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Our MKL metallized lacquer capacitors
handle peak voltages four times their rated voltages.

And that means you can use a
much smaller capacitor for any
given application. This is just one
of many Siemens innovations. Our
double anodized foil aluminum
electrolytics are 30% smaller than
competitive units. And our unique
MKM metallized polycarbonate
construction makes possible a

dramatic reduction in the size of
film capacitors.

Our capacitor line is one of the
most extensive available. Film and
metallized film dielectrics of paper,
lacquer, polyester, polycarbonate,
polypropylene and polystyrene.
Tantalum and aluminum electro-
Iytics. All for immediate delivery.
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More and more engineers are
designing in Siemens capacitors.
You can benefit by doing the same.

Siemens Corporation, 186 Wood
Avenue South, Iselin, N.J.,08830.
(201) 494—1000.

Siemens. A three g‘
billion dollar name
inquality products. SIEMENS
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The only fast new systems DVM
400 samples per second, 60% overranging,
autoranging and remote programming with memory).

The new Fluke 8200A DVM will give you
years of topflight performance in either
systems use or on the bench. A fast four
digit instrument with an accuracy of
0.01%, the Fluke 8200A is small and
lightweight.

We designed it to give you maximum
flexibility. All the options can be added
in the field so that it's easy to satisfy
your changing requirements.

The Fluke 8200A gives you high accu-
racy, overranging, and high sampling

speed. Standard features include auto-
ranging (millivolts through volts and
ohms through megohms), 1 millisecond
sample and hold, half-rack width of

312" high, modular construction with
vertical plug-in boards, switched four
pole filter in volts and millivolts, dc
capability from 100 microvolts to 1100
volts, full guarding for 140 db common
mode rejection dc to 60 Hz, 2 millisecond

response time, and overload proof design.

The basic instrument goes fo. $995.
Many options are available: two ranges
of millivolts for 1 microvolt resolution,

six ranges for measurements from 10
milliohms to 16 megohms, four ranges of
ac, true 4 wire ratio, isolated digital

or printer output, and isolated remote
control with memory for direct computer
interface. A full bore Fluke 8200A with
all options goes for $2,395.

For the full story, see your Fluke sales
engineer or contact us directly.

®
FI l ' KE 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.
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Phone: (04250) 70130. Telex: 884-50237/In the U.K., address Fluke International Corp.,
Garnett Close, Watford, WD2 4TT. Phone: Watford 27769. Telex: 934583.



o

L

é - E3
A screwdriver is

The new Potter & Brumfield socket
system with screw terminals gives
you a whole new world of relays to
choose from.

How?

By converting octal and quick-
disconnect tab termination relays to
screw terminals.

Quickly. Simply.

Our system comes complete
with mounting channel.
Brackets. Retainers.

Spacers. And sockets
made of virtually inde-
structible Lexan.

Think of it!

Now you can use newer, more
sophisticated relays.

you heed
o most P&B relays

i
L

-

Just as compatible as the ones
you’ve been using. And every bit as
reliable.

But they cost less. And take up
less space.
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to hook up

(You probably can save as much
as 75 percent of the space you're
now using.)

This is just part of what’s possible
with P&B’s new socket system.

To find out more, write or call

Potter & Brumfield Division,
AMF Incorporated. Prince-
ton, Indiana 47670, (812)
385-5251.
Or talk to your local P&B
distributor or representative.

AMF
POTTER & BRUMFIELD



COMPARE CALCULATORS!

If you're looking for a programmable calculator, ask these questions:

YES NO YES NO YES NO

[] [] Can you write equations di- [] [] Does it have a true equals [0 [J Does it have hard-wired xv,
. . . v i -
rectly on the keyboard in key to display partial sums or X2 +.y2 +22+.. ? trigo
mathematical form, bypass- total results immediately? nometric, Bypatbelic and
: ey . F; bl other functions?
ing computer languages? ;
ol (] [ After a questionable proce- [] [] Can you write, store and re-
Elliestoeet algebmic: magais dure, does operation con- call constants and equalities
chy automatically observed tinue using the best available through direct and indirect
in performing all functions? data? (With an unmistakable addressing?
Press2X 3 + 4 X5 =. Do indicator showing an as- [] [] Does it have simple key ac-
you get the correct result sumption was made?) cess to a wide range of per-
(26) instead of 50? 0 ; ipherals including a 5120-
A . [J Is 10 significant-figure ac- step programmer, printer,
Ll Itsalve co'mpllcated curacy maintained after re- X-Y plotter and TTY inter-
problems and still be easy o face?
) petitive sequences such as !
enough to operate without :
Inx —e*¥= Inx —@e*....7 [ [J Will the calculator serve as

. TR
SeGaLiRIning: the heart of a data acquisi-

[] [J Are there a sufficient number tion system or minicomputer

[] [ Is every function and pro-

gram clearly and uniquely of stored constants (26 or for on-line data processing?
- defined by the key sequence _100) Sk 10 separats. and [] [] Can you get prompt, reliable

(without modification by tog- independent from the pro- factory service?

i ? ram steps?
gle orrotany suitsties) ' 5 a (] [] Isthe basic calculator priced
[] [] Does it have individual left (] [J When data such as at no more than $3200?

and right parentheses keys 5475,080120 X 10—12.ar0 8n- [] O] Is it still a money-saver if

that allow you to solve di- tered, does the data appear you add on the “cost of

rectly expressions such as: correctly, or as learning” for the people who

((@+b) —c+d)X(f—g) = ? 6.378388125 X 10—13? will operate it?

Every answer is yes for one calculator...

The TEKTRONIX Scientist 909 T&9__ _

For more information, call your local TEKTRONIX Field Office or write - cormmitsd 5
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005 technical excellence
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7 —aworld of design
possibilities lies ahead.

Sloan’s long experience in the indicator
light field has made it a natural to

| develop this package for the visible

" Light Emitting Diode (LED) — a pack-

. aged LED ready for installation in a host
of indicator light applications.

Using the technology of the semicon-
ductor, Sloan has designed this advanced
LED — which already has long life and
low power consumption — into an off-
the-shelf ready to be used package.

® Red or White ® Resistor built in
Lexan Lens. for voltage
® Forward Voltage: required.
5.0+ .3V for e Dome or Flat
TTL Logic or Lens.
other low volt- e Thoice of Wire
ages as needed. Wrap, solder or
connector
terminals.’

Any low voltage Logic or.D.C: conditions
can be adcommodated- .. Or Sloan will

design and build the:lights to meet yout
special needs.

If indicater lights are your problem,
Sloan is the answer.

THE GO.

7704 San Fernando Rd., Sun Valley, Calif.
Phone: (213) 875-1123 /| TWX 910-498-2250
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Iverybody wants your
components business.

But were doing
6 things to earn it.

Better components. From components. And you’ll find our Our FAIL-SAFE"flame proof

ER through industrial, from  “ball parks” are the most accurate resistors give you an economical

precision through general and dependable in the industry. replacement for non-inductive and
purpose —we give you documented  You benefit in reduced expediting  semi-precision power wirewounds.
reliability. You'll find our tin oxide = and inventory costs. But ours open —never short —
resistors outperform metal film, Better QC. Enough better under overload.
wirewounds, carbon comps and 4

so that many of our custom- Better support. We've built
metal glaze resistors. And our ers find they can totally 6 the largest technically
Glass-K" capacitors outdistance eliminate incoming QC testing of trained field force in the
monolithic ceramic capacitors our parts. Couple this with our industry. And have contracted
on all counts. unique product configurations that with the 30 most competent and
Better prices. And this cut component insertion costs and  service-oriented distributors in the
extra reliability costs youno you'll find it costs you less to do country to give you in-depth
2 more. The fact that we’'ve be- business with Corning even when  assistance whether your needs are
come the country’s largest supplier our per unit price is the same. big or small.
of metal film resistors —including S Better new products. Our Just let us prove it. Write
metal glaze —says clearly that we're CORDIP"Component Net- for full details to: Corning Glass
more than just competitive. works let you replace most Works, Electronic Products Divi-

tributors can give you off- design into an IC. With a pretested, Or call: (607) 962-4444. Ext. 8381
the-shelf delivery from an dual-in-line package of up to 23 COR N I NG

inventory of over 50,000,000 discrete resistors/capacitors/diodes.
ELECTRONICS

Resistors & Capacitors

for suys who can't stand failures

3 Better delivery. Our dis- of the outboard discretes you can’t sjon, Corning New York 14830.
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Allen-Bradley Type GD. The most
compact two-section variable re-
sistor available today. The same
diameter and only a fraction longer
than our popular single-section
Type G. Type GD resistance tracks
are solid hot-molded elements for

EC71-19 © Allen-Bradley, 1971

long life. Noise level is low and res-
olution is virtually infinite. Low in-
ductance. Usable at frequencies far
beyond the range of wirewound
variables. Ideal for use as bridged
pad (T or L) attenuators. Entire unit
immersion sealed. Available in re-

sistance values from 100 ohms to 5
megohms through your appointed
A-B electronics distributor. Or write
for publication 5213: Allen-Bradley,
Electronics Division, Milwaukee,
WI 53204. Export: Bloomfield, N.J.
007083. In Canada: Galt, Ontario.
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NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY




Editorial

Any Magazine

Is Only As Good As Its Readers

The end of the year has a way of sneaking
up on us and this one is no different. All
of a sudden here we are working on the
last issue of the year, and it just doesn’t
seem that 23 others have already pre-
ceded it in 1971.

At times like this we naturally think
back about the many words, articles, and
stories we've put together since January
and ponder what things we could have
done better and what lessons we learned.
All of these thoughts about self-improve-
ment are tempered, though, by the reali-
zation that a magazine is only as good as
its readers. A magazine with a readership
of dullards will be dull and lack vitality.
And one read by discriminating people
who know what they want to read and will
exert some effort to obtain it will be lively,
interesting and useful.

Most magazines and most readers, of
course, fall somewhere between these two
extremes. And it’s a shame that this is the
case, since becoming a turned-on, in-
volved reader is not a difficult task, and
has rewards far greater than the effort
required.

Consider the average design engineer.
He probably receives between 6 and 10
technical and professional magazines
every month. And he spends anywhere
from 15 minutes to 2-1/2 hours reading

each magazine. Conservatively, then, he
could spend 8 or 9 hours per month read-
ing these magazines, or approximately
100 hours in a year. This is the equivalent
of three weeks of his time, which most
would agree is appreciable.

When someone spends this amount of
time with the technical press, he is being
foolish and less than careful with his time
if he is a passive, uninvolved reader. This
isn’t to say that readers should try to dic-
tate specific magazine content or philoso-
phy. Editors and publishers wouldn't allow
this. But they should make their feelings
known, and strongly, when they feel that
their interests or reasons for reading a
magazine are being forgotten or compro-
mised. This applies not only to editorial,
and its quality and direction, but to things
like advertising and response to reader
service requests as well. Magazines may
not respond the way you would like to all
of your complaints, suggestions and
gripes, since they have many readers with
various interests to serve. But with no dia-
logue, the partnership between magazine
and reader can one day become bankrupt.

So if you're going to spend three weeks
in 1972 reading technical and profession-
al magazines, it should be worth just a lit-
tle extra of your time to become an in-

volved reader.
o
Sk Gere

EDITOR
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Make the simple move

to less assembly time.

Do it the easy way with Amphenol’s 17 Series minia-
ture rear-release connectors.

A gentle push from the back of the connector and
the contact snaps securely in place. No tools or
broken fingernails, just easy fingertip assembly.
And to remove the contact for fast field servicing,
insert a simple plastic tool in the back of the con-
nector and out pops the contact.

You can have a choice of screw-machine con-
tacts in bulk packaging, or stamped and formed
contacts on a carrier strip. Semi-automatic crimp-
ing or hand tools available for either type of contact.

The Min-Rac® 17 Series connectors are available
in 9, 15, 25, 37, and 50 contact configurations. All
meet EIA Standard RS-232C for data communica-
tions input-output connectors. And all are inter-
mountable and intermateable with other Min-Rac
17 Series connectors as well as competitive “D”
type connectors.

Find out how simple it really is. Just write Dick
Colt asking for the whole story on our Min-Rac 17
Series rear-release connectors. Amphenol Indus-
trial Division, Bunker Ramo Corporation, 1830 South
54th Avenue, Chicago, lllinois 60650.

] AMPHENOL
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Bodine helps
analytical instruments
stay accurate

Tough. Quiet. Smooth running. Bodine fractional horsepower
motors deliver the power to handle long-term instrumentation
with ease. Reliably. Precisely. They're engineered and built
that way—to give customer satisfaction—your customers. De-
signing this kind of power into your equipment ensures fewer
callbacks and service problems. If this is the performance
you’re looking for, you’ll find no better source.

By

Whatever your instruments are designed to measure, report,
or record—temperature, voltage, pressure, velocity—stan-
dardize on Bodine fhp drives and controls. Over 3,500 stan-
dard specifications to choose from.

Bodine also builds custom fhp drives and controls to meet
your design requirements. Our engineering staff will be
pleased to help you pinpoint the right one for your applica-
tion. Write for literature. Bodine Electric Company, 2500 W.
Bradley Place, Chicago, lIl. 60618.

[-—\ Bodine Motors Wear Out—It Just Takes Longer
550 [} BODINE MOTORS/GEARMOTORS
Ly SPEED CONTROLS



Design News

Solid State Screens Display X-Ray Patterns

PHOTOCONDUCTIVE LAYER ELECTROLUMINESCENT LAYER

ELECTRODE
(transparent)

S

ELECTRODE

PROTECTIVE LAYER~—__}

i
OUTPUT

POWER
SOURCE

Fig. 1—Basic construction of X-ray image converting panel is
shown in this cross section. Due to light amplification, the panel
produces images with much greater brightness and contrast
than is possible with fluoroscopic screens.

Storage screen held by Dr. Zoltan Szepesi of Westinghouse is one
of three sizes offered in both storage and nonstorage types.

Two electronic manufacturers, one foreign and one
domestic, have announced plans to market X-ray
image-converting panels for use in nondestructive
testing.

Westinghouse Electric Corporation’s Electronic
Tube Division, Elmira, N.Y. is offering both a storage
and nonstorage type of screen in various sizes rang-
ing from 10 by 10 inch to 3 by 3 inch. National Pana-
sonic, Matsushita Electric Industrial Co. Ltd., Osaka,
Japan will enter the market with a 4.75- by 6.5-inch
panel and a desktop inspection system that houses
an X-ray generator and viewing screen.

The panels are designed to be direct replacements
for existing fluoroscopic screens according to West-
inghouse. The advantage of the solid-state devices is
that they provide light amplification, and thus give
higher brightness and contrast. Resolution is also
said to be improved. In addition, with the storage-
type screen, images may be studied for long periods
without continuous exposure of the subject to radia-
tion. Storage time is several hours, or until an image
is erased electrically.

Although the principle of operation has been
known for more than 10 years, it has not been put to
practical use until now. Conventional fluoroscopic
screens provide visible light directly when a lumines-
cent material (calcium tungstate or zinc sulfide) is
energized by X-ray radiation. The solid-state panels,
however, consist of a combination of photoconduc-
tive material and electroluminescent material (Fig. 1).
Electrical resistance of the photoconductive layer
decreases when it is exposed to X-rays. The electrolu-
minescent layer, which is applied next to the photo-
conductive layer emits light when a voltage is ap-
plied. In use a voltage is applied across the two
layers. When the photoconductive layer is exposed to
X-rays, its resistance decreases, thus more of the
applied voltage is dropped across the electrolumi-
nescent layer causing it to emit more light. The light
pattern emitted exactly corresponds to the pattern of
incident X-rays.

The panels are reusable and require no delay for
photographic processing, thus providing a time and
cost-saving alternative to X-ray photographic equip-
ment. The manufacturers suggest that they might
also replace X-ray image intensifier and TV systems
because of high performance capabilities and low
cost.

In addition to applications in nondestructive test-
ing, it has been suggested that the panels could be
used for baggage and food inspection and for some
medical applications.

13
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If your job depends

on your ability
to make measurements...
check out HP’s new scopes.

You owe it to yourself. The days of
the “gravy train” in the electronics
industry are over. Today, you have
to do a really outstanding job to get
ahead —or even just to hold on to
what you've already got.

That's why it's imperative that you
double-check before making pur-
chase decisions today — especially
decisions on something as impor-
tant as a new scope. Because, if you
do make comparisons between the
available alternatives, you'll be in
an unassailable position to justify
your choice —whatever it is—and in
a pretty poor position, if you don’t.

This is important because, today,
as never before, you're going to be
judged on your ability to do the best
possible job at the lowest possible
cost. Pinched for profits, manage-
ment is now demanding hard-nosed
justifications for every decision.
They're examining total acquisition
costs, as they've never done before.

As a result, doing things just be-
cause “you’ve always done them that
way” can be deadly. Because now,
it's a whole new ball game. The old
reasons for “sticking with the tried
and true” are out the window.

Take scopes, for instance. The cur-

rent generation is so different from
the last generation that the decision
to buy @7y new scope —whether ours
or our competitor's—involves a
whole battery of related changes.
New test procedures. New calibra-
tion setups. New parts inventories.

Thus, to be sure that you're getting
the best buy, in terms of perfor-
mance vs. total acquisition cost, you
should thoroughly check both manu-
facturers’ offerings.

Check prices. Find out exactly how
much it will cost to get the measure-
ment capabilities you need, includ-
ing all accessories. In many cases,
you'll find that Hewlett-Packard can
save you a significant amount.

Check Performance. Call us for a
“hands-on” demonstration of the
scopes or systems that are most rele-
vant to your particular needs. Re-
member —what counts is the ability
to meet your frequency, accuracy,
and sensitivity requirements...not
technological “fireworks displays”
in areas far from your own concerns.

Check ease of use. Compare simplic-
ity of controls, display size, error-
prevention devices. Does the scope
you're considering have useful, time-
saving features, like selectable input

CIRCLE NO. 11

impedance, variable persistence
storage, bandwidth to meet your
current and near-future require-
ments, and simplified sampling...or
just flashy “bells and whistles” that
add little to usability, and a lot to
the price?

When you make these compar-
isons, we think you’ll choose
Hewlett-Packard. We've found that
once people get the facts, they
usually do. For a revealing package
of information on H-P’s new scopes,
send for a free copy of our “No-
Nonsense Guide to Oscilloscope
Selection.” Or contact your local
H-P field engineer for a demonstra-
tion. Check before you choose.
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. In Europe: 1217
Meyrin-Geneva, Switzerland.

Scopes Are Changing;
Think Twice.

os2/1

|

HEWLETT ﬁ PACKARD

OSCILLOSCORES
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SPREADING OPTICS

OPTICAL BANDPASS

FILTER AND LENS ;
RECEIVER TRANSMITTER

IR laser communicator provides secure point-to-point com-
munications to a range of four miles.

Portable Transceiver
Foils Eavesdroppers

A new hand-held laser communicator, designed to be
as simple to use as binoculars, has been developed and
demonstrated by the Santa Barbara Research Center,
a subsidiary of Hughes Aircraft Company.

The self-contained 3-1b transceiver uses a gallium-
arsenide laser, with output in the infrared, to provide a
directional beam that assures secure point-to-point
communications. Low power consumption permits
operation from a small rechargeable battery mounted
within the body of the receiver unit.

Design News

Because of its wide-angle transmitter beam design,
the communicator may be used under any conditions
that allow the use of binoculars. Range of the commu-
nicator depends on visibility and degree of divergence
desired. For example, when visibility is ten miles or
greater, a version with 2° divergence will have a max-
imum clear communications range of four miles. A 3°
version has a 2.5-mile range under the same atmos-
pheric conditions.

During signal transmission, the gallium-arsenide
laser diode is pulsed at a reference pulse-repetition
rate which is frequency modulated by the voice signal
inputs. Each light pulse has a period of 100 nsec and
reaches a peak power of 10W. Pulse transmission is
started by talking into a built-in microphone.

The receiving portion of the unit is optically aligned
to receive the transmitted pulses through a 2.5-inch
aperture. The received energy is then processed using
special techniques to enhance the signal-to-noise ra-
tio. The pulses are then amplified and the repetition
rate is demodulated to convert the received pulses into
audio or data signals.

Modular design of the communicator permits field
replacement of the transmitter or receiver optics as-
semblies.

One 500-mA-hour, 6V dc nickel-cadmium battery
provides power for the communicator. Transmitter
consumption is approximately 100 mA during trans-
mission only, and receiver drain is less than 3 mA.
Battery recharge inputs and an earphone set are pro-
vided.

The manufacturer forsees applications for the units
in ship-to-ship communications, riot control, tower-to-
tower transmission in the forestry service and a varie-
ty of battlefield uses.

Handwriting Transmitted

Handwritten information may one day be routinely
transmitted and received over the same telephone
lines that now carry conversations. Engineers at Bell
Telephone Laboratories have put together an experi-
mental system that demonstrates the feasibility of
such a device. They call it the “remote blackboard”.

In order to transmit handwriting and graphic infor-
mation, the system uses a tiny location indicator at-
tached to a writing instrument, such as a pen or
chalk, to determine all movements performed on a
writing surface. The indicator is a commercial elec-
tronic device that provides a steady series of ultrason-
ic pulses as it is moved over a writing surface bounded
by two continuous-strip or bar-shaped microphones.
The microphones accurately detect the location of the
chalk or stylus at any point on the writing area. Lift-
ing the location detector from the writing surface in-

Over Telephone Lines

terrupts the pulse signal. Handwriting motions in the
system generate a stream of electrical pulses that are
fed to a data set. Here they are converted to signals
that are easily transmitted over telephone lines. At
the receiving terminal, another data set translates the
incoming signals back to electrical pulses to drive two
galvanometers which deflect an untraviolet light
beam in accordance with the signals received. As the
beam moves across a special photosensitive film, the
original handwriting is reproduced and simultaneous-
ly projected onto a wall or a screen.

Bell Labs engineers envision the system’s use to
bring classroom instruction to bedridden or invalid
students, and to be used with a recently introduced
portable conference telephone to transmit both audjo
and graphic information to distant classrooms, confer-
ence rooms and offices.
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SAN DIEGO, CALIF.

8808 Balboa Ave.

CMOS, PMOS Circuits

Diodes, Rectifiers, &
Zeners

FET & Dual FET
Transistors

High Voltage Assemblies

Linear & Monolithic IC's

important
to your
. immediate future

It's going to change your product . . . your profitability . . . even your warranty. And if you're going to be
in-business in the '70’s . . . you're going to be in CMOS. So, stay ahead
on this fast-paced technology . . . get the facts through our technical newsletter that covers CMOS
and our wide range of both high and low threshold voltage PMOS
circuits including RAMS, ROMS, standard low shift registers, D/A converters and character generators.

TAPPAN, N.Y.

256 Oak Tree Road
Diodes & Rectifiers
Ferrite & Ferrite Devices
High Voltage Assemblies
Power Rectifiers

Thick Film Hybrid Circuits

| ]
Give us a quick call
today, and test our DEVICES, INC.

producibility.

Solitron Devices, Inc., P.O. Box 1416

San Diego, California 92112

RIVERA BEACH, FLA. JUPITER, FLA. PORT SOLERNO, FLA. BEN BAROQ ISRAEL

1177 Blue Heron Blvd. 1440 W. Indiantown Cove Road AEL Israel, Ltd.

Hi-Rel Power Hybrids Road Microwave Connectors Full line of Solitron

Hi-Rel Power Transistors  Microwave IC's Plaxial (R) Cable devices

PNP-NPN Ind. Transistors Microwave Semi- Precision RF Coaxial K ENGLAND

Si & Ge Power Transistors  Conductor LENdT' Road
Microwave Stripline ondon Road,

Components
RF Semiconductor

program.

[0 IMMEDIATE
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Sevenoaks

devices

Full line of Solitron

Telephone 714/278-8780

TWX 910-335-1221

TOKYO 105, JAPAN
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No. 4-10, 2 Chome
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Minato-ku

Full line of Solitron devices

Please add me to your FREE CMOS technical information
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LO-VF GUPAC-150

New high current silicon rectifier with fast
(trr100ns) recovery and low forward voltage
characteristics. The OFHC insert base and
stud allow the internal Metoxilite rectifiers
to be heat sunk from cathode, anode or both.

New LO-VF CUPAC-150 are available
in doublers, center taps and 3 phase 2 wave
bridge with PIV of 30 and 50 volts per leg.

Designed for industrial, military and space
applications where high frequency and high
power are essential.

Sooner or later you're going to specify

Semtech rectifiers...

For over a decade Semtech Corporation
has been the leader in rectifier design and
development. Many of these designs have
become industry standards, unequalled for
reliability and performance. Both the SLIM-
PAC and ALPAC series are typical, with
proven records of excellence and depend-
ability in the most difficult space, military
and industrial applications.

SLIMPAC - High Voltage,
High Current Rectliflers

SLIMPAC consists of high density axial
lead silicon assemblies, molded into rugged
compact rectangular configurations. Inter-
nally, the device utilizes the Semtech high
performance solid double heat sink junctions
welded together for mechanical strength.
SLIMPAC offers PIV of 2,500 to 45,000
V and average rectified current ratings be-
tween .050 amps and 2 amps (at 55°C free
air) depending on PIV.

The entire SLIMPAC series has corona
free construction and meets the most strin-
gent life and environmental requirements.

ALPAC® Power Rectliflers

The ALPAC series is a complete line of
silicon bridges, doublers and center taps.
These power rectifiers offer PIV ratings from
50 to 600 volts and average rectified current
from 25 to 250 amps. All ALPAC devices
offer the superior thermal characteristics of
aluminum cases. Terminals are completely
insulated. ALPAC is economical, small and
easy to mount. The entire ALPAC series is
field tested and available for immediate
delivery.

SLIMPAC

Replace High Voltage Mercury
Tube Rectifiers with TUBEPAC

For the first time you can now replace a
large selection of obsolete high voltage Mer-
cury and Vacuum glass tube Rectifiers with
Semtech’s Solid State Silicon Rectifier Stacks
called TUBEPAC.

Designed to last the life of the equipment,
Semtech’s Stacks are smaller, corona free,
dissipate heat more effectively and eliminate
filament power. No special adaptors are re-
quired to use Semtech’s Stacks.

High Voltage Multilayer
ceramic Chip Gapacitors

Semtech introduces a new line of high
voltage energy storage ceramic capacitors for
high density packaging.

With voltage ratings from 400 to 1,600 V
and capacitance from 1,000 to 270,000 pf,
the chips are available in single and multiple
styles.

Low Dynamic Impedance ZENERS—

Semtech’s new low dynamic impedance
zeners offer voltages of 30 to 120 Volts for
1, 3 and 5 watt applications.

This new series of devices offers %3 lower
dynamic impedance when compared at the
same operating current to those presently
available.

The Zener measures .165” long (max.)
and is .110” in diameter (max.). The leads
are .040” diameter (99% pure) silver.

METOXILITE

The new standard —
“Look, no cavities’’

Introduced less than three years ago, non-
cavity METOXILITE has revolutionized
reliability and packaging in the high voltage
rectifier field.

Through utilization of new design and
manufacturing techniques, the METOXI-
LITE device provides the ultimate in her-
meticity and ruggedness. The metal oxides
which form the outer case material are fused
directly to the high temperature metallurgi-
cally bonded assembly.

&

METOXILITE has proven itself through
1 and 3 amp devices with PIV ratings up to
1000 volts in both medium and fast recovery
characteristics.

The METOXILITE device exceeds envi-
ronmental requirements of current military
and space specifications. A general purpose
rectifier suitable for all applications.

New - LO-VF METOXILITE
(Trf 700[78)

These new LO-VF METOXILITE silicon
rectifiers permit working at higher frequen-
cies and higher forward efficiencies.

The components are ideally suited for
small electronic package design particularly
for communication, navigation and other
uses in the aircraft, automotive and railroad
fields.

LO-VF METOXILITE is available with 3
amp ratings at peak inverse voltages of 30
and 50 volts. Can provide an average recti-
fied current of 6 amps if mounted per MIL-
STD-750. Capable of exceeding environ-
mental requirements of military and space
programs.

In addition, higher current rectifiers and
high power assemblies such as doublers,
center taps and bridges are available with
these new parameters.

METOXILITE to 3000 Volts

A new high voltage rectifier is offered for
the first time as a general purpose device in
METOXILITE.

Peak Inverse Voltage: 2000 to 3000 V.
Average Rectifed Current: 250 mA
Maximum Static Reverse Current @ PIV
35°C: 1 p amp
100°C: 25 u amps
One Cycle Surge: 10 amps

New High Voitage Multiplier
Goes Anywhere!

Semtech’s new high voltage multipliers
feature a metal case to shield RFI and permit
latitude in its mounting in equipment using
cathode ray tubes. These devices now can be
supplied as a tripler or quadrupler, with out-
put voltages up to 36,000 volts. The external
environment no longer need have an effect
upon the reliability and electrical perfor-
mance of high voltage multipliers, according
to Semtech engineers. Advantages include:
better display; increased reliability; longer
life; elimination of the X-Ray problems of
high voltage vacuum tubes; simplified cir-
cuitry, and improved over-all performance.
The device eliminates high voltage vacuum
tubes, critical transformer windings and asso-
ciated hardware, and all of the corona prob-
lems normally thought of in connection with
these items. CRT Pac Multiplier can be
mounted anywhere on the chassis. This new
series of devices complements Semtech’s ex-
isting line of custom-made high voltage mul-
tiplier assemblies.

MINISTAC" High Voltage -
High Frequency

MINISTAC is a fast-recovery, silicon,
microminiature rectifier that can replace
vacuum tubes and selenium sticks. Offering
easier mounting and a smaller package,
MINISTAC is competitively priced. Due to
Semtech’s high-volume production tech-
niques, MINISTAC is being produced with-
out sacrificing quality or reliability.

Peak Inverse Voltage: 3kV to 7kV
Average Rectified Current: 10mA
Leakage Current: 100nA

Junction Capacitance: 1pF max.
Recovery Time: 100ns
Dimensions: .120”D x .400"L

®,
MINISTIC to 40kV

For even higher voltages — from 10kV to
40kV. MINISTIC measures a little larger,
.250” in diameter and from 1.125” to 4.275"
long, depending on the PIV specified.

Circle Reader Service #97

A High Voltage Silicon Rectifier

for X-Ray Generators — STICPAC
| ———
44

Design engineers faced with the problem
of selecting high voltage rectifiers for X-ray
generators and other stringent applications
will be interested in our new STICPAC
silicon rectifier.

Measuting .695” in diameter by 3.38 to
8.50 inches in length, STICPAC is ideal for
replacement of vacuum tube type rectifiers.

STICPAC is available in five voltages: 50,
75, 100, 125 and 150 kV; average output,
100 mA/55°C in an oil environment.

ONE MILLION VOLT CAPACITY

Semtech’s STACPAC completely elimi-
nates all external component parts and solder
joints — all components are encapsulated
and connected to aluminum discs. These
discs serve as compensation, cooling fins and
corona protection.

By utilizing METOXILITE silicon recti-
fiers only, Semtech has reduced the number
of temperature sensitive components and
simplified the overall configuration.

Semtech offers STACPAC in Voltages of
4kV, 5kV, 7kV, 25kV, 32kV, as well as a
840,000 volt (3 amp) device.

$$SAVERSS$ $

IMPAC — (50 to 600 V) Low cost epoxy
rectifier.

