabri-Tek, Inc., Memory Prod-
ucts Div., 5901 South County Road 18,
Minneapolis, MN 55436. 172

COMMUNICATIONS CONTROLLER IN-
CLUDES PROGRAMMABLE PROCESSOR.
The IBM 3705 coordinates data transmis-
sion on as many as 352 telephone lines. The
3705 stores, decodes and assembles data
from terminals into complete messages be-

58

ville, AL 35805.

fore releasing them to the computer. Memo-
ry capacity ranges from 16K to 240K char-
acters in increments of 32K characters.
Almost all the terminal devices offered by
IBM can be linked to the 3705. Rental
charges are about $1200 to $9500/month.
IBM 1133 Westchester Ave., White Plains,
NY 10604. Phone: (914) 696-1900. 174

OFF-LINE PRINT STATION FOR IBM
USERS works with IBM system/360, sys-
tem/3 and 1130 computers utilizing the
2314 or 5440 disc memory equipment.
Model 50 and Model 53 include either a
2314 or 5440 type disc drive, a mini-com-
puter with 8K core memory, and a 600
LPM-132 column impact printer. Model 50
cost is $59,750 and Model 53 is $49,750.
Diva Associates, 58 Maple Ave., Redbank,
NJ 07701. Phone: (201) 842-6500. 173
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MULTIPLEXED MODEM PROVIDES FIVE
OUTPUTS. Model UDS-202-M5 Modem
provides up to five fully isolated and buff-
ered RS-232C digital outputs and is compet-
itively priced with single output models. It
replaces up to five modems and line termi-
nations in polled 1200/1800 BPS terminal
installations. Telephone line matching and
RS-232C terminal interface outputs ensure
total system compatibility. Universal Data
Systems, 4306 Governors Dr., S.W., Hunts-
175

LOW COST DISC MEMORY STORES 21
MILLION BITS. Series 10 head-per-track
magnetic disc memories stores from four
million bits to over 20 million bits. All mod-
els feature a patented head lifting mecha-
nism, and include self-clocking electronics,
ultra short self-generated sector preamble
for highest storage efficiency, and built-in
power supplies. For complete information,

contact Alpha Data, Inc., 8759 Remmet
Ave., Canoga Park, CA 91304. Phone: (213)
882-6500. 176

MEMORY SYSTEM FEATURES 20-BIT
WORDS. The new Super ExpandaCore sys-
tem can be expanded from a minimum of
8192 words in pluggable 8K modules up to
amaximum of 72K words. One control card
controls up to 9 8K storage cards The mem-
ory stacks are of planar design using lithium
cores with a cycle time of 850 nsec. A basic
8K Super ExpandaCore is priced at $1600.
Cambridge Memories, Inc., 285 Newton-
ville Ave., Newton, MA 02160. Phone:
(617)969-0050. 177

MAGNETIC IMPACTLESS PRINTER USES
PLAIN PAPER. The DI-240 prints dry on
ordinary paper at speeds up to 240 charac-
ters/sec. The 96 ASCII characters are formed
by a 10 x 12 matrix from a LS| character
generator. Upper and lower case fonts can
be changed to Russian, Hebrew or Greek by
replacemnt of one component. It accepts
serial or parallel data entry in ASCII or Bau-
dot code and operates asynchronously at
input rates up to 50,000 bits/sec. Data Inter-
face Assoc. Box 33, Brookfield Center, CT.
06805. Phone: (203) 792-0290. 178

CARD READER ELIMINATES EliRORS.
Model 600 is an 80-column card reader that
provides virtually error-free read rates up to
600 cards/min at a very low cost. A proprie-
tary assembly uses only one moving part for
picking, transporting and stacking cards
with a minimum of adjustments. Damaged
cards can also be handled. A reflective fiber
optics read head insures error-free reading
at demand speeds of 400 and 600
cards/min. Price is $1495. True Data Corp.,
550 Newport Center Dr., Suite 905, New-
port Beach, CA 92660. 179
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TAPE SYSTEM ELIMINATES KEYPUNCH.
The Mark-Tape data collection system in-
cludes a Mark document reader, a digital
tape recorder, and interconnecting cabling.
It reads pencilmarked, keypunched and
preprinted data entered on standard or elon-
gated tab cards, or on page-size documents.
Marked data is optically read, translated
and written on a standard 8 1/2-in reel
computer grade 1/2-in tape on either 7 or 9
tracks. Prices range from $9300to $11,000.
Bell & Howell, Electronics and Instruments
Group, 360 Sierra Madre Villa, Pasadena,
CA91109. Phone: (213) 796-9381. 180

CARD READER MATES WITH DEC MINI-
COMPUTERS. The MR-300, an optical
mark, medium speed card reader, is plug-
to-plug compatible with DEC models PDP-8
and PDP-11. The MR-300 can read key-
punched cards, pencil-marked cards or a
combination of both at rates of up to 300
cards/min. A unique vacuum picking tech-
nique allows the MR-300 to pick and pro-
cess damaged, bent or worn cards. United
Business Communications, Inc., 6405 Met-
calf, Shawnee Mission, KS 66202. Phone
(913) 362-5300. 181

“HOLOGRAPHIC ROM STORES 12-
MEGABITS IN ONE CASSETTE. Holoscan
memory system consists of a holographic
memory film cassette, a transport, a CW
light source, read-out electronics and logic.
Blocks of information are accessed in an
average speed of 3 sec. Transfer rate is serial
at 100,000 bytes/sec. Error rate is better
than 1 part in 107 with parity. The film does
not deteriorate with age and is non-volatile.
Price is $1495. Optical Data Systems, Inc.,
556 Ellis St., Mt. View, CA 94040. Phone:
(415) 965-0455. 182 ‘

NEW LOW PROFILE.
NEW LOW COST.

The switch is called BI-PAC Phase 2. It saves space...only
0.580” behind the panel with 0.150" stroke and 0.075” overtravel.
Our latest 2-shot Keycap is low profile too. Even the touch is low

. 22 ounces.

It saves money ... less than 25c per key for 500,000 positions.
That's because it's simple. Dual cross-wire gold contacts with
wiping action provide high reliability.

Want more savings? Buy CRC completely assembled Keyboards.
A dozen leading U.S. calculator manufacturers are already using
BI-PAC Keyboards in high volume.

To get all the Phase 2 savings, write or call.

Controls Research Corporation
2100 S. Fairview. Santa Ana,Calif., 92704
Phone: (714) 557-7161

CIRCLE NO. 29

new d-c motor

speed regulated with variable-speed control
the Type FYQM, a new 1.3-inch dia, subfractional hp

d-c motor. Speed control circuit board and built-in tachometer

r permit speed adjustment while motor is running, with close
regulation at selected speed. Available with or without speed control. Gear-

Introd
comr
genere

heads also available. For details, ask for Bulletin F-14652.

[T1]11]| BARBER-COLMAN COMPANY
COLMAN Electro Mechanical Products Division

Dept. E, 12106 Rock Street, Rockford, Illinois 61101 BC-m-4
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IDENTICAL KLIPTITE TABS
READER SERVICE #40

NON-IDENTICAL KLIPTITE TABS
READER SERVICE #40

bdMPOSITE KLIPTITE TABS
READER SERVICE #40

Kliptitestm are just one of a wide
range of terminal board types supplied
by Kulka. You can choose from 65,000
commercial and military variations,
all engineered for greater flexability
in both design and assembly. “One”
meets your specific requirement.
Ask your Authorized Kulka Distributor.

& ]

INSULATED FEED-THRU TURRET
READER SERVICE #41

PC BOARD TERMINALS
READER SERVICE #42

DOUBLE & SINGLE ROW STANDARDS

READER SERVICE #43

60

COMPONENTS/MATERIALS

LED INDICATOR depicts logic state. This
device can be used as a circuit fault finder, a
signal light, and a binary data display for
individual or multiple functions. This mold-
ed plastic two-pin device inserts into a DIP
socket. Its design permits dense packaging,
and can be mounted side by side with as
many as 10 units to the inch. Devices can
be driven from DTL and TTL logic and are
available in voltages from 1.7 to 14V, and
currents up to 20 mA. Price in quantities of
1000 is $1.37 each. DialLight Corp. 60 Ste-
wart Ave. Brooklyn, N.Y. 11237 186

TEST CONTACTOR is designed to reduce
contact damage for TO-5 style devices pre-
mounted in Barnes 132-01 Series protective
carriers. The new units have contacts locat-
ed behind the barrier, reducing the chance
of damage. Carriers protect IC devices dur-
ing testing and shipping while the contac-
tors accept the carrier-mounted device for
quick in-out testing. Barnes Div. of Bunker
Ramo Corp., 24 N. Lansdowne Ave., Lans-

downe, PA 19050. Phone (215) 622-1525.
187

SUBMINIATURE RELAYS, the Series BW-
21, feature stable contact resistance and a
life of more than 5 billion operations. They
are offered in single-side stable and bi-sta-
ble configurations, and are rated at 1 ‘A
Operating times are 0.8 to 1.5 msec. Re-
lease time is approx. 1 to 2 msec. Operating
power is 15 mW (bi-stable) and 30 mW (sin-
gle-side stable). Babcock Control Products,
3501 N. Harbor Blvd., Costa Mesa, CA
92626. Phone (714) 540-1234. 188

ALUMINUM ELECTROLYTIC CAPACI-
TORS provide reduced series resistance. A
new 100,000 uF, 5V dc capacitor in this
series will handle 93A of ripple current at
65°C and 1 kHz. The extremely low ESR
and impedance of Type 432D Compulytic
Capacitors insures continued operation of
logic circuits during momentary power out-
ages. Sprague Electric Co., Marshall St.,
North Adams, MA 01247. Phone: (413)
664-4411 189

3 W17 M ﬂ l’.%‘}
BT My o0 ﬁﬂ
P e
FERRITE BEAD KIT, containing 16 different
shapes and lengths, provides the circuit de-
signer with a simple yet effective compo-
nent for getting rid of spurious transients
without contributing to power loss at low
frequencies. The ferrite shield beads can be
used anywhere in a circuit simply by sliding
them on the lead of a component or con-
ductor carrying unwanted signals. Fair-Rite
Products Corp., Wallkill, NY 12589. Phone
(914) 895-2055. 190

g

RC COMBINATIONS for contact arc sup-
pression contain a metallized polyester-film
capacitor section in series with a low-value,
1/2-watt composition resistor in a single
package. Rated at 200 or 400V dc, Type
288P Arc Suppression Networks have both
a resistance and capacitance tolerance of
+10%. The standard ratings include combi-
nations from 0.1 to 0.47 wF and 22 to 470€).
Sprague Electric Co., Marshall St., North
Adams, MA 01247. Phone (413) 664—4‘;1‘1)11.

COMPONENT MOUNTING CLIP, desig-
nated “Quick-Clip”” B200139, permits rap-
id loading and unloading of life test trays
and other applications requiring temporary
component connections. The clips are
priced at 0.63¢ in large quantities. Free eval-
uation samples available upon request.
Micro Instrument Co., 12901 Crenshaw
Blvd., Hawthorne, CA 90250. Phone (213)
679-8237. 192
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MINIATURE FORM-C REED SWITCH,
MRC-DT, offers low contact resistance and
high power capacity. It is ideal where con-
tact bounce cannot bg tolerated. The
switches must be mounted in a position
within 15 degrees of true vertical. Switching
voltage is 28V dc at up to 0.5A. Physical
dimensions are 0.214 in., maximum glass
diameter, and 0.805 in., maximum glass
length. Price is $4.50 in 1000 lot quantities.
Hamlin Inc., Lake Mills, W1 53551. Phone
(414) 648-2361. 193

POLYSTYRENE CAPACITORS are especial-
ly impregnated and tested for ac applica-
tions. Suitable for operation to 100 kHz,
and capable of carrying 10A with impercep-
tible self heating, the units have a dissipa-
tion factor less than 0.025%. The P1299 se-
ries offers a voltage range to 1500V RMS.
Capacitance range in hermetically sealed
tubes is up to 0.1 wF. Product bulletin and
samples are available on request. PFC/Arco,
Community Drive, Great Neck, NY 11022.
Phone (516) 487-Q500. 194

SOLID-STATE INDICATOR converts stan-
dard 8-4-2-1 positive logic into single-char-
acter display showing up to 16 levels. The
5082-7340 Hexadecimal Indicator shows
digits from 0 to 9 and letters A through F.
Decoder/driver/memory electronics —are
built in. An important feature is blanking
control. The digit may be turned off, but
contents of the memory maintained. Price is
$18 in 100 pc. quantities. Hewlett Packard,
1501 Page Mill Rd., Palo Alto, CA 94304.
Phone (415) 493-1501. 195

PRESSURE-SENSITIVE TRANSFER TAPE is
designed for backing applications, and for
mounting, adhering, splicing, holding and
laminating. NELTAPE/100 is transparent and
colorless and is available in thicknesses of
0.002 in. to 0.0023 in. Available in 1/4 in.
or wider widths, and in 1/8 in. increments
in 36 yd. rolls. Neltape, Div. of Dielectric
Polymers Inc., 25 Crescent St., Glenbrook,
CT 06906. Phone (203) 359-0429. or (203)
359-4018. 196

MINIATURE ALLIGATOR CLIPS use crimp-
type connection, eliminating solder wick-
ing, charred insulation, cold-solder joints
etc. Designed to accept standard test lead
wire, the crimp barrel includes a stress re-
lieving insulation support for increased lead
life. Serrated jaws and a preloaded spring
give this clip positive gripping action. Amer-
ican Pamcor, Inc., Box 1776, Paoli, PA
19301. Phone (215) 647-1000. 258

FLAT CONFIGURATION INDUCTORS
offer inductance ranges, in fixed values,
from 1.0 wH to 5.0 mH. These flat coils can
be effectively used at audio as well as radio
frequencies. Measuring 0.375 in. wide by
0.100 in. deep by 0.250 in. high, the flat
coil configuration makes it ideal for use in
high density PC board assemblies. Operat-
ing temperature is —55°C to +125°C. Price
in 1000 piece quantity is from $0.25 to
$0.35 each. Renco Electronics, Inc., 240-A
Old Country Rd., Hicksville, NY 11801.
Phone (516) 938-0022. 259

MAGNETIC SHIELDING FOIL is available
with adhesive backing. The stock is fully
hydrogen annealed to obtain maximum
magnetic shielding properties. Netic or Co-
Netic foil is stocked in 4 in. and 15 in.
widths on 50 or 100 ft rolls, with nominal
thicknesses of 0.002 in., 0.004 in., 0.006 in.
and 0.010 in. Sheet stock is also available
30 in. wide in various thicknesses. Perfec-
tion Mica Co., 740 Thomas Dr., Bensen-

ville, IL 60106. Phone (312) 766-7800.
260

STRIPLINE TRIMMER CAPACITORS have
““Q"s of up to 4000 at 250 MHz. They are
designed for T and 7 matching network
elements in transistor MIC’s or variable
feedback elements for microwave oscilla-
tors. They are self resonant up to X band.
Capacitance ranges are 0.3 to 1.2 pF for
model 7264 and 0.4 to 2.5 pF for model
7284. Price varies from $4.05 to $7.55
each. Johanson Manufacturing Corp., 400
Rockaway Valley Rd., Boonton, N ] 07005.
Phone (201) 334-2676. 261

Now...from

AMPERITE-

UTMOST
RELIABILITY in

SOLID STATE

(HYBRID)

TIME DELAY
RELAYS

a&c——

SOLID STATE
l‘)ﬁ.AV RELAY

(Must. 1/2
actual size)

[EET))

SOLID STATE
DELAY RELAY

a5’
a3t
(7

Relays SPDT

Relays
(i Dependability

at LOW COST

_backed by over 30 years
‘ of Relay experience.