KVPAC — (5 to 15kV per leg) Commer-
cial high voltage rectifier assembly.
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A/ SEMTECH

Representatives

CENTRAL

Indiana

SCOTT ELECTRONICS — 124 W. Washington St.
(Suite 11) Fort Wayne, Indiana 46802

(219) 743-1586

SCOTT ELECTRONICS — 1300-02 N. Pennsylvania St.
Indianapolis, Indiana 46202 — (317) 635-8951
Kentucky

SCOTT ELECTRONICS — 366 Francis Bldg.
Louisville, Kentucky 40214 — (502) 583-3220
Michigan

STERLING-LOWELL CO. — 21251 Civic Center Drive
Southfield, Michigan 48076 — (313) 352-8881
Minnesota

STAN CLOTHIER CO. — 7400 Lyndale Ave. So.
Minneapolis, Minn. 55423 — (612) 869-3231
Missouri

COOMBS ASSOCIATES, INC. —

11734 Lackland Industrial Dr., St. Louis, Missouri
63141 — (314) 542-3657

Ohio

SCOTT ELECTRONICS — 9505 Montgomery Rd.
Cincinnati, Ohio 45242 — (513) 791-2513

SCOTT ELECTRONICS — 4158 Ruple Rd.
Cleveland, Ohio 44121 — (216) 291-2600

SCOTT ELECTRONICS — 2677'/: E. Main St
Columbus, Ohio 43209 — (614) 236-8619

SCOTT ELECTRONICS — 517 Hulman Bldg.
Dayton, Ohio 45402 — (513) 223-2652
Pennsylvania

SCOTT ELECTRONICS — 313 Empire Bldg.
Pittsburgh, Pennsylvania 15222 — (412) 471-5233

EASTERN

Alabama

REP, INC. — 8100 S. Memorial Parkway
Huntsville, Ala. 35802 — (205) 881-9270
Florida

PERROTT ASSOC. — 1558 Belle Air Ln.
Clearwater, Fla. 33518 — (813) 531-5513
PERROTT ASSOC. — 1607 Forsyth Rd.
Orlando, Fla. 32807 — (305) 275-1132
PERROTT ASSOC. — 7515 West Lake Dr.
West Palm Beach, Fla. 33406 — (305) 967-1770
Georgia

REP, INC. — 1483 Monroe Dr., N.E.

Atlanta, Ga. 30324 — (404) 876-1591
Massachusetts

E. B. BUTLER CO. — P.O. Box 168

Weston, Mass. 02193 — (617) 891-8670

New Jersey

MARTIN KLEIN ASSOC. — P.O. Box 92
Hilldale, N.]. 07642 — (201) 664-8711

New York

HARRIES & KERSHAW — 654!/ Main Street
East Aurora, N.Y. 14052 — (716) 652-1221
HARRIES & KERSHAW — 110 Fayette Circle
Fayetteville, N.Y. 13066 — (315) 637-9871
HARRIES & KERSHAW — 216 Shorewood Dr.
Webster, N.Y. 14580

North Carolina

OVER & OVER — 3723 Country Ridge Rd.
Charlotte, N.C. 28211 — (704) 366-8601

WESTERN

Arizona

DUBBLAR ASSOCIATES —

2875 Sky Harbor Blvd. #108, Phoenix, Arizona
85034 — (602) 273-7387

California

DAWSON ASSOC. — 7969 Engineer Road

San Diego, Calif. 92111 — (714) 278-9260

Colorado

ARROWHEAD SALES CORP. — R.R. #1 — Box 335
Broomfield, Colorado 80020 — (303) 222-6462

New Mexico

RUSTCO ENTERPRISES — P.O. Box 11261
Albuquerque, New Mexico 87112 — (505) 296-6474
RUSTCO ENTERPRISES — P.O. Box 489

Los Alamos, New Mexico 87544 — (505) 662-3716
Washington

WESTERN TECHNICAL SALES — P.O. Box 902
Bellevue, Washington 98004 — (206) 454-3906

CANADA

DESKIN SALES CORP. — 78 Six Point Road
Toronto 570 Ontario, Canada — (416) 239-4329
DESKIN SALES CORP. — 1565 Louvain St. West
Montreal 355 Quebec, Canada — (514) 384-1420
British Columbia

WESTERN TECHNICAL SALES (BC) —
P.O. Box 902, Bellevue, Washington 98004
(206) 454-3906

Design Briefs

lon-Implantation
Moves Ahead

Ion implantation technology contin-
ues to advance. This was borne out
at the recent International Electron
Devices Meeting in Washington, D. C.
where, of the twelve papers presented
on the subject, nine described appli-
cations other than the most common-
ly known ones.

A. Y. Jaddam of GTE Laboratories,
Bayside, N.Y., described a novel way
of making complementary-enhance-
ment depletion-mode transistors. The
most common approach is to start
with high threshold (V,) p-channel
devices, adjust the V, of the enhance-
ment device by ion implantation and
then implant the channel of the de-
pletion device until it becomes de-
pleted. However, GTE starts with
n-channel devices which are all de-
pleted and then selectively implants
the channels of some until they be-
come enhancement mode transistors.
The result is increased circuit speed
with constant V. under all substrate-
to-source back bias conditions, and
ability to operate from a single 3 to
5V power supply.

Hughes Aircraft Company, New-
port Beach, Calif. presented two new
applications of ion-implantation tech-
nology. T. N. Toombs described a
new CMOS called CMOS-3 in which
one of the previous objections to
CMOS density has largely been over-
come. Ion implantation is used to
form a p-well in an n-type substrate,
for source and drain junctions, for
threshold shifting and for inversion
control. The combination of the
above, along with use of planox oxide
as a mask and a p-doped silicon gate,
gives about triple the original pack-
ing density while increasing speed
for a given power level. Cell sizes of
8 sq. mils/bit for a dynamic shift reg-
ister and 16 sq. mils/bit for a static
shift register have been achieved.
This can be compared to respective
cell sizes of 4.5 to 14 sq. mil/bit and
12 to 25 sq. mil/bit for dynamic and
static shift registers made by p-
channel silicon-gate technology.

D. M. Erb showed how to make
high source-drain breakdown voltage
MOSFET’s on the same chip with
conventional MOS circuitry. What
Hughes has done is to create an off-
set channel by lightly doping an

unmetallized gate oxide region be-
tween gate and drain junctions, thus
giving breakdowns greater than
240V. This now makes it possible to
include decoding circuitry on the
same chip as the display-tube high
voltage drivers.

Bell Telephone Laboratories de-
scribed a number of advances. Among
them was a double-implanted NPN
silicon transistor that has high gain
and excellent B uniformity across a
slice, thus giving high yields. High
gains also can be achieved by double
diffusion but yields are low. New
design concepts are expected from
this technology.

NEREM Covers

All Disciplines

In an effort to beef up the basic con-
ference and to more efficiently utilize
conference attendants’ time, NEREM
71 combined several smaller confer-
ences with the main one. Part one
combined the Pollution Measure-
ment and Control Conference which
covered all aspects of water and air
pollution; a Transportation Confer-
ence which looked at various aspects
of mass transportation; Solid State
Devices and Circuits Conference
covering such things as future mem-
ory systems, the newest linear and
digital circuits, and solid-state mi-
crowave power generation; and a
Computer Applications Conference
where minicomputers, circuit analy-
sis CAD and computer graphics were
discussed. Other areas covered were
communications, laser applications,
digital signal processing, educational
technology, and various professional-
career guidance sessions.

Part two of NEREM ’71 was a
Medical Engineering Seminar deal-
ing with all aspects of electronics in
medical engineering. The 1971 East-
ern Electronic Packaging Conference
made up part three and looked at
packaging from the microcircuit to
equipment levels in addition to ma-
chine aids to design and automated
manufacturing techniques.

Copies of conference papers are
available in three parts; $10 for part
1, $20 each for parts 2 and 3. Write
to: Business Manager NEREM, Bos-
ton Section IEEE, 31 Channing St.,
Newton, MA 02158.
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Some straight talk
about MECL i6,660...

Perhaps you have already evaluated MECL
10,000 and discovered the many ways your
system performance can be improved. Or, you
may have questions concerning its applica-
tion and you are considering various logic
options. Here are a few answers to questions
commonly asked. And if you don’t know the
answers, don’t worry, we’ll show you how
to become a MECL 10,000 expert.

Q- How fast is MECL 10,000 and can it be
adapted to very high speed systems?

A. MECL 10,000 offers 2 ns gate delays
combined with low power dissipation
(25 mW/gate). Where necessary, MECL
10,000 is compatible with MECL III to
“‘shift up” for the high data rates
required in critical timing chains.

Q- Are special PC boards required?

o

No. Although toggle rates are as high as
150 MHz, switching rise and fall times
are slow enough (edge speed 3.0 ns) so
that conventional system layouts such as
two sided PC boards can be used. Also,
the slow edge speeds allow the added
flexibility of driving open wire, wire over
a ground plane, wirewrap, or coax.

Q- How can MECL 10,000 improve system
A performance and cut costs?

= MECL 10,000 provides design flexibility
in many ways. For instance, the open
emitter outputs and high impedance in-
puts allow wire-“OR”ing of several levels
of gating, with a marked savings in gate
and package count. Open emitter out-
puts allow data “bussing” and two-way
data transfer. Also, the open emitter out-
puts allow complete flexibility in the
choice of terminating schemes and logic
interconnects.

20

Q.
A.

Complementary (OR/NOR) outputs
provide simultaneous “true” and ‘“‘com-
plement” functions, minimizing gate and
package count in a system. And the com-
plementary outputs provide excellent
twisted pair (differential) line drivers at
standard gate prices.

How many functions>are available in
MECL 10,000?

Motorola has introduced 16 devices to
date and now two more are available;
the MC10116 Triple Line Receiver and
the MC10160 Twelve-Bit Parity Gener-
ator/Checker.

EDN/EEE December 15 1971



to help you eliminate
the alternatives

»>
>

>

e

MC10116 Triple Line Receiver — A triple
differential line amplifier for sensing differen-
tial signals over long lines. Also useful as a
Schmitt trigger, or in applications where a
stable reference voltage is necessary.

i

MC10160 12-Bit Parity Generator/Checker.
Useful for high speed detection or generation
of parity on long data words with minimum

Is MECL 10,000 a single source logic
family?

Definitely not. MECL 10,000 will be
second-sourced by Signetics and several
others will be announced shortly.

Are special regulated power supplies
necessary?

Not at all. MECL 10,000 operates over
a wide range of supply voltages and there
is a minimum change in operating char-
acteristics within a +109% supply volt-
age. Also, constant noise immunity is
guaranteed over the new wide temper-
ature range of —30°C to +85°C.

What special cooling requirements are
required?

No special cooling is required. MECL
10,000 low power gates eliminate cooling
and power distribution problems and
insure long term reliability. Operate in
still air or forced air.

package count. One package offers nine
EXCLUSIVE-OR gates internally connected to
provide odd parity checking or generation.

Additional devices will shortly be introduced

including: You still have questions? We now have a new

Multiplexers (Dual 4-to-1, Quad 2-to-1) MECL 10,000 book covering MECL 10,000

Universal Counters (Binary and Decade) ; B : =iieniy
specifications, design rules and applications.

Universal Shift Registers -
Flip-Flops (100 MHz, 200 MHz, 500 MHz) Be a MECL 10,000 expert, write to Motorola

I\B/IECtho_-MOL;;Anter.face (for memory systems) Semiconductor Products Inc., P.O.Box 20912,

uss vrivers/Receivers . . 113

16 x 4 Fast RAM, wlils other merriory Phoenix, Arl,z’ona 85036 and ask for MECL
configurations 10,000 Facts.” And for immediate evaluation

devices call your local Motorola distributor.

MECL \&G66 eliminates
the alternatives. Evaluate
and compare!

MOTOROLA MECL

... for faster computers & systems
CIRCLE NO. 14

MECL and MECL 10,000 are
trademarks of Motorola Inc.
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Design Features

CHOOSE THE RIGHT
COMMUTATING DIODE
FOR SWITCHING REGULATORS

Improved diodes with extremely fast recovery times have an impor-
tant application in switching regulators. The design engineer
should understand the effects of diode speed on circuit behavior.

ED EBY, TRW Semiconductor Div.

Switching-regulator circuits usually include a commu-
tating diode (also referred to as a “free-wheeling” or
“catch” diode). Fig. 1 shows the power section of a typ-
ical switching regulator in which CR, is the commu-
tating diode. The function of the diode is to provide
current to inductor L during the time when Q, is not
conducting.

The transistor is alternately switched on and off by
the control circuitry. Thus the current “commutates”
between the transistor and the diode. The relation-
ships between the transistor current /,,, and the diode
current I, are shown in Fig. 2.

Ideally, the current waveforms would not have the
spikes (with magnitude 1,,) shown in Fig. 2. These
spikes occur because the diode is non-ideal and has a
finite switching speed, or reverse recovery.

Reverse Recovery

All pn junction diodes exhibit a phenomenon known
as “minority-carrier sweepout.” The effect is that,
immediately after forward conduction, the reverse-
biased diode essentially acts as a short-circuit for a
finite period of time 7', (see Fig. 2). In a switching
regulator, this means that the transistor must supply
the nominal load current, I,,,,, plus the peak reverse-
recovery current IWA As was illustrated in Fig. 2, ex-
tremely large current spikes can occur during the re-
covery period, T',.

In a switching regulator circuit, therefore, a slow
commutating diode can adversely affect circuit per-
formance in three ways:

—1. The transistor must pass excessive currents at
full power-supply voltage for finite periods of time.
This overstresses the transistor and cause premature
failure.

—2. Excessive “short-circuit” current pulses may up-
set the primary power source, thus causing noise else-
where in the system.

—3. Efficiency of the switching regulator decreases
with increasing operating frequency. This is because
the period of excessive current (i.e. power loss) be-

[

]

Vee | I | ICR1 I“

Fig. 1 —Power stage of typical switching
regulator with commutating diode.

comes a predominant portion of the transistor’s on
time.

A useful figure of merit for switching diodes is
known as T,,. This parameter is normalized and it
takes into account both 7, and T,. It is measured by
forcing 1A in the diode’s forward direction, reverse
biasing the diode while limiting peak reverse current
to 1A, and then measuring the time required for
recovery to —0.5A. This procedure is illustrated in
Fig. 3.

Recovery and Efficiency

Experience has established that diode recovery time
affects the efficiency of a switching regulator. But how
much effect does the diode have and what sort of effi-
ciencies can be realistically expected with commercial-
ly available diodes?

To determine the answers to this question, the au-
thor built an experimental circuit similar to that
shown in Fig. 1. Several different types of diodes were
tested in this circuit. The circuit delivered 95W to the
load and was operated at a 50% duty cycle. The nomi-
nal load current was 3A. For each diode, the forward
drop was measured at the nominal load current. The
parameter T, ., as defined in Fig. 3, was measured for
each device.

In Fig. 4, we see a dramatic illustration of the rela-
tion of 7', to the amplitude 1, of the excess-current
spikes. So called “fast” diodes with 7', Of 200 nsec

RR>
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Fig. 4—Scope pictures showing peak values of reverse
current when diodes with various values of T,, are used in
the same switching regulator circuit. A so called “fast”
diode with T,, of 200 nsec produces a peak reverse current

produced peak reverse currents over five times greater
than the forward current (see Fig. 4a. As shown in
Figs. 4b, 4c and 4d, the amplitude of the excess cur-
rent spikes steadily decreased as faster and faster
diodes were used. With a 12-nsec diode, the current
ratio [ /I, was reduced to less than one.

Using the same test circuit, it was confirmed that
the ratio I,/I, remains constant over broad ranges of Ij.
and switching frequency. Thus, if you know I, and T,
you can predict the peak recovery current. Alterna-
tively, if you know the worst ratio that can be tolerat-
ed, you can select a diode with suitable T,x- The curve
in Fig. 5 relates the current ratio to T,, to facilitate
the calculation.

Regulator Efficiency

Overall efficiency of a switching regulator obviously
will decrease as the switching frequency is increased.
This is partially because the commutating diode’s re-
covery time occupies a greater portion of the switching
period. As shown earlier, at any given frequency, the
device causing the shortest T, (hence, having the
shortest T,,,) will yield the most efficient circuit.

Normally, regulator efficiency would be defined by
the following well-known equation:

(Continued)

b s
e Y
-9A—

{d) 1..-12ns

of 16A ( A). Excess peak current gets smaller and smaller as
faster diodes are used, until a 12-nsec diode ( D) produces
peak reverse current under 2A. Time-base for all pictures
was 100 nsec per division.

(Continued)
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But we would like to eliminate the influence of device-

to-device variations in diode forward drop and to ex-

amine primarily the effect of recovery time on effi-
ciency.

The input power P, contributes to the output power

plus various losses as shown in the following equation:

P,=P

m 7 load

where P

ki Pcircuil loss + P

is the switching loss caused by the

t: Pdiode switch (2)

diode sat

diode switch

Commutating Diode (Cont’'d)

T, of the diode. Other losses consist of diode forward
drop at the rated load current and miscellaneous cir-
cuit losses.

If the diode saturation losses are subtracted from P,,
we can derive a modified value P}

P =P~ Ftre. i 3)
Then we can modify Equation (1) to produce a normal-
ized efficiency n*:
o . Paga 4)
= P

Finally, we can plot n* against T,, to show the effect
of normalized recovery time alone on switching regu-
lator efficiency. The resulting curve is shown in Fig. 6.

n

Summing Up

As has been demonstrated, the commutating diode
is one of the most critical components in a conventional
switching regulator. Poor recovery speed can have seri-
ous effects on circuit performance. Fortunately, new
high-speed diodes can virtually eliminate these circuit
problems.

Summarized, these are the most significant effects
of diode recovery time on circuit behavior:

—Both peak recovery current, I, and total recovery
time, T, are directly related to the standard reverse
recovery parameter T',,.

—Peak reverse-current pulses for a 200-nsec diode can
be many times greater than the nominal load current.
However, a really fast diode with T, of 12 nsec can
reduce the current ratio to less than one.

— Excessively large current pulses will almost certain-
ly cause noise elsewhere in the system. (For the cir-
cuit described using a 200 nsec diode, a stray induc-
tance of 0.1 uH could cause a 32-V noise spike at the
input.)

—The pass transistor may be severely overstressed
even using a 100-200 nsec diode. This is because the
transistor must deliver the peak current in addition to
the normal load current.

—Peak recovery currents must be supplied by a pri-
mary power supply or by an input filter supply. Either
the supply or the filter capacitor may be incapable of
supplying the necessary peak current. O

Ed Eby is a senior applications
engineer for TRW Semiconduc-
tor Division in Lawndale, Cali-
fornia. Prior to joining TRW, he
was with Bendix, General Dy-
namics and Hughes Aircraft. He
has an extensive background in
digital systems, electro-optical
systems and power-control cir-
cuits. He holds a B.S.E. and
M.S.E. from UCLA where he
studied under a Hughes Masters
Fellowship.
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i MEASUREMENT

information for better measurement

NEW/

Finally: a synthesizer
anyone can afford

Get a quality frequency synthesizer at a
truly low price, without sacrificing signal
purity. Its many virtues include full digital
remote control.

When HP was founded in 1939 its
first product was an RC Wien Bridge
oscillator invented by William R.
Hewlett, now the firm’s chief ex-
ecutive. Direct descendant of
those first products (the 200
series RC oscillators), the new
3320A/B Frequency Synthesizer has
the frequency accuracy and sta-
bility of synthesizers, and the
spectral purity of oscillators—
all at a very low price.
3320A/B stability depends on a
single fixed-frequency oscillator,
so you can tailor your choice ex-
actly to the job. Standard equip-
ment is an ambient crystal with
drift below = 10 parts in 10° per
year. An oven reference is op-
(continued on page 3)
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Sweep seven octaves of RF
in 10 milliseconds flat

Just some of the reasons we think
you'll like our new 1300 MHz Sweep
Oscillator are:
® 10-1300 MHz coverage—in one
continuous sweep.
® 10 milliwatts calibrated output,
leveled to =0.5 dB full range.
® (Clean, stable CW signals—Iless
than 5 KHz peak residual FM.
® Solid-state reliability and
compactness.
® Low $2750 price for the complete
sweeper (RF plug-in and mainframe).

Calibrated start/stop and AF
sweeps commend the 86220A
(RF Unit) and 8620B (Mainframe) for
both broadband and narrow band

26

HP’s newest RF Sweeper,
the Model 8622A
10-1300MHz plug-in in an
8620B mainframe. The lap
belongs to Miss Barbara
Althoff of Microwave
marketing.

sweep testing of RF components,
networks and systems. And stable
CW with low spurious, plus the
capability for low distortion AM and
FM permit this sweeper to be used
in signal simulation applications.
An optional 70 dB attenuator adds
more flexibility of use.

Although we're talking about the
value of the 86220A/86208B just for
its 10-1300 MHz coverage, don’t
overlook the point that the 8620B
mainframe also accepts our other
solid-state RF plug-ins for coverage
to 12.4 GHz. Info on the 86220A
RF Unit ($1775) and 8620B
Mainframe ($975) is yours simply by
checking the Reply Card.

Make Z-fold recordings
without ink

Wanm

HP Model 7414A four-channel thermal
tip oscillographic recorder.

Ever tried to find part of a chart
recording on a 500-foot roll of chart
paper? Compare with flipping the
pages of a book and you’ll see how
much easier it is to handle the Z-fold
charts from the new HP 7414A
Oscillographic Recorder. It’s a ther-
mal (no ink), four-channel recorder
featuring pushbutton chart speed
change. Response is within =0.5 dB
from dc to 50 MHz, and falls off less
than 3 dB at 100 MHz. The full range
of HP 8800 series plug-ins can be
used. Price is $4500 without plug-ins.
There’s more; check the

Reply Card.

Meet the “Value Family”
of HP sweepers

For Highest Vel in RE o
and Microwuse Sweepers T
Here is the HP 8620 Solid State Family,

X

From the ““simplest,” low-cost
sweeper to a sophisticated, multi-
octave, programmable source, the
8620 family offers the highest value
in solid-state RF sweepers.

And it’s easy to select the
precise configuration for your job;
this attractive brochure presents the
entire family in concise, logical
format.

For your copy, check the Card.

EDN/EEE December 15, 1971



Need more stability?
Step up to rubidium

Quartz oscillators rank high in
frequency stability, but many systems
need something better, like the

HP 5065A Rubidium Frequency
Standard. This atomic standard has
100 times the long-term stability of
quartz. Besides upgrading system
performance, increased stability may
simplify the design of other parts of
the system. In PCM communications,
for example, switching from quartz
to rubidium may eliminate the need
for “bit stuffing” pulses needed for
synchronization when less stable
frequency sources are used. Naviga-
tion systems, color television systems,
and calibration labs can also benefit

by upgrading to rubidium.

The HP 5065A has the best
guaranteed rubidium specifications
available. Long-term stability is better
than 1 X 107" per month. Short-term
stability for a one-second averaging
timeis 5 X 10 ~'%. The 5065A is more
rugged than a quartz oscillator, too.
HP now gives an unconditional
3-year warranty on the rubidium
vapor frequency reference—not just
the gas cell, which hardly ever fails,
but the entire module including
oscillator, lamp, filter cell, and photo-
detector. At $7500, the 5065A offers
unsurpassed price/performance. For
more information, check the Card.

In frequency standards, the next
step beyond quartz is rubidium.
This one has the best
guaranteed specs, plus an
unmatched warranty.

Continued from page 1

tional and retrofittable. Or you
can phase-lock to an external ref-
erence.

Both instruments have a range of
0.01 Hz to 13 MHz (the two lower
ranges are optional).

3320A adds synthesizer quality

to production and design work, yet
keeps you out of trouble with the
budgetmasters. It will put a volt
rms into 502 and it has a continu-
ous +13 dBm-to-0-dBm vernier, so
it'’s most useful where level con-
trol is not a critical item.

33208 is the super-synthesizer.

It has a 4-digit leveling loop

with 0.07 dB resolution of a cali-
brated output from -26.99 dBm to
—69.99 dBm (— 73.00 under remote
control). It's flat #=0.05 dB

from 10 Hz to 13 MHz, and level ac-
curacy is == 0.05 dB absolute at

10 kHz.

Because the 3320A/B is a synthe-
sizer with ranges, its signal-to-phase
noise is improved as the instrument
is downranged. Its low spurious con-
tent (>60 dB down) and low har-

monic distortion (—60 to —40 dB,
depending on frequency) bespeak its
high-quality spectral output.

Programmable/Remote Control

Digital remote control is an option
on both instruments, and it can be a
retrofit later. On 3320A Option 003
gives you parallel BCD remote con-
trol over frequency only. There are
two remote control options for
3320B. Both give you control over all
functions except the last vernier digit
and the line switch. Option 004 is
parallel BCD. Option 005 is a unique
bit-parallel/word-serial ASCII option;
with it, one program device can con-
trol several 3320B’s. With Option
005, 3320B interfaces directly with
the HP 3260A Marked Card Pro-
grammer, a photo reader, or any
other 8-bit controller.

Price: 3320A ranges from $1900 to
$2715, depending on options.
33208 prices are from $2400 to
$3910. The 3260A Marked Card
Programmer is $750. For further
information, check the Card.

Locate faulty IC’s with
less time and effort

HP’s 10529A Logic Comparator is

a clever gadget that's extremely useful
in design, production testing, and
servicing digital integrated-circuit
equipment. The comparator locates
faulty IC’s in malfunctioning equip-
ment as quickly as possible. It's
simple to use, self-powered, ad-
justment-free, requires no tools, and
costs only $295.

The logic comparator clips onto
powered TTL or DTL IC’s and in-
stantly identifies any pins where the
logic states don’t match those at
corresponding pins of a known-good
reference IC. Logic differences are
indicated on the comparator’s 16
light-emitting diodes. There’s one
diode for each pin of 14-pin or 16-pin
dual in-line IC packages, and a
lighted diode indicates a logic dif-
ference at the corresponding pin,
therefore a faulty IC.

When the user also wants to see
specific logic operation, the HP
10525A Logic Probe and 10528A
Logic Clip nicely complement the
comparator. The logic clip will
display all the actual states of 14- or
16-pin DIP IC’s at a glance. When
pulses are involved, the logic probe
is handy; it has pulse detecting and
stretching capability. HP’s 5010A
IC Troubleshooting Kit consists of
comparator, probe, and clip in a
carrying case. Price is $495, or

$20 less than if the three are
purchased separately.

To learn more, check the

Reply Card.

Here's a rapid, low-cost way to zero in on
faulty IC’s. The logic comparator

simply clips onto your in-circuit IC’s and
lights LED’s for any IC pins associated
with faults.
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Scan up to 1,000 channels

without a computer

OO TR ——

There are two new options that

give HP’s 3480 DVM and 2070A Data
Logger even more can-do for the
dollar. 2070A is the little system you
form by combining a fast 3480A/B
DVM (1,000 readings a second) with
a plug-in scanner and a digital
printer. All in 7" of rack space, for
$4475 plus options, of which two

are new:

For $500, Option 001 Sample and
Hold gives the 3480A/B DVM'’s the
ability to measure fast-changing sig-
nals accurately. Trigger the 3480 now,
and it will remember the value of the
instant long enough to digitize it.
Trigger it, if you like, with the delayed
sweep on your scope, and digitize a
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High-speed data acquisi-
tion doesn’t always need
a computer. Two new
options enable this DVM
to measure fast-changing
signals, scan up to 50
channels at 1,000 per
second, and then print

whole LF waveform, point by point.

For $1000, Option 005 Data

Storage makes the 3480’s speed more
usable. Store up to 50 complete
readings at that 1,000/s rate, then tick
them out later at 10 lines/s on the
printer. Scan 50 transducers in only
50 milliseconds, yet preserve

every digit.

To learn about all the options open
to you with the 3480 DVM’'s— like
true rms, multi-ranges and 2, and to
learn how a low-cost 2070A Data
Logger might do the job of a $10k or
$15k system for you, check the Card
for data sheets or three similarly
relevant Application Notes.

Programmable DC
power line grows again

The 61298 is the most recent
addition to the HP line of Digitally
Controlled Power Sources (DCPS’s),
which along with HP D/A’s and
Multiprogrammer/analog power
supply combinations, represents an
extensive digitally programmable
dc power capability.

The new addition ($2700) is rated

at = 50V/5A, five times the output
power of the existing DCPS’s (61308,

.£=50V/1A; 6131B, =100V/0.5A).

All three of these DCPS’s meet all
requirements for systems use.

Typical applications for these
DCPS’s include stressing power
semiconductor devices on high-
speed production lines, and estab-
lishing signal and bias parameters on
electronic modules under test.

For applications requiring more
than 250W, or where the DCPS’s
300u1sec programming speed and
0.01% accuracy are not required,
combining the 6936A Multipro-
grammer with up to 240 standard
analog power supplies can provide
dc power outputs to T0kW, with
0.1% accuracy and programming
speeds from 10msec.

Finally, in applications where high
programming speed and lower
output power are required, HP
DA’s can provide 50:sec program-
ming speed with power outputs
of =10V/5mA (69321A) and
+=10V/20mA (6933B).

For more information, check

the Card.

The 6129B extends HP’'s digitally
programmable dc power capability with its
250W output, 300usec programming

speed, and 0.01% accuracy.
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Timer/Counter/DVM team up for
unique measurements

The HP 5327B universal timer/counter
measures frequency to 550MHz, sub-nanosecond time intervals, and has a built-in DVM.

A universal counter and digital
voltmeter in one package? Yes, but
the HP 5326B/5327B Timer/Counter/
DVM'’s are considerably more than
that. They're really an entirely new
type of counter, capable of making
measurements no other counter

can make.

First, there’s the built-in 3-range
integrating DVM. It'll measure
external DC voltages, but, because
of unique design it can measure the
counter’s trigger levels. Thus you can
measure things like 10%-t0-90%
rise times, with the start and stop
levels set with DVM accuracy. It's
faster and more accurate than using
a scope with intensity markers to
show the start and stop points.

Even without the DVM these
counters are special. They average
repetitive time intervals to get
improved resolution—Ilike 100 pico-

seconds, good enough to measure
propagation delays in logic circuits
and other short intervals. Unique
synchronizers found only in these
counters permit measuring sub
nanosecond intervals! Try to beat
all this performance at double the
price of the 5326B and 5327B.
There are two new optional high-
stability time bases: aging rates are
< 3 X 10%dayand < 5 X 107"/
day. Both change < 1 X 10°® from
—20°C to +65°C. Prices: $300 and
$450. Another option for the 5327
is high input sensitivity: 25mV rms,
0to 50°C; 10 — 15mV typical at
25°C. Price $125.

Models 5326B ($1595) and 5327B
($2150) are members of a six counter
family. Other models omit the DVM,
time interval capability, or both.
Prices are $950 to $1795. Check the
Card for full details.

A computer that expands with

your needs

The HP 2100A “thoroughly modern mini”’

The HP 2100A minicomputer—
more powerful and lower in cost
than its predecessors—gives OEM’s
and end users new flexibility in
tailoring a computer to specific
needs.

Merely by plugging in more
memory and adding peripherals, a
2100A can grow from an OEM
controller to a multi-language stand-
alone computer, or become the
nucleus of time-sharing or batch
processing systems.

The 2100A has a 16-bit word

length and can expand from 4K to
32K of core memory within its
12-inch high mainframe. With a
memory cycle time of 980ns, it is

Low-cost, functional
pulse generators

HP’s budget-stretching family of
pulse generators now offers repeti-
tion rates to T00MHz, amplitudes
from 0.2 to 5V from a 509 source.
These fast pulsers, with a wide range
of pulse widths and transistion times,
are useful for testing both analog
and digital circuits—including
digital IC’s. Newest:

® 8007A. 100MHz max rep rate;
rise and fall times controllable from
2.5ns to 2501s; $1600.

® 8012A. 50MHz max rate; transition
times, 10ns—500ms; $875.

® 8013A. 50MHz max, 3.5ns transi-
tion times; pos, neg outputs; $625.
All three models have an external
input for reshaping and amplifying
pulses generated elsewhere.

These generators are valuable
performers; for more info, check
the Card.

Three new members of HP's budget-
stretching pulse-generator family—the
8007A, the 8012A, and the 8013A.

40 to 100 per cent faster than
previous HP models.

It's an entirely new design except
for the instruction setand 1/0O
structure. Keeping these the same
makes the 2100A compatible with
HP’s existing peripherals and large
software library.

Other features include FORTRAN,
ALGOL, BASIC and Assembly soft-
ware modules; 14 1/O channels, or
up to 45 with an extender; plus
floating point arithmetic and micro-
programming capability. Prices
begin at $6,900.