Maxim

FEATURES:
CONTACTS: SPDT, 3 Amps;
DPDT, 10 Amps.
VOLTAGES: 24V AC or DC;
28V AC or DC; 115V AC or DC.

5 TIMING RANGES:
From .1 to 300 Seconds.

* Repeat accuracy of *5%; screwdriver
adjustable time delays. o

* Recycle time of 100 milliseconds.
Transient and polarity protected.

* Relays plug into standard octal socket.

PRICES:
SPDT Relays: $8.45 in 100 lots; wt. 2 ozs.
DPDT Relays: $13.65 in 100 lots; wt. 6 ozs.

Write for Bulletin No. DSR-1

DEFLECTO Mfg. Co.

Div. of Amperite Co., Inc.
600 Palisade Ave., Union City, N.J. 07087
(201) 865-5648
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Employee
Drug
Abuse

A Manager’s
Guide to Action

by Carl D. Chambers and
Richard D. Heckman.
This book has two ob-

jectives: (1) To document the
reality of employee drug abuse and
its potential proportions and (2) to
provide management with in-
formation that will help in for-
mulating and implementing com-
pany-specific policies and programs
to minimize the problem.

For the first time, drug survey
specialists measured the incidence
of on-the-job drug use. Projections
for the use of various drugs, both
legal and illegal, are made for seven
occupational groups:
(1) Professionals, technical
workers, managers and owners,
(2) Clerical and other white collar
workers; (3) Skilled and semi-
skilled workers; (4) Unskilled
workers; (5) Service and protec-
tive workers; (6) Sales workers;
(7) Farmers. The most workable
aspects of existing policies and
programs have been analyzed and
evaluated, along with the pitfalls of
implementation.

The book offers the actual experi-
ences of companies and employees-
a base on which to create one’s
own policy and programs.

Contents:The Extent of Drug Abuse in Business
and Industry; Policy in the Making; Treatment

and Rehabilitation of Drug Abuser; About
Employee Education and Yours; Communica-

ting with Supervisors; An Avocation Ends;
Organizing a Community Drug Council; Ref-
erences and Audio Visual Materials; Drug

Glossary; Sources of Information About Drug

Abuse. 256 pp. $12.50

Cahners Books
89 Franklin St.,
Boston, Mass. 02110
Please send me a copy of
Employee Drug Abuse: A
Manager’s Guide to Action for a
free 15-day examination. If not
completely satisfied, I may
return the book and owe
nothing. Otherwise I will send
my check for $12.50 plus any
applicable sales tax.
0 Bill me 0 Bill Company
O Payment enclosed
(Cahners pays shipping)

Name

CIRCUITS

80-CHARACTER ALPHANUMERIC PANEL
DISPLAY. The Self-Scan display comes in a
single-line panel that is supplied with all
necessary drive electronics and provides
0.2-in.-high characters on an 80-character-
position single-row format. Provision is

made for the addition of an optional second
character generator which increases the
character repertoire from 64 to 128 charac-
ters. Burroughs Corp., Electronic Compo-
nents Div., Box 1226, Plainfield, N | 07061.
197

Phone (201) 757-5000.

ADJUSTABLE STATUS DISPLAY MODULE
with LED light sources can house up to six
captions. The GaP LEDs are partitioned by
adjustable barriers. Housing to the Series
730 display can be quickly disassembled
without tools to provide convenient access
to the legend and the light barriers. Price in
100-lot quantities is $7.80 (6 LEDs and leg-
end) and $6.15 (4 LEDs and legend). Dia-
light Corporation, 60 Stewart Ave., Brook-
lyn, NY 11237. Phone (212) 497-7600.
198

HYBRID AUDIO AMPLIFIERS are available
in 1/2, 1, 3 and 5W output power models.
The Series 207C power amplifiers are ce-
ramic-based hybrid circuits. Total harmonic
distortion of all amplifiers is less than 5%

Company

Address

City

State Zip
CIRCLE NO. 33

6.

rms at rated output power. Frequency re-
sponse is flat from 60 Hz to 15 kHz in the
case of the 5SW unit, with a higher frequency
| cutoff for the lower-wattage design. Sprague
‘ Electric Co., Marshall St., N. Adams, MA
| 01247. Phone (617) 664-4411. 199

X-BAND FERRITE SWITCH SXH9 is a spst
switch capable of handling 35W of average
CW power. It features a 6% isolation of 40
dB minimum, and maximum insertion loss
of 0.6 dB. VSWR is 1.20 and switching time
is 3 wsec. The SXH9 is a latching junction
type switch using WR-112 type connectors.
Special Microwave Devices Operation, 130
Second Ave., Waltham, MA 02154. Phone
(617) 890-8080. 200

NEW VOLTAGE CONVERTER for use with
Sperry SP-700 displays. Called the VC-520
Series, it is offered in two models: Model
VC-521 for dc applications offers a nominal
output of 190V dc from an input of 5V dc;
and Model VC-522 for use in multiplexed or
pulsed applications, offering a nominal out-
put of 225V dc from 5V dc. Both units are
priced at $11 in quantities of 1000 to 4999.
Sperry Information Displays Div., Box
3579, Scottsdale, AZ 85257. Phone (602)
947-8371. 201

ULTRA-LOW-BIAS-CURRENT FET OP AMP
Model 1029 features a bias current of
only 0.3 pA maximum. The differential-in-
put unit features a 50-kHz full-output fre-
quency and has a guaranteed CMRR of
10,000 over the full £10V common-mode
voltage range. Selected versions (1029/01)
offer lower offset voltage TC (25 wV/°C) and
lower bias current (0.1 pA). Prices for Mod-
els 1029 and 1029/01 are $37.50 and $47,
respectively, in quantities of 100. Teledyne
Philbrick, Allied Dr., at Rte 128, Dedham,
MA 02026. Phone (617) 329-1600. 202
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THICK-FILM  BINARY LADDER NET-
WORKS in flatpack and DIP configurations
are available in flame-retardant packages.
Type TKR-36 networks have the following
specifications: 1, 5, 10, 20, 50, and 100K
(£5% resistance); 1/2-LSB accuracy; 5
+2% switch compensation (first four bits);
—20 to +80°C operating temperature and
input voltage of 20 to 25V maximum. Set-
tling Time is R X 10#® sec. Dale Elec-
tronics, Inc., Box 609, Columbus, NB
68601. Phone (402) 564-3131. 203

A SOLID STATE THERMAL SWITCHING
DEVICE enables data transmission equip-
ment and automatic callers to operate di-
rectly with regular Touch-Tone telephone
sets, or other tone generators, without need
of an isolation transformer. Type TC-8 inter-
face unit inexpensively ($2) facilitates elec-
tronic selection of the eight tone-signalling
frequencies with complete dielectric isola-
tion. Multi-State Devices, Superior Elec-
tronics Industries Ltd., 1330 Trans-Canada
Highway, Montreal, Canada 740. Phone
(514) 683-6331. 204

PLUG-IN D/A CONVERTER Model NDAC
provides a resolution of 10 binary bits with
a settling time of as low as 50 nsec at accu-
racies of up to £0.05%. The module, which
measures 2.6 X 3.1 X 0.6 in., drives a 500
coaxial load and provides a short-circuit-
proof output of 0 to 5V at 100 mA. The unit
provides an internal reference signal and
accepts a TTL input of one line with two
loads per bit. ILC Data Device Corp., 100
Tec St., Hicksville, NY 11801. Phone (516)
433-5330. 205

A/D CONVERTER MODULE Model ADC-
uH features a 10-MHz word rate. It also fea-
tures a small size of 2 by 4 by 1 in., low cost
of $2495 and power dissipation of only 5W.
The ADC-uH utilizes a parallel/serial con-
version technique which combines the ad-
vantages of both conversion methods: par-
allel for speed, and serial for reasonable
component count. Accuracy is 0.4% of full
scale. Datel Systems, Inc., 1020 Turnpike
St., Canton, MA 02021. Phone (617) 828-
6395. 206

FREE!!

New 1972
Electronic
Component
Drafting Aids
Catalog
Offers. ..

Everything to help Free yourideas

Free Samples.
Pressure-sensitive electronic component drafting symbols, tape shapes,
and precision-slit tapes by the thousands.
Two-sided boards? Our Red and Blue Artwork Tape Method for perfect
registration (Page 45).
Finest anti-static, stable base drafting films? ACCUFILM*, (Page 9).
Prototyping? Our ‘B’ Neg System gives you a plug-in board in an hour or
two (Page 60).
Our 10X Optical Comparator’s on page 8.
Over 15,000 items in all.
For your FREE copy of Catalog 105, and FREE samples. ..
everything to help FREE your ideas . . . write to:

The Innovators

Bishop Graphics, Inc.

. 7300 Radford Ave. North Hollywood, California 91605 (213) 982-2000, TELEX: 67-4672
CIRCLE NO. 38

2000 Series
Thumbwheel Switch

Less cost

More features

e $4.00 in unit quantities for
BCD and decimal switches

e Sealed or unsealed

e Lighted...replaceable
lamps

e Wide selection of codes

e Component-mounting
provisions

With EECO’s new 2000 series you get a sealed and
lighted, precision switch at low, low prices. You have
a choice of 50 standard models. And, you have the
assurance of quality that comes with EECO’s 10 years
of experience and exclusive two-year warranty.

Free:

Send for full data on
the industry’s widest
line of thumbwheel
switches.

Electronic Products Division

Electronic Engineering Company of California

1441 East Chestnut Avenue, Santa Ana, California 92701
Telephone: (714) 547-5651

Dist. by: G.S. Marshall — Hall-Mark — Schweber

CIRCLE NO. 34
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SEMICONDUCTORS

SUBMINIATURE EPOXY TRANSISTOR,
only 0.090" in diameter and 0.060" thick,
has been designed specifically to cut the
cost of thick-film hybrid circuits. The MET
transistors may be obtained with dual
collector leads, or with C-E-B or C-B-E lead
configurations if one of the dual collector
leads is omitted. Both NPN and PNP ver-
sions of the silicon transistors are available.
Sprague Electric Co., Marshall St., North
Adams, MA 01247. Phone (413) 664-4411.

208

SILICON DIODE CHIPS are glass passivat-
ed. These mesa junction devices are switch-
ing- and general-purpose diodes (500 mW
to 3A), rectifiers (500 mW to 3A), zeners (up
to 5W), and temperature compensated
chips (TC as low as 0.001%/ °C). All are
available in a variety of metallizations —soft
solder, hard solder, silver, and gold. Also
available are LID packages and channel or
tab mounted chips (molybdenum, tungsten,
and kovar tabs). Microsemiconductor
Corp., 11250 Playa Ct., Culver City, CA
90230. 209

MONOLITHIC VOLTAGE COMPARATOR,
the 8001, comes in two versions. The
8001M operates over a temperature range
from —55°C to +125°C, and the 8001C for
use between 0°C and +70°C. Input bias
current for the 8001M at +25°C is 40 nA,
typical, and 250 nA maximum. Power con-
sumption is 30 mW, and response time is
250 nsec. Price, in 100-piece quantities, is
$3.00 for the 8001, $11.50 for the 8001 M.
Intersil, 10900 N. Tantau Ave., Cupertino,
CA95014. 210

IC DUAL DIFFERENTIAL AMPLIFIERS, the
LM3026 and LM3054, consist of two inde-
pendent differential amplifiers with associ-
ated constant-current transistors on a com-
mon monolithic substrate. The six NPN
transistors that comprise the amplifiers are
general-purpose devices which exhibit low
noise and f,.in excess of 300 MHz. Bias and
load resistors have been omitted to provide
maximum application flexibility. Price is
$2.06 each in small quantities. European
Electronic Products Corp., 10180 W. Jeffer-
son Blvd., Culver City, CA 90230. Phone
(213) 340-7059. 211

64

NPN/PNP DARLINGTON, identified as the
SDM 3000 Series, is rated at 10A and is
packaged in an eight-lead TO-3 case. Typi-
cal features include: V., from 40 to 120V,
multiple gain selections @ 1.0A and 5.0A,
typical 5.0A H,, = 5000 minimum and
high speed (f, = 40 MHz typical, rise and
fall times 200 nsec typical). These dual
monolithics represent a unique combina-
tion of power transistor capability and per-
formance. The series is priced at $22.00
each in quantities of 1-99. Solitron Devices,
Inc., 1177 Blue Heron Blvd., Riviera Beach,
FL 33404. Phone (305) 848-4311. 212

LOW COST SILICON PLANAR TRANSIS-
TORS of the ECONOLINE series are pack-
aged in JEDEC TO-92 plastic cases. The npn
Type 2N3903 and 2N3904, and their pnp
complements, Type 2N3905 and 2N3906,
feature breakdown voltages of better than
40V, collector currents of 200 mA and
power dissipation of 360 mW. Type
NPS6512 through NPS6515 and their simi-
lar PNP Types, NPS6516 through NPS6519,
are general-purpose audio and low-fre-
quency amplifier devices and feature
collector dissipations of 360 mW. Sprague
Electric Co., Marshall St., North Adams, MA
02147. Phone (413) 664-4411. 213

HIGH POWER TRANSISTOR, the PH
0540L, delivers up to 50W of RF power with
MTBF exceeding 100,000 hours. Reliability
is achieved by a proprietary gold metaliza-
tion process and emitter finger ballasting
which eliminates localized hot spots. This
NPN transistor has 5-dB minimum gain and
is designed for mobil communications ap-
plications. Power Hybrids Inc., 1742 Cren-
shaw BL., Torrance, CA 90501. Phone (213)
320-6160. 214

MOS/LSI 1024-BIT RAM, designated the
TMS4062JC, features a 150-nsec access
time and field-proven reliability. Cycle time
is 250 nsec, with a three clock configura-
tion. The unit uses a four-transistor storage
cell and information is non-destructively
read; but must be refreshed. Power dissipa-
tion is 180 mW operating and 2 mW stand-
by. Price is $10.50 in 100-piece quantities.
Texas Instruments Inc., 13500 North Cen-
tral Expressway, Dallas, TX 75222. Phone
(214) 238-2011. 215

CHARACTER GENERATOR, UA3540, is a
static MOS read only memory featuring 64
characters of 35-bits. It is intended for high-
speed static operation with 500 nsec typical
access time. No external resistors are re-
quired and only one additional power sup-
ply required when used with TTL/DTL. The
UA3540 operates in the commercial tem-
perature range (—25°C to +70°C) and
comes in either a hermetically sealed 24 or
28 lead dual-in-line package. Solitron De-
vices, Inc., 8808 Balboa Ave., San Diego,
CA92123. Phone (714) 278-8780. 216

IC DUAL COMPARATOR SUBSYSTEM can
drive a wide range of relay or other control
loads. The two comparators in the puA750
are completely independent except for
common biasing and overload protection
circuitry. Output current is specified at 125
mA per side, and the device operates with a
single power supply over the range of +12
to +25V. The 100-999 price for industrial
temperature range units is $5.95 each. Fair-
child Camera and Instrument Corp., Semi-
conductor Components Group, 464 Ellis St.,
Mountain View, CA 94040. Phone (415)
962-5011. 217

MONOLITHIC 6-BIT D/A CONVERTER has
internal reference. The monoDAC-01HS
includes a precision voltage reference, cur-
rent switches, diffused R-2R ladder network
and an internally-compensated high speed
op amp on a single 70 x 106 mil silicon
chip. Packaged in a 14-pin silicon dual-in-
line package, it is priced at $8.25 each in
orders of 100 or more. Precision Monolith-
ics, Inc., 1500 Space Park Dr., Santa Clara,
CA 95050. Phone (408) 246-9225. 218
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DUAL-TRACE 150-MHz