This brief description only
scratches the surface; for more
information, check the Reply Card.
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Desk-top computing counter system
is versatile and economical

Programmed by punched card, keyboard
or diodes, this HP system gives highest
performance frequency and time interval
measurements. Equations involving
these measurements, or external data,
are solved in real time.

<<<<<
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Better measurements, plus a total
solution to measurement and com-
putation problems—in seconds, and
economically. That's what the HP
5360A/5376A Computing Counter
System—a desktop measuring and
computing center for electrical
measurements—gives you. It puts
unmatched frequency and time-
interval measuring power and real-
time arithmetic capability at your
fingertips. To duplicate its capabilities
you’d have to buy a counter and
computer, interface them and write
software. Cost? About $25,000, not
including software. The 5360A/5376A
does it all for $7850!

It will solve equations involving

its own measured data or that from
other digital sources (DVM'’s etc.).
For example, it will linearize trans-
ducers, calculate phase differences,
calculate mean, standard deviation,
and fractional frequency deviation,
calculate maximum access time, and
generate control signals. Final solu-
tions are displayed directly on the
5360A Computing Counter readout.
The 5360A Computing Counter
portion measures frequency to 320
MHz (to 18 GHz with accessories)
and time interval with a resolution
of 100 picoseconds. Its frequency
measurements are 10 to 1000 times
faster than ordinary counters.
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The 5376A Programmer automat-
ically sequences the 5360A through
a predetermined series of measure-
ments and computations. Operations
include +, —, X,=,and V . It

also provides facilities for the
interchange of control signals and
data between the 5360A Computing
Counter and various other instru-
ments and output devices, such as
DVM'’s, signal generators, printers,
and recorders.

Programs can have up to 200 steps,
and may include branching, looping,
subroutines, and constants. Programs
are entered by punched card or by
plug-in-diode read-only-memory.
The 536CA has 3 registers for
accumulating data, 2 for storage.

The 5376A can provide up to 6
additional storage registers. Program
constants car be stored in up to
three optional thumb-wheel
switches. These are useful, for ex-
ample, in production testing, for
specifying upper and lower limits
ornominal values and tolerances.
Optional D to A converters can
provide analog outputs under pro-
gram control for plotting results,

or as test stimulus or feedback

signals in closed-loop control systems.

5360A/5376A Systems start at $7850.
For full details, check the Card.

Communications links
get IF/RF sweeper

For fast, efficient alignment of
microwave radio links, use the HP
8605A Communications Sweeper, a
CW and swept signal source,
covering both IF (47-100MHz) and
RF (up to three communications
bands can be selected from within
the 1.7-13.25 GHz range). The 8605A
features the excellent frequency
accuracy and flat power output
needed for stringent communica-
tions systems measurements. This
high-performance capability comes
in a rugged portable package,
making the 8605A equally suitable
for lab and field tests. The RF
(microwave) coverage employs
economical microelectronic
modules, which means you can
tailor the sweeper just for the band
(or bands) of interest.

The 8605A is easy to use; IF and
RF controls are separate and inde-
pendently adjustable. The operator
can shift back and forth between IF
and RF measurements without
readjusting any source settings or
changing any cables or plug-ins.
Output power is flat within 0.01dB
via internal leveling for the IF band
and via external leveling for the RF
bands, using the recommended
784A Directional Detector ($625)
and 11675A Leveling Cable Assembly
($50). Price of the 8605A varies from
$3875 up, depending on frequency
and number of RF bands selected.
For specifications and more
information on the 8605A
Communications Sweeper, check the
Reply Card.

Extremely flat-output Communications
Sweep Oscillator offers both 70MHz IF and
multiband RF (microwave) coverage in
the same all-solid-state instrument.
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A free LED is yours for t

Our gallium arsenide phosphide
lamp is offered in both plastic and
hermetic packages.

Communications kit
offers new components

Now, at paltry cost, you can get

a solid handle on what those
premium solid-state components can
do for you. For just $19.40 you

get seventeen high-technology
components, for breadboarding,

that would cost you $34 if you
bought them separately.

The kit (HP 5082-0051) contains

a new transistorina TO-72 can
with 12 dB gain and a 3 dB noise
figure at 1 GHz. You also get eight
fast-recovery (< 100 ps) Schottky
diodes, good for low-noise UHF
mixers, switches and clamps (HP
5082-2835), four high-breakdown
(70 V) Schottky diodes for such uses
as high-level detectors, and four
5082-3080 p-i-n diodes for low-
distortion attenuation and switching
at high frequencies.

For comprehensive data and order
coupon, check the Card.

Here's the Communications Sample Kit
that gives you a low-cost introduction
to HP’s high-technology semiconductors.

he asking

If you’d like to have one of our
solid-state lamps to try, just ask.

All we ask in return is that you tell
us briefly about your application.
You'll receive a free LED with a
panel mounting clip. These HP
light-emitting diodes have a 100,000
hour life with low power require-
ments—1.6 volts at 2 to 10 mA.
They also have a wide viewing angle
of 180 degrees with high brightness.
For comprehensive data and order
coupon, check the Reply Card.

Try one, you'll like it!

Lower prices announced
for alphanumerics

Lower prices are now in effect for
HP’s line of alphanumeric LED
displays. For example, in quantities
of 1,000, prices are cut from

$20 per digit to only $11. These
Model 5082-7100 series displays are
5x 7 dotdisplays. They are IC
compatible and come in dual-in-line
(DIP) packages of three, four or five
characters. Characters are Ya-inch
high on ¥3-inch spacings. Display
packages are end stackable, thin
and lightweight. Maximum voltage
required is 1.6 volts.

Quantity Price
1-9 $22.50
10-99 18.00
100-499 15.50
500-999 13.50
1,000 11.00

For more specifics, check the Card.

Affordable radar:
how to put it to work

The Doppler output and return signal is
channeled through a single coupler in
each of the packages shown here—one
with X-band waveguide, the other with
a miniature coaxial connector.

A mere palm-full of hardware is the
heart of a microwave Doppler radar,
lacking only antenna, power supply,
and readout. Because it’s a thin-film
hybrid microcircuit (and all solid
state), it's rugged and reliable.
Inexpensive, too: $200 for small
quantities, significantly less in large
volume.

To the designer who has the
problem of detecting and measuring
motion — or acceleration — the
35200 Doppler Radar module is the
perfect prescription. Detect subtle
movements of an unwelcome
intruder, or track a diesel train. For
traffic control, count passing cars
and measure their speed. Build an
anti-crash system to keep cars from
colliding (trucks, trains or boats,
too). Feed an airborne navigational
system all it needs to know about
landing velocity and deceleration
rate.

Within the compact module is the
microwave power source (i.e.,
transmitter); plus the circuitry to
detect the return and generate an
audio output containing all the
motion information.

To see how 35200 can work for
you, check the Card for our new
16-page engineering bulletin.
Applications, system design
considerations, readout needs, test
procedures, options and detailed
specs are presented.
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HP’s low-cost 'scope team exceeds your needs
for digital IC design and checkout

Designing and maintaining digital
equipment doesn’t always need
$3000+ ‘scopes — a big part of all
digital work is MOS and TTL, and for
these uses new low-cost HP plug-ins
with the fast-writing 180C/D main-

frames form a neat, more than ade- HP 180C mainframe, 1808A or 1807A dual
quate package for as little as $1950. channel amplifier, and 1824A time base

ol io1 icati ? and sweep expander provide low-cost
35 MHz—for digital applications? digital design checkout capability.

Sure. In analyzing the performance
of computers and peripherals you're
mainly concerned with accurate
measurements of pulse timing,
rather than risetime. (It’s true, of
course, that for accurate risetime

tests even 100 MHz is not enough!) Model 1824A, $550) and a new knob, so you always know what gear
Fast sweep speed—like 5 ns/div 2-channel 10 mV/div, 35-MHz you’re in. Expansions up to 100 times
—is more than enough for accurate amplifier (HP Model 1807A, $450). are available with direct readout.
pulse time measurements. That, Result: a digital journeyman—for And accuracy, even at full expansion,
plus a mainframe which can write a total of only $1950. Or add is = 3%. Speed limit: 5 ns/div!
bright while it writes fast. $430 and substitute the new 75-MHz It triggers to 150 MHz and a trigger
Take an HP 180C mainframe (the Model 1808A plug-in, providing hold-off control makes possible
bench version) or a 180D (the lower, ECL capability too. stable triggering on complex wave-
wider rack-mount version). It puts Fast-sweep, low-cost time base forms or on a particular pulse in a
outa bright, clear trace at writing Next best thing to an elegant digital word. What it doesn’t give
speeds of 1500 cm/ns. What else delayed sweep generator, to study you, that a delayed generator

it's good for is clean, bright traces high-frequency pulses, is the new would, is retriggering after delay and
on signals that recur only once Model 1824A sweep-expand time calibrated delay times. And it will

or infrequently. base. Its TIME/DIV knob shows save you $250 or more.

Next, plug in a new low-cost time calibrated sweeps up to 50 ns/div, To find out more about HP’s

base and sweep expander with and then the expander takes over. lower cost digital 'scopes, check
sweep speeds up to 5 ns/div (HP It's interlocked to the TIME/DIV the Card.

East—W 120 Century Road, Paramus, N.J. 07652,
Ph. (201) 265-5000.
South—P.O. Box 2834, Atlanta, Ga. 30328,

HEWLETT |ﬁ " PACKARD o ton T o

Ph. (312) 677-0400.
West—3939 Lankershim Boulevard, North
Hollywood, Calif. 91604, Ph. (213) 877-1282.
Europe—Rue du Bois-du-Lan 7, CH-1217 Meyrin 2,
Geneva, Switzerland, Ph. (022) 41 54 00.
: f Canada—275 Hymus Boulevard, Pointe Claire,
Measurement, Analysis, Computation Quebec, Canada, Ph. (518) 561-6520.
Japan—Ohashi Building, 59-1, Yoyogi 1-chrome,
Shibuya-ku, Tokyo 151, Japan,
Ph. 03-370-2281/92.
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What’s your IC 1Q? ("8t

To find out what’s really happening with the application of semiconductor memories and linear IC’s, mark
your calendar and attend the new EDN/EEE IC Application Seminars. Learn firsthand the performance
characteristics of new circuits and their impact on future applications. Not forgotten are the new appli-
cations of existing circuits — those old faithfuls that serve so well in so many places. You can be sure you

are up-to-date on IC’s if you attend the EDN/EEE Seminars.

Advance Program January 11-12, 1972
Linear IC’s — Applications and Innovations

® I[mpact of LIC’s on D/A & A/D Converters; Marvin Rudin; Precision Monolithics
m |C Voltage Regulators; Bob Mammano; Silicon General m Applications of LIC
With High Noise Immunity DTL; Dave Guzeman; Teledyne Semiconductor ® Ap-
plications For Hybrid Data Converters; George Smith Ill; Beckman Instruments
m Applying Digital/Analog Interface Circuits; Don Jones; Harris Semiconductor
m Common Problems & Solutions in Using Linear IC’s; Karl Huehne; Motorola
®m New Directions In Op Amps and Power Distribution; Joe/ Scheinberg; National
Semiconductor m Applications For Micropower Amplifiers; Wayne Folleta; Quali-
dyne m Designing With Micropower Operational Amplifiers; Jim Bohorquez; Soli-
tron Devices ® Interface Circuits For Computer Systems; Dale Pippenger; Texas
Instruments ®m Care and Feeding of Analog Switches; Jim Sherwin; Siliconix
® And Jack Gifford, Intersil; Colin Barry, Signetics; with topics to be announced.

January 13-14, 1972 Semiconductor Memories
— Nanosecond Bits for Microbucks

® |mplications Of A Memory Component At The Systems Level; Gene Carter;
National Semiconductor m New MOS & Bipolar Semi. Memories; Sven Simonsen;
Advanced Micro Devices ® Logic Design With Programmable Arrays; Al Tuszyn-
ski; Solitron Devices m Semiconductor Minicomputer Mainframe Memory; Jerry
Prioste; Motorola m Bipolar Memory Applications; Joe Rizzi; Intersil Corp. m
Comparisons of Standard Vs. Custom MOS Circuits; Steve Jasper; American
Micro Systems ®m Designing High-Speed Memory System With MOS Read-Write
Memories; Ron Livingston; Advanced Memory Systems ® Using Dynamic Refresh
MOS RAMS In Large Memory Systems; M. E. Hoff; Intel m Application of Recon-
figurable Semiconductor Memory Systems; H. W. Slaymaker; SEMI m Design
Consideration in Building High-Speed Bipolar RAMS; Bob McConnell; Computer
Microtechnology ®m MOS Arrays in Character Generation & Other Applications;
Dick Eiler; Electronic Arrays ® Bipolar & MOS Memory System Design; Jerry
Markus; Signetics m And Dave Laws, Fairchild Semiconductor; Speakers from
Texas Instruments, Inc. with topics to be announced.

Time & Place:

PROUD BIRD RESTAURANT
11022 Aviation Blvd.

(Near L.A. International Airport)
Los Angeles, California

Registration Fees:

Individual Seminars

Advance Registration $ 75.00

After Jan. 6th Registration $100.00
Both Seminars

Advance Registration $140.00

After Jan. 6th Registration $200.00

Register by January 6, 1972 and save some
bucks. Thereafter plan to register at the
seminars.

Mail Your
Registration
Today!

EDN/EEE IC Seminar Registration

Registration For: Name(s) Title(s)
[] Linear IC Seminar
January 11-12, 1972 — Fee $75.00
[] Semiconductor Memory Seminar i
January 13-14, 1972 — Fee $75.00 i
Address.
[] Both Seminars — Fee $140.00 , ‘
City. State Zip

["] Send information about Seminar Make checks payable to EDN/EEE SEMINAR and mail to EDN/EEE SEM-
notes. INAR, P.O. Box 156, Palos Verdes Estates, California 90274. Registrations
received prior to January 6, 1972 will be confirmed.
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LEDs AND PHOTOMETRY

Output from an LED isn’t perceived by the eye unless it is at a visible
wavelength. Therefore correlation between radiated power and the
visual result is essential for intelligent application of these devices.

GEORGE SMITH, Litronix, Inc.

Electromagnetic radiation as observed by man ex-
tends roughly from a few Hz to beyond 10** Hz, cover-
ing some 80 octaves. The narrow segment of this spec-
trum between 430 and 750 THz is of so much impor-
tance because these frequencies are visible to the
human eye. Thus more information is communicated
to humans by these frequencies than they obtain from
all the rest of the spectrum combined.

Measurements of the physical properties of light
and light sources, can be described in the same terms
as any other form of electromagnetic energy. These
are commonly called radiometric measurements. Mea-
surements of the psychophysical attributes of light, on
the other hand, are made in units modified to reflect
the response of the human eye. Those attributes which
relate to the luminosity (sometimes called visibility)
of light and light sources are called photometric quant-
ities, and their measurement is the subject of photo-
metry.

Photometry and the EE

When exploring light-emitting diodes and other
optoelectronic devices you will find the subject of pho-
tometry to be a mix of strange units, confusing names
for photometric quantities, and general disagreement
as to what the important requirements are for a given
application.

Photometric quantities are related to the corre-
sponding radiometric quantities by the C.LLE. stan-
dard luminosity function (Fig. 1), which we may collo-
quially refer to as the “standard eyeball.” We can
think of the luminosity function as the transfer func-
tion of a filter that approximates the behavior of the
human eye under good lighting conditions.

A human eye responds to the rate at which radiant
energy falls on the retina, i.e., to the radiant flux
density expressed as watts/m2. The nearest photome-
tric quantity is lumens/m?. The standard luminosi-
ty function is, fhen, a plot of lumens/watt as a func-
tion of wavelength. This function has a maximum
value of 680 lumens/watt at 5555 nm, and the half-
power points occur at 510 and 610 nm (Fig. 2).

Determining LED Efficiency

The lumen is the unit of Luminous Flux and corre-
sponds to the watt as the unit of radiant flux. Thus

the total luminous flux emitted by a light source in all
directions is measured in lumens, and can be related
to the power consumed by the source to obtain an effi-
ciency number.

Because it is generally impractical to collect all the
flux from a light source and direct it in some desired
direction, it is desirable to know how the flux is dis-
tributed spatially about the source. If we treat the
source as a point (far-field measurement), we can di-
vide the space around the source into elements of solid
angle (dw), and inquire as to the luminous flux (dF)
contained in each element of solid angle (dF/dw). The
resulting quantity is lumens/steradian and is called
luminous intensity (I), (Fig. 3). The standard unit of
luminous intensity is called the candela.

Because the space surrounding a point contains 4
steradians an isotropic radiator of one candela inten-
sity emits a total luminous flux of 47 lumens.

No actual light source is isotropic, so it is quite
common to plot luminous intensity versus angle off the
axis (Fig. 4). Of course, if the source has no axis of
symmetry, a more complex diagram is required.

For an extended radiating surface, (such as a LED
chip), each element of area contributes to the lumi-
nous intensity of the source, in any given direction.
The luminous intensity contribution in the given
direction, divided by the projected area of the surface
element in that direction, is called the luminance (B)
of the source (in that direction), (Fig. 5). This quantity
is sometimes called photometric brightness, or simply
brightness. Using the term brightness on its own
should be discouraged, as brightness involves various
subjective properties like texture, color, apparent size,
etc. that have psychological implications. The stan-
dard of luminance is the fundamental quantitative
standard of the photometric system.

A black body radiator at the temperature of freezmg
platinum (2043.8°K) has a luminance of 60 cande-
la/em? (A blackbody radiator is a perfect absorber of all
electromagnetic energy incident on it). When at ther-
mal equilibrium at a given temperature, it emits ra-
diation that is spectrally distributed according to
Plancks Formula:

(08 .
W, =——)

¢ o
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Fig. 1—Relationship between radiometric and
photmetric units requires a “translation factor”
—the luminosity function—to correlate radi-
ated power, wavelength and relative response.

PHOTOMETRIC
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—_—
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Fig. 2—CIE Standard photopic luminosity func-
tion defines the accepted standard response of
the human eye to electromagnetic radiation.

Units Defined Luminance units in present use are

an engineering nightmare.

1 candela/cm? is called a stilb

1/ candela/cm? is called a lambert

1 candela/m? is called a nit

1/7 candela/m? is called an apostilb

1/m candela/ft? is called a foot-lambert

Of these, the foot-lambert is most commonly used in
this country.

Of particular interest is a source whose angular dis-
tribution pattern is a circle (Fig. 6). For such a source
we have 16 =1, Cos 6. The luminance of such a source
in a given direction 6, is then given by

_dlIe _dI Cos® dI,
dACosf® dACos6f dA

The luminance is seen to be the same in all directions.
Such a source is called a Lambertian source. It can be

Bé

Fig. 3—Solid angles and luminous intensity
per unit of area are used to calculate total
luminous emittance since it is generally im-
practical to gather all flux from a light
source.

shown that a perfectly diffusing surface behaves in
this fashion. This formula governing a diffusing sur-
face—1 = I, Cos §—is called Lambert’s Cosine Law.
A flat LED chip is a very good approximation of a
Lambertian source.

If we take a surface element (dA) and determine the
intensity contribution in each direction we can deter-
mine the total flux (dF) emitted by the surface ele-
ment. The resultant ratio (dF/dA) lumens/m? is called
the luminous emittance (L). For a flat surface we may
calculate L from

¥ o 27rf"”B(9) Sin 6 Cos 6 d 6

The corresponding radiant emittance in watts/m? is of
considerable interest for GaAs infrared LEDs where
total output power is an important parameter. The
total luminous flux emitted by a light source can then
be calculated from F, , = (LdA.

" r
total (continued)
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LEDs (Cont’d)

We have covered only basic photometric quantities
here, but they are sufficient to describe the properties
of light sources such as light-emitting diodes.

Light Receptors

When light falls on a receiving surface, it is either
partially reflected in the case of a purely passive sur-
face, or partly converted into some other form of ener-
gy by an active surface (such as a phototransistor or
photomultiplier cathode). In either instance we are
interested in how much flux falls on each element of
the surface that we wish to illuminate; lumens/m? for
a passive surface (or the eye); and watts/m? for active
surfaces.

The quantity lumens/m? in this case is called the
illuminance sometimes loosely referred to as the illu-
mination. The unit of illuminance is the lux also re-
ferred to as the metercandle. Another commonly used
unit of illuminance, in this country is the foot candle,
equal to one lumen/ft?>. One lumen/cm? is called a
phot.

Many of these photometric quantities and units are
in common use in the field of illumination engineer-
ing, with the English units being most common in this
country. It should be apparent that a mixed system of
units is involved in common usage.

Application to Light-Emitting Diodes

Our descriptions of photometric quantities should
indicate that there are many ways of stating the pho-
tometric properties of LEDs. There is no general
agreement among LED makers and users as to the
best way to specify LED performance, and this has
lead to much confusion and misunderstanding.

Many factors must be considered when evaluating
LED specifications for a particular application, and
electronic engineers will need to develop a knowledge
of these factors to use LEDs effectively.

Presently-available light emitting diodes are made
from the so-called III-V compound semiconductors,
with gallium arsenide phosphide and gallium phos-
phide being the major materials. Gallium aluminum
arsenide is also used, but is less common. Gallium
arsenide is commonly included in this group, but it
should be remembered that GaAs emits only infrared
radiation around 900 nm, which is not visible to the
eye, and is thus not properly called light. All specifica-
tions of GaAs emitters must be in radiometric units.

GaP emits green light between 520 and 570 nm
peaking at 550 nm which is very close to the peak eye
sensitivity. It also can emit red light between 630 and
790 nm peaking at 690 nm.

GaAs,, ., P, emits light that can vary over a broad
orange-red range depending on the percentage of GaP
in the material (x). For x in the 0.4 region, red light

between 640 and 700 nm peaking at 660 nm, is ob-
tained. For x = 0.5, amber light peaking around 610
nm is obtained.

Ga,, ., Al As, as presently available, emits red light
between 650 and 700 nm peaking at 670 nm.

The efficiency (emission vs. drive power) of these
materials is very dependent on the emitted wave-
length, with drastic fall off in efficiency as the wave-
length gets shorter. Fortunately, the standard-eye fil-
ter favors the shorter wavelength (down to 555 nm)

0° 15°
7 1.0\
1N 30°
0.8 ’\ oy
______________ \"s_
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PO e - 45°
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7 |
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/ 0.2 \
¢ 75°
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Fig. 4 —Spatial distribution pattern of a nonisotopic light
source shows that intensity varies with viewing angle.

?A Cos 6
projected area)

dA B = dl
9~ dA Cos 6

Fig. 5—Definition of luminance (B)
of a light source must consider in-
tensity, projected area and angle.

4l

lg = Iy Cos 4

R0,

Fig. 6—The radiation pattern described by Lambert’s
Cosine Law is closely approximated by flat LED chips.
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and gives some measure of compensation. Some typi-
cal efficiencies reported by device makers, and the
resulting overall luminous efficiency (Lumens/electri-
- cal watt) are as shown in Fig. 7.

Important Considerations

When using LEDs as simple status indicators, front
panel lamps or for similar applications, several factors
must be taken into account:
1—Color. Generally the designer has Henry Ford’s
one color choice — various similar shades of red. Amber
and green are available in small quantity, because of
limited availability of suitable raw material.

2 — Apparent source size. Various combinations of chip
size and optical systems are available, so that appar-
ent source sizes varying from about 5 to 300 mils in
diameter are available as standard products. Other
factors being equal, a larger source is more visible.

3 —Angular distribution. Radiation from GaAsP diode
chips is nearly Lambertian, but that from GaP is
nearly isotropic. With suitable optical design, the
angular distribution pattern can be changed from very
broad to quite narrow. By placing the chip at the focus
of the lens system a narrow, high-intensity beam is
obtained. The off-axis visibility is then drastically
reduced. Alternatively, by using diffusing lens materi-
als a large area source with good off-axis visibility is
obtained. In this case the luminance is reduced.

4 — Luminous intensity. This will govern the visibility
under optimum background contrast conditions, when
viewed at normal distances. One millicandela is typi-
cal for red lamps made from either GaAsP or GaP at
normal operating conditions.

5 —Luminance. When it is not possible to provide a
dark contrasting background, or when the source is
viewed close-up, the luminance becomes important.
Values from 100 to 5000 ft-L are typical.

All of these factors are related to the design of the
device and you should understand the tradeoffs. High
luminance values in excess of 10,000 ft-L are easily
obtained by running very high current densities in the
LED chip, but if carried too far this can lead to short-
ened life.

For a given drive current, the luminous intensity of
two different chips will be similar while the lumi-

nance will be inversely proportional to the active area
of the chip.

Enhancement Techniques

If you can use filter screens or circularly-polarizing
filters in front of the light source, you can obtain ex-
cellent protection from background illumination. In
this case a diffusive lens giving a large apparent
source, with lower luminance, is more visible than a
high-luminance point source.

When a LED is used with an optical system to acti-
vate a remote sensor such as a cadmium-sulphide or
cadmium-selenide cell (red light), or a GaAs IR emit-
ter is used with a silicon photo detector, the perfor-
mance requirements are somewhat different. For a giv-
en optical arrangement the irradiance of the detector
determines the detected signal, and this is proportion-
al to the radiance of the source —which is comparable
to the luminance (brightness) of the source.

When average power consumption must be mini-
mized but good visibility is required, or detection at a
considerable distance is required, pulsed operation can
be used. With GaAs and GaAsP emitters using low-
duty-cycle short pulses, very high peak-intensity lev-
els can be reached, permitting communication over
considerable distances. This technique is not as useful
with GaP diodes because they do not exhibit as linear
a relationship between optical output and instanta-
neous forward current, that is, they become saturated
at moderate current levels. GaP also has a 50% great-
er falloff in light output with temperature increase
than GaAsP, further inhibiting its use in high power
applications.

Using LEDs to give a projected display, such as for
an automobile speedometer readout, or aircraft cock-
pit application, places severe requirements on the dis-
play luminance. For easy visibility, the projected im-
age must offer sufficient contrast with the ambient
illumination. This requires very high luminance val-
ues for the LEDs, together with the use of photo-
chromic windshields and probably polarizing screens.

Our presentation has been, of necessity, very simpli-
fied. Photometry is a complex subject. Many textbooks
are available and should be consulted when more de-
tailed information is required. [

George E. Smith is manager of ap-
plications engineering at Litronix,
Inc., Cupertino, Calif. where he has
been employed for 2 years.

Mr. Smith graduated from the Uni-
versity of Auckland, New Zealand
with a B.S.C. (Physics) degree. He
presently holds four patents and is a
member of the Optical Society of
America.
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We're stamping out
high costs in
High Density connectors.

It was the only new thing left to do.

And so, we put our metal stamping capability to work
and created a high density connector with stamped Selbentiaulshing
contacts. nylon insert

That was the start of cost savings.

The best part is our high speed automated application
machinery that terminates strip-mounted contacts at
rates up to 1500 per hour.

That’s the clincher. We call it AMPECONOMATION—
the combination of A—MP*product and application
techniques that gives you cost savings by design . ..
brings in high density connectors at the lowest applied
cost available anywhere.

Intermatable? You bet. With all similar high density
connectors on the market. Ideal? Sure thing. For all
high-use industries such as—computer and peripheral
equipment, business machines, telecommunications
and industrial controls.

For Mil spec requirements, we have this same AMPLIMITE*
High Density Connector with a diallyl phthalate

insert and screw machine contacts as reliable as
anything available. And more reliable than some.
Contacts are tape mounted for high speed automated
application.

For more on the economics of AMPLIMITE High Density
Connectors write: Industrial Division
AMP Incorporated, Harrisburg, Pa. 17105.

wTrademark of AMP Incorporated.

AMP

INCORPORATED

Manufacturing and Direct Sales Facilities in: Australia,
Canada, France, Great Britain, Holland, Italy, Japan, Mexico,
Puerto Rico, Spain, Sweden, United States and West Germany.
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n ' COST SA\/‘NGS BY DESIGN I I l WORLD\/\/IDE

“Keystone” shell design Available in
for polarization 9, 15, 25, 37 and 50
contact positions

Size #20 pin
and sockets accept
28-20 AWG wire range

Cadmium plated
steel shell

Rear release Gold over nickel plating
integral retention tines —extra plating at
points of wear

Stripper/crimper machine
strips wire and attaches
open barrel terminal dur-
ing each machine cycle.
Capacity: 1500 termina-
tions per hour.

4 CIRCLE NO. 40 »
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ONE INSTRUMENT
WEARS MANY HATS

A dc secondary voltage standard isn't just a reference source. It
can perform many other tasks in precision measurement systems.

AL GRANT, Analogic Corp.

40

The saturated standard cell is, of necessity, the key-
stone of fundamental accuracy in electrical measure-
ments. No one has yet come up with a better device, or
even an acceptable substitute. Unfortunately, it is a
delicate device, and the procedures for making practi-
cal use of it as a reference standard are slow and pon-
derous. All you get to work with is 1.0181+ volts dc—
anything else has to be extrapolated through a chain
of devices of varying complexity, accuracy, reliability,
and cost. When measurement accuracies of a few parts
per million are imperative, there is no escape, a fact
that is recognized and accepted as a state-of-the-art
limitation by everyone in science and industry. It is a
mistake, however, to automatically extend primary-
standard calibration techniques to situations that
require lesser degrees of accuracy.

Though the demands for 1 to 5 parts-per-million
accuracy are appreciable and growing, there is a much
broader second echelon of demands, an order of magni-
tude or so lower in accuracy, that embraces the pre-

VOLTAGE
STANDARD

—+

Fig. 1—Generation of dc voltages above 11.1110V dc
for calibration of instruments and devices of all kinds.
The system is governed by the relationship £, = — E,,

R,/R,. A voltage-programmable power supply may be
substituted for A,.

ponderence of today’s precision requirements. Here,
the need for an accurate calibration reference is quite
adequately served by one of the adjustable (or “vari-
able”) dc secondary voltage standards now available
from a number of manufacturers. These reliable, con-
venient, wide-range reference standards are not only
easy to transport and use directly, but are also inex-
pensive enough to be used in quantity. In many cases
they are even economical enough to build into custom-
built production instrumentation. They will by no
means obsolete the saturated standard cell, since they
must themselves be recalibrated periodically against a
standard cell that has NBS traceability, but they en-
able a single standard-cell reference to do the work of
many. With one such reference, any number of these
secondary voltage standards can be efficiently main-
tained as transfer standards for active, portable use
throughout a company, and at very modest cost.
Furthermore, as will be seen, these versatile instru-
ments constitute far more than mere reference

R
1
+
ADJUSTABLE
HIGH DEVICE E
VOLTAGE TO BE Cal
SOURCE + CALIBRATED
i VOLTAGE E
R, STANDARD 5

Fig. 2—Indirect voltage calibration. A galvanometer or
other null detector is used to null the potential at the
junction of R1 — R2 against the output of the standard

(R, +R,)

R, ’

using the relationship E

cal

= Esld

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L63

EDN/EEE December 15, 1971



sources. Effectively utilized, either alone or in con-
junction with another instrument, or with a few exter-
nal precision components, the adjustable voltage stan-
dard becomes one of the most versatile and valuable
instruments available anywhere. It is usable, of
course, as a conventional fundamental voltage refer-
ence, to which other instrumentation is brought for
checking and validation, as in the past. But there is
no need to treat these sophisticated, modern standards
like temperamental prima donnas. No fragile, delicate
standard cell is involved, so these voltage standards
are not rendered unusable for days by a disruption or
disconnection of the input power line. For example,
the Analogic AN3100 secondary voltage standard uses
an oven-controlled, aged, “pedigreed” zener reference,
and achieves rated accuracy within ten minutes of
warm-up from a cold start, with a 6-month recalibra-
tion interval. It is shortcircuit proof, immune to the
effects of load capacitance, and can be operated up to
500V above or below chassis ground without damage
or deviation from rated performance. Thus no cod-
dling is required, and, being half-rack size (3-1/2
inches high, and 12 inches deep) it can be easily car-
ried anywhere, and used on-site wherever ac line power
is available. These facts, together with the range, res-
olution, and simple programmability of such instru-
ments, take them out of the category of a laboratory
shrine, and release their full capacity for use in dozens
of ways as a test, calibration, and measurement device
of unlimited application.

An immediately obvious application is in direct,
absolute voltage calibration of 3-, 4-, or 5-digit DVMs
or digital panel meters, up to the limit of the stan-
dard’s voltage range. However, this range can be read-
ily extended to much higher levels, with no significant
sacrifice in accuracy, by means of an ordinary opera-
tional amplifier with an open-loop gain of at least
5 x 10° (preferably greater), as diagrammed in Fig. 1.
The amplifier must have a rated output voltage swing
at least as high as the required output range, and its
accuracy is dependent only on the accuracy of the re-
sistance ratio (and of the standard), provided amplifier
gain is sufficiently high.

When very high voltages and/or wide ranges are
required for precision calibration, the scheme shown
in Fig. 2 can be used. An adjustable DC voltage source
of adequate range is used, together with R R,, a sta-
ble, known, ratio divider which has been previously
calibrated by the method shown in Fig. 3. Again, cali-
bration accuracy is contingent upon the accuracy of
the resistance ratio.

Calibration of resistive voltage dividers for accuracy
and linearity can be accomplished as indicated in
Fig. 3.

Fig. 3—Calibration of voltage dividers and resistance ratios. The
dc power supply is adjusted to some convenient value, say
10.000V, with the galvanometer connected to (B). Then the divider
is set to its cardinal value or values and the voltage standard is
nulled against the voltage at each divider setting when the galvan-
ometer is connected to (A).

Lz = E,,, (A)/E,, (B)

For highest accuracy, the voltage at (B) should be checked for
each measurement.

ratio

Fig. 4—Indirect measurement of power supply line/load regula-
tion and stability. R, — R, constitute a voltage divider of known,
stable value, calibrated as in Fig. 3. For voltages within the range
of the voltage standard, this divider may be omitted and the gal-
vanometer connected directly to (A). With the switch open, the ac
input to the supply is adjusted to maximum rated ac line voltage.
DC output of the supply is adjusted to its rated value, and the volt-
age standard is adjusted for a galvanometer null. The ac input is
then adjusted to minimum rated line voltage, and the voltage stan-
dard is again nulled (recording its settings each time). Similar
measurements are made with the switch open and closed, using a
resistive load that has been selected to draw full rated load current
from the supply when the ac input is adjusted to nominal line volt-
age. Stability (output drift) is measured by nulling the standard
twice: first against the initial dc output, and again after a specified
interval of time has elapsed. From such recorded measurements, it
is a simple matter to calculate the regulation and stability of the dc
supply under any desired combination of operating conditions and
environment.
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Instrument (Cont'd)

Fig. 4 shows the simple technique for precision
measurement of line and load regulation, stability,
and internal impedance (at dc) of dc power supplies at
any voltage level.

The ability of an adjustable voltage standard to de-
liver current as well as voltage opens other avenues of
precision test and measurement. Fig. 5, for example,
shows a simple system for the generation of test cur-
rents of high accuracy, linearity, and resolution, using
a high-gain operational amplifier.

A secondary voltage standard is equally useful as a
device for measurement of external currents (ac or dc)
with great precision. Using the ubiquitous operational
amplifier in the manner shown in Fig. 6, the circuit
presents essentially zero voltage drop to the circuit
under measurement provided that the amplifier gain
is high. Resistor R, as in the previous example, deter-
mines the current range; at null, E,, = —1,R. The
amplifier should be battery operated, or should use a
floating, isolated power supply.

The easy programmability of the dc secondary volt-
age standard, its ability to deliver current, and its
immunity to short-circuits and external load capaci-
tance recommend its use as an active calibration de-
vice in many circumstances. Either bipolar or unipo-
lar A/D converters (Fig. 7) can be calibrated digit-by-
digit, if required, to better than 14-bit accuracy, 15-bit
linearity, and 16-bit stability and repeatability, with
input/output comparisons direct-reading up to the
range limit of the standard. Voltage-to-frequency con-
verters and voltage-controlled oscillators can be simi-
larly checked, using a digital counter/timer to mea-
sure the output frequency. D/A converter testing
reverses the process, using a set of BCD-coded thumb-
wheel switches or other programming means to pro-
vide selected digital inputs, with the voltage standard
nulling the output in a galvanometer.

Measurement of offset, and offset drift with time
and temperature in dc and operational amplifiers can
be obtained with great accuracy by the method shown
in Fig. 8.

The previous examples show some of the more
prosaic, though enterprising, uses of dc secondary
voltage standards. Many others are possible with only
a little effort and ingenuity —for example, Fig. 9
shows the use of a CRO as null detector for the stan-
dard, enabling its use in precise measurement of peak
amplitude and other critical magnitudes on ac signals
and pulses.

The use of two units as a team offers further facility
for high-precision measurement and test. One unit
serves as a programmable, high-resolution input
source; the other is nulled against the resultant output
from the device under test. Amplifier gain and lineari-

Re
lsig
—0 —
Eqta VOLTAGE Eout
STANDARD
+J o
— - —— 4 - 1

Fig. 5—Generation of high accuracy, linearity and resolution test
currents. Resistor R, is the device under test; resistor R is a
range-determining resistor, that establishes the standard test cur-
rent range as follows:

R /.. Range

1k 0-11.1110 mA
10k 0-1.11110 mA
100k 0-0.111110 mA

After selection of the appropriate range resistor, current values
within that range are directly dialable on the standard. Maximum
usable value of R, = max E,//

o “std
R
VVWA—
I
O
oP AWP e
o

VOLTAGE
STANDARD

Fig. 6—Measurement of currents with very low IR drop.

cowvemer |1 | vicoaL
VOLTAGE ;
STANDARD UNDER TEST | | DECODER
(Bipolar or | AND
Unipolar) ! DISPLAY
e S

Fig. 7—Calibration of A/D converters. Differences between the
voltage standard and digital display may be made direct-reading
up to 11V.
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VOLTAGE G
STANDARD

REAR PANEL QUTPUT
(OV to 111.1mV)

-

Fig. 8—Measurement of dc and op amp offsets and offset drifts.
The voltage standard is adjusted to null a galvanometer connected
across the output. Offset is read directly, with drift measured ei-
ther by re-nulling after a 1 hr or longer interval, or by raising the
ambient temperature a fixed amount.

SNAL
DER ;
EST
OPTIONAL
BYPASS O
— 1: VOLTAGE
= STANDARD
0V to 11V CRO
PEAK AMPLITUDE
l o

Fig. 9—Measurement of peak amplitude. The signal under test
may have an amplitude (peak) up the maximum output voltage of
the standard. Two clamping diodes (shown) relieve the CRO of
overload saturation. The point on the wave form at which the
amplitude is to be measured is nulled to zero by adjusting the out-
put of the standard to bring that point into coincidence with the
trace baseline. Amplitude is then read directly from the standard’s
dial setting. Typical null resolution is 1 to 5 mV before saturation
occurs, depending upon the scope design. i

Fig. 10—Dual dc secondary voltage standards in rack mount.

ty can be precisely determined in this manner; analog
multipliers can be calibrated for linearity, scale factor,
and feedthrough; and “piecewise” linear models of
nonlinear networks can be set up and calibrated for
best conformance to theoretical function. For such
applications, rack-mounted dual units are available
from some companies (see Fig. 10).

There is, obviously, no law against using a Rolls
Royce to haul rocks, and some of the above applica-
tions may appear to be in this category —particularly
wasteful or demeaning occupations for a “DC Second-
ary Voltage Standard.” It must be borne in mind,
however, that these are not ivory-tower instruments
that we have been discussing. They are for the most
part rugged, workaday, bench-type units, with re-
markably low price tags for the performance capabili-
ties they exhibit. They are designed for this kind of
duty, leaving all of the initial, high-level communica-
tion with NBS to the 1-PPM chamber-mounted Wes-
ton Cell units. They carry their full share of the accu-
racy burden and more, yet they are small enough,
light enough, cheap enough, and imperturbable
enough to sit in on any convocation of instrumenta-
tion, as custodians of the Volt, and as fully qualified
workhorses, as well.

Analogic’s Model AN3100 dc secondary voltage
standard has the following features and can perform
all of the above tasks. It has a voltage range from
zero to =11.1110V dc, diallable in steps of 100 uV by
five rotary decade switches with rear-illuminated read-
out of the voltage setting, and has a current capabili-
ty of up to 50 mA. The front-panel output is paralleled
by a rear output that incorporates a 100:1 precision
divider, giving a simultaneously-available output
range from zero to =£111.110 mV with 1 uV resolution.
Output polarity is selectable by front panel switch,
without need for disconnecting loads, and settling
time for a polarity reversal at full-scale voltage is less
than 300 msec. Accuracy is 50 PPM of reading =50 uV,
and both a certificate of performance giving NBS
traceability, and a test report providing output read-
ings at 16 cardinal settings, are provided with each
instrument.

Al Grant is Senior Product
Manager for panel instru-
ments at Analogic Corpora-
tion, Wakefield, Mass. Prior
to holding this position he
worked at Baird-Atomic Co.
Al is close to receiving his
B.S. in Physics at Northeast-
ern University and is a mem-
ber of IEEE and the Radio-
logical Engineers Society.
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From our TTL Family Tree, simple new solutions for
A/D converters, minicomputers, high speed systems.

Four new high quality members
have been added to the Fairchild
family of 96 TTL/MSI circuits.
Each can be used in a variety

of designs—alone, or combined
with other members of our TTL
and/or MOS families—for simple
solutions to complex systems
problems: For example:

9334 8-Bit Addressable Latch for general purpose
storage in high speed digital systems. Combined with
other MSI devices, it can be easily expanded to form
large storage arrays. By itself, the 9334 can serve

as an 8-bit addressable latch memory, one-of-eight
decoder or one-of-eight demultiplexer.

SUCCESSIVE APPROXIMATION A/D CONVERTER

ANALOG IN

SERIAL OUT

In an A/D Converter, the 9334, combined with a 9316
Binary Counter and standard linear devices, provides
a successive approximation analog-to-digital
conversion. Send for our Appl. Note 294.

9338 8-Bit Multiple Port Register for high speed
storage in an arithmetic logic unit is probably the most
significant new function yet designed for minicomputer
memories. Uniquely, it eliminates any addressing
restrictions by permitting simultaneous read/write
without race problems and by allowing data to

be written into any one of the 8 storage locations and
read out of any two of the locations simultaneously.

16-BIT ALU WITH 8 ACCUMULATORS

MODE

Used as a one-bit slice of eight registers/
accumulators, it combines with either the 9340 or
9341/74181 ALU device to become the powerful heart
of a minicomputer central processing unit. It’s
equivalent to a 9301 decoder, a 9308 latch, two 9312
multiplexers and a dual flip-flop. Send for our

Appl. Note 220.

93H00 and 93H72 High Speed 4-Bit Shift Registers
improve system performance up to 300% over a wide
range of design applications that are based

on the 9300 industry standard shift register.

The 93HO00 has the same pin configuration as 9300
but has improved minimum shift rate by a factor of 3
(to 45MHz). This high-speed 4-bit shift register is

a multi-functional sequential logic block, useful in a
wide variety of register and counter applications.

The 93H72 has a minimum shift frequency of 45MHz
and typical 58MHz. It uses the same basic 4-bit

shift register configuration as the 9300 but with
additional logic flexibility. 9300 J and K inputs are
replaced by single D type input and a clock enable
input E, providing a HOLD (“do-nothing”) state.
This eliminates the need for external clock gating.

These MSI devices are indicative of the problem-
solving power of the Fairchild TTL Family Tree,
most comprehensive TTL line in the industry. They
are available, along with product and application
information, from your friendly Fairchild Distributor.

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera and Instrument Corporation, Mountain View, California 94040. (415) 962-5011. TWX: 910-379-6435
CIRCLE NO. 16
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CRITICAL OP AMP CONSIDERATIONS
FOR DESIGNING ACTIVE FILTERS

There’s more to designing active filters than just following circuit dia-
grams and design equations. Input signal characteristics and op amp
performance capabilities affect filter response and must be considered.

D. G. RIDGELY & G. C. RUSH, Westinghouse Electric Corp.

The advent of modern integrated circuits has made it
possible to achieve small, high-quality low-frequency
filter circuits using active-filter techniques. Volumi-
nous literature exists describing numerous circuits for
achieving various filter responses. All too often, how-
ever, the literature describes the circuit and presents
design equations tacitly implying, by omission, that
the resulting network is a plug-in substitute for its
passive counterpart. This is far from true. While pas-
sive circuit response is relatively independent of the
nature of the input signal, active circuit response can
be seriously affected by the input signal parameters.

To illustrate this point, let’s take a look at the design
of an active filter that selects a small-amplitude, low-
frequency signal in the presence of a high-frequency
component that has a considerably greater magnitude.

INIC Circuit Design

The circuit chosen is a low-frequency bandpass filter
having the following frequency response:

1
K il
_out _ __ wo S = Q (1)
€in §*+ 28 @, § 54 w02 1+ l_'s_ + (i)l
Q L @,
€in INIC e, z

Fig. 1—Inverting negative impedance converter

: e, Z,
is characterized by e =

Z
IN 1
2, -3

The active circuit used is an inverting, negative-
impedance converter (INIC) shown in Fig. 1.1 The de-
fining equations for this circuit are as follows:

e, =e,=—1,7Z, (2)
, = Ki, 3)
where K is the gain of the INIC.

Don Kesner, “An Op Amp RC Bandpass Filter,” AN-452 Application
Note, Motorola Semiconductor Products Inc.

*Handbook of Operational Amplifier Active RC Networks, Chapter 5,
Burr-Brown Research Corp.

e

1 =-KZ, 4)
; 2

-I ein (5)
e e

Y K,

Using Eqgs. 2, 3, 4 and 5, the transfer function is:
b o il 0)
in Z é
e K

Fig. 2—INIC circuit with op amp is used to
determine the active filter transfer function.

Because we are using a differential-input op amp in
this circuit, Fig. 1 is rearranged as shown in Fig. 2.
The op amp is characterized by zero-differential input
voltages and high input impedances; therefore, the
input voltages e, and e, can be equated, and the input
currents i, and i, will flow through the feedback resis-
tors R and R'. The defining equations are then:

L =g, (7)
i,R=i,R' (8)
From Eqgs. 3 and 8, the gain K is defined as:
R
K = 7 9)
The bandpass characteristic is obtained by letting
1+sR,C
7, (8) = —— 11 (10)
s C,
R,
and 2, ) et (11)
. 1 +8RC;
Substitution of Eqs. 10 and 11 into Eq. 6 yields the
transfer function:
=K's
RC
A(s) = i (12)

1 1 K 1
CLE N Q? o = ) G
L; REC RC, RCR,C,
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By letting R, = R, = R, and C, = C, = C, Eq. 12 be-
comes:

gt
w
A(s) = — 2 (13)
s g2
1+ (2—K)—+<—>
CUD wa
where o), = ot (14)
i (¢
and Q= = N (15) |
T 2-K
By comparing Egs. 1 and 13, it is shown that:
1
2%=2-K=- (16)
Q

It is also noted that at s = j w,,

A (0,) = —KQ 17

A
€in R, C, e, Ry
o—mww—¢ P
e, +

Fig. 3—RC networks are synthesized to replace Z, and
Z, of Fig. 2 to give the desired bandpass characteristics.

Eqgs. 10 and 11 can be synthesized by RC networks

such that the bandpass filter can be depicted by Fig. 3.
In this circuit,

K R,

= R,

The above shows that the center frequency is se-

lected by the proper choice of R and C and that the de-

sired value of the quality factor, @, is obtained from

the ratio of R, and R,.

(18)

Op Amp Considerations

Selecting the op amp and determining the magnitude
of feedback resistors requires additional investigation.
The need for this investigation stems from a considera-
tion of the slew rate and dynamic range requirements,
which in turn requires consideration of the expected
input signals. A transfer function satisfying Eq. 13 is
desired. However, it may not be attainable because of
limitations imposed by the slew-rate capabilities of the
op amp and the required output swing, which depends
on the gain K and the input signal.

Therefore, an expression for the transfer function of
the op amp itself is necessary. Referring to Fig. 3, we

) A e
want an equation for the ratio —. For ease of com-

ponent selection let R, =R, =R, C, =C, =C, and

w, = I% The transfer function can then be expressed
as:
o(Bs Ry
sz( - )+S(R,,R4+RR.,)
= : :
As) = - g 19
(s) RE, R, (19)
ﬁ( )+s(2R&—RR3>+E

In order to determine the dynamic range required of
an op amp in this circuit, it is necessary to know the
frequency response of Eq. 19. This equation can be
rearranged and simplified to give:

)@
& (E)E)

0

The filter will be designed for a given center fre-
quency, w,, and quality factor Q. It is apparent that,
with o, @, R and C determined, the frequency re-
sponse depends on the choice of R,. If @ is assumed to
be large, the response at the center frequency can be

approximated by:
A szmejﬁfﬂ+4w
@, ) = R R

An inspection of Eq. 20 shows that the gain at high

(21)

R,
frequencies is equivalent to E’ This can also be seen

from an inspection of Fig. 3.

The most practical method for evaluating Eq. 19 is
by a computer programmed for a Bode plot printout.
The frequency response for various values of R, is de-
termined to give the maximum gain of the op amp at
the center frequency. Knowing the peak input and
maximum gain, the peak output can be computed. This
can then be compared to the output swing limitations
of any op amp under consideration. The subsequent
limitations on R, are: 1) a maximum value that pro-
vides operation in the linear region; i.e. no saturation
and distortion, and 2) a minimum value to insure that
the op amp load impedance is high enough to be proper-
ly driven by the integrated circuit. Fig. 3 indicates
this load impedance to be a function of R,, R, and R,
and also of C, as a function of frequency.

Additional precautions in the selection of an op amp
involve the slew-rate requirements. The slew rate re-
quired is determined by the product of the peak value
of the op amp output signal and its corresponding fre-
quency in radians per second. The critical areas are
then the value of the output at the center frequency
where maximum gain occurs, and the output in the
higher frequency range. These areas would maximize
the slew rate equation:

slew rate =

(peak) x 27f V/sec (22)

et)ll'

Applying the Principles

As an example, consider a bandpass filter designed
for a center frequency of 82 Hz. The input signal has
the waveform shown in Fig. 4. The dotted lines indi-

(Continued)
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Op Amp Considerations (Cont’d)

%—20 ,ysec-—ﬂ ;1 '1—2 kHz

ElY

ov

Fig. 4—Input signal frequency is 50 *
2 kHz. The rate of deviation is 82 Hz.

B

cate that the pulse frequency is 50 +2 kHz. The rate of
deviation is 82 Hz. This results in an 82-Hz signal of
0.18V peak amplitude at a 4.5V dc level. For a desired
Q of 14.14: i
K=2 Q
The bandpass frequency of 82 Hz is established by
choosing C = 0.22 uF and R = 8.87 k(). The value of K
given by Eq. 23 can be obtained by letting R, = 6.24 k)
and R, = 3.24 k(). Since 6.24 k() is not a standard value,
R, will consist of a 6.04 k() resistor and a 500{) poten-
tiometer. Kesner' shows how the actual @ will change
depending on how the values of the frequency-deter-
mining resistors and capacitors vary due to initial tol-

1.9293 (23)

erances and temperature changes. As this @ changes,
the 500 potentiometer can be adjusted initially to
maintain the desired K.

With the above values, the op amp is driving an im-
pedance level of slightly over 2 k(). The computer
printout shows the maximum gain, which occurs at
82 Hz, to be 31.3 dB (A, = 36.9) while an evaluation
of Eq. 21 gives a gain of 31.9 dB (A, = 39.4).
Therefore, the output is:

0.18V peak x 36.9 = 6.65V peak (24)
The slew rate is:
6.65V peak x 2 x 3.14 x 82 Hz
= 3.42 x 103V/usec (25)

The values of output swing and slew ratc nceded to
satisfy Eqs. 24 and 25 are within the range of the
average op amp.

The approximation of Eq. 20 agrees with the com-
puter-calculated response at 50 kHz, that is:

R,
A (0>>0,) = E‘ =0.708 (26)

This corresponds to a gain of —3 dB, which gives an
output of:

9V peak X 2 x 0.708 = 4.06V peak 27)
w

The factor of = accounts for the peak value of the 50
mw

kHz fundamental. The slew rate is:
4.06V peak x 2 x 3.14 x 5 x 10* Hz
= 1.275 V/usec (28)
A typical device that would appear suited to this
application is the internally-compensated Fairchild
wA741. However, for A = 1 and R, = 2 k(), the slew
rate is 0.5V/usec, a specification which will not satisfy

Eq. 28. Both the Fairchild uA715C, with a slew rate
of 10V/usec, and the Motorola MCH1539G, with a
typical slew rate of 4.2V/usec, will function satisfac-
torily in this case.

Consider now the case where feedback resistors of
higher magnitudes are chosen. Let R, = 28.9 k() and
be comprised of a 28-k(Q) resistor and a 1-k{) potenti-
ometer, and R, = 15 k(. In this case, the load resis-
tance is on the order of 10 k(). The computer printout
indicates a gain at 82 Hz of 38.4 dB (4, = 83.2). Then
the output is:

0.18V peak x 83.2 = 14.98V peak (29)

This output level exceeds the capabilities of several
popular op amps. The output at 50 kHz, with a gain of
10.3 dB, is also too great, as Eq. 30 shows.

9V peak X % x 3.27 = 18.72V peak (30)

The slew rate requirement at 82 Hz is not severe, but
at 50 kHz, it is determined as:

18.72V peak x 2 x 3.14 x 5 x 10* Hz

= 5.88V/usec 31)
Here the uA715C meets the slew rate requirement,
but it is still incapable of handling the output voltage
swing requirements imposed by Egs. 29 and 30.

The examples indicate that for proper operation of
the filter for this application, the smaller values of the
feedback resistors and either a uA715C or MCH1539G
op amp must be employed. This does not imply that an
R, of 6.24 k() and an R, of 3.24 k() represent maximum
values that will allow the filter to operate properly, for
larger values, up to a limit, will also work. The intent
is to show that the choice of the feedback resistors is
critical since they determine the gain characteristics
and load resistance of the op amp.

Applying these factors to the input signal determines
the dynamic range and slew rate requirements of the
circuit, which in turn dictate the selection of the inte-
grated circuit. Thus, for the particular bandpass filter
described, it is mandatory to consider the output of the
op amp itself in addition to the output of the filter. ™

Donald Ridgely is a senior
engineer with Westinghouse
Electric Corp., Baltimore, Md.
where he has been employed
for 16 years. He is presently
working in the design of air-
borne radar. Mr. Ridgely is a
graduate of Johns Hopkins
University with a B.S.E.E.

George Rush has been with
Westinghouse for 4 years,
with previous experience at
Clemson University as a re-
search assistant. His present
duties involve preparation of
technical systems manuals.
Mr. Rush has a B.S. in En-
gineering-Physics from Loy-
ola College and a M.S.E.E.
from Clemson University.
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| The'/‘new, military standard
. for 1.5 watt power zeners
Is Unitrode’s double pin bonded design.

The 1N4461-89 series from Unitrode is available This results in a voidless, monolithic structure
off-the-shelf as JAN and JANTX zeners to umoous with exceptional zener stability. Surge capa-
MIL-S-19500/406 in most voltages from 6.8V sicawsmnc:  bilities are 5 times greater than the 1N3016B
to 100V. They offer greater reliability and E—— series. Zener impedances are improved
improved electrical characteristics F”’-—-’*«’” ’Wm and reverse currents are two orders
at no more cost than conventional .- M-y of magnitude lower. The point is,
1watt whisker-type metal can zeners. ; i now you can switch from whisker-
The reliability of the double pin design is e type to double slug design without shav-
further increased by bonding the silicon chip &8, ing your standards. For fast action, call Sales
directly between terminal pins and then secivosweon Engineering collect at (617) 926-0404,
fusing a hard glass sleeve to the exposed Unitrode Corporation, Dept.11A, 580 Pleasant
silicon surface and pins. Street, Watertown, Mass. 02172.

|
=l g —
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The Reliables...

CAL-R

...and you thought the “R” stood for Resistors.

Power Wirewound Resistors — RWR71, 74,
78, 80, 81, 84 & 89. MIL-R-39007.

Power Wirewound Resistors

Chassis Mounted — RER40, 45, 50, 55, 60,
65,70 & 75. MIL-R-39009.

Resistor Networks and Matched
Sets are CAL-R specialties.

Precision Bobbin Wirewound Resistors —
RBR52, 53, 54, 55, 56, 57 & 71.
MIL-R-3905.

CAL-R /Caplech

Cal-R, Inc. a CapTech, Inc. Company

1601 Olympic Boulevard
Santa Monica, California 90404
(213) 451-9761 TWX 910-343-6966

CIRCLE NO. 18
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Design Ideas

Inexpensive Inverters Generate
V.. for Portable MOS Applications

Either of these multivibrators will provide the second supply voltage
required to operate high-threshold MOS logic from portable, automotive

or other single battery electrical systems.
BRUCE FETTE, Motorola Semiconductor Products Inc.

High-threshold MOS logic is very at- immunity, low supply current drain
tractive to a designer of portable or and high-density packaging are all
automotive equipment. Its good noise  definite plus features. Unfortunately,

+12V

Fig. 1—Bipolar inverter is inexpensive, compact and allows portable operation
‘ of MOS logic devices from a single battery supply.

0.005 .F +12v

MC2501

Fig. 2—CMOS inverter is more compact than the bipolar design in Fig. 1 but has
a lower current capability, as shown in the regulation curves. Buffer stages can
be used to increase output current of this design.
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LOAD CURRENT  (mA)

these advantages are often negated
by the need for a dual-voltage power
supply.

The two inverters described here
are small, inexpensive and require
only a few components to fulfill the
negative voltage needs of the MOS
logic.

Bipolar Inverter. The multivibrator
circuit shown in Fig. 1 draws 1.2 mA
from the battery in standby operation
and easily supplies 12 mA from its
V... terminal. With a +12V electrical
system, it generates the necessary
—11V. This circuit is also suitable for
supplying dual-voltage power to op
amps in automotive equipment.
CMOS Inverter. A single Motorola
MC2501 CMOS IC was used to build
the circuit shown in Fig. 2. This in-
verter draws about 1 mA with no load
and will supply 2 mA to the load. Its
current capability can be increased
by paralleling additional buffers
(these buffers do not increase stand-
by current drain). This circuit uses
only one IC package, two resistors,
four capacitors and two diodes. It
makes possible single-battery mobile
applications using high complexity
PMOS devices.

Voltage regulation curves are
shown to help you select the unit best
suited to your needs. =

Bruce A. Fette is a
design engineer with
Motorola  Semicon-
ductor Products Inc.,
Phoenix, Ariz. His
present duties in- ‘

volve circuit design

using MOS devices. He received a
B.S.E.E. from the University of Cincin-
nati and is a member of IEEE.
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THE HALF-BUCK

BARRIER.

Beckman®

INSTRUMENTS, INC.

HELIPOT DIVISION
FULLERTON, CALIFORNIA

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE.

Here they are: the best buys. Our new Series 72
single-turn 3" cermet trimmers at an eye-opening
49¢ each in the 1,000 quantity. They’re equally
well-priced in other quantities, too. One alone
costs just 70¢.

But there’s also that dependable Helipot quality
and performance, plus things you don’t get
elsewhere. Like our resistance and slider stability
...change is less than 0.5% in the first 1,000
operation hours, progressively less thereafter.
Impressive, when the life expectancy exceeds five
years’ continuous duty under full-rated power.
And the Series 72 sealing — compatible with wave
soldering, low-viscosity potting, and board
washing even with chilorinated solvents.

Add the wide range of values, =100 ppm/°C
tempco, and off-the-shelf availability from 17
nationwide stocking points and what have you got?
The best reasons in the world for requesting
complete specs and data on this breakthrough
line of Helipot cermet trimmers. Do it now — it
won't cost you a cent.

¢ CIRCLE NO. 18




Open-Ended RC Line Model Predicts
MOSFET IC Response

Propagation delay time in a string of MOS Gates may surprise you
by being 100% better than you expected.

AMC'S WILNAI, Signetics Corp.

A common problem many designers
face in modern MOS integrated cir-
cuits is how fast a distributed-param-
eter open-ended RC line will respond
to a step voltage excitation. Such a
line is constructed when a conducting
line is interconnecting many MOS
gates, e.g., X or Y select lines in stat-

> RAMs, read or write select lines in
dynamic RAMs, decode buses, etc.
Usually a digital circuit designer is
not interested so much in the fre-
quency response equations of the line
as in the time response of the line to
pulse excitation. In the case of a metal
line, with relatively low internal
resistance, the time response of the
line is usually fast enough. Not so if
diffused bed undercrossings are em-
ployed in the line or where polysilicon
interconnecting lines are being used
(as in the case of modern polysilicon

gate structures). Propagation delay
through such lines can be significant.

We will attempt to determine the
response of such a line to a step func-
tion excitation. This will give a good
idea as to what time delay we should
expect before such a line reaches a
given voltage. Also having 2.2 RC in
mind (the time it takes a lumped RC
circuit to rise from 10% to 90% of its
final voltage), we will find a cor-
responding number for the distrib-
uted line.

The Laplace transformation of the
step response of a leakage free, non-
inductive open-ended distributed line
with lumped time constant RC (Fig. 1)
is found to be

1
s cosh VsRC

oul(g)

(1)

when R and C are the LUMPED val-

ues of the line resistance and capaci-
tance, respectively.

The inverse transformation (the
real time response) could not be found
in close form. We will, therefore, try
to arrive at an approximation of the
exact response. Recalling that

coshx =& ;eil
2 4 6
:1+2,+%+%+ (2)
for Re x > 1 cosh x :% 3)
forRex <1
2 1
coshx=1+%+% @)

for Re VsRC > 1 (the response to the
high frequency section —leading edge
—of the step function), the trans-

lin R lout

Fig. 1—Lumped-value form of an
open-ended RC distributed line
from which Laplace transforms
were derived to approximate pulse-
response times.

—

100%
90% |
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L 5% —f
w-d
g 40% 2 erfc ZFI_:: ==
30%
20% =
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TIME

|

Fig. 2—Response time of the distributed RC line as calculated from the inverse ‘

Laplace.

(Continued)
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new products

NEW 10-BIT ADC
Model ZD 471 offers 10-Bit resolution
and 30 us conversion time with 0.1%
accuracy. Features include: TTL/DTL;
+10V, *5V, and 0 to +10V operation
over 0° to 70°C; adjustable FSR and
zero offset; built-in reference stability
— 1001V/30 days; and bake-in at 85°C
for 16 hours for optimum reliability
and stability. Data output is NRZ
serial or parallel binary bits. Package is
only 0.4 inches high and fits standard
dip sockets. Availability: Stock

Price (1-9) — $99

Circle Service No. 41

1uV/°C FET AMPLIFIER

New model ZA903M2 features ultra-
low voltage drift of 1;4V/°C which is
independent of zero offset adjust-
ments. Other features include: 10pA
input current, 4MHz frequency re-
sponse and 100 KHz full power out-
put. Package is low profile (1X1X0.4
high). Economy Model ZA903M1 fea-
tures 3uV/°C. Availability: Stock

Price (OEM) — $39 Circle Service No. 42

LOW COST

INSTRUMENTATION AMPLIFIER
Model ZA703M1 offers FET input
stage and gain range of 1-1000 selected
with only one external resistor. Input
current is 3pA with gain non-linearity
of 0.02%. Package is only 0.4 inches
high. Model ZA702M1 (bipolar input)
also available. Availability: Stock

Price (1-9) — $29 Circle Service No. 43

Call, TWX, or write today!