PORTABLE
SCOPE Model 1710A is designed for com-
puter, peripheral and digital communica-
tions testing. Pulling out its intensity control
gives a higher-intensity beam and doubles
the writing speed. The 6-X-10-cm display
decreases to 3-X-5 c¢cm to show previously

hard-to-see pulses. The 1710A offers
switchable input impedances of 1M()/12 pF
or 50€2. Minimum deflection factor is 5
mV/div. Hewlett-Packard Co., 1501 Page
Mill Rd., Palo Alto, CA 94304. Phone (415)
493-1501. 219

MODEL 335 FUNCTION GENERATOR
digitally synthesizes every cycle of each
waveform with nearly 2000 bits of digital
information. It has typical stabilities of
0.01% for 10 minutes and 0.02% for 24
hours. The 335 ranges from 0.00001 Hz to
50 kHz with a 1 uHz option available. It
supplies sine, square, triangle, ramp, pulse,
haversine and havertriangle outputs contin-
uously or single shot and burst in the trigger
and gate modes. Price is $1250. Exact Elec-
tronics, Inc., Box 160, Hillsboro, OR
97123. Phone (503) 648-6661. 220

@ MICRODOT IxC

T ECE T

5/10-MHz FUNCTION GENERATORS se-
ries 500 feature an exclusive ECL quad
switching technique for higher performance
and cleaner response. The three units in the
new line are the $395 Model 501 (5 MHz

trigger/variable start-stop), the $495 Model
510 (10 MHz VCF generator) and the $695
Model 511 (10 MHz trigger/variable start-
stop). Output waveforms are sine, triangle,
pulse, ramp, squarewave, and dc. Microdot
Inc., Instrumentation Div., 19535 E. Walnut
Dr., City of Industry, CA 91748. Phone
(213)965-4911. 221

RF SIGNAL GENERATOR Model 15022
with a 50W cw output has direct frequency
adjustment from 10 to 2500 MHz with six
plug-in oscillator heads. A single control
sets frequency to within 1%. Frequency sta-
bility is =10.003% per 10 minutes and
power stability of 0.2 db per hour is
achieved after warm up. MCL, Inc., 10 N.
Beach Ave., La Grange, IL 60525. Phone
(312) 354-4350. 222

DC VOLTAGE

| digilin

MICROVOLT-RESOLUTION  TRUE-DIF-
FERENTIAL-INPUT DPM allows measure-
ment to 1 wV/digit. Its amplifier provides
1/2-uV/°C zero-drift characteristics. Input
impedance is 100 MQ and bias current is
less than nA. Specifications include
ranges of 19.99 or 1.999 mV, ac cum(v of
0.1% of reading +1 digit and size of 2.18-
in. high by 4.50-in. wide by 6.32-in. deep.
Price is $256. Digilin, Inc., 1007 Air Way,
Glendale, CA 91201. Phone (213) 240-
1200. 223

PORTABLE SCR TESTER can test SCRs and

Zener and standard diodes (within its rat-
ings). The S-120 will determine the follow-

m;, SCR characteristics: V., up to 10V, 1.,
ls, I, and |, up to 100 mA and Vo PRV and
PFV up to 1000V. Price is $295. Faratron,
290 Lodi St., Hackensack, N ] 07601.

Phone (201) 488-1440. 224

PROGRAMMABLE CLOCK GENERATOR
MD-73 is an independent module for use
with IC test systems. The unit has a basic
rate of up to 6.7 MHz, a rate resolution of
10 ns and a pulse position resolution of 1
ns. It consists of the programmable basic
rate and five programmable strobe sources,
or clocks, with provision for a sixth clock.
All clock pulses are strobed from the same
100-MHz source. Prices start at $9880 and
delivery is within 30 days. Macrodata Co.,
20440 Corisco St., Chatsworth, CA 91311.
Phone (213) 882-8880. 225
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SOLID STATE
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just won’t
quit

RATE TRANSDUCER
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Life tested in excess of 10,000
hours.

All solid state—no rotating
parts.

Instant 20 millisecond startup.
Hermetically sealed.
Withstands 1,000G shock.
Uses less than 0.1 amps

at 28 VDC.

Insensitive to acceleration
and vibration.

No overrange damage.

+ DC signal output.

This rugged, solid state AN-
GULAR RATE SENSOR with elec-
tronic damping is designed to
directly replace small diameter
rate gyros in nearly all guidance
and control systems. It weighs
less than 3 ounces and is con-
trolled by its own miniature an-
cillary electronics package that
weighs just 6 ounces. It operates
on 28 VDC and provides a rate
signal output of = 2.5V with a
frequency response compatible
with most precision control sys-
tems. There’s nothing like it for
reliability and performance. It
just won't quit. Write for full de-
tails:

Humphrey, Inc., 2805 Canon St.
San Diego, California 92106
Dept. EDN

Telephone (714) 223-1654

Manufactured under license from
Hercules, Inc., U.S. Patent 3,500,691

SAN DIEGO + WICHITA « PHILADELPHIA
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OUTSTANDING
THERMAL ENDURANCE
RUNS IN THIS FAMILY:

ELECTRICAL
TEMP-R-TAPE
OF KAPTON.

Temp-R-Tape®of Kapton*is now avail-
able in a complete ““family’’ of tapes—
all offering outstanding thermal en-
durance, retaining their excellent me-
chanical and electrical properties over
an operating range from —100F to
+500F. Available in thicknesses from
.001 to .0045" with electric
strengths up to 10,000 volts.. . . with a
choice of pressure-sensitive silicone
adhesive on one or both sides, or ther-
mosetting acrylic adhesive, or a flame
retardant adhesive . .. and in 4", 14",
%", 17, 1%", and 2" widths, with spe-
cial widths slit to order.

Find your CHR distributor in the Yel-
low Pages under “‘Tapes, Industrial’’
or in industrial directories. Or write for
details and sample. The Connecticut
Hard Rubber Company,

New Haven,
Connecticut 06509.

a HITCO company

Ty ‘00 w3manw -~

*T.M. of DuPont
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EQUIPMENT

TWO NEW SCOPES with bandwidths of 35
and 75 MHz are the Model 3100 and 4100,
respectively. The 3100 has a rise time of 10
nsec, sensitivity of 5 mV/div. at full band-
width and sweep speeds to 20 nsec/div. The
Model 4100 has a rise time of 4.7 nsec, sen-
sitivity of 5 mV/div. at full bandwidth and
sweep speeds to 5 nsec/div. Both scopes
have 8-X-10-cm displays. Prices are $1675
and $1825 and availability is 2 to 4 weeks
and 12 to 14 weeks, respectively. Raytheon
Co., Lexington, MA. Phone (617) 862-6600.

226

3-1/2-DIGIT CAPACITANCE METER sim-
plifies measurements from 1 pF to 10 wF full
scale. Model DP200/3202P obtains true-
capacitance readings through the use of an
internal circuit based on the charge-transfer
method of measurement. Eight decade
ranges are available and overranging on the
six most-sensitive ranges is 40%. Price of
the DP200/3202P is $690. Delivery of ei-
ther model is from stock. Hickok Electrical
Instrument Co., 10514 Dupont Ave., Cleve-
land, OH 44108. Phone (216) 541-8060.