TEL: (415)686-6660
TWX: 910-481-9477

Ziclex-

A SUBSIDIARY OF REDCOR CORP.
1000 Chalomar Road  Concord, California 94520
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RC Line (Cont'd)

formed step response becomes

e —\skC

=2 (5)

out(g) S

and the time response is found in
standard Laplace transforms table
to be

RC

Eg (6)

= 2erfc \/

)
v out(y)

for Re VsRC < 1 (the response to the
low frequency section of the step func-
tion) the transformed step response
becomes

1
Vlllll . = 92
4 (1+9BC 4 GECE)

N 24/ (RC)?
2.5359 9.4641
i 7
S (5 + RC )(9 =5 ) (
with time response
:!..').'i.')fl,
l‘uu/”l =1- 13660§T
+0.36600 me ' B

The complete approximate response
based on Egs. 6 and 8 is plotted in
Fig. 2.

Note that the time it takes the line
to reach from 0 to 90% of its final volt-
age is 1.0 RC; from 10% to 90% (rise

time) is 0.89 RC; and from 0 to 10%
(delay time) is 0.13 RC. Compare that
with the 2.3 RC it takes a correspond-
ing lumped RC circuit to rise from 0
to 90%; 2.2 RC from 10% to 90%, and
0.11 RC from 0 to the 10% point.

Experimental Results. Because of
the relative difficulty of constructing
and measuring a purely distributed
RC line, we tried to simulate such a
line with an increasing number of
discrete RC sections. The plot of the
time it took these circuits to rise from
0 and 10% to the 90% point of their
final value is shown in Fig. 3. Here the
transition time in total lumped RC
units is plotted as a function of the
number of discrete RC sections from
which the line was constructed. Note
the conversion of the graph to the
1 RCline. O

Amos Wilnai was
employed at Signe-
tics Corp. when he
prepared this article.
He has since moved
to Monolithic Mem-
ories, Inc. in Sunny- b af -
vale, Calif. where he is in IC design.

He holds a B.S.E.E. from Technion,
Israel Institute of Technology in Haifa,
Israel and a M.S.E.E. from the Polytech-
nic Institute of Brooklyn. He has done ad-
ditional graduate work at the University
of California at Berkeley.
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Fig. 3—Empirical results clearly depict that response time is not the normally
anticipated 2.2 RC, but approaches 1.0 RC as predicted by the author.
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Fire, like water, follows the path of
least resistance and races from part
to part inside any radio, TV or ap-
pliance by flame or the hot dripping
of any component. Build “fire breaks”
into your product with Ultramid®
A3XG5 nylon from BASF Wyandotte
Corporation—a new Halogen free
non-burning, non-dripping grade of
6.6 nylon reinforced with 25% glass
fibers.

It's SE-1 (self-extinguishing Group
| UL Subject 746)...and non-burn-
ing (ASTM Standard D635-63). It also
has U.L. 105°C use rating.

Add a tensile strength of 23,000
psi—a 392 °F deflection temperature
—1.6 ft-lbs impact strength—and you
have more than enough to serve as
sole support for most current carry-
ing components in radios, TV, appli-
ances, computers. Better yet, it

processes easily at temperatures be-
tween 520°F and 555°F ... heat sta-
bilized and hydrolysis resistant too.

The merger of BASF Corporation
and Wyandotte Chemicals Corpora-

tion brings together widespread re-
sources, research and technical
capability to serve you.

Send coupon for more data.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

=
| (A

BASF Wyandofté Corporation

Advertising Dept :
100 Cherry Hill Rd., P.O. Box 181 ;
Parsippany, New Jersey 07054

Send data on Ultramid® A3XG5 nylon to

Name

Company.
Address
! City.
State Zip.

Phone: ( ) Ext

Ultramid’A3XG5

CIRCLE NO. 21

NoBurn,NoDrip




UNUSUAL CIRCUITS [] Designed by readers []
readers [ ] Voted on by readers.

Your vote determines this issue’s winner. All circuits published
win a $25 U.S. Savings Bond. All issue winners receive an
additional $50 U.S. Savings 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 Circuit Design Program Editor, EDN/EEE, 270 St. Paul St.,
Denver, CO 80206.

For use by

Readers have voted John C. Freeborn winner of the
September 1 Savings Bond Award. His winning cir-

cuit was called "Simple sinewave oscillator’’. Mr.

Freeborn is with Honeywell, West Covina, Calif.

Clock driver for MOS shift registers

To Vote For This Circuit
Circle 161

by Robert D. Hoose
and Gary L. Anderson
Trans-A-File Systems Co.
Cupertino, Calif.

DM8830

Clock-driving circuitry can form one
of the major expenses for serial MOS
memories. The circuit shown here,
however, has a large-quantity compo-
nent cost of under $5. As the circuit
drives 24 MOS registers, the cost per
bit is less than $0.0002. The circuit

SN7473

CLOCK

IN d

Q

CK
K

Q

]

operates at clock rates up to 1.5 MHz,
and has been used with Signetics
1024-bit dynamic accumulators and
Intel, Intersil and MIL 1024-bit serial
shift registers.

Circuit operation is as follows: The
input-phase clock is preshaped to a
width of approximately 150 nsec. It is
then steered by the Q output of the
flip-flop into one DM8830 driver and
by the Q output into a second driver.
The outputs of the drivers are capaci-
tively coupled to an NH0025 dual

RESET CLOCK

DM8830

H

NOTE: ALL DIODES ARE 1N3064

°
CR,
s ZCR, ( 3
. »_@ ¥ cr,
Q -
2N2907 ke R1q 1: 1:
. o5 ,,:‘220’"% CR3|CR, | CRs |CRs
NHO0025 :*5” - 51
k Do« A -0
: To121IC’s
10033 4
R, To121C's
100
+5V
Ry Rs s
u%m 3300 r S
100 o 1g VAT Q,
WA
l CRg 2N2907
Cg -
—o
330 pF 0.001 4F
NH0025 Rio $2
10Q
>-) A
5% To12IC's
0.0033 ;F ANA O
Ry To12IC's
10Q
Inexpensive clock driver can supply up to 24 MOS serial shift registers, thus

adding under $0.0002/bit to the cost of a memory.
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clock driver which generates the 17V,
1.5A clock signal needed to drive the
MOS circuits.

The portion of the circuit already
described would be adequate for driv-
ing just a few MOS circuits. To drive
as many as 24 circuits, additional des-
crete-component compensation cir-
cuitry is needed. Transistors Q, and
Q, are turned on at two intervals
during each cycle. When the ¢, clock

is oN (—12V), the ¢, clock line is
clamped to 5V through Q,. Without
the clamp, the cumulative parasitic
coupling within the MOS devices can
inject enough ¢, noise into the ¢,
clock line to cause errors and loss of
information in the dynamic accumu-
lator.

As the ¢, clock turns off (transi-
tion from —12 to 5V), Q, is turned on
via C, to speed up the trailing edge of

the output from the clock driver. A
similar sequence applies in reverse
when the ¢, clock turns on. Then Q,
clamps ¢, to 5V, and Q, speeds up the
trailing edge of ¢,.

The remaining components bias
and drive transistors Q, and Q, (R,
thru R, C,, C,), damp the MOS clock
lines (R,, R,, R,, R, and clamp the
MOS clock lines (CR, thru CR,, C.,
Ry)., 'O

Simple DC voltmeter uses single op amp

To Vote For This Circuit
Circle 162

by Richard S. Burwen
Analog Devices, Inc.
Norwood, Mass.

A low-input-current op amp, such as
the AD503K, can be used to build a
simple dc voltmeter. This voltmeter
circuit is useful as a general-purpose
laboratory meter.

With the attenuator network
shown in the schematic, the voltme-

ter has full-scale input ranges of 10V,
1V or 100 mV. Higher and intermedi-
ate voltage ranges can be added if
required. Voltage is displayed on a 0-
to-100 A meter. Also, an output
terminal simultaneously provides a
full-scale output of +10V for driving
a chart recorder.

Basically the voltmeter circuit con-
sists of the op amp connected for a
closed-loop gain of 100. Limiting
within the amplifier protects meter
M, against overloads. Resistors R,
and R., together with capacitors C,
and C,, form a low-pass filter that
prevents the amplifier from overload-

ing on large ac input signals and al-
lows the circuit to read the dc compo-
nent alone. The series resistance of
this filter, in conjunction with diodes
CR, and CR,, protects the amplifier
from input overloads up to 1000V.
Potentiometer R, zeros the amplifi-
er over a span of approximately 50
mV, with the range limited by resis-
tor R,. Variable resistor R,, adjusts
the full-scale reading to compensate
for the tolerance of the micrommeter.
Circuit stability is such that, in a
typical laboratory environment, po-
tentiometers will not have to be reset
after the initial calibration. ™

INPUT O

Simple dc voltmeter circuit uses a FET-input, hybrid-IC op amp. Higher voltage

ranges can be added if needed.

CR, O OUTPUT
FD333 | FD333 L10v
1KV FULL SCALE
< R3
100k
0.1%
1
100,A
com & O COM
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How to enter

Any reader of EDN/EEE may en-
ter this contest. All you need do is
study this issue of EDN/EEE very
carefully . . . then set your imagi-
nation at work on designing a new
device or circuit using the prod-
ucts advertised. Send schemat-
ics, drawings, diagrams, etc. to:

EDN/EEE

Design Contest

221 Columbus Avenue
Boston, Mass. 02116

Your entry must be sent by March
1st, 1972.

How your entry will be judged

All entries will be judged by
the Publisher and editors of
EDN/EEE on the basis of 3

C

the

1. Technical competence and
utility
Is the design real ... will it work?

2. Creative imagination

How unique and original is your
idea? Does it perform a much
needed function? Is it a source of
fun! Will other designers get a
real charge out of it?

3. Number of different
advertised products used

Have you really studied the Jan-
uary 1st, 1972 issue of EDN/EEE.
Have you imaginatively used com-
ponents throughout the design?
The more advertised products
your design uses, the greater is
your chance of winning.

EDN/E

O

Xeitjs

"EDN/EEE
creative design contest

Cahners Publishing Company, Inc.
221 Columbus Avenue, Boston, Mass. 02116

@,

Here are the prizes

1st prize:
$1,000 cash money

10 2nd prizes: ;

Portable )
electronic Yo
calculators ). (),
worth $400 each. /42

S

Contest details

Any reader of EDN/EEE may
enter. Contest is not open to
employees of Cahners Publishing
Co. or their families. All entries
becomethe property of EDN/EEE.
YOUR ENTRY MUST BE POST-
MARKED NO LATER THAN
MIDNIGHT, MARCH 1, 1972.
Results will be announced and
winning entries described in a
later issue of EDN/EEE.

O

58

EDN/EEE December 15 1971



here’s your
entry blank

Fill it in, attach it to your schematics or diagrams, and mail to:
EDN/EEE Contest, 221 Columbus Avenue, Boston, Mass. 02116

name company
address address

city state zip city state zip
tel. no. title

name and function of your entry

Parts used in your design

Products Advertised in this issue Other Products
(page number only, unless multiple products are advertised (product, manufacturer, and where appropriate,
on same page) model number)
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Design Interface

DOING DESIGN
THE TEAM WAY

How does a leading electronic manufacturer go about evolving
a new product? The answer lies in a team approach involving
engineering, manufacturing and marketing decision-makers.

ROBERT H. CUSHMAN, New York Editor

Recently Hewlett-Packard introduced a new and dif-
ferent analog X-Y recorder aimed at the OEM market.
The San Diego division of H-P that developed this new
recorder is justifiably proud of the interdepartmental
teamwork that produced it. In this we see some valu-
able lessons that may benefit others.

As we interpret the H-P team approach, it consists
of insurance by company management that individual
specialists will cross their departmental boundaries as
frequently as necessary in order to carry the signal
around the profit-making loop. The profit-making loop
is the feedback system diagrammed at the bottom of
Fig. 1. Its goal is to sell the customer something that
will make a profit for the company.

All too often, the specialists who man the depart-
mental blocks shown in the loop—marketing, engi-
neering, manufacturing and sales—shut themselves
comfortably up in their blocks and speak only to other

department members. Sterile interdepartmental mem-
os carry the signal haphazardly and weakly from
block to block. The total loop performance is at best
mediocre, even if there is superlative performance in
each of the departmental blocks.

H-P management sees that the departmental spe-
cialists are prodded out of their closets so they per-
sonally can carry the signal on to the other blocks.
Once this personal messenger system is instituted,
regenerative enthusiasm sets in and the loop perfor-
mance goes up markedly. Its results showed up in all
phases of the X-Y recorder project.

Effect on Planning

“At the very beginning,” recalls Tom Daniels, the
EE who led the actual design work, “we asked field
engineers from the four H-P sales regions in the U.S.
to come to our San Diego plant for an idea-inter-

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L67
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MARKET INTELLIGENCE [RHEEESIEHET

Fig. 1 —Interfacing is what makes a project proceed success-
fully around the creative loop. The H-P management team
(left) had many discussions in their initial efforts to take the
feedback they were getting from field sales (depicted on

change meeting. We wanted the men who had been
selling our X-Y recorders out there to tell us what cus-
tomers were asking for.”

This turned out to be a very good meeting. Thanks
to the fresh, straight-from-the-horse’s-mouth inputs
from the field men, the home office men found out that
H-P was missing one new and growing market seg-
ment —that for OEM recorders. Although H-P was the
acknowledged leader in analog X-Y recorders gener-
ally, one of their competitors, Houston Instruments,
Inc., had stolen a march on them by bringing out a no-
nonsense, stripped recorder. The Houston 2000 was a
more versatile system building block than anything
H-P had to offer. George Cobbe, the team’s market
analyst, learned that the Houston product was sold
with substantial OEM discounts.

diagram) and interpret it into a product concept. The mem-
bers of the design team (right) worked both with each other
as shown and with “upstream’” and “downstream’’ functions
in the loop while carrying the product concept to fruition.

These frank field inputs gave the product team the
conviction needed for them to propose to top H-P man-
agement that they come out with a new X-Y recorder
specifically for the OEM market.

Interfacing with Reality

But the team had to do its homework, then go con-
vince management. First they had to use the data
they obtained from the field salesmen to estimate
what the total market for these OEM recorders would
be. Then they had to spec out the needed attributes of
the proposed OEM recorder and estimate the engi-
neering and tooling investment needed to produce it.

“At H-P we have to estimate what our total market
will be, and what profits we expect to make on that
market,” explained John Wade, the section engineer-

(Continued)
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ing manager. “Then we have to see if we can engineer
the product at a cost within a tenth to a fifth of the
expected profits.”

He illustrated these economics with some hypotheti-
cal figures: “Say we expected $2 million annual sales
for a product over a 5-year product life. This would
provide a total of $10 million. Say the expected profits
before taxes were 10%. Then the product would pro-
duce a profit of $1 million. Using the one tenth or
one fifth sort of ratio we use at H-P, this gives from
$100,000 to $200,000 as the correct engineering invest-
ment.

Influence on Design

The interchange between marketing and engineer-
ing had a profound influence on the design. You can
see this by looking at the photos. The disciplined
clean-cut simplicity is obvious. You can just imagine
how complex it might have been had the engineers
been left entirely on their own.

“We really had to restrain our design engineers,”
Wade said, “we had to keep after them to put in just
the essential things, and to leave out the frills. The
marketing people helped us decide what the OEM cus-
tomer really needed. There is always that inner drive
in an engineer that makes him want what he is doing
to be the very best from a technical performance
standpoint. We had to stress that, for this OEM prod-
uct, best meant most value to the customer, not that
last little bit of performance.”

“But don’t let the simple appearance of the model
7040A fool you,” Cobbe said. “Getting it to look that

| o

Fig. 2—Foundation for the new product was this die-cast
aluminum main frame. It was the toughest part of the en-
gineering design and represented a $35,000 tooling invest-
ment.

way was a very tough engineering feat, probably
tougher than producing the sophisticated performance
advances in some of our regular laboratory-instru-
ment recorders.

Tom Daniels, who directed the actual design, recalls
how it was: “Cobbe kept dropping in on myself and
Lloyd Yabsley practically every day to help keep
us driving towards the planned product objective.”
(Yabsley was the product design engineer.) “Our efforts
were aimed at low production costs. Our philosophy
was to start out using the least expensive techniques
for each function, then if they would not do the job,
reluctantly going to more elaborate techniques. We
didn’t mind calling for a tooling investment—as we
did in the case of the frame and the motor —if that
meant production savings. But all the while we kept
to our schedule. This project was the most punctual of
any I've been on.”

Looking at the Pieces

Die-cast frame: This part played the feature role in
the OEM product concept. Once tooled, it was to be an
inexpensive, mass-producible part that would be a
building block, both for the basic recorder and for all
future elaborations and modifications.

While the economies of a one-piece universal frame
are obvious, the design approach to such a part is any-
thing but obvious. Daniels recalled: “we had the near-
ly impossible task of trying to visualize all the holes
necessary to take care of future product variations—
even those not yet thought of. When you are going to
hit management with a $35,000 tooling bill for a die
casting, you'd better be pretty darn sure you've got the
universal part you say you've got.

“Here we interfaced with an outside vendor who did -

the actual tool design. But to play it safe we made a
sand casting first. The tooling cost for this was a few
hundred dollars. This gave us a part we could assem-
ble to see if we had forgotten anything.”

The payoff from developing a universal frame came
later when the product was put on the production line.
It was possible to chop a couple of hours from the re-
corder assembly time —for the additional time needed
to bolt the previous multipiece frames together. The
die casting also saved time otherwise needed for final
alignment, for it came out of the die with precision
mounting surfaces. The mechanical precision of this
main frame would, of course, later save the customer
time when mounting the recorders into his assemblies
or when repairing them.

Servo motors: This is another situation where ad-
ditional design time and tooling expenses yielded pro-
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duction economies. In an X-Y recorder it is important
that the motor won’t be damaged if gain adjustments
drive the pen off scale. Without some sort of protec-
tion, the type of dc servo motors usually used for re-
corders will overheat and burn out when stalled.

“The usual ploy is to put a clutch between the motor
and the pen axes, or to add an electronic loop that de-
tects the overdrive condition and reduces drive power
to the motor,” said Wade. “But clutches wear out and
electronic loops represent expensive additional com-
plexity. Marketing took a dim view of both.”

The design team analyzed the situation and found

that if the motors could be made to withstand a 200°C

temperature rise (the heat rise upon stalling), no pro-
tection would be necessary at all. No such heat-resis-
tant motor was commercially available —at least not at
a reasonable price. So the H-P team designed its own
motor, using another die-cast part for the motor
frame.

“Again, we felt that the engineering and special
tooling paid off,” said Wade. “We now have the most
foolproof overload protection imaginable. Doing our
own motor like this, we've been able to work in luxury
features such as long-life brushes and ball bearings.
Yet, we can make these new motors at lower cost.

Electronics: Two identical boards were provided for

Fig. 3—Electronic modularity. Everything fits into molded-in
holes and cutouts, etc., in the die-cast aluminum main
frame. Each electronic function—such as power supply and
X- or Y-axis amplifier—has its own PC board, and can be
readily replaced.

the electronics. “Marketing told us that nowadays all
customers want from a subsystem like this is that it
accept a 100-mV/inch signal and convert it to an X-Y
plot,” Daniels said. “In fact, they told us, extra recor-
der gain could cause shielding problems.”

“So we came up with a universal approach here,
too,” Daniels said. “We used three LM301 IC op amps
like so:”

“The preamp is normally set at unity gain and
merely serves as a buffer so that we can deliver our
specified performance regardless of his source imped-
ance. However, if the customer does want additional
gain, it is a small matter for us to change three resis-
tors and improve the sensitivity to 1/2-mV/inch.”

“Marketing wanted these circuits replaceable for
easy maintenance,” Daniels said. “So we put the com-
plete X and Y electronics on two separate but identi-
cal boards, fastened them down with four standard
bolts, and used push-on connections for the signal
terminals.”

Completing the Loop

Following the design phase, teamwork efforts were
continued into the initial marketing phase. “As soon
as we get our first product off the pilot line we take
one of the units and make up a video training tape,”
said Daniels. “In this, we tell the field salesmen about
the features and benefits of the product. Then we,
ourselves, hit the road. We take the tape and demon-
strators and go off to H-P’s four main regional sales
locations and hold training classes with the salesmen.
We try to let some of our excitement about our baby
rub off on the field salesmen.”

Cobbe explained the philosophy behind the sales
messages developed at these sessions: “We help the
salesmen translate these technical features into con-
vincing benefits to the customers. That’s where these
final “interfacing” sessions between the home office
and the field salesmen really do a job.” &
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Don't just take ourword!. ..

Read what

independent,

authontative
sources say.

“It's a practical handbook written for the working pros —
not the bosses, but the people who get the job done. We
don’t usually plug competitors. But good is good and

BASICS FOR BUYERS is.” John F. O’Connor
Managing Editor
PURCHASING WEEK

‘“ . ..an eminently practical handbook of purchasing
fundamentals. Dowst is an experienced purchasing agent
as well as a first rate journalist.”

Paul Farrell
Editor/ Publisher
HEALTH INSTITUTION PURCHASING

“...it seems like a fresh approach to a subject that has
become somewhat stereotyped as far as textbooks are

concerned.” G. W. Howard Ah/
Executive Vice President
National Assoc. of Purch. Mgmt.

“. .. the first book on the subject designed primarily for
junior and middle level members of purchasing

departments.”
THE JOURNAL OF COMMERCE

... asound handbook for industrial buyers . ..”
THE WALL STREET TRANSCRIPT

is good
mpetitors.
BUYERS."”
Jley
- resident
: 'TION COMPANY

£ v - designed
wpdﬂ" ook written
Guide ., uut the people

o the working pros.”

5 pract”

.> readable, concise and informative to all . . .”
THE NEW YORK TIMES

“| will be recommending it to new employees . . . It should

be read by every new buyer.”
James M. Hill, Jr.
Director of Procurement
RAYTHEON COMPANY

“The real place BASICS FOR BUYERS earns, however, is on
the desk of every buyer throughout industry.”

Arnold D. Finley
Contract Administrator
Sanders Associates
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HOW TO SAVE MONEY ON KEYBOARDS:

UNLOCK REALLY

BIG SAVINGS WITH THIS NEW.. ..GOLD “"CROSSPOINT’’ CONTACT KEY

ACTUAL SIZE

Gold ""Crosspoint”” Contacts plus simplified electronics enhance reliability and
provide long life, low profile, low power consumption and low, low cost.

HOW TO DESIGN YOUR OWN KEYBOARD: cailor wiite

for the new six-page Cherry Keyboard Designer’s Specification Sheet
and the full-color Cherry Keyboard Brochure describing the reliable
new Gold "‘Crosspoint” Key Module and Keyboards.

CHERRY %

CHERRY ELECTRICAL PRODUCTS CORP.

3600 Sunset Avenue, Waukegan, lllinois 60085 - (312) 689-7600

Makers of patented Leverwheel/Thumbwheel Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards.
CIRCLE NO. 401
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Testing digital IC’s?

8013A, $625

HP’s new pulsers give you

the most capability per dollar

If digital IC’s are your big interest,
HP’s new 8000-Series pulse gener-
ators are for you. You not only get
versatile capability, but you save
money as welll These new pulsers
offer you a choice of price/perfor-
mance packages to meet your needs,
within your budget—whether you're
working with computers, communi-
cations, telemetry, or any other
digital system.

The new 8007A gives you rep rates
from 1 kHz to 100 MHz, variable
transition times (2.5 ns to 250 us),
+5 Vamplitude, and =2.5 V dc offset
— all for $1600. With the 8007A, you
can design and test the fastest of
today's digital devices—ECL IC’s
and bi-polar memories—and have
“speed to spare’ for tomorrow’s
advances.

If you don’t need 100 MHz, you can
save. For only $875, you can get the
new 8012A, which gives you rep
rates from 1 Hz to 50 MHz. Like the
8007A, it offers variable transitions
from 5 ns to 0.5 s, with =5 V ampli-
tude and +2.5 V dc offset.

If you don’t need variable transi-
tions, you can save even more. Our
8013A gives you rep rates from 1 Hz
to 50 MHz with a fixed transition
time of <3.5 ns, =5 V with dc offset,
and dual outputs—all for $625.

All three of these new pulsers give
you pulse-shaping capabilities,
allowing control of NRZ or RZ wave-
form parameters with the output
width determined by the input wave-
form width. Normal external trigger-
ing and gating are also supplied.

The 8007A also gives you a double-

CIRCLE NO. 402

8007A, $1600

pulse mode, and all three models
have square-wave capabilities. And
the 8013A offers simultaneous posi-
tive and negative outputs, with =5 V
amplitude across 50() (=10 V open-
circuit or with high-impedance in-
ternal source).

Other HP pulse generators, listed
in the catalog, begin as low as $225.

For further information on any of
these new 8000-Series pulsers, con-
tact your local HP field engineer. Or
write Hewlett-Packard, Palo Alto,
California 94304. In Europe: 1217
Meyrin-Geneva, Switzerland.

081/11

il

HEWLETT hp; PACKARD
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F
For Low-Cost, Bipolar LSI

Introducing a whole new concept in design
flexibility — Motorola’s 112-gate TTL array — the
realization of economical custom LSI.

ARRAY CONCEPT PROVIDES
MAJOR DESIGN ADVANTAGES

1. The design has already been proven except
for the interconnections whose logical integrity can
be established. Through Computer Aided Design
probability of a successful part from the initial
design is high.

2. Turn-around time is low for production quan-
tities. And the array’s predesigned cells make the
use of Computer Aided Design easy.

3. Custom design costs are cut to a minimum
since only metalization paths need be determined.

Besides yielding customized circuits in minimum
time at low cost, the array concept provides a better
speed/power product, lowers power consumption,
and offers an overall reduction in system cost.

112 GATES AWAITING YOUR INSTRUCTIONS

Basically the device is a matrix array of 8 x 14
TTL NAND gates completely processed except for
metalization. The designer has only to specify inter-
connection of the 14 8-input gates and 98 4-input
gates to meet his overall function requirement. The
array is then transformed into a custom circuit by
designing metalization patterns which connect the
gates into the desired functions.

Each cell can be used as a high-level, low-level
or buss gate by connections made on the first layer
metal. Signal wiring is done on second and third
layers with power and ground runs on first and
third layers. And AOI and totem pole configura-
tions can be implemented by a simple combination
of cells.

HOW SOON AND HOW MUCH?

Using the array design, prototype samples can
be available within three months ARO, with limited
production quantities following six weeks later. And
non-recurring design costs range from $6 - $12,000
depending on extent of computer analysis required.
Unit cost of finished parts ranges from $45.00 (1K)
to $23.00 (25K). Design cycles are shortened by
months and costs by one-third through application
of the array concept.

START SAVING NOW

For further information on the 112-gate array
write to Motorola Semiconductor Products Inc.,
P.O. Box 20912, Phoenix, Arizona 85036. Or for
immediate assistance, call Larry Bradfield, collect,
at (602) 962-2151. Larry will show you how to
translate bipolar customizing into savings.

MOTOROLA LSI Arrays
— New Concepts in System Design

CIRCLE NO. 403
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computer hardware

EXCLUSIVELY FOR DESIGNERS OF COMPUTER MAINFRAMES, PERIPHERALS AND SYSTEMS

cover

Cover photo furnished by Lockheed Electronics de-
picts the ever-changing technology of computer
hardware. From some of these changes, new con-
cepts evolve —the subject of the article on p. 6.

directions
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Grumman introduces automated tape library system .......... ... ... . . ... ..., CH 6
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The circuit designer was the computer expert in the

days of the vacuum tube. Soon he was followed by

the logic designer—the expert of the diode-transistor

era. Now MSI and LSI ushers in another—the subject

of this article.

select the right A/C conversion technique ............... ... oottt CH12
To interface a computer system with analog sensing

devices, the system designer must choose a suitable

analog-to-digital converter. This article surveys some

different conversion techniques and shows why suc-

cesive approximation is the most popular approach.

termination is the key to wired-OR capability .......... ... ... .. ... CH17
With a little thought and a handful of components,

several IC line drivers can be wired-OR on one

data line.

leature products. ... CH18

It's small, but sophisticated . .. computer meets
manufacturer needs . . . PDP-11 goes small scale.
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Thereis aplace for
both ceramic and tantalum chips in
miniaturized circuit applications.

And you just found it.

Union Carbide.

Who makes KEMET*®
chips in both ceramic and
solid tantalum. All with
the exclusive Solder-Guard
copper barrier layer. That
enables KEMET chips to
withstand the severe
temperatures of solder-
reflow assembly. With no
degradation of
performance and electrical
characteristics.

The KEMET ceramic
chips are available 1n
ratings from 10 through
330,000 picofarads. The
KEMET tantalum chips,
from 100,000 picofarads
through 100 microfarads.

The ceramics will
withstand 260° C. for

20 minutes; the tantalums
will withstand 300°C.

for 3 minutes.

Check the tables below
for stability and cost
comparisons. Then write
for free engineering
samples and technical
data. At Box 5928,
Greenville, S.C. 29606.

And be glad.

That specifying chips
will be easier from
now on.

‘Because one
manufacturer has the

technology to offer you
both kinds.

CERAMIC NPO

$

CAPACITANCE +20

VS. TEMPERATURE CERAMIC NPO §

+15 7
/]

TANTALUM

CERAMIC STABLE K 4

RELATIVE COST

CERAMIC STABLE K
L

TANTALUM

T o UNION
........
4 b PP COMPONENTS DEPARTMENT
0°C 25°C 85°C 125°C 10pf  100pf 1,000pf 10,000pf JuF  IF  10uF  100uF

CIRCLE NO. 404
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Fig. 1 —Closeup of mask-programmable CROM top layer.
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Fig. 2—Diagram shows how CROM works. Wherever a
square is present on the sense line (at the intersec-
tion of the word and sense lines), it forms a capacitor
with the word line and stores a logical ‘1. Thus when
the word line is pulsed, a voltage is capacitively cou-
pled to the sense line.

Fig. 3—Close-up of field-alterable CROM. Note how some of the

‘0’s have been changed to ‘1’ by connecting squares to the ‘X’
line. ‘

Fig. 4—This 16K mask-programmable CROM contains all input
buffers, timing and control, address decoding and output data
registers.

directions

capacitors make efficient ROM

Dubbed CROM by Integrated Memories Inc., Wilming-
ton, Mass., this is not a new concept, but a new and effi-
cient realization of an old idea. The basic idea is quite
simple and this latest utilization of it is even simpler,
resulting in a fast, flexible and low cost ROM. The
CROM is inherently nonvolatile and has NDRO, yet one
version can be reprogrammed in the field any number of
times.

The memory array is essentially an X’ and ‘y’ matrix of
etched lines separated by dielectric material. The ‘y’
(word) lines form the bottom plate of the capacitor while
the X’ (sense) lines complete the top plate. In the mask
programmable version, the ‘x’ lines will become a series
of tiny squares at each ‘y’ line intersection wherever a ‘1’
is desired (Fig. 1). Thus when the word line is pulsed, a
voltage is capacitively coupled to the sense line wherever
a square is present (Fig. 2). The field programmable ver-
sion has squares at every ‘x-y’ intersection (Fig 3). To
field change a ‘0’ in a location where a ‘1’ presently re-
sides, one simply cuts the square connection to the ‘x’
line. Conductive ink or epoxy can subsequently restore a
‘0’ to a ‘1’ if necessary. To enhance the ease of making
field changes, the bit density of the field-programmable
version is half that of the mask programmable version,
which can be more than a 1000 bits per square inch.

Simplicity of the design allows the entire contents of
the mask-programmable version to be changed by IMI
within 48 hours by replacing the top ‘x’ array with a
newly etched array. Cost for this is about 0.1¢ per bit.

Access time, which can be as fast as 42 ns, is largely
governed by the type of logic gates selected to drive the
word lines. The storage array itself dissipates no power,
so that when the capacity of a 16K ROM which dissipates
less than 10W is doubled, power only increases to about
11W. This power consumption includes all input buffer-
ing, timing and control, address decoding, and output
data registers (Fig. 4). The memory can be organized in
words of 8-64 bits.

Cost (in OEM volume) is about 1¢ per bit, including all
the above functions, however this can be reduced if the
user wishes to buy just the PC board with the memory
array, and install all other components himself.

Relative simplicity of the memory also enhances relia-
bility, with MTBF calculated to be greater than 135,000
hours. Such reliability, flexibility and low cost make the
CROM ideal for a wide variety of applications like micro-
programming, control memory, peripheral control, ma-
chine tool control, look-up tables, character generators,
code conversion, and dot pattern generators.

CH 5
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Grumman introduces automated tape library system

Grumman Data Systems Corp., Bethpage, New York has de-
veloped a new, on-line modular mass storage system with over
a trillion bits of data. This system, designed for computer in-
stallations with large data bases, is called “MASSTAPE"". The
system is based on high-performance cartridges —custom-
made for Grumman by Leach — carried in carousel-type maga-
zines. The Grumman system incorporates a Data General mini-
computer to interpret standard instructions from a host com-
puter.

Grumman says that the average access to data is less than
one second for a file and an average of 6 sec to a record. It
takes from 1/2 to 1 sec to rotate the carousel and 0to 11 sec to
locate a record on the tape. The systems will sell for $300
thousand to $2 million, depending on the number of drive sta-
tions and data accesses required.

Mr. Peter E. Viemeister, President of Grumman Data Sys-
tems Corp., outlined reasons why MASSTAPE would be a de-
sirable alternative to previously developed storage systems:
““The cost is comparable to that of large tape systems with 20-
30 times the storage capacity. Each MASSTAPE Storage Unit
provides a ten-to-one reduction in storage space compared to
an average tape library."”

The systems may be interfaced to a variety of host computers
simultaneously. MASSTAPE can be operated as an indepen-
dent file management system freeing up host computer time,
and the system can be expanded for data base growth by the
addition of storage units to provide over one trillion bits on-
line.

High-performance MASSTAPE Cartridge holds 260 ft of 1/2-inch tape,
with 44-1/2-million bytes.

Cartridges fit into MASSTAPE Pacs, providing a half-billion bytes of ~ MASSTAPE Pacs are loaded into drive stations that contain the access
removable storage. logic drives.

CH 6 EDN/EEE December-15 1971
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MOS KEYBOARDS
& DATAKEYS

MOS KEYBOARDS PROVIDE THE FOLLOWING OPTIONS:

« ASCII Coding * Repeat Function

¢ Custom Coding  Qutput Latching

* Multi-Key Roll-Over ¢ TTL/DTL Compatibility

« Interlock e Low Power Consumption

* 4 Mode Shifting * Plug-in Code Changeability
* Delayed Strobe » Wired-OR Capability

* 0dd or Even Parity « Design Simplicity

CUSTOM KEYBOARDS can be designed to your exact
requirements using MOS or TTL logic circuitry.

DOUBLE SHOT LEGEND BUTTONS are available in a vari-
ety of sizes, colors and legends. Specials can be made
to order.

RIGIDLY CONSTRUCTED ELEC-TROL KEYBOARDS employ
a metal mounting panel to support the SNAP-LOCK
DATAKEYS, thereby protecting the PC Board from
operating stresses.

Phone, wire or write:

EILIE]C3T|R

26477 N. Golden Valley Road
Saugus, California 91350
Phone: (213) 788-7292

(805) 252-8330
TWX: 910-336-1556

O

DATAKEYS ARE AVAILABLE INDIVIDUALLY allowing you
to manufacture your own keyboards and arrays. These
- units employ a hermetically sealed con-
tact providing a minimum of 20 million
operations from low level to 10 watt
loads.
SNAP-LOCK DATAKEYS are particularly
suited for data terminal keyboards:
» Touch, feel and stroke
e Ease of Assembly
* No mounting hardware required
* Internal diodes available

LOW-PROFILE DATAKEYS are designed for
calculators, portable equipment or
wherever minimum height is required:
*.750" overall height

= » Short Stroke
» Ease of Assembly
¢ Mounts directly on PC Board

KEY ARRAYS employing either SNAP-
LOCK or LOW-PROFILE DATAKEYS are
available. Custom arrays can be fur-
nished to your exact requirements.

Reshaping concepts in electronic components and systems!

CIRCLE NO. 405
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The hardware evolution has

created a new species of computerN B :
expert —user or designer who develops : :
an optimal organization from a variety of computer — ' [ O~ A
e 7
g . . 1Y — :
system modules that best satisfies selected applications! Y.s 5 .
. < % -
\
Table 1 — Performance Factors of Table 2 — Performance Comparison of
Twenty Minicomputers Twenty Minicomputers
COMPANY MODEL K By= ip’i p- i_“ Column 1 Column 2 Column 2
h
Compiler System CSI-16 12.95 1.40 9.25 Price SK
| Computer Automation |PDC~216 7.9 | 121 | 660 Range 8-15 8-11 1-15
Data General  [NOVA 777%74' 1.10 7.23 Average 1.6 9.5 13.3
| Data General SUPERNOVA [11.70 | 1.04 [11.25 Sténdara Divistion 2.2 14 13
Datarate — e [1a%0 |15 | 9m
Digital Equipment  |PDP=8i 1280 | 1.90 | 673
Digital Equipment IPDP=11 9.30 T2 7.62 Price/Performance Ph
[Secral Autoration.  FEC16 1000 | 084 1190 Range 0.84-1.95 0.84-1.39 1.04-1.95
GRI Inc. 909 974 | 1.15 | 847
s o B —1 1 Average 1.36 1.20 148
Hewlett Packard 2114A 9.9% 1.34 7.43
Fewlett Packard _ [2155A “Tas0 | 1.5 | 7.43 Sy DegiaLion H2t R 0:26
[Honeywell 316 9.70 1.23 7.88
Thterdata 3 : 10.80 | 1.38 7.82
(Mterdata 3 1380 | 162 | 9.07 Petormanbert
\E AT TR T35 oz ]| Range 6.60-11.90 6.60-11.90 6.73-11.25
Raytheon — [703 125 | 1.4 | 7.81 Average 8.62 8.01 9.12
Rebcor — RC=0 1390 | 1.5 1.2 Standard Deviation 1.52 1.47 1:37
[Scientific Controls W00  [14.80 1.51 9.80
Tempo 1350 | 1.49 9.06
[Varian B20~ 9% 139 | 7.16 Sample Size 20 9 "

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. 480
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Specifications emphasizing performance features of
the minicomputer processor do not give the potential
customer enough information to select the best ma-
chine for his job. Advancements in semiconductor
technology have spawned a large number of minicom-
puters with more than adequate performance for most
applications. The use of medium- and large-scale inte-
grated circuits has caused new minis to be introduced
with higher performance at a lower cost. Further ad-
vancements in LSI will cause the processor to become
a minor, purchased component within a minicomputer
system.

The minicomputer specifications must emphasize
the ability of the system to be optimally tailored to a
specific use. This is more important in the minicom-
puter market than in the larger computer market be-
cause of the diversity in applications for the minis.
The minicomputer manufacturer must produce a vari-
ety of computer system modules which can be orga-
nized into a system that will give each customer the
right amount of performance at the lowest cost. To
bridge the gap between general specifications and spe-
cific application requirements, the marketing efforts
must include a systems analysis approach.

Popular Features. To demonstrate the impact of semi-
conductors, the number of ICs used in the logic design
of a powerful central processor 18 months ago was
reduced by one half. Furthermore, the cost of these
elements has decreased considerably within the last
few years.

Arithmetic logic units (ALUs) and multiple flip-
flops represent some of the MSI components that more
than one supplier offers in identical packages. In addi-
tion, LSI devices such as read-only memories (ROMs)
are being used for microprogram control. With differ-
ent minicomputer designers using these components a
commonality in processor architecture exists, as seen
in many of today’s miniprocessors, with multiple hard-
ware registers, performing equivalent arithmetic and
logic functions via ALU and under control of a small
ROM.

Execution rates of these processors are at the com-
mon hardware limit, although some processors may be
slightly faster than others because there is more par-
allelism in the execution of a microprogram. However,
execution rates approaching 10 MHz fulfill most re-
quirements, and this rate is compatible with available
semiconductor memory devices and magnetic core
memories.

Basic instruction sets can be economically expanded
to contain more complex functions. This results from
lower cost ICs and microprogram control organiza-

tions. Obviously, each manufacturer will include in-
structions that are equivalent to his competitors.
However, options such as special instructions for spe-
cific applications will be provided at additional cost by
an increase in the capacity of the control memory.

Comparative Analysis. Analysis of the specifications for
present minicomputers indicate small differences in
their performance. As an illustration, Table 1 lists 20
machines within the approximately $8000 to $15,000
price range. The averages and standard deviations of
price, $k, price/hardware performance, P,, and per-
formance, P ($k/P,), were calculated and the results
are shown in column 1 of Table 2. The small standard
deviation about the average performance factor indi-
cates that approximately 70% of the models have a
performance factor within 20% of each other.

This list was then divided into two smaller groups —
nine machines within the $8000 to $11,000 price
range and 11 models between $11,000 and $15,000.
Statistics for these two samples, columns 2 and 3 of
Table 2, indicate even smaller deviations from the
average performance factor for closer priced com-
puters.

As LSI technology advances, the future processors of
the minicomputer will be available as an off-the-shelf
item, and it will provide higher performance at a
lower cost. Several minicomputer manufacturers will
use the same components, thus achieving even more
uniform performance specifications. Undoubtedly
these manufacturers will not invest heavily in produc-
ing their own LSI components. Instead, the LSI sup-
plier that makes the investment must sell to several
customers because of the very high production yields
required. In fact, one supplier will probably be able to
produce a year’s demand of miniprocessors in a few
weeks. On the other hand, the LSI supplier probably
will not enter the minicomputer market because he
will not have the marketing and systems analysis
capability to be successful. In addition, the processor
and memory components will represent the least prof-
itable items of the minicomputer system.

Market Characteristics. The nature of the minicomputer
market is much different from the market of larger
computers and it is still changing. The customer, an
expert in a specific field, knows where the computer
system grants economies and efficiencies as compared
to methods used in the past. He is interested in ob-
taining this system, or part of it, from a minicomputer
manufacturer at the lowest price.

Special minicomputer applications normally require
major software development. This may be the only

(Continued)
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new computer expert (Cont'd)

value added when the customer purchases the total
hardware system from the minicomputer manufac-
turer. Usually the manufacturer has the hardware
production capability and the customer has the applica-
tion expertise. It is thus necessary for both to mutually
develop the system for the unique application.

Sometimes, an application cannot be disclosed to a
mini manufacturer by the customer until the custom-
er’s hardware system is ready for announcement and
demonstration. In this event, the minicomputer speci-
fications should be adequate for the customer to config-
ure his own system for pricing information.

The competitive nature of the minicomputer market
supports the shift of emphasis from performance fea-
tures to minimum cost for a complete system. If an
alternate minicomputer provides adequate perfor-
mance at a lower cost, the customer will disregard the
system with the highest performance. Also, the cus-
tomer need not “make do” with off-the-shelf hardware
from the computer supplier. There are minicomputer
manufacturers who will tailor their hardware for the

T

Fig. 1—Universal logic module holds a variety of IC and dis-
crete components. Jumpers, wire-wrapping terminals or
sockets provide the necessary interconnect.

customer. This includes modification of mechanical
form factors, development of special cabinets and in-
clusion of the right amount of memory and power sup-
ply modules that satisfy the need and the expected
growth.

There is another characteristic of the minicomputer
market that necessitates a flexible product. Many cus-
tomers purchase an initial system for evaluation and
software development. Usually this system is large
and sophisticated, with normal data processing input
and output devices. Systems purchased in quantity at
a later date represent scaled down versions of the ini-
tial system. Sometimes, the customer already has a
large computer system and the initial system is not
provided. In these instances, the minimanufacturer
must supply cross assemblers and simulators written
in a compiler language (FORTRAN).

System Flexibility. Adaptability of minicomputer sys-
tems to special occasions means that the minimanu-
facturer must have more than a high-performance
processor in his product line. He must offer a complete
line of peripheral devices, a range of memory sizes and
a large number of special options. Also, he must have
a documentation system so that factory personnel can
assemble and test a variety of systems with minimum
confusion.

For example, the processor chassis of MAC-16
(Lockheed Electronics Minicomputer) has space for
either 30 or 39 PC boards. The processor itself re-
quires only eight card slots. Thus, cards for extra
memory, processor options, I/O control or an internal
and pluggable power supply can be inserted into the
remaining card slots. Excluding memory and proces-
sor cards, there are 25 different card types for per-
formance options. When a chassis is full, another
chassis is added to the system. Power supplies are

BUS POWER BUS
CONTROL SUPPLY EXTENDER
CENTRAL PROGRAM PROGRAM PARALLEL SERIAL

processor  H  Somonr MEMORY MEMORY copmg" DEVICE DEVICE
TYPE A NO.1 NO.2 CONTROLLER CONTROLLER
ROM OR RAM 1K X 16 16K X 16 SIMPLE OR DMA MULTIPLEXOR
SEMICONDUCTOR CORE MAINTENANCE OPERATION
Fig. 2—Block diagram illustrates the concept of modular system organization.
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provided for additional power requirement or for cus-
tomer’s use. The processor chassis may contain an in-
ternal memory of 2k words up to 16k words in 2 or 4k
increments. An external chassis expands the memory
capacity up to 64k words (k = 1024).

The control panel comes in several variations: It can
be excluded; it can be three basic switches; it can be a
full maintenance and control panel that is portable; or
it can be remotely located.

Occasionally, a customer wants a hardware function
that is unavailable in the product line. Then it is nec-
essary either to design and build a special logic card
or to provide the customer with a kit so that he can
develop his own special function. One typical solution
is shown in Fig. 1—a universal logic module. This
board is compatible with MAC-16 cards.

System of the Future. Modularization will be the future
concept of the minicomputer. System modules will
vary in performance specifications and will be de-
veloped as separate building blocks. Some examples
of these blocks are processors, memories, power sup-
plies, control panels, I/O device controllers and special
function options. Processors with different functional
capabilities will be offered for system selection. Memo-
ry modules will range from 1 to 16k words and will be
used for small size and high-speed along with the larg-
er and slower core memories. It will be possible to mix
different processor modules within the same system.

The printed-circuit backplane —mother board —will
be the modern accommodation for a variety of plugga-
ble system modules. A common bus structure will pro-
vide the necessary interconnection, with data lines,
address lines, control and timing signals. Each system
module will communicate with other modules via this
common bus. A special system module, the bus con-
troller, will be required to control and determine the
priorities on the bus. The block diagram in Fig. 2 rep-
resents such a typical modular system.

A modular approach has several advantages, the
most important being flexibility. A large range of per-
formance specifications can be satisfied in a conve-
nient manner. System modules fulfilling the customer’s
requirements plug into any location in the common
backplane.

Future field expandability is another advantage.
And finally, a modular system is not subject to obso-
lescence because of hardware technological advance-
ments. It can undergo gradual change. The processor
module may be converted to LSI components at a later
date. But it continues to be compatible with other,
prior system modules.

It should be noted that there are also disadvantages

to the modular concept. There is an overhead cost for
communication via a common bus. Each module must
have buffering hardware to be independent of the
others. The bus controller is also a new system compo-
nent and represents added cost. Furthermore, the
modular component approach invites outside manu-
facturers to build system components that are direct
replacements of the modules offered by the minicom-
puter manufacturer.

Past Experts The rapidly changing technology of com-
puter hardware is known to be the catalyst of the min-
icomputer industry. Further advancements are chang-
ing marketing techniques. Processor performance is
easy to attain and the emphasis is swinging to the
development of special low-cost systems. This also in-
troduces a new species of computer expert to evolve at
the expense of a fading species of computer specialist.
This change is not new. In the vacuum tube genera-
tion, the circuit designer was the recognized computer
expert. In the diode-transistor generation, the logic
designer was in the forefront and he employed his
skills to minimize the diode requirement for a stan-
dard architecture. Integrated circuits brought about
machine organization changes and competition among
computer architecture in developing a product with
the highest performance. Medium- and large-scale
integrated circuits have made processor design a me-
chanical packaging problem. The new computer ex-
pert is the systems man that can develop the optimal
organization using a variety of computer system mod-
ules that best satisfies a selected application. *

F. Gerald Synder is Chief Engineer for Computer Systems at
Lockheed Electronics Co., Inc., Los Angles, Calif. One of
Jerry’s major responsibilities is the design and development
of the hardware and software for the minicomputers MAC
16 and MAC Jr. Mr. Snyder received his B.S. degree from
the University of Oregon and his M.S. from the University of
Southern California. He is a member of IEEE and ACM.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. 480
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A comparison of several different methods of analog-to-digital conversion shows
that successive-approximation converters are the most versatile. Other techniques,

though, have their place, too.

In data-recording and instrumentation systems, there
are many situations where an analog signal must in-
terface directly with a digital computer. The engineer
should be aware of the advantages and disadvantages
of various types of analog-to-digital converters so that
he can specify or design the right converter for a given
interface situation.

The majority of commercially available A/D con-
verters employ the circuit technique of successive ap-
proximation. This type of converter is the most versa-
tile in the sense that it offers the best combination of
performance characteristics in the widest range of
possible applications. Thus the successive-approxima-
tion technique allows packaged-circuit vendors to

CH 12

manufacture “general-purpose” A/D converters hav-
ing a large potential market. Usually, special custom
requirements can be satisfied by adding “optional fea-
tures” rather than by changing the basic circuit.

Let’s look now at some of the different circuit tech-
niques for A/D conversion and examine their major
advantages and disadvantages. The following methods
are all compatible with today’s semiconductor tech-
nology:

—Ramp type

(a) Using simple integrator

(b) Using integrator and bucket-counter combina-
tion.

(c) Using digital-to-analog resistor network
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—Servo type
— Successive-approximation type

Ramp-Type Converter. With the ramp technique (see Fig.
1), the converter is basically a resetable integrator
whose output is compared to the analog input voltage.
Another key part of the converter is a binary counter
which is initially set to zero.

To start a conversion cycle, the counter is allowed to
start counting upwards while an accurate step func-
tion is simultaneously applied to the input of the inte-
grator. When the integrator output voltage (a ramp
function) reaches the analog input level, the compara-
tor generates a signal which freezes the counter.

This basic version of the ramp-type converter suf-
fers from two drawbacks:

First, the circuit is relatively slow for input voltages
at the high end of its range. This is because the coun-
ter must count all the way from zero to a relatively
high number. For example, a 10-bit converter with a
500-kHz clock would take something like 1 or 2 msec
to count up to the most significant bits.

Second, it is difficult to achieve good stability with
this type of circuit. To maintain a stable clock fre-
quency, a crystal-controlled oscillator must be used.
To insure stable integration, a good quality capacitor
is required. Also, the reference voltage and its series
resistor must be stable.

Improved Ramp Types. A more elegant approach to ramp-
type conversion is shown in Fig. 2. This approach uses
a bucket counter and reduces the problems caused by
poor clock stability in the basic circuit.

With the bucket-counter method, the rate of rise of
the integrator’s output ramp is proportional to clock
frequency. And, of course, the rate of increase of the
counter’s output word is also proportional to clock fre-
quency. Therefore, the effect of clock frequency is
automatically cancelled and converter performance
becomes virtually independent of the clock. As with
the basic ramp-type converter, however, the bucket-
counter version has the disadvantage of low speed. Al-
so, stability still depends on the integrator capacitor.

The capacitor-stability problem can be avoided by
using another variation of the ramp-type converter, as
shown in Fig. 3. In this version, the ramp is generated
by a D/A switched resistor network rather than by an
integrator.

In the circuit of Fig. 3, the counter outputs switch
the D/A network. This continues until the D/A output

(Continued)

DIGITAL OUTPUTS
e T o .

BINARY
COUNTER

START
CLOCK o——o CONVERSION
O—P}

VI"V\N

COMPARATOR

EREfo—WV“_—y Y

C

Vin
INTEGRATOR

Fig. 1—Simple ramp-type converter consists of a resetable
integrator with its output compared to the analog input volt-
age.

START } _______ ‘1

T
CONVERSION

CLOCK BINARY

COUNTER

COMPARATOR

iTA
— C;

INTEGRATOR Vin

Fig. 2—Improved ramp-type converter uses a bucket counter
instead of a simple binary counter. This approach elimi-
nates the requirement for a stable clock frequency.

START
CONVERSION

cLock
BINARY
O»1  COUNTER
;! DIGITAL
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/A - COMPARATOR
RAMP
GENERATOR
Vin
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Fig. 3—Another version of the ramp-type converter uses a D/A
conversion network rather than an integrator. Because the
circuit has no capacitor, stability depends primarily on re-
sistor tracking and switch offsets.
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A/D conversion (cont’d)

voltage equals the analog input. When this occurs, the
clock is gated off. The parallel output word of the
counter is held until a reset command is given.

With this type of A/D converter, stability does not
depend on clock frequency. Stability depends only on
resistor tracking and offset in the D/A network. These
errors can be made small enough for 12-bit accuracy.
Conversion speed of this type of converter, however, is
still as slow as the other ramp types discussed.

Servo-Type Converter. The circuit of Fig. 3 can be modi-
fied to form a servo-type converter. In this arrange-
ment an up-down counter replaces the up-only counter
shown. Also, two comparators are added. One initiates
count down when V, is greater than V, ,, and the
other initiates count up when V, isless thanV, .
With this scheme, the time for initial acquisition is
still rather long. But, once the converter acquires the
input voltage, a small change in input voltage can be
rapidly re-acquired. Thus, this type of converter vir-
tually eliminates the speed problem by allowing high-

COMPARATOR

D/A
LADDER NETWORK
AND SWITCHES

Vi\DC

4 BIT D. |e
HOLDING REGISTER n
F 2 P & R
Co_;LOCK P START PULSE
SHIFT REGISTER
SEQUENCER [4—0 "iS/R LOAD)

jgunn

Fig. 4—Successive-approximation converter allows
fast conversion with widely varying input voltages.
Acquisition time is drastically reduced because
the output is initially incremented in large jumps
instead of step-by-step.

CH 14

A/D converter (type UHM610) developed by Sprague, uses
successive-approximation technique and has 10-bit resolu-
tion. Modular assembly allows the same basic unit to be
easily modified to incorporate or eliminate various circuit
options.

speed conversion for small input-voltage changes. For
widely varying voltages, however, it offers little speed
advantage over the ramp-type converter.

Successive Approximation. The successive-approxima-
tion converter also uses D/A resistor network but,
instead of being switched through 2" counts (i.e. 1024
counts for a 10-bit servo-type converter), the network
is sequenced through n counts by sampling each net-
work bit in succession. This renders a typical 10-bit
converter a hundred times faster for a random voltage
input.

The theory of operation for a successive-approxima-
tion converter can be explained as follows:

For simplicity, consider the 4-bit converter shown in
the block diagram (Fig. 4). When the shift-register
load pulse appears, a 1 is loaded into the 2° slot in the
shift-register sequencer and all other slots (2% thru R)
are loaded with a 0. When the load pulse becomes
zero, the sequencer clock steps the 1 (which is in the
2% position) through all of the remaining shift-register
positions in sequence. In the first (2°) position, the
most significant bit (MSB) of the D/A ladder is con-
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nected via its gate and fed to the comparator.

If the ladder network’s output voltage is less than
the analog input voltage, the holding-register clock D,
(comparator output) goes high and a 1 is clocked into
the holding register during the 2? sampling period. If
the 22 sample indicates a ladder output greater than the
input voltage, a 1 will not be clocked and stored in
the holding register.

This sampling process continues until another sam-
pled bit indicates a ladder output less than the input.
This bit is then clocked into the holding register. After
the least significant bit (LSB) is sampled, the holding
register contains the complete digital representation
of the input voltage and provides the required parallel
digital output.

Circuit Comparison. When the different A/D conversion
schemes are compared, the successive-approximation
type proves to be the logical choice to provide greatest
versatility. Factors favoring successive-approximation
include the following:

— Highest speed for widely varying inputs.

— Stability depends only on D/A networks.

—Performance substantially independent of clock
frequency.

—Provides serial output (in addition to parallel out-
puts) during conversion.

Advantages and disadvantages of the various types

TABLE | COMPARISON OF DIFFERENT TYPES
SIMPLE INTEGRATOR WITH D/A
PARAMETER INTEGRATOR BUCKET CSUNTER RESISTOR NETWORK
RESOLUTION 12 bits 12 bits 12 bits
STABILITY
(0-70 °C) +0.5% +0.5% £0.05%
LOCK SCALE FACTOR
DEF%ND%NCY PROPORTIONAL TO INDEPENDENT INDEPENDENT
CLOCK FREQUENCY :
WORST - CASE
CONVERSION TIME 2 msec 2 msec 2 msec
(10-BIT UNIT)
PARALLEL OUTPUT YES YES YES
SERIAL OUTPUT NO NO NO

OF A/D CONVERTERS

of converters are summarized in Table I, which also
shows some typical performance figures.

To enhance their versatility, packaged “general-
purpose” A/D converters are usually offered in ver-
sions incorporating features selected from a range of
options. Here is a typical list of options offered:

—Choice of internal or external clock source.

—Use of internal or external reference source.

— Offset binary and 2’s-complement capability.

— Optional output shift register.

—Single or continuous conversion.

To lower the cost of meeting custom requirements,
the manufacturer of general-purpose A/D converters
usually employs a modular fabrication technique in
which a single PC board suffices for all versions. Op-
tional features are added or deleted by installing or
not installing modular subassemblies on the board, as
required, and by adding jumper wires on the PC board
or rewiring the connector.

As we've seen, successive-approximation type con-
verters provide high accuracy, speed and versatility.
This does not mean, however, that other schemes are
entirely unsatisfactory. The servo type, for example, is
excellent in applications where small deviations from
an initial output occur, and where one is not con-
cerned with initial acquisition time. Other schemes,
such as the various ramp types, can be used for applica-
tions requiring lower speed and lower accuracy. I~

SERVO TYPE APPROCMATION
12 bits 12 bits
£0.05% +0.05%
INDEPENDENT INDEPENDENT
Walter Schopfer was an
engineering group leader
with Sprague Electric in
2 20 ps "
ke ; T Worcester, Mass. at the time
he wrote this article. He is
now a senior scientist at
YES YES Singer Corporate Research,
Little Falls, N. J. Mr. Schop-
fer received his B.S.E.E.
. from New York University
NO YES in 1957.
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Circuit Protector

Now with Illuminated Rocker Arm

This exclusive combination of ON-OFF
switch function, snap-in front panel
mounting, and illuminated single-
rocker actuator has made the Airpax
Type 203 Circuit Protector ideal for
use in computers, computer pe-
ripherals, copying machines, air con-
ditioners, marine controls, and other
high-quality industrial and military
equipment where accurate, reliable
protection is demanded.

FEATURES

e |lluminated single rocker actuator
for 1, 2, or 3-pole assemblies

e Choice of illumination voltages

e Snap-in front panel mounting for
fast, economical installation
Optional flush rear mounting
available
32V DC and 250V AC (50/60 or 400
Hz)
Current ratings from 0.020 to 20
amperes
Choice of inverse time delay or
instant trip

Trip Time vs Percent Rated Current @ 25°C

Delays 40, 50, 60 Delays 41, 51, 61 Delays 42, 52, 62 Delays 43, 53, 63
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Delays 40, 41, 42 and 43 are for use in 400 Hz systems; delays 50, 51, 52 and 53
are for use in DC systems; and delays 60, 61, 62 and 63 are for use in 60 Hz systems.

For complete details, specifications and application examples, call or write:

AIRPAK:

AIRPAX ELECTRONICS / CAMBRIDGE DIVISION / Cambridge, Maryland 21613 / Phone (301) 228-4600 / TELEX 8-7715/ TWX 710 865-9655
CIRCLE NO. 406
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Lermination is the key to wired-OR capability

With a little thought and a handful of components, sev-
eral IC line drivers can be wired-OR on one data line.

Occasionally, a data transmission system requires
wired Or output capability. A majority of the balanced
monolithic line drivers, however, are not designed for
this type of application. If certain conditions are con-
sidered, they can be used very successfully with the
addition of a few components.

When a system has wired-or capability, the receiver
output is a logical “1” if all drivers are transmitting a
logical “1.” If any one or all of the drivers transmit a
logical “0,” the output is a logical “0.” The circuit
shown permits the oring of several drivers on one
data bus.

The feature that permits a proper signal to reach
the receiver is the termination network. It provides
a 100 match to the transmission line and a 2.5V
common-mode voltage with no drivers connected to
the line. Several balanced drivers, like the one illus-
trated, will function as an or system when connected
to the line with their A and B outputs tied together.

When all drivers have a logical “1” input, their A
outputs will be high and the B outputs will be on, pull-
ing the B line to ground. This applies 2.5V to the posi-
tive terminal of the receiver and about 0.5V to the
negative. This differential generates a TTL “1” level
at the output of the receiver.

When a logical “0” is applied to all drivers, the A
line approaches ground and the B outputs are oFF.
The results are a full 2.5V at the negative input of the
receiver and a TTL “0” output.

A third condition occurs when one driver has a logi-
cal “1” input and another a logical “0.” Both lines A
and B will approach ground. Typical V., of the
SN75450 is approximately 0.2V. Therefore, the posi-
tive input of the receiver will be approximately 0.2V
(neglecting line resistance). Current being sunk in line
B must flow through the series resistor (4.7€}), result-
ing in an additional voltage at the negative input of
about 225 mV. Applied to the negative input, this volt-
age causes the receiver to generate a TTL “0”—as it
should in an or application.

Dale Pippenger is a senior engineer
with Texas Instruments Incorporated,
Dallas, Tex. His duties involve linear
and computer interface, IC applica-
tions and product evaluation. Pippen-
ger received a B.A. in mathematics
from Memphis State University.
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POWER
SUPPLIES

Now you can save space and improve
reliability by mounting an Acopian
mini-module power supply directly
into a printed circuit board. Sizes
start at 2.32” x 1.82” x 1”. Both
single and dual outputs are available.

And the duals can be used to power

op amps or for unbalanced loads.

Other features include:

e Choice of 58 different single output
modules ranging from 1 to 28 volts,
40 ma to 500 ma

e 406 combinations of dual output
modules with electrically indepen-
dent, like or different outputs in
each section

e 0.02 to 0.1% load and line regula-
tion, depending on model

e 0.5 mv RMS ripple

e Prices as low as $39 for singles,
$58 for duals

Do you have the latest Acopian cata-

log? It lists over 82,000 AC to DC

power modules for industrial or MIL-

spec applications. For your copy,

write Acopian Corp., Easton, Pa.

18042, or call (215) 258-5441. And

remember, every Acopian power

module is shipped with this tag. ..

POWER SUPRLY WAS
g SHIPPED WITHIN

» S DAYS

Acopian

CIRCLE NO. 407
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it's small, but sophisticated

In the past, the performing of time-
sharing, real-time multiprogrammed
batch and on-line terminal opera-
tions simultaneously called for a
$500,000 to $1-million computer sys-
tem. Recently, Hewlett-Packard un-
veiled a small-scale computer sys-
tem at Fall Joint Computer Confer-
ence with true multiprogramming
and multilingual capabilities —and it
sells for only $100,000 to $300,000.
Designated System/3000, this disc-
based system represents a radical
new architectural approach to the
design of small central processors.
Also, this system is the first to be
designed from inception for the total
marriage of hardware and software
to achieve total flexibility in opera-
tion.

An important key to the abilities
of the System/3000 is the newly de-
veloped high-level system program-
ming language, SPL/3000. This lan-
guage accomplishes program encod-
ing three to six times faster than the
traditional assembly languages. In
fact, the software development for
the System/3000 was reduced by a
factor of five using SPL/3000 exclu-
sively. Other available languages
include a new version of FORTRAN
IV and BASIC/3000, which is a more
powerful extension of HP’s BASIC.
These languages are for all operating

modes (time-sharing, real-time and
batch). Also, System/3000 software
incorporates text editing and format-
ting, statistical analysis, system di-
agnosis, flowcharting and user pro-
gram diagnosis.