227

IMULATOR

fSEE  MODEL 40 BRIDGE TRANSDUCER i
=l
outeuT
SIMULATED LOAD ou
W /voLT

oENVER, COLORADO - USA

$0GG SYSTEM COMPANY. NG

BRIDGE-TRANSDUCER SIMULATOR,
Model 40, substitutes for your transducer in
verifying system performance, or in amplifi-
er drift and calibration tests. Features in-
clude 7 shunt calibration steps from 0.5 to
50 mV at 10V excitation (specified up to
30V), an internal reference that supplies
+1mV to determine system excitation volt-
age, bridge resistance of 350 ohms (other
values available), drift of 0.25 uV/V°C, and
a low price of $99.50. Fogg System Co., Inc.
Box 22226, Denver, CO 80222. Phone
(303) 758-2979. 228
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LITERATURE

NEW CATALOG SUPPLEMENT introduces
over 100 new compact patterns of pressure-
sensitive circuit board subelements. The
Circuit-Stik product line allows rapid as-
sembly of prototype circuit boards of any
required configuration by sticking the thin
adhesive-backed copper patterns together
in combination on a pre-punched epoxy-
glass backing board. This supplement, No.
501-A, is available with a sample. Circuit-
Stik, Inc., 24015 Garnier St., PO Box 3396,
Torrance, CA 90510. 230

LOW-COST LOGIC PANELS—-C-A-S-H
Logic Panels, as described in a 10-page ca-
talog, are designed for high-density packag-
ing systems requiring DIP devices and dis-
crete component circuitry. In addition, the
catalog gives details on how the C-A-S-H
packaging system is supported by Standard
Logic’s N/C Wiring Machine Service and
Computer Aided Design (CAD) documenta-
tion program. Standard Logic, Inc., 1630
South Lyon St., Santa Ana, CA 92705. 232

TSI GACKED MATERIALS

ILEEEHT o
ADHESI
sented in a new 4-page catalog which pre-
sents samples, specifications and informa-
tion regarding the complete range of materi-
als, adhesives and fabricating services avail-
able. Deccofelt Corp., 523 S. Vermont Ave.,

i

VE BACKED MATERIALS are pre-

Glendora, CA 91740. 231

ULTRA MINIATURE CONNECTORS are
detailed in a two-color, illustrated cata-
logue. Designated No. UMI-C, this manual
provides full data on the seven series of ul-
tra-miniature connectors designed to meet
ultraminiaturization in the electronics in-
dustry. The catalogue also informs of ser-
vices which U.S. Components offers clients,
such as R&D assistance, consultation and
testing. U.S. Components, Inc., 1320 Zere-
ga Ave., Bronx, NY 10462. Phone (2120)
824-1600. 233

— <! GENERAL |
S 2y CATALDG

T
L ) e

CONTROLS GENERAL CATALOG, No.
0200, contains descriptions, application
information and specifications for over 70
varied industrial event control products.
Featured are several new product lines, in-
cluding low-speed, zero-speed, self pow-
ered and switching tachometers; and a
complete line of precision power and tem-
perature controllers. Airpax Electronics,

Control Div., 6801 W. Sunrise Blvd., Fort
Lauderdale, FL 33313. Phone (305) 587-
1100.

238

MICROCIRCUIT OP AMP CHART features
detailed specifications and package styles
for Philbrick’s 1300 Series op amps and
compares specifications with those of the
standard 741 op amp. The chart lists both
typical and guaranteed specifications for
fourteen such devices. A current price list is
attached. Teledyne Philbrick, Allied Drive
at Route 128, Dedham, MA 02026. Phone
(617) 329-1600. 234

SOLID-STATE CIRCUITS CONFERENCE
report — Digest of Technical Papers— with
256 pages and more than 500 captioned il-
lustrations, features condensations of all
papers—and a complete index. $15.00 per
copy (IEEE members) and $20.00 (nonmem-
bers), from H. G. Sparks, The Moore School
of Electrical Engineering, University of
Pennsylvania, Philadelphia, PA 19104. Or-
ders for the Digest should be accompanied
by remittance (in U.S. currency) payable to
'Solid-State Circuits Conference.”’

thermoplastic resins is available. The bro-
chure focuses on the unusual combination
of engineering properties found in VALOX
resin. Some of these properties are: resis-
tance to most organic chemical environ-
ments, low surface friction and wear, and
dimensional stability. VALOX Resin Bro-
chure, Plastics Dept., General Electric Co.,
1 Plastics Ave., Pittsfield, MA 01201. Phone
(413)494-1110. 237

SOLID STATE INDICATOR LIGHTS are
described in a four-page brochure detailing
the Eldema BD Series solid state B-Lites, CD
Series solid state C-Lites and ED Series solid
state E-Lites. Available on request from El-
dema Div., Genisco Technology Corp.,
18435 Susana Rd., Compton, CA 90221.
Phone (213) 774-1850. 235
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Refreshing. Books to keep you up-to-date
in your profession.

BASICS OF CIRCUIT ANALYSIS
FOR PRACTICING ENGINEERS

by Gordon E. Johnson,

Department of Electrical Engineering,
Indiana Institute of Technology

Treating circuit analysis in a volume of this size
(260 pages) is made possible by a unique
approach. Direct current, alternating current
and complex frequency drive are considered as
special cases of exponentially varying sinusoidal
drive. A single analysis of exponentially varying
sinusoidal drive replaces the conventional treat-
ment of each type of drive in turn. This results

in greatly reduced volumes of text, provides the
background that gives meaning to Laplace
transform methods and unifies the subject matter
of circuit analysis. Although the level of mathe-
matics used does not go beyond that of ele-
mentary integral calculus, circuit theory is
developed to the level necessary for the reader
to continue study in related fields such as
electronics, pulse techniques and feedback
control theory. Analogue methods are presented
that make it possible to utilize the electronic
circuit theory developed to the solution of
mechanical vibration problems.

Table of Contents: Electronic Quantities—The
Three Circuit Elements — Electrical and
Mechanical Analogues — Mathematics to Simplify
Circuit Analysis — The Exponentially Varying
Sinusoid — Steady State Response — The Step
Function—The LaPlace Transform —Power —
Frequency Response — Two Port Network
Parameters 258 pages cloth $7.95

paper $4.95

APPLIED ENGINEERING STATISTICS
FOR PRACTICING ENGINEERS

by Lawrence Mann, Jr., Mechanical,
Aerospace & Industrial Engineering
Department, Louisiana State University

Contents: Probability — Statistical Parameters —
Distributions — Chi-Square Tests — Analysis of
Variance — Regression by least Squares Method.
175 pages cloth $7.95 paper $4.95

PROBABILITY FOR

PRACTICING ENGINEERS

by Henry L. Gray, B.S., M.S., Ph.D.,
Professor of Mathematics,

Texas Technological College

and Patrick Odell, B.S., M.S., Ph.D.;
Professor and Chairman of Mathematics,
Texas Technological College

Contents: Basic Concepts — Probability, Dis-
tribution and Density Functions —Moments and
Limit Theorems — Important Probability Density
Functions — Statistical Estimation —Stochastic
Processes — Linear Estimation of Stochastic
Processes. 217 pages cloth $7.95 paper $4.95

MATERIALS IN ELECTRONICS
by Charles E. Jowett

A survey of the problems involved in the use of
materials in electronics. The essential concepts
of the nature and behavior of the materials used
are covered together with a comparison of those
used in electronics and micro-electronics.
Describes the practices in the application of
materials to the major types of components and
examines the purpose of testing materials.
Useful for design and production engineers.
lllustrated. 220 pages $24.00

MEASUREMENTS AND CONTROL
APPLICATIONS FOR PRACTICING
ENGINEERS

by Joel O. Hougen,

Department of Chemical Engineering,
The University of Texas

Emphasizes the empirical approach to problem
solution. Because the approach applies to
existing facilities, the extent to which the
optimum possible solution approaches the
ideal is dictated by the performance char-
acteristics of the processing apparatus which
must be used, the processing technology
employed and the economic factors associated
with the solution and current operation.
Available June, 1972 330 pages cloth $10.95
paper $7.95

INVENTION PROTECTION

FOR PRACTICING ENGINEERS

by Tom Arnold, B.S., E.E., LI.B.

and Frank S. Vaden, 11, B.S., E.E., LI.B.