Computer Profits From Features System
architecture permits multiprogram-
ming operation and efficient dynam-
ic allocation of resources. Concurrent
I/O and CPU operations are easily
realized. Central processor hardware
yields inherent reentrant code, rela-
tive addressing, memory protection
and virtual memory through vari-
able length code segments. Opera-
tional features of the system are:
—Multiprogramming capability for
time-sharing, real-time processing
and general-purpose batch.
—Modular hardware structure using
a central data bus with a 5.7 mega-
byte/sec transfer rate.
—Stack-oriented CPU architecture
providing 18 usec microprogram-
med environment switching and
170 instructions.
—A complete line of standard com-
puter peripherals.
—Multilingual capability plus utili-
ties and diagnostics.
—Modular hardware construction for
easy system expansion of I/O and
memory.
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Now available
for in-plant training...

The

MOS Course
from

Texas
Instruments

Effectively and economically, this
new 10-lesson videotape course
lays the foundation for (1) eval-
uating the usefulness of MOS in
proposed applications, (2) weigh-
ing the relative advantages of
MOS options, and (3) working
efficiently with MOS suppliers for
cost-effective systems design.
Produced on efficient, low-cost
videotape for maximum under-
standing and highest retention,
the course includes printed work-
books and supplementary data.
The course was presented to a
nationwide audience in Septem-
ber over a closed-circuit TV net-
work. Hundreds of engineers in
16 cities spent three days absorb-
ing the nine hours of concentrat-
ed instruction. It’s now avail-
able for your own in-plant use.
The course covers: MOSFET
characteristics ® technology
choices @ reliability @ economics @
inverter and static logic e shift
registers @ bipolar interface e
memories @ PLAs.
For full details and information
on obtaining a demonstration
tape, circle 420 for Brochure

CM-106.0r write Texas o
Instruments Incorpor- ﬁ
ated,P.0.Box 5012, M.S.

84, Dallas, Texas 75222.

TEXAS INSTRUMENTS

INCORPORATED

CIRCLE NO. 408

feature product cont'd

Another highlight is a micropro-
cessor based on a large-scale inte-
grated circuit ROM (read-only mem-
ory) with an instruction time of 175
nsec. The system accommodates up
to four independent memory mod-
ules having a combined capacity of
131,000 bytes. A high-speed data
path yields a system data rate of up
to 2.85 megawords between subsys-
tems.

Storage Enhances Capabilities Plug-in
boards enable the user to expand the
core memory capacity of System/
3000 from 32,000 to 131,000 bytes
in 16,000 byte increments. The mem-
ory is a folded planar-core type with
two- or four-way module interleaving.

For mass storage, disc files
(similar to IBM 2314) range in ca-
pacity from 5- to 50-million bytes,
with fast access and data transfer
rates of up to 250,000 bytes/sec. On-
line storage is expandable to 1-bil-
lion bytes. For improved system per-
formance, a new high-speed swap-
ping drum is available that stores up
to 4-million bytes with average ac-
cess of only 8.7 msec and a data
transfer rate of 470,000 bytes/sec.

Word size in the memories is 16
bits with a 17th bit for parity. Code
segments stored in memory contain
no absolute addresses. All addressing
of data is relative to the registers of
the central processor.

A large selection of peripheral de-
vices is at hand for prospective Sys-
tem/3000 users. These devices in-
clude 600 or 1200 cpm card readers,
40 or 250 cpm card punchs and 132
column, 96 character, 200 or 600
Ipm drum printers. In the magnetic
tape line, either 7-track, 45 ips or 9-
track, 45 ips, 800 or 1600 cpi units
are available. Also, provisions for
asynchronous multiplexors (to 2400
bps) and synchronous interfaces (to
1.5-million bps) are obtainable for
data communications. Hewlett-Pack-
ard Co., 1601 Calif. Ave., Palo Alto,
CA 94304. 419

Profit
Through
Quality

By Sidney Weinberg

“This excellent book deserves a place on
the desk of any general manager who
wants to increase the use of Q-R
methods.” Quality Progress

A practical guide to help production and
general managers analyze requirements
and establish an effective, profitable
quality and reliability policy. By one of
the United Kingdom's most respected
authorities, it should be read by everyone
concerned with maintaining quality and
profits. Hus. 192 pp. $10.95

GUIDE TO

- PROJECT
- MANAGEMENT

by Dennis L. Lock

-1 COMPLETE

The perfect introduction to project
management, the technique created
to deal with the complex activities of
modern industry—planning, costing,
controlling and evaluating projects
so they are completed on time and
to specs and budget.

With over 60 illustrations and many
practical examples, this book covers
all the basics and includes explana-
tions of CPM and PERT.

Complete Guide to Project Manage-
ment is essential reading for anyone
on the technical or managerial side
of industry, with any responsibility
for projects. 224 pp. $9.95

Order Today—15-Day Free Trial—
Satisfaction Guaranteed or Money
Back—Send check and we pay ship-
ping
IIIIIIIIIIIIIIIIIIIIIIIIIIII'IIIEIDINI.I‘
Cahners BooK DIVISION
270 St. Paul St., Denver, Colo. 80206

Quantity Title

NAME =
POSITION SRS o
COMPANY ___
ADDRESS __ T

ZIP

Send Payment and We Pay Shipping
["] Payment Enclosed [] Bill My Company [ ] Bill Me
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COUPLED
ISOLATORS

LED and
ton/Photodiode isolators.

Phototransistor/Photodarling

ZOPTICALLY>

(and
only
HEL:

/" OPTICAL \
SWITCH

4

Photoelectric contactless switch using an
LED & a phototransistor.

\JHEL 3
END OF

TAPE
SENSORS

/

EOT/BOT LED/Phototransistor sensor for
lb-in. magnetic tape.

HEL :
only
\\\\ [ J HEI)‘//)

Call Pete Spaulding Now . . . (612)448-3510

HEIlinc.

Jonathan Industrial Center
Chaska, Minn. 55318

CIRCLE NO. 410
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computer meets manufacturer needs

Texas Instruments Incorporated un-
veiled their latest development in
their 900 Series computers at FJCC —
a 16-bit minicomputer with a selling
price of $2850. Designated Model
960A, the hardware and software de-
sign featuring a dual-mode architec-
ture makes the 960A appropriate for
manufacturing automation, process
control and data collection systems
application. Included in the price is
the power supply, a DMA (direct
memory access) channel, automatic
parity checking, memory write pro-
tect and a complete lockable front
panel. Additional 4k memories are
available for $1500.

The basic 4k MOS memory, 750
nsec cycle time, is expandable to 32k
words in the same chassis with addi-
tional external 32k available. Other
operational features include a combi-
nation of up to 512 I/O lines in the
basic chassis that are expandable to
8192 I/O lines, hardware multiply
and divide, and a memory refresh
battery pack that is good for two
weeks without external power.

The computer interfaces quickly
and inexpensively with existing equip-
ment. In fact, the manufacturing per-
sonnel can operate the 960A without
extensive training. Because the hard-
ware and software were designed to-
gether, the software is easily adapted
to on-line, real-time operations, thus
reducing downtime during manufac-
turing or process changes.

An important contribution to the
efficiency and performance is the
“Communications Register Unit”
(CRU). The CRU interfaces the user’s
devices to the central processor with
simple software instructions and
eliminates the need for expensive

*aseanseny

PDP-11 goes small scale —

A 3.5-inch-high, communication-ori-
ented computer was introduced by
Digital Equipment Corp. at the 1971
FJCC. Designated the PDP-11/03,
this 16-bit processor sells for as little
as $2560 in quantity ($3995 in single

quantity) and comes with either 2k,
4k, 8k or 16k bytes of memory. The
computer is completely compatible
with all members of the PDP-11 fami-
ly, including the recently announced
PDP-11/45 medium-scale computer.
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feature products

hardware controllers. A combination
of up to 8192 I/O lines can be con-
trolled individually or in groups.
Standard plug-in cards permit direct
communication using only the num-
ber of input and output lines neces-
sary for any given control instru-
ment, device or sensor. )
The software lends itself to writing
or modifying programs in the user’s
“shop” language such as “close relay”.
A single instruction will start a mo-
tor, operate a valve or read the pro-
cess variables. Other available items
include a comprehensive array of pow-
erful user-oriented software packages
including FORTRAN, monitors, load-
ers, macro processors, an overlay link
editor, an advanced disc operating
system, and assemblers and cross-
assemblers for large computers.
Deliveries begin in late 1971 and
the price of $2850 is for 1 to 100
quantities. A wide selection of periph-
erals and support equipment is avail-
able. Texas Instruments Incorporat-
ed, Box 1444, Houston, TX 77001. 420

Included within the miniature en-
closure is a central processor, with 1.2
usec cycle time memory, complete
power supply, serial communications
interface and programmer’s console.
In addition, other features such as
power fail/auto-restart, direct memo-
ry access (DMA), automatic priority
interrupt and hardware stacks are
standard items. A variety of software
including assemblers, editors, I/O
executives and on-line debugging
packages is being offered. Deliveries
are scheduled for the 2nd quarter of
1972. Digital Equipment Corp., 146
Main St., Maynard, Ma. 01754. 421

Prevent semiconductor failures . ..
with a circuit breaker?

Send us $20 and see for yourself.

What you'll get back is a sample
of our JA/Q® electronics pro-
tector, which is no ordinary circuit
breaker.

It's a circuit breaker with a built-
in hybrid microcircuit crowbar.
And that’'s where the failure pre-
vention comes in.

When a dangerous transient or
overvoltage occurs, the crowbar
fires and shunts the load within
500 nanosec. Vulnerable semi-
conductors are never exposed to
a condition which might destroy
them.

The circuit breaker sees the
shunted load as a dead short, and
electromechanically disconnects
the equipment within 10 millisec,
thus providing protection for the
crowbar.

Normal overcurrent protection is
in no way affected by the presence

of the crowbar. You can still order
precision current ratings, job-
matched time delays, and all the
other options normally offered with
our standard Series JA breakers.

The whole protection package is
remarkably economical. In fact,
we can provide the crowbar for
less than you can build an equiva-
lent circuit in-house. And there are
related savings in space, and in the
ability to use lower-rated semi-
conductors.

To evaluate the performance of
the JA/Q for yourself, send a
check for $20, along with your
name, department, and company
letterhead to: Richard Kurtz, Heine-
mann Electric Company, 2808
Brunswick Pike, Trenton, N.J.
08602. Please specify 6.5, 14, 17,
26, 32, or 38-volt firing level; and
2, 5, or 10-amp current rating.

HEIiNEMANN
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TELEVISION:
KEY TO A BLIND BOY'S FUTURE.

Before too long, this child may be
able to see his mother.

Through television eyes.

For right now, research is
being conducted on a small TV
camera that he can wear on his
forehead. (And the hope is that the
camera can be miniaturized to fit
into an eye socket.)

The idea started with the

space program. With electronic en-
gineers, scientists, designers.
Problem-solving ideas are

found in the American business
press. In its editorial pages and in
its advertising pages, too.

And American business and
professional men act upon the
ideas they find in their favorite
business magazines. That's what
makes the business press such a
potent advertising medium.

That's what makes it
The American Edge. For
more information, write
us at ABP.
The American Edge is that
competitive edge the
business publications give you.
When you read them.
When you advertise in them.

THE AMERIGAN EDGE:
THE AMERIGAN BUSINESS PRESS

205 East 42nd Street, New York, New York 10017

The American Business Press (ABP) is an association of over 500 publications
serving business, industrial and professional audiences.




Monolithic Multiplying DAC
Offers Fast Switching

PROGRESS IN
MICROELECTRONICS

A new low-cost monolithic six-bit
digital-to-analog converter from Mo-
torola has switching speed of only
300 ns. The IC, Type MC1406L, in-
cludes a diffused-resistor ladder net-
work and all necessary switching
circuitry. It does not, however, in-
clude an output amplifier or refer-
ence regulator.

Only one other company, Precision
Monolithics, manufactures a mono-
lithic DAC using diffused resistors.
The Precision Monolithics mono-
DAC-01, however, also includes a
reference circuit and output amplifi-
er on the chip in addition to the lad-
der and switches. The monoDAC-01
has a settling time of 3 us to within
a half LSB.

Both the MC1406L and the mono-
DAC-01 provide six-bit resolution.
According to the designers of the two
ICs, diffused resistors offer adequate
uniformity and stability for fabrica-
tion of DACs with greater resolution.
Both companies expect to introduce
higher resolution versions later.

While thin-film resistors are much
more stable than diffused resistors,
the latter are compatible with con-
ventional IC fabrication techniques
and, hence, offer much lower costs in
volume production. In a monolithic
ladder configuration, the poor stabil-
ity of diffused resistors proves less of
a problem than one might expect.
This is because the individual resis-
tors tend to drift at the same rate,

.....

‘Progress
in
‘Products

Motorola’s MC1406L is a 6-bit D/A converter IC with switching circuitry and a diffused-

resistor ladder network on the same chip. Chip size is 79 mil by 91 mil. The IC comes in

a 14-pin ceramic DIP case.

thus minimizing errors in the cur-
rent ratios that are defined by the
network.

Flexibility versus
Completeness

Compared with the monoDAC-01,
the most important advantages of
the MC1406L are lower cost and
faster switching. With the mono-
DAC-01, switching speed is limited
primarily by the speed of the on-chip
out-put amplifier. According to the
designers of the monoDAC-01, the
switching speed without the output
amplifier would have been about 300
ns (same as for the Motorola unit).
Thus, while Precision Monolithics

offers a complete converter with
guaranteed performance, Motorola
offers a more versatile circuit that
can be tailored (by suitable choice of
the external circuitry) to provide ei-
ther higher speeds or lower cost.

In quantities of 100 up, the
MC1406L sells for $3.95. A compara-
ble version of the monoDAC-01 (with
the same industrial temperature
range and hermetically sealed pack-
age) costs $17.50 in quantities of 100
up. Of course, the cost of a complete
converter circuit using the MC1406L
will be higher than the basic cost of
the IC because of the external cir-
cuitry required.

An even more flexible approach to
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D/A conversion is offered by the
many companies now selling mono-
lithic D/A switches which require
external ladder networks. With this
approach, one can select resistor net-
works having accuracy and stability
compatible with desired overall con-
verter performance. But, for 6-bit
converters, monolithic units with dif-
fused resistors will probably prove
more cost effective.

Multiplying Capability

One important aspect of the
MC1406L’s greater flexibility is that,
unlike the monoDAC-01, it can be
operated in the multiplying mode
(with a varying reference voltage
which forms one of the two input
signals). This opens up a whole field
of additional circuit applications (see
EEE, September 1970, pp. 52-57).

Of course to operate the MC1406L
asaconventional dc-referenceconvert-
er one need only use reference cir-
cuitry that is adequate for the appli-
cation. For room-temperature opera-
tion, a simple zener diode may be

sufficient, whereas a more sophisti-
cated reference source will be needed
to operate over the full temperature
range of zero to +70°C.

The MC1406L’s current-mode out-
put proves to be an advantage in
many A/D converter applications.
When a DAC forms part of an ADC
circuit, the DAC output can be di-
rectly summed at the input to a
high-speed comparator. Because there
is no intervening linear amplifier,
conversion speed is then limited pri-
marily by the comparator and the
associated logic.

Unusual Circuitry

The new Motorola circuit uses an
R-2R ladder network with a constant
ladder current. This minimizes the
effects of parasitic capacitance (in-
herent with diffused resistors) on
device switching speed. Also, because
of current drive, termination volt-
ages at the individual ladder legs are
unimportant provided they all match.
This matching is easily accomplished

in an IC.

Switching of the ladder outputs is
achieved by a current-steering net-
work that operates like a differential
amplifier. An unusual ladder-termi-
nating circuit provides a low termi-
nating -impedance and near-unity
current gain to the output bus.

At present, the MC1406L is avail-
able only in an industrial-tempera-
ture-range version. The monoDAC-
01 is available in versions for the
military or industrial temperature
ranges. Motorola currently offers a
ceramic 14-pin DIP package whereas
Precision Monolithic offers either
sealed or plastic DIPs. Both compa-
nies can deliver from stock.

Motorola Semiconductor Products In-
corporated, Box 20912, Phoenix, AZ
85036 R.S.No. 163

Precision Monolithics Incorporated,
1500 Space Park Drive, Santa Clara,
CA 95050 R.S. No. 164

LADDER NETWORK

Section of schematic for MC1406L shows the unu-
sual current-steering and ladder-terminating net-
works. The ladder terminating network is basically
a common-emitter amplifier with unity feedback
through emitter
provides low terminating resistance and unity cur-
rent gain from the branch current to the output
bus. The current-steering network (simplified in
this diagram) passes current either to the output
bus via the diode or to the power supply via the
transistor, depending on the digital-input state.

followers. This configuration

|
LADDER |
TERMINATING [
NETWORK | MC1406L Typical Characteristics
| (Voo =45V, Veg ==5V, .o = 2.0 mA)
| Relative Accuracy (0°C to 70°C) 0.7%
Settling Time (within % LSB) 300 ns
Digital Input Current 50 uA
Output - Current Drift 0.002%/°C
Power -Supply Sensitivity 0.1%/V
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Plated-Wire Enters Add-On Market

PROGRESS IN
MEMORIES
Plated wire has now joined the plug-
to-plug compatible group of memo-
ries. Three models of the NM-8000
Series plated-wire memories are
available from Nemonic Data Sys-
tems, Inc. Attributes of these sys-
tems, NM-8011, (4k X 16 expandable
to 16k X 16), NM-8316 (16k X 16) and
NM-8332 (32k X 16), include speed,
lower cost and a unique partitioning
feature—thanks to plated-wire’s
NDRO property. All units are com-
patible with the PDP-11 computer,
manufactured by Digital Equipment
Corp.

The partitioning feature is stan-
dard with the NM-8011 and option-
al in the NM-8316 and NM-8332.
This feature guarantees protection
against unexpected destruction of
data. Switches, located on the rear
panel of the cabinet, activate this
capability.

ROM or RAM,
it's your choice

In the NM-8011 system, the user
can select in 1/4th increments of the
memory to be read-only, or ROM.
After loading the desired program, a
switch is positioned to protect that
specific part of memory. Essentially,
the switch removes dc power from the
write amplifiers associated with the
ROM portion. The balance of the
memory still operates in the normal
read/write mode. Each 1/4th incre-
ment of memory has an associated
switch.

For the NM-8316 and NM-8332,
the write lock-out option is some-
what different, in that address decod-
ing and logic inhibiting of the write
command accomplishes this task.
The four-most-significant bits are
preselectable such that the memory
is protected in 1/16th increments of
the total memory. For example, the
smallest increment for a 16k memo-
ry is 1024 words, and for a 32k the
increment is 2048 words. When pur-

chasing either model, it is necessary
to specify the amount of memory that
is to be locked out.

Why plated-wire?

Plated wire exhibits thin-film
switching speed and has a wide tem-
perature range of operation. The
NM-8000 Series uses a magnetic
thin-film plating on 0.005-inch-diam
wire. Equal read and write NDRO
word currents are used with this
wire. With plated wire there is no
need for restoring information after
a readout, thus reducing the read
cycle time by approximately one-
third that of a read-restore memory.
Also, plated wire permits the multi-
plexing of many wires into one set of
electronics —drastically reducing the
costs of a 2-D selection memory sys-
tem. Life expectancy for wire has
been shown to be more than 10°
hours without failure.

Peering Inside the Box

Because of the modularity de-
signed into the stack and associated
circuits, the NM-8000 Series can be
organized into systems of 4k to 131k
words by 16- to 18-bits/word. Mini-
mum size is 4k X 16. Modules are
mounted within the cabinet through
the use of card guides and may be

easily removed for repair or mainte-
nance.

Maximum operational times for
the NM-8011 while connected to the
PDP-11 are 230-nsec read access,
350-nsec read cycle, 500-nsec write
cycle and 650-nsec read/write cycle.
Maximum times for the NM-8316 and
NM-8332 are 300-nsec read access,
500-nsec read cycle, 500-nsec write
cycle and 800-nsec read/write cycle.
Power dissipation for a 16k X 16
system is 200W. Environmental
specifications include 0 to 50°C oper-
ating and —55 to 85°C storage.

Before delivery, the systems are
subjected to worst case pattern tests
at the specified temperature limits.
These tests include history, single
write, interleaved NDRO and adja-
cent bit disturbs, and verification of
each bit at the specified maximum
speeds.

Price for the high-speed version
NM-8011 ranges from $4065 (4k X
16) to $10,288 (16k x 16). Slower
version, high-density systems are
priced at $9873 (NM-8316) and
$13,202 (NM-8332) and the write
lock-out option is $200. Quantity dis-
counts are as high as 20% (lots of
100). Nemonic Data Systems, Inc.,
1301 W. Third Ave., Denver, CO
80223.
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Precision Wire-Wound Resistor Chips

PROGRESS IN
RESISTORS

Although not the first wire-wound
resistor chips to be offered, the units
now being made by KRL Electronics
are the most precise, and the first
ones to meet the environmental re-
quirements of MIL-R-93D. These
chips, which range in size from
100 x 150 mils to 200 x 300 mils
can be had in resistance values from
10Q to 1.5 MQ with standard toler-
ances of 5%, 1% and 0.1% (0.05% and
Why bother
with wire-wounds when thick-film
chips can match the above specs?
Excellent long-term drift and tem-

0.01% on special order).

perature coefficient are two of the
reasons. Thick-film chips have a TC
of £100 ppm to =50 ppm and track-
ing of 1 ppm for special appligations.

Stability is less than 200 ppm/year.
In contrast, the KRL wire-wound
resistor chips are guaranteed at 10
ppm and available to 1 ppm/°C. The
above specs combined with TC track-
ing of +1 ppm and ratio matching
down to +0.5 ppm make these chips
ideal for high-accuracy large bit re-
sistor ladders and for voltage dividers.

This high performance would be
expected to carry a high price tag. It
isn't so, however, thanks to a new
automatic winding machine. It main-
tains constant wire tension control,
so does not alter wire characteristics
during winding.

Terminations on the chip are de-
signed for high-density packaging.
They are electro-tin plated so they
can be reflow-soldered, welded or
even bonded with conductive epoxy.
The terminations do not extend to
the edge of the chip, which allows

chips to be butted side-by-side with-
out shorting of terminals.

KRL is supplying small production
orders right now and plans to be
ready for high volume production by
the first of the year. KRL Elec-

tronics, Inc., 28 Bridge St., Manches-
162

ter, N. H. 03101.

Test any
semlconductor
with just one
test set (Only $695

for mamframe)

You start with Precision Standards’ Model 70 mainframe
containing power supplies and basic metering circuitry.
Then, plug in one of 8 interchangeable and ultrareliable
modules to test beta (pulsed); high frequency param-
eters; hybrid parameters; pulsed breakdown; saturation
voltages; zener parameters; low leakage and break-
down; and DC parameters. Result: a truly flexible test
station with operating parameters matching more expen-
' sive systems at a fraction of the cost. And, continuing
‘ new module development ensures against obsolescence.
For detalled specs, request Bulletin 70. Ask about our
value line of manual, automatic, and computer controlled
IC test systems. PSC test equipment was formerly
marketed by Birtcher Corp.

Eg C PRECISION STANDARDS CORPORATION

1701 Reynolds, Santa Ana, Calif. 92705+ 714/546-0431

'a‘\\\‘\':\\-\\\'&\\\\\

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.

m
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Interchangeable
modules plug in
here. Module
prices range
from $595 to
$795 each.

MICRO-LINE

DIVISION OF BAUSCH & LOMB (@)

JAMESTOWN. N. Y, 14701 716/ 488-1958
CIRCLE NO. 22
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Computer Products

7-inch tape transports attain speeds of 25
ips and are primarily designed for data
entry and data terminal applications.
Designated the 7000 Series, the units
have an unusual loading feature that
eliminates the need for a take-up reel.
Purchased in quantities of 100, the 1600
cpi read-after-write transport sells for
$3010, and the 1600 cpi write/read for
$2630. Pertec, Corp., 9600 Irondale Ave.,
Chatsworth, CA 91311. 165

Bit/block error rate analyzer, Model 3000,
offers full duplex operation up to 10 mega-
bits/sec, 3-digit LED display and select-
able block sizes of 10? through 10° bits.
Using front-panel switches and remote
computer commands, data in the form of
63-, 511-, or 2047-bit pseudo-random pat-
terns are transmitted, received and ana-
lyzed. Price is $2950 each. International
Data Sciences, Inc., 100 Nashua St., Prov-
idence, RI 02904. 168

Cassette drive C-2000 is ANSI/ECMA
compatible and operates with most mini-
computers. Other features include read-
after-write capability, record and file
back-spacing, high-speed file load and
bidirectional search. The read-after-write
avoids permanent write errors by bypass-
ing bad tape, and customary backspace
and retry techniques reduce read errors.
Pricing starts at $2450. Cipher Data
Products, 7655 Convoy Ct., San Diego,
CA 92111. 171

Printers designated Videojet, are now
available for the PDP-8 and 11 computer
systems. Unbuffered modules (for PDP-8i
and -8e) permit data transfer via either
programmed I/O or a three-cycle data
break option. Buffer version contains a
256 character buffer and provides data
transfer via programmed I/O for asyn-
chronous operation. Print density is ad-
justable from 5 to 17 cpi, or 200 charac-
ters/print line. A.B, Dick Co., 5700 Touhy
Ave., Chicago, IL 60648. 166

Magnetic-tape subsystem UNISERVO 12,
operates with all UNIVAC 9200 and 9300
computer systems that have selector
channels. Features include in-flight sin-
gle-track error correction and the use of
phase-encoding to achieve 1600 bpi. The
speed is 42.7 ips and the data transfer
rates are up to 68,320 frames/sec. Unit
can be purchased for $11,745 or rented for
$340 a month including maintenance.
Univac, Box 500, Blue Bell, PA 19422.

167

Universal asynchronous serial controllers,
Model E-2184, interface any Varian 620
minicomputer to any peripheral device
having an asynchronous serial interface.
Three versions are available ranging from
40 to 10,000 bps, with 5-, 6-, 7-, or 8-bits

" including parity and in cable lengths

from 20 ft to a maximum of 1 mi. Order
the controller by specifying serial rate,
character size, stop bits and cable lengths.
Varian Data Machines, 2722 Michelson
Dr., Irvine, CA 92664. 169

'y
Magnetic-tape transports, CDS 340, is an
automatic-load, single-capstan device that
provides bidirectional speeds up to 200
ips, and packing densities of 1600 bpi
(PE), and/or 800 bpi (9 track); and 800,
556, or 200 bpi NRZ-I (7 track). Transfer
rate is 320 kilobytes/sec at 200 ips. Unit
rewinds 2400 ft of tape in 45 sec. Vacuum
sensing controls the servo action of the
reel. Century Data Systems, Inc., 1270 N.
Kraemer Blvd., Anaheim, CA 92806. 170

Light pen, Series 6000, finds use with CRT
display terminals that require fast data
positioning control capabilities. Having
no external switch arrangement, the pen
tip itself activates the system when light-
ly pressed against the face of the CRT
screen. The pen, operating from 115V ac,
can be used for character sensing and edi-
tion operations. Pen assembly is 5 inches
long, 0.4375 inches in diameter. Norman-
Jones, Inc., South Merrimack, N H 03083.

172

Paper-tape reader, Model 601, is a photo-
electric solid-state unit that has only one
moving part. The reader operates asyn-
chronously at 10, 15, 30 and up to 120
characters/sec and with 5-, 6-, 7- or 8-lev-
el tape in the standard width, fanfold or
on reels. Weight is <1 lb. and the dimen-
sions are 2 by 3.875 by 3.125 inches. It
stops on character and automatically de-
tects EOT or taut tape. Addmaster Corp.,
San Gabriel, CA 91776. 173
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“THE COOL ONE

\

POWER-TEMPERATURE DERATING CURVE
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from DICKSON

As the above curve indicates, Dickson's
1 Watt epoxy voltage regulating diodes
run cool. They can safely handle

3 Watts to 80°C

2 Watts to 120°C

1 Watt to 160°C

““The Specialists”

“Where Quality
Makes The
Difference”

This far exceeds the minimum per-
formance required by the JEDEC
1N4728 series spec.

It is an indication of the tremendous
surge capability of Dickson epoxy
zeners

150 Watts for 1 msec

40 Watts for 8.3 msec
and the comfortable safety factor Dick-
son builds into these popular devices.
Dickson epoxy also offers excellent
shock protection.

So, whatever your application, you can
count on Dickson 1 Watt epoxy zeners
to run cool. Zener voltages from 3.3 to
100 are available. Give 'em a try.

For data package giving complete tech-
nical information including details on
derating and surge conditions on Dick-
son 1 Watt epoxy Zeners, use this pub-
lication’s reader service card or con-
tact Dickson.

DICKSON

ELECTRONICS CORPORATION

PHONE (602) 947-2231 TWX 910-950-1292 TELEX 667-406
P.O. BOX 1390 e SCOTTSDALE, ARIZONA 85252

EUROPEAN OFFICE: AUENSTR. 90, MUNICH 5, GERMANY

CIRCLE NO. 24
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Programmable coaxial relay matrix ac-
cepts up to a 16-bit parallel word and de-
codes to set or reset any of 200 switch-
points. Matrix modules are: BCD decoding,
relay latching plus drive logic, coaxial
relays and push-on cross straps. Matrix
Systems Corp., 20426 Corisco St., Chat-
sworth, CA 91311. 174

Printer/plotters LP 3058 and LP 3358 plot
14,784 and 32,340 points/sec respectively,
and provide standard line printing in ad-
dition to high-speed plotting. Both units
operate with standard fanfold or multi-
part forms and have plotting width of
13.2 inches. Potter Instrument Co., Inc.,
532 Broad Hollow Rd., Melville, NY
11746. 175

Auto-Answer teletype terminal is a re-
placement for the Bell 101C, but has a
maximum of two control buttons instead
of six. A one-control-button model is
available if the half-full duplex switch is
not required. Anderson Jacobson, Inc.,
1065 Morse Ave., Sunnyvale, CA 94086.

176

Magnetic-tape drive, BI 2610, uses IBM-
compatible tape guides and geometry, and
records 7-track IBM and 9-track ASCII
NRZI formats at 200/556/800 bpi, and 9-
track phase-encoded format at 1600 bpi.
Recording and data read out is bidirec-
tional at 4 to 37.5 ips. Maximum data
transfer rate is 60k characters/sec. Bright
Industries, 1 Maritime Plaza, San Fran-
cisco, CA 94111. 177

Magnetic heads read and encode magnetic
credit cards under proposed standards by
American Banking Association and the
International Air Transport Association.
Encoding heads write a 0.12-inch wide
track and the read heads operate on a
small track width. Nortronics Co., Inc.,
8101 10th Ave. N., Minneapolis, MN
55427. 178

Programmable terminal, Series 100, fea-
tures ROM program storage. The data
terminal consists of a data entry and con-
trol keyboard (64 keys), two standard
Phillips-type cassettes (50,000 ASCII
character capacity), 30 cps incremental
impact printer, 4800 baud data channel
and a microprogrammed processor. Price
is $9500. Computek, Inc., 143 Albany St.,
Cambridge, MA 02139. 179
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Computer Products

Cartridge-loaded minitape unit, CartriFile
20 system, transfers 16-bit computer
words at a 1000 per second rate during
read or write. Tape cartridges are in stan-
dard lengths of 10, 25, 50 and 150 ft.
Price for the system is $3650. (OEM dis-
counts available). Tri-Data, 800 Maude
Ave., Mountain View, CA 94040. 180

Five disc-oriented computer systems 9000
Series D are complete with processor,
card reader, printer, card punch and disc
subsystem. All Series-D systems are com-
patible with the full line of proven soft-
ware and peripherals being used with
other models of the UNIVAC 9000 family.
Sperry Rand Corp., Univac Div., Box 500,
Blue Bell, PA 19422. 181

Photoelectric reader N105 responds to all
paper-tape-reader commands and inter-
faces with the NOVA computer. Operat-
ing speeds are 300 cps (incremental), 500
cps (slew) and 1200 cps (rewind). Pivan
Data Systems, 6955 N. Hamlin Ave., Lin-
colnwood, IL 60645. 182

0ff-line, card-to-tape converter CMC 8080
accepts Hollerith-code from 80-column
cards and converts the data to either 8-bit
plus parity EBCDIC for 9-track tape or 6-
bit plus parity for 7-track tapes. The sys-
tem consists of a 300 cpm card reader,
magnetic tape unit and a central control-
ler. Computer Machinery Corp., 2231
Barrington Ave., Los Angeles, CA 90064.