Contents: Fundamentals of the Patent System —
What the Patent Is and Is Not— The Obtaining of
a Patent— Elements of Patent Exploitation—
Patent Enforcement and Litigation — Avoiding
Patents of Others — Evaluating a Patent for
Purchase or Sale — Organization of a Corporate
Patent Program — Patent Licensing —How to Use
Your Patent Lawyer —Trends in the Patent Law.
190 pages cloth $7.95 paper $4.95

DECISION AND RISK ANALYSIS

FOR PRACTICING ENGINEERS

by Melvin W. Lifson, President,
Valvementrics, Sherman Oaks, California

The need for visibility and quantification of
judgemental factors arises not only from a desire
for logical consistency in the treatment of
decision elements but also from the need for
people to communicate, review and discuss

such factors as part of the total decision process.

This book develops a decision methodology,
including explicit quantitative evaluation models
by adapting decision theory, utility theory and
Bayesian concepts to the needs and require-
ments of systems decision making.

SEMICONDUCTORS
Edited by D. F. Dunster

The first volume in a series of International
Dictionaries of Science and Technology, this
dictionary was compiled by a team of experts
from seven European countries and contains
4,572 entries with definitions and over 5,500
terms in French, German, Italian, Portuguese,
Russian and Spanish. There is an abundance of
detailed technical data with illustrations and
tables and particular attention has been paid to
the complex problems presented by signs,
symbols, measurements and parameters.

37 pages of tables. 200 illustrations. Indices.
1,383 pages $49.50

QUANTITATIVE MANAGEMENT METHODS
FOR PRACTICING ENGINEERS

by Scott Page, Department of

Industrial and Systems Engineering,
University of Houston

Contents: Quantification — The Scientific Process
—Decision Theory —Models-Simple but Useful —
Replacement— Congestion Models — Queuing
Theory —Networks-CPM —Inventory Methods —
Programming — Simulation — Forecasting —
Production Systems — Organizational Models
—Systems. 186 pages cloth $7.95 paper $4.95

THEORY AND TECHNIQUES

OF OPTIMIZATION

FOR PRACTICING ENGINEERS

by Raymond L. Zahradnik, Ph.D.,

Associate Professor of Chemical Engineering,
Carnegie-Mellon University

Contents: Parameter Optimization — Linear and
Quadratic Programming — Geometric Pro-
gramming — Gradient Techniques —Non-Linear
Programming — Discrete Dynamic Programming
—Trajectory Optimization— Continuous Dynamic
Programming —Maximum Principle — Approxi-
mate Techniques and Trajectory Approximization.
260 pages cloth $7.95 paper $4.95

Available in June

APPLIED NUCLEAR POWER

FOR PRACTICING ENGINEERS

by Knud Petersen, Department of
Nuclear Engineering, U. of Puerto Rico
with Donald S. Sasscer, Heriberto Plaza,
Aviva E. Gileadi, Richard Brown Campos
and Robert H. Holyoak

May be used as a quick reference to a particular
problem in applied nuclear power or may be

used as a whole to give the reader a well-rounded
introduction to the topic. Almost every chapter
treats a subject without depending on the context
of the other chapters yet continuity has been

_provided by treating the same example through-

out. 250 pages cloth$9.95 paper $6.95

Cahners Books npept. eon

89 Franklin Street, Boston, Massachusetts 02110

them to you in an undamaged condition.

[ Bill Me
[l Bill Company
[ Check Enclosed (We Pay Postage)

Name
Company -
Address

City/State/Zip

Please send me the books | have checked off below. | under- —
stand that | may examine them FREE for 15 days. If they meet my
requirements, | will send you my check. Otherwise, | may return

(Please cut along this line)

_ Applied Nuclear Power for Practicing Engineers
Theory and Techniques of Optimization for Practicing Engineers

Invention Protection for Practicing Engineers @ $4.95
___ Probability for Practicing Engineers @ $4.95 |
Applied Engineering Statistics for Practicing Engineers @ $4.95

— Quantitative Management Methods for Practicing Engineers @ $4.95
Materials in Electronics @ $24.00

__ Semiconductors @ $49.50

__Basics of Circuit Analysis for Practicing Engineers @ $4.95
Measurements and Control Applications for Practicing Engineers |

[J cloth @ $10.95 [J paper @ $7.95

Decision and Risk Analysis for Practicing Engineers

[Jcloth@ $9.95 [ paper @ $6.95
[J cloth@ $9.95 [ paper @ $6.95

[Jcloth@ $7.95 [ paper @ $4.95
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DESIGN DATA

Application

NEW ADHESIVE LITERATURE available in
a selection guide (Z-OEM) that assists in
identifying and selecting 3M adhesives,
coatings or sealants to meet production
requirements in the original equipment
market. An adhesives user guide lists over
90 different combinations of bonded mate-
rials. A coating and sealers guide lists vari-
ous coating and sealer applications. Adhe-
sives, Coatings and Sealers Div., 3M Co.,
3M Center, St. Paul, MN 55101. Phone
(612) 733-1110. 245

FUNCTIONAL TESTING for 1024 X 1 MOS
RAMs is described in a new application
note. The note covers all the ways in which
failures can occur, such as shorts and opens
in decoder gates, shorts between rows and
columns in the memory matrix, and exces-
sive propagation delay. Tests devised to
detect these failures are then described. The
tests are all performed under worst-case
address change, refresh, and other
applicable conditions. The complete report
is available on request from Mostek Corp.,
1400 Upfield Drive, Carrollton, TX 75006.

Notes

SCR MANUAL consists of over 75% new
text and includes comprehensive material
on SCRs, Triacs, unijunctions and triggers

. including device theory, operation,
and practical ““user oriented”” applications.
Copies can be obtained from any author-
ized G.E. component distributor, or by
sending $3 plus applicable tax to General
Electric Co., SCR Manual, Dept. “‘B”, 3600
N. Milwaukee Ave., Chicago, IL 60641.
Phone (315) 456-2021. 247

RCA RF POWER TRANSISTOR MANUAL,
Technical Series RFM-430, provides de-
tailed information on the use of rf power
transistors in a variety of power-circuit ap-
plications at frequencies that extend from
the vhf range to well within the microwave
region. The 176-page manual explains the
basic design features, characteristics, and
capabilities of commercially available rf
power transistors. Copies can be obtained
from RCA distributors or by sending $2.50
to RCA Solid State Div., Box 3200, Somer-
ville, N ) 08876. Phone (201) 722-3200.

SCHOTTKY TTL IC BROCHURE, Bulletin
CB-147, provides 26 pages of aids for de-
signing high-performance digital systems
using state-of-the-art Schottky TTL ICs.
Schottky TTL speed/power performance
specifications, pin assignments, logic dia-
grams, package types, and fan-in/fan-out
load factors are included for small-scale in-
tegration (SSI) and medium scale integra-
tion (MSI) circuits. A basic description of
Schottky processing is given, as well. Texas
Instruments Inc., P.O. Box 5012, Dallas, TX
75222 249

REMOTE CONTROL OF A DATA LOG-
GING SYSTEM. Application Note 133-2
tells how to operate the HP Model 3485A
scanning unit by remote control. The scan-
ner when used with an HP Model 3480A/B
digital voltmeter collects data from up to 50
channels at rates to 1000/sec. The 20-page
booklet contains programming examples
and discusses internal triggering, cascaded
operation and methods of improving pro-
gramming and scanning speed. Accessories
and connector diagrams are included. In-
quiries Manager, Hewlett-Packard Compa-

246 248 ny, 1601 California Ave., Palo Alto, CA
94304. 250

Reference copies of the following articles are available without charge:
R.S. NO. TITLE PAGE NO.
L61 Buying aminicomputer? Ask-these qUestions fiFst o oh oo i s v vs s s v i 6 S 0 s et e saa 20
L62 Know the pitfalls of modular power-supply applications . ... ........ ... .. ... ... ......... 32
L63  Match your supply to your system’s needs to get the most watts/dollar. . .. .................... 40
L64 ECL arithmetic unit performs high-speed binary multiplication ... .......................... 44
L65 TTL pipeline multipliers double multiplicationrate. . ........... ... ... ... i, 48
L66 IC multiplexer puts zip into digital switchingmatrix. ... ........ ... . ... .. ... . . ... . ... . ... 52
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[:IIIIIISE FROM OVER 4,000 |
5 UNUSUAL BARGAINS:

OPTICS * SCIENCE
ELECTRONICS

BUYS FOR INDUSTRY

@ Brand new 148-page easy-to-read edition packed with new
products, charts, diagrams, illustrations. On-the-job helps;
quality control auds unique, exclusive items to speed your
work, improve quality, cut development and production
costs! Loaded with optical, scientific and electronic
equipment available from stock for industry, research
labs, design engineers, experimenters, hobbyists.
ONE SOURCE FOR ALL YOUR NEEDS
Tremendous variety. Terrific savings. Countless hard-to-get
surplus bargains. Many ‘‘one-of-a-kinds'' nowhere else.
Ingenious scientific tools. Thousands of components:
lenses, prisms, wedges, mirrors, mounts, all types of ac-
cessories. Hundreds of instruments: pollution testing
equipment, lasers, comparators, magnifiers, microscopes,
projectors, telescopes binoculars, photo attachments, eco-
logical items, black light equipment and America’s largest
collection of unique lighting products.

BUY DIRECT WITH MONEY-BACK GUARANTEE
Edmund ships over 5,000 orders monthly to America’s
largest industrials — every item guaranteed! You must be
satisfied, or return your purchase in 30 days for your
money back. Shop the catalog of America's largest Science-
Optics-Electronics Mart with confidence! Get your FREE
copy without obligation. No salesman will call. Write now
for free catalog «“ At

{0

EDMUND SCIENTIFIC CO.
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signals
and noise

Another method shown

Dear Sir:

In an otherwise good article (“1C Op
Amps Simplify Regulator Design”’
EDN/EEE, January 15, 1972, page 30)
author Carl Brogado left out the best
approach to a good reference —that of
putting the zener on the output side of
the regulator. The zener then enjoys
the environment of almost perfect
regulation. Using a standard zener,
regulation of £100 uV is easily ob-
tained, over large V, changes. If a
T.C. zener is used, operation over
large temperature changes is possible.
This approach is also economical,
since a cheap carbon resistor can re-
place a constant current source.

Your truly,

William L. Blowers

Electronics Engineer

Macbeth Division

Kollmorgen Corp.

Newburgh, NY

ot so, says
manuldeturer

Dear Sir:
The article “Tiny new DPMs operate
from logic supplies”” (EDN/EEE Feb. 1,
1972, p. 60), in our opinion, falls
somewhat short of your stated editori-
al philosophy of completeness and
objectivity. This article compares the
new digital panel meters of Analog
Devices and Analogic. The article pre-
sents a distorted and one-sided view
of the two products. Though the arti-
cle creates the impression that you
talked to both companies, it is obvious
to us that your editor talked only to
Analogic. The fact is that, other than
discussions with members of your staff
. at the press conference which we held
to announce the AD2001, no one in a
position of knowledge at Analog De-
vices has discussed the AD2001 vis-a-
vis the AN2535. In order to present a
more balanced picture of the two
panel meters, we wish to make the
following comments:
1. You state in the article that Analog-
ic immediately counterattacked with
its new AN2535. Actually, whereas

We got a tickle out of the following
excerpt from Herb Caen’s column
in the San Francisco Chronicle:

Remember when all those elec-
tronics engineers were being laid
off last year? Among them was
Calvin Wong, who lost his job at
Dalmo Victor in Belmont. Instead
of moping around, he bought the
Gim Shing Fortune Cookey Factory
in Oakland, and the way this par-
ticular cookie crumbles is exceed-
ingly fine: business is good mainly
because his wife, Gerrye, is writing
messages both relevant and fresh.
Like ““Be sociable today —speak to

One engineer is making his fortune.

person in front of you in unem-
ployment line,”” ““Be more aggres-
sive—apply for welfare,”” “‘Stop
getting uptight, buy larger paja-
mas’’ and ““Be a winner today—
pick a fight with a four-year-old”
(after a few drinks and a good din-
ner, they seem funnier . . . The
Wongs are also putting out fortune
cookies in three flavors —strawber-
ry, lime and banana—and maybe
you think THIS isn’t shaking up the
entire fortune cookie industry! It's
what happens when you let an
electronics engineer into the busi-
ness.

the AD2001 was available immedi-
ately after it was announced, OEM
quantities of the AN2535 are only
now becoming available.

2. We have observed in our labora-
tory the Pinlite display. Any direct
observation of the Pinlite display
along side the RCA Numitron reveals
that (a) both devices have the decimal
point where it belongs, hence the
meaning of the published vague
phrase “less confusing location for the
decimal point’” completely escapes
us; and (b) the RCA Numitron is
much brighter and hence has a much
wider ambient light dynamic range.

3. Your article states that both units
have input impedances of 100 M.
The fact is that the AD2001 has an
input impedance of 1000 M(Q.

4. The article implies that because we
generate our power supply differently
(actually our bipolar reference), we
must have a fixed range of input. Ac-
tually, it's no more of a limitation for
us than it is for Analogic. | wonder
what their input impedance is on the
+1.999 range—it's hard to believe
that their input attenuator would be
buffered.

| can use base ten, and you can’t.”

5. The comparison of the out-of-range
signals leaves the reader with the im-
pression that the Analogic method is
superior. This is not so. The Analog
Devices’ method clearly and unam-
biguously signals to the user that he is
in out-of-scale operation. The signal is
a blinking overrange one with three
least significant bits reading zero. The
Analogic out-of-scale signal is: The
overrange one is lit and the three least
significant bits are blanked. This signal
can mean one of two things—either
the unit is out-of-scale or the least sig-
nificant bits have failed.

Very truly yours,
Lawrence T. Sullivan
Vice President-Marketing
Analog Devices, Inc.

Watch those grounds

Dear Sir:
In Jan. 15, 1972 EDN/EEE, Harry
Brown of Westinghouse Electric gave
some very valuable data regarding
stray currents between multiple
grounds.

As a further example of these effects
it has been found that in an aircraft
fire detection system it is common
practice to ground the continuous
thermal senser at each and every
connector. However, the detector unit
is located elsewhere and has its own
ground which is the signal reference
point. Because there are diodes in the
imput circuit, a stray ac voltage be-
tween senser ground and detector
ground of 0.037 V will inhibit the fire
alarm.

Sincerely,
E. U. Thomas
Syosset, NY
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Fluke problem solvers

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

SANME RATE ®

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

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

from 0.1v full scale to 1,000v with up to 0.002% accu-
racy. [ ] 5%z 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 or 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.

FLU KE

CIRCLE NO. 48
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superior readbil that compefiibrsfcén’t match

®

One look at an operating. SELF-SCAN™ panel display
and you will know why you should be featuring one
in your system.- SELF-SCAN, displays are a new solu-
tion to the operator machine interface that provides
advantages to the system builder, to the system user,
and to the system operator.

‘You can offer your customer the advantage of a
custom-stylized unit that his operators can use
efficiently. SELF-SCAN panels are measurably supe-
. rior to CRT for operator accuracy while significantly
reducing fatigue level in day in-day out high volume
production applications.

CIRCLE NO. 49

The 0.2 high characters are in the popular 5x7 dot
matrix format and are made up of dots on .040”
centers. The unit is ASCIl compatible and displays a
modified 64-character ASCII character set.

256-character display subsystems are available
from stock for immediate delivery. Call or write
Burroughs Corporation, Electronic Components Divi-
sion, Box 1226, Plainfield, New Jersey 07061, Phone:
(201) 757-3400. Ask to have a Burroughs sales engi-
neer stop by your office and show you his 256-
character SELF-SCAN panel, keyboard, and power
supplies packaged in a standard Samsonite®briefcase.

Burroughs