183

Data-acquisition controller, DATOS 305,
is a programmable coupler that provides
data for an off-line recording device, a
calculator or a minicomputer. The output
device determines the data rate, which
can be as high as 100k words/sec.
Throughput is 3 usec. Price each is $900.
Data Graphics Corp., 8402 Speedway Dr.,
San Antonio, TX 78230. 184

Punched-tape readers 9000 Series con-
sists of five basic models, all bidirectional.
These units include a basic “mini-reader”
without power supply, complete reader
unit with all electronics, fan-fold reader
with up to 150 ft. of tape storage and two
reader/spooler combinations. Electronic
Co. of Calif., Instrument Products Dept.,
1441 E. Chestnut Ave., Santa Ana, CA
92701. 185

Core memory Store/235 is a basic 4k-word
by 18-bit planar system that has a 235
nsec access time and a 500 nsec full cycle
time. Organized as 3D, 3-wire, the capaci-
ty can be extended in a standard chassis
to 16k by 18, in 4k increments. Data
Products, 6219 DeSoto Ave., Woodland
Hills, CA 91364. 186

High-density mass storage system called
MASSTAPE has a capacity of 128-billion
bytes in increments of 16-billion bytes.
Up to 32 files can be accessed simultane-
ously by a host computer. Data can be
transferred on up to 16-channels at 1-
million bytes/sec. Grumman Data Sys-
tems Corp., 711 Stewart Ave., Garden
City, NY 11530. 187

Disc memory systems for small and medi-
um computers come in three basic models
with storage capacities from 400k to 6
million bits. Average access time goes
down to 8.5 msec. Single unit prices begin
at $4250 complete. Tally Corp., 8301 S.
180th St., Kent, WA 98031. 188

Memory word generator, Model DG-300,
produces 8-channels of 64 words each
(expandable to 128). Operational frequen-
cies are from 1 Hz to 35 MHz. Program-
ming is achieved through front panel
switches, and an 8-digit display verifies
the memory content. Tau-Tron Inc., 685
Lawrence St., Lowell, MA 01852. 189

Terminal/1472 is a modified Selectric
typewriter compatible with the IBM 2741
terminal. It features an all-electronic
keyboard, providing both half- and full-
duplex transmission. Data rate is 14.8 cps
with parity check on each character. Price
is $2900 each. Compunetics, Inc., 1100
Eldo Rd., Monroeville Industrial Park,
Monroeville, PA 15146. 190

Magnetic heads write 100 in-line tracks
on 1-inch tape. Track width is 0.008-inch,
spaced on 0.01-inch centers. Dimensions
are 1.5 by 1.2 by 1 inches, and typical
head inductance is 1.2 mH. Applied Mag-
netics Corp., 75 Robin Hill Rd., Goleta,
CA 93017. 191

NICkY /INSTRUMENT Co.

12901 CRENSHAW BOULEVARD, HAWTHORNE, CALIFORNIA 90250
TELEPHONES (213) 679-8237 AND 772-1275 m TWX: 910-325-6631

MILLIVOLT SPIKES?

SPIKE-TRANSIENT DIGITAL MILLIVOLTMETER

Measure spikes, transients in the 1 to 1000 millivolt range with 1%
accuracy! The high sensitivity of this instrument permits precise
measurements of pulses, noise, and EMI. Response is from DC to
1 microsecond and...the Model 5206 holds until reset, the peak
amplitude of the applied signals, regardless of waveform, polarity
or time of occurrence! The four digit readout is augmented by an
optional BCD 1248 data output. Micro Instrument
Co. ... instruments to measure transients from
1 millivolt to 500 Kv.

Send for FREE copy of: “The 25
most commonly asked questions
concerning Memory Voltmeters.”

CIRCLE NO. 25
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Energy-storage-device ‘‘Power Packs” pro-
vide emergency power. Circuits suscep-
tible to power line transients can be pro-
tected by ESDs, Types 105C6 (3.75V)
and 105C9 (5.625V). Both units provide
2.5 mA hrs at 50 mA but do not require
trickle charging or periodic cycling as do
batteries or capacitors. The C6 is $59 and
the C9 $75 in unit quantities. Gould Ion-
ics Inc., Box 1377, Canoga Park, CA
91304. 200

-

Electrically conductive foam cushioning
material, Conducto-Foam, protects circuit-
ry and components from static charge
accumulations during shipment and stor-
age. The material provides good protec-
tion against mechanical shock and is
made in soft and hard versions in 1/4, 1/2
and 1 inch thicknesses. Zippertubing Co.,
1300 S. Broadway, Los Angeles, CA
90061. 201

Lead frame terminals are designed for
automatic attachment to ceramic hybrid
microcircuits. “Solok” terminals are

available in two basic configurations for
edgemount terminals or standard dual-in-
line. The terminals are on 0.10 inch cen-
ters and come in two sizes to fit sub-
strates from 25-35 mils and 55-65 mils.
Du Pont Co., Electronic Products Div.,
Wilmington, DE 19898.

203

Gold-filled epoxy bonds

hybrid-circuit
chips at low temperatures. Epo-Tek H80
is a two-component epoxy that cures in 3
hrs at 50°C and can pass NASA standard
tests for outgassing. Volume resistivity is

0.001 to 0.002Q/cm and lap shear
strength is 2000 psi. A 1/2-oz trial kit is
available at $70. Epoxy Technology, Inc.,
65 Grove St., Watertown, MA 02172. 204

DIP reed relays permit up to 28W switch-
ing between the limits of 100V and 1A in
the mercury-wetted version, or 10W be-
tween 1/4A and 28V in the dry-reed mod-
el. Available in SPST, SPDT and DPST
versions with nominal coil ratings of 5, 6,
12 and 24V, they mount in standard 14-
pin DIP sockets or directly to the PC
board. Electronic Instrument & Specialty
Corp., 42 Pleasant St., Stoneham, MA
02180. 206

llluminated keyboard switch matrix fea-
tures front panel lamp replacement. The
SPST switch units have bifurcated wiping
double-break contacts rated at 1/2A resis-
tive load at 30V dc. Contact resistance is
less than 25 m(). Lamps are standard T1-
3/4 midget flange base incandescent, or
T2 neon. Marco-Oak Industries, 207 S.
Helena, Anaheim, CA 92803. 207

Free sample —strip sockets of glass-filled
nylon 12 provide for custom mounting of
MSI and LSI devices. Type A23-2033 TR
sockets contain 25 gold-flashed phosphor
bronze contacts on 0.10 inch spacings and
can be cut to any length. Contact resis-
tance is 15 m{) max. In quantities of 1-24,
they cost $2 each. Jermyn, 712 Montgo-
mery St., San Francisco, CA 94111. 202

One-piece tie straps are self mounting.
These wire and tube holding self-locking
tie straps are made of no-stretch nylon
and feature a molded “arrowhead” end for
snap-in insertion into 1/4-inch holes in
panels or walls up to 3/32 inch thick.
Type “A” is available in three sizes to
hold wire bundles from 1/16 to 1-3/4
inches. Thogus Products Co., Box 682,
1374 W. 117th St., Lakewood, OH 44107.

205

Evaluation samples —plastic shunts elimi-
nate static voltage discharge damage to
dual-in-line MOS packages. The Series
DIL conductive shunts are of injection-
molded polyethylene and carbon, and
provide positive contact to all leads. Free
samples and data sheets are available
from the manufacturer. Clover Industries
Div., GTI Corp., 600 Young St., Tonawan-
da, NY 14150. 208
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Components/Materials

PC board-edge connectors provide inter-
connection of “daughter” to mother board
at a 55 degree angle. The MC-1-55 “Digi-
Klip” is designed to accept 0.062 inch
plug-in board and allow high packaging
density. Typical contact resistance is 3
m{) maintained through a guaranteed
minimum insertion/withdrawal life of
1000 cycles. Price is approximately $0.02
each in large quantities. Components
Corp., Denville, N J 07834. 209

Totally solid-state, non-contact proximity
switch, Model 3001, provides digitally-
compatible output signals for computer
interfacing. The presence or absence of a
wide range of materials can be detected,
including transparent and non-metallic
objects. Maximum range is 3 inches; opti-
mum distance is 1 inch. Available from
stock at $48 to $98 each. Scientific Tech-
nology Inc., 655 Skyway, San Carlos, CA
94070. 210

Thermostat combines snap-action switch-
ing and positive visual indication of tem-
perature anomalies. A colored button ex-
tends from the top of the “Klixon” when
the switch contacts first open. Contacts
automatically reset when temperature
returns to normal but the indicator must
be reset manually. Available in tempera-
ture settings from 100 to 300°F, the de-
vices switch up to 5A at 115V ac. Texas
Instruments Incorporated, Attleboro, MA
02703. 21

Wafer thermistors are calibrated to stan-
dardized resistance curves. They are epoxy
coated and measure 0.07 to 0.18 inch
square, depending upon resistance values
at 25°C. Available from stock in resis-
tance values from 1 to 100 kQ at 25°C,
they have a useable temperature range
of —55 to +150°C with typical accuracy
of £0.2°C. Price is $4.75 each in mini-
mum quantities. Gulton Industries, Inc.,
Metuchen, N J 08840. 212

Miniature light source (Model L-5), photo-
cell (P-5) and scanner (S-5), are side-view
(rather than end-view) to meet unusual
space limitations. The light source and
photocell measure 1.0 by 0.5 by 0.25
inches, the scanner 1.5 by 1.0 by 0.25
inches. The light source is rated at 40,000
hrs at 5.0V. Operating range of the light
source and photocell is 4 inches, and
range of the scanner is 1/4 inch. Scanning
Devices Co., 245 Sixth St., Cambridge,
MA 02142. 213

Ultra-reliable, highest quality Sensi-
tive Relays with mercury wetted
contacts are ideal for critical appli-
cations, such as digital and analog
computers, telecommunication sys-
tems, multiplex, industrial control
equipment and power control de-
vices. New type MWK (center off—
SPST) is ideal for multiple channel
switching.

ELECTRICAL (Type AWCM):

Contact Arrangements :

Form C and D
Insulation Resistance :

1000 Megohms minimum
Current Rating :

Up to 2 amps or 500 VDC
Contact Resistance :

50 milliohms maximum
Life:

1 billion operations
Contact Bounce:

NONE
Contact Rise Time:

10 nano seconds or less
Operating Speed :

To 200 operations/second

PACKAGING (Type AWCM):
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Steel Cover Painted

V" or .09 (as specified)
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Environmental Protection: Hermetically sealed contacts, potted metal case

Shielding : Internal shielding available

Shock and Vibration : Withstands all normal handling/transportation effects

Mounting : Printed Circuit

Advanced manufacturing methods and stringent quality
control procedures assure highest quality. Many types
available directly from stock. Engineering and applications
assistance available. Surprisingly short delivery schedules.

MERCURY
DISPLACEMENT
RELAYS

Time delay and load relays meet the
toughest, most demanding switching
applications. Non-adjustable time delay
relays offer contact forms A and B with
delays up to % hour, current ratings to
15 amps. Load relays switch from 30 to

!)0 amps with contact forms A and B.

DRY
REED
RELAYS

Miniature, intermediate, and
standard sizes offer A and B
contact forms with from

1 to 4 poles of switching.
Typical life is 20 x 108
operations (rated load) or
500 x 108 operations

(dry circuit).

USE READER-SERVICE NUMBER FOR COMPLETE INFORMATION

THEADAMS & WESTLAKE comprany

Elkhart, Indiana 46514 = (219) 264-1141 = TWX (219) 522-3102 + TELEX 25-8458 = Cable ADLAKE

SUBSIDIARY OF

/A\ ALLIED PRODUCTS CORPORATION
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Circuits

Dual 4-quadrant multiplying D/A convert-
ers, Model 3321, feature a reference band-
width of 200 kHz. and the maximum
settling time is 10 usec (6 usec typical) to
0.025% of full scale. The output is =10V,
+10 mA. These 12-bit converters are in-
corporated into one 4- by 5.6- by 0.55-inch
module. Prices range from $395 (1-9) to
$347 (50-100). Xincom Corp., Box 648,
20931 Nordoff St., Chatsworth, CA 91311.

225

A/D converter Model ADC-N-10B is a 10-
bit unit that accepts either unipolar or
bipolar inputs (0 to 5V, 0 to 10V, or +5V,
+10V) at an input impedance of 2 k().
The 3.2 cubic inch module has a bit rate
of 400 nsec/bit. Overall accuracy is +0.1%,

and temperature coefficient is =50

ppm/°C. Single quantity price is $495.
Varadyne Systems, 1020 Turnpike St.,
Canton, MA 02021.

226

Thin-film amplifiers WJ-5201 Series oper-
ate in the 1 to 4 GHz frequency range
with noise figures from 4.5 to 7.5° dB.
With a reduction in size by 70% over pre-
vious standard solid-state amplifiers, and
the computer-optimized modular design
these amplifiers are ideal for applications
requiring small size, uniformity of per-
formance and versatility of integration.
Watkins-Johnson Co., 3333 Hillview Ave.,
Stanford Industrial Park, Palo Alto, CA
94304. 227

RBOENSON

TOEWTT

Solid-state switches, ST Series, use a 3-
wire design that separates the sensing
element from the power section. These
self-contained units use a triac as the
switching element. Operating is with a
normally-open or a normally-closed cir-
cuit. The operating voltage range is from
100 to 130V ac, 50 to 60 Hz, with maxi-
mum load of 1A inductive, 10A inrush.
R. B. Denison Inc., 103 Broadway, Bedford,
OH 44146. 228

Solid-state amplifier Model AP-500T de-
livers 1W linear, Class A power across
the 250 to 500 MHz frequency range.
Other specifications include 30 dB mini-
mum gain, +1 dB maximum gain flatness,
10 dB maximum noise figure, maximum
VSWR (in and out) of 2:1 and 15V dc, 450
mA input power. Price is approximately
$900. Avantek, Inc., 2981 Copper Rd.,
Santa Clara, CA 95051. 229

Single-channel voltage comparator, Model
32, is insensitive to +10% power supply
variations. The basic 0 to 1V dc input
range is extendable with an external volt-
age divider. Control output is either in
latching or nonlatching modes (up to
0.5A) or in an optional binary mode (0 or
positive supply voltage). Dimensions of
the 4 oz unit are 1.86 by 2 by 0.625
inches. Price is $35 in 1-24 quantities.
Pioneer/Instrumentation, 4800 E. 131st
St., Cleveland, OH 44105. 230

A/D converter, Model ZD 462, features 12-
bit resolution and 100 usec maximum
conversion time. Quantizing error is +1/2
LSB. Full scale input voltage range is
+10, =5 or 0 to 10V selectable by pin
connection. Input overvoltage protection
is rated at =50V. Output can be either
NRZ serial or 12-bit (binary) parallel. For
1 to 9, the price is $99 each. Zeltex Inc.,
1000 Chalomar Rd., Concord, CA 94520.

231

Analog multiplier/divider Model M415C
features 1% pre-trimmed accuracy for
$38. The device is capable of multiplica-
tion, division, squaring and square root
operations. Other characteristics include
500 kHz bandwidth and 5V/usec mini-
mum output slewing rate. Dimensions of
the encapsulated module are 1.75 by 1.75
by 0.4 inches. Intronics, 57 Chapel St.,
Newton, MA 02158. 232

Standard hybrid circuits provide universal
interfacing to and from standard logic
and give the users an off-the-shelf item.
Three devices make up the line—quad
current driver, quad dc interface and dual
level shifter. Each comes in a standard
16-pin DIP. Circuits are available from
stock. In quantities of 1000, unit prices
are $3.45 (current driver), $4.05 (dc inter-
face) and $4.45 (level shifter). Film Micro-
electronics, Inc., 17 A St., Burlington, MA
01803. 233
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You're
invited
fo a private
screening
-

National
Semiconductor
Memory
Seminar

In your office.

75



Recently, we captured our best memory spokes-
men on film as they discussed the National
Semiconductor memory design philosophy, our
current broad-based product line, and upcoming
new designs, as well as a number of memory
system applications.

The result is The National Semiconductor
Memory Seminar Film: an informative,
no-holds-barred, no b.s. look at the past, present
and future of semiconductor memories.

A 30-minute filmic experience we’d like to
share with you in the privacy of your own office.

With up to 25 of your friends and
co-workers.

Free crackerjacks.

Part Three: Silicon Store Memories

This highly-informative, slickly-produced
portion of the film is devoted to the introduction
of the revolutionary new “silicon store” memory;
an inertia-less electrically rotating data string
ideally suited to the dual 256-bit MM5012 and
1024-bit MM5013, National’s up-and-coming
pair of new longer length dynamic accumulators
with Tri-State logic.

Part Four: Buffer Memories

A hard-hitting, two-fisted recap of commonly
known buffer memory applications, liberally
sprinkled with appropriate devices from
National’s arsenal of static MOS RAMs, shift
registers and bipolar RAMs.

Part Five: Microprogramming Memories

As the proverbial “light at the end of the tunnel”
appears, a number of devices are quickly
exposed; including the DM8597 (1024-bit bipolar
ROM), MM5203 (2048-bit MOS pROM) and the
MM5232 (Tri-State 4096-bit static MOS ROM).

(For your convenience, we've taken the
liberty of listing our complete line of semi-
conductor memory devices. Look them over
carefully. We’ll be glad to send complete specs
on any category you wish.)

All you have to do now is fill out and
mail us the handy free film coupon.

And one of our best applications engineers *Tri-State is a trademark of National Semiconductor Corporation.

as projectionist/answer man.

Five=Part Flick

Before asking you to sign up for a free
private screening of The National
Semiconductor Memory Seminar Film,we’d
like to offer a brief summary (realizing of
course that mere words can never fully
describe the exact nature of this unique,
five-part cinemagraphic work):

Part One: Mainframe Memories

A quick-paced, yet highly significant
review of National’s mainframe memory
capability in which the MM1103 and a
couple of dynamic MOS RAM superstars ¥§
are put into proper focus. Namely, the
Tri-State* 1024-bit MM5260 and the
2048-bit MM5262.

PartTwo:Scratchpad/Cache Memories

A thought-provoking presentation of
scratchpad and cache memory applications
featuring the breathtaking (Tri-State,
256 x 1) DM74200 and a bevy of other
highly talented National bipolar RAMs.

76
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Mainframe Memories

MMb5260  1024-bit Tri-State MOS RAM
MM1103  1024-bit MOS RAM
MM5262  2048-bit MOS RAM

Scratchpad /Cache Memories

DM7489 16 x4 bipolar RAM

DM8599 16 x 4 Tri-State bipolar RAM

DM74200 256 x 1 Tri-State bipolar RAM
(read-write)

DMB86L99 16 x4 low power bipolar RAM

DM8594 64 x 4 Tri-State bipolar RAM

Buffer Memories

DM7489 16 x4 bipolar RAM
DM8599 16 x 4 Tri-State bipolar RAM
DMRE6L99 16 x4 low power bipolar RAM
MMI1101A2 256x1 MOS RAM
MM1101 256x1 MOS RAM
MM11011 256x1 MOS RAM
MMI1101A 256x1 MOS RAM
MMI1101A1 256x1 MOS RAM
MM5054  dual 80-bit tapped-static

shift register
MM5052  dual 80-bit MOS shift register
MM5053  dual 100-bit MOS shift register

.....................................

o e o i
RS T

E | Memory Seminar Film in my officeon . I understand that crackerjacks i@ .
+! . and a projectionist / applications engineer will be provided free. Would also like

T N : - = o

. f Free Film Coupon. Sirs: sign me up for a free private showing of The National Semiconductor
1

*i4 complimentary “Admit One” tickets (maximum 25) to pass out to my friends and co-workers.

...........................
e T i e s

Silicon Store Memories

MM5012  dual 256-bit Tri-State dynamic
shift register /accumulator
MM5013  1024-bit Tri-State dynamic
shift register /accumulator
MM5016  500/512-bit dynamic
shift register
MM5017  Dual 500/512-bit dynamic
shift register
MM5019  Dual 256-bit mask programmable
dynamic shift register

Microprogramming Memories

DM8598 256-bit Tri-State bipolar ROM
DM7488 256-bit bipolar ROM
DM8597 1024-bit Tri-State bipolar ROM
(256 x 4)
DM74187  1024-bit bipolar ROM (256 x 4)
MM5203  2048-bit MOS PROM
(256x 8 0or 512x 4)
MM5231  2048-bit MOS
(factory programmable) ROM
MM5241  3072-bit Tri-State static MOS
ROM (64 x6x 8)
MM5232  4096-bit Tri-State static MOS
ROM (512x 8 or 1024 x 4)

i,

Phone

«{| Name

Company

ll Address

City

State Zip

Mail to: National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara, California 95051.
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Dual-tone multi-frequency converter Mod-
el ACA-154-A converts DTMF tones into
dialed dc pulses enabling a continuous
printout permanent-paper-tape recording.
The unit weighs 10 lbs, and its dimen-
sions are 5.5 by 8 by 11 inches. Com-Tech
Corp., 11411 Addison St., Franklin Park,
IL 60131. 234

Vibration switch Model 5175 operates
when the vibration level exceeds the set
point (adjustable between 0 and 10G).
Frequency response is flat from 0 to 3000
cpm. Switch contact rating is 480V ac,
15A. Metrix Instrument Co., 5760 Rice
Ave., Box 36501, Houston, TX 77036. 235

Normalized freqmeter, Series 400KF, lin-
early converts frequency or repetition
rates of signals to a proportional dc volt-
age. Four models cover the 0 to 100 kHz
input frequency range—410KF (0 to 100
Hz), 420KF (0 to 1 kHz), 430KF (0 to 10
kHz) and 440KF (0 to 100 kHz). Solid
State Electronics Corp., 15321 Rayen St.,
Sepulveda, CA 91343. 236

Electronic time reference, Model 800, is
accurate within 1 sec/wk at expected
temperature variations of the ocean envi-
ronment. The unit operates on its own
standard battery pack for a full year
(power drain is <2.3 mW). Marine Sys-
tems Div., Preformed Line Products Co.,
5349 St. Clair Ave., Cleveland, OH
44103. 237

Power supplies come in five modular sizes
for seven series of regulated dc supplies.
Outputs are from 3 to 150V dc with cur-
rent outputs ranging from 0.01 to 7.8A.
Prices are from $40 to $125 for standard
models. Power Pac Inc., 24 Stage St.,
Stamford, CT 06901. 238

Solid-state counting module, ML 333, may
be used as a totalizer or predeterming
counter and replaces conventional elec-
tro/mechanical counters. Count rate is
30,000/min, and RCA Numitrons provides
the readout. Price (1000 quantity) for the
4.5- by 6- by 1.7-inch modules is $75.
MFCO, 1910-A Encinal Ave., Alameda,
CA 94501. 239

NO OESIGN TEAD

Who wants to go “out of bounds” on space allowed in the design. With
MDI chips that have greater capacitance, life is greener . .. more volumetric
efficiency with fewer ““strokes”.

Also, imagine teeing up with “Qs” of 1000 and greater in the KHz-MHz
range. And higher IR . . . greater than 1000 megohm Microfarads @ 30 ppm
... traceability of course.

Contact your local MDI pro, or call Jim Bruce direct for product infor -
ation and a free handy reference, “Capacitor termination in a nutshell.”

M onol ith ic o Phone (213) 848-4465

P.O. Box 647

DiEIectr'ics i lnc. Burbank, CA 91503
T T P S L 0 e A Wl 0o o7 T el R S R e |
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Hére are4
out of 4000

DIALCO
SUBMINIATURE
INDICATOR
LIGHTS

SHOWN ACTUAL SIZE

Designed to meet
requirements of MIL-L-3661B and
MIL-L-6723.

Sizes for mounting in
2" or V752" clearance hole.
Incandescent for
1.35 to 28V and neon for
105-125V AC-DC or 110-125V AC.
Patented built-in
current limiting resistor
(U.S. Patent No. 2,421,321).
Wide selection of lens
shapes and colors, hot-stamped
or engraved legends.
Available off-the-shelf
for prompt delivery.

g,

Send for free catalog

Dialight Corporation

60 Stewart Ave., Brooklyn, N.Y. 11237.
(212) 497-7600

A NORTH AMERICAN PHILIPS COMPANY
CIRCLE NO. 29
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Circuits

8-bit D/A converter, Model MN328, is
TTL-compatible, and the output voltage
(0 t0 9.961V) is linear to 1/2 LSB over the
temperature range of 0 to 70°C. Housed in
a hermetically-sealed 16-pin DIP, the
unit requires *15V and 5V supplies.
Price is $59 each. Micro Networks Corp.,
5 Barbara Lane, Worcester, MA 01604.

247

SPST solid-state switches, Models S6C
and S7C, operate at <2 and 25 nsec re-
spectively. Frequency range of the S6C is
from 0.5 to 200 MHz and for the S7C, 0.3
to 200 MHz. Unit prices are $65 (S6C)
and $40 (S7C). Relcom, 3333 Hillview
Ave., Palo Alto, CA 94304. 248

Crystal oscillator Model C120MS gener-
ates CMOS-compatible output, using any
supply voltage from 5 to 15V dc, at any
fixed frequency from 0.01 Hz to 10 MHz.
Frequency tolerances are from +0.01%
(20 to 40°C) to *=0.05% (=55 to 125°C).
Dimensions are 1.6 by 1.2 by 0.4 inches.
Connor-Winfield Corp., Windfield, IL
60190. 249

Broadband power amplifier MP-100 comes
in kit form that can be assembled in ap-
proximately 3 hrs. The all-solid-state
amplifier accepts AM, SSB, pulse and
other complex modulation inputs. Any
signal or sweep source of 0.15V over the
0.5 to 100 MHz frequency range will de-
liver 2.5W CW without tuning adjust-
ments. Unit will withstand a 15 dB over-
drive including short- and open-circuit
loads. Larkton Scientific, Box 302, Mon-
roeville, PA 15146. 250

Power modules “Cirkitblock” Series, offer
designers off-the-shelf building blocks
comprised of three basic preregulators
and eight main power sources. Industrial
applications up to 100W require only two,
2-cubic-inch modules. Prices range from
$50 to $100 per module (25-unit lots) and
$25 to $50 (1000 lots). Powercube Corp.,
214 Calvary St., Waltham, MA 02154.

251

Photocouplers are available in four differ-
ent models, and in quantities of 1000 are
priced at $2.55 each. The devices, en-
closed in a 4-lead TO-5 sealed case, oper-
ate either in the oN/oFF mode or in pro-
portional control circuits with a wide
range of resistance control. Vactec Inc.,
2423 Northline Ind. Blvd., Maryland
Heights, MO 63043. 252

THE CHOMERICS EF KEYBOARD IS
AMERICA'S No.1 SOFT TOUCH.

No key motion. Low profile: . 156" above panel; .430" below panel (including
pin-depth). 100,000,000 cycles. Up to 4 bits per key.
Available in 12 keys and 16 keys.
For a volume order of the 16-key board, we'll touch you for as little as $4
per. For the 12-key, that can become $3.
A 12-key sample comes for $7.

1 The catalog’s free.

{CHOMERICS, INC.
77 Dragon Court, Woburn, MA 01801

America's #2 soft touch is Chomerics’ EB keyboard

CIRCLE NO. 30

(617) 935-4850

Perfect mate for integrateds-
Micro-Veciorbord™ Tenth-Tenth Paitern“P”

T46 DOUBLE ENDED
wire wrapping
terminal.

Precision punched .042” holes spaced .1” x .1” available in

sheets of various sizes up to 815” wide by 35” long, ¥e” thick

Epoxy Glass, Epoxy Paper, Phenolic.

Copper Clad and Non-Clad. Also available in Plugbords with

etched or Elco Varicon contacts, buses, ground planes.
MINIATURE PUSH IN TERMINALS FOR .042” HOLES.

# n P

I/ T44 MINIWRAP .025” |

ﬁ» Square, for wire-wrap- v K27 .042” Diameter T42-1 Micro-Klip

@

ping. U 0

m Send for complete literature
ELECTRONIC CO.; INC.

12460 Gladstone Ave., Sylmar, California 91342
Phone (213) 365-9661 ¢ TWX (910) 496-1539

SEE US AT WESCON SHOW e BOOTH #1617
CIRCLE NO. 31



New SC's

RF Semiconductor sample kit is comprised
of one high-gain 2 GHz transistor, 12
Schottky and 4 PIN diodes. The semicon-
ductors are packaged in a vinyl folio to-
gether with data sheets and applications
literature. Cost of the sample kit is
$19.40. Hewlett-Packard Co. 1601 Cali-
fornia Ave., Palo Alto, CA 94304. 253

NPN phototransistor, Type TIL 78, fea-
tures light current of 7 mA at 20 mW/
cm? illumination. Dark current is 25 nA at
30V reverse voltage. Continuous power
dissipation at 25°C is 50 mW. Delivery is
6 weeks ARO, and price is $0.50 each in
1000 quantities. Texas Instruments Incor-
porated, Box 5012, Dallas, TX 75222. 256

Ultra high speed power diodes with recov-
ery time to 10 nsec, voltages to 800V and
currents to 30A, are now available in
quantity from TRW Semiconductors.
Package configurations including axial
leads, isolated case and standard DO-4
and DO-5 offer the designer a broad selec-
tion to optimize mechanical design. TRW
Semiconductors, 14520 Aviation Blvd.,
Lawndale, CA 90266. 254

(L
I

Voltage reference diodes offer ultra-high
stability. The PRD-105 has 5 PPM/year
guaranteed stability. All units are
screened for a maximum deviation of 2.5
mV between 0, 25 and 75°C and noise
level of less than 1 PPM. Available in a
hermetically sealed glass DO-7 package,
the standard device has a nominal volt-

age of 6.2V. Codi Semiconductor, Div. of

Computer Diode Corp., Pollitt Dr., Fair
Lawn, N J 07410. 255

80

64-bit bipolar RAM is organized as 16
words of 4 bits each for scratch-pad mem-
ories. Words are selected through a 4-
input binary decoder when the chip select
input is at logic “0”. Data is written in
when the Read Enable is at “0” and read
out when RE is at “1.” Price of the
N8225B (plastic DIP) is $6.94 each in 100
piece orders. Signetics Corp., 811 E.
Arques Ave., Sunnyvale, CA 94086. 257

i

Custom ICs can be delivered in as little as
two weeks. Up to 261 integrated compo-
nents are breadboarded with the MOA-K
kit, then the interconnect sketch is deliv-
ered to the manufacturer for fabrication
of the “Monochip-A.” MOA-K kit and
manual costs $85. Monochip A, including
mask charge, fabrication and packaging
to customer’s specs for 100 units, costs
$2800 total. Qualidyne Corp., 1230 Bor-
deaux Dr., Sunnyvale, CA 94086. 258

Monolithic Darlington power transistors,
Series U2T105/205, offer 10A current
capability and minimum V., of 150V.
Current gain at 5A is 1000 min. Avail-
able in TO-33 or TO-66 packages, they
are priced at $3.03 to $3.25 each in 100
qantities. Unitrode Corp., 580 Pleasant
St., Watertown, MA 02172. 259

vt

NPN silicon power transistor, Type
2N6215, switches up to 70A. Typical
switching time is less than 400 nsec T,,
and 1.2 usec T, with 30V . and 10A I..
At 50A 1., V s is less than 0.8V and
H,, is typically 135. Packaged in a TO-63
case, it is priced at $78.60 each in quanti-
ties of 100. Solitron Devices, Inc., 1177
Blue Heron Blvd., Riviera Beach, FL
33404. 260

Micropower IC is designed for watch and

clock applications. Using an external
quartz crystal (not included), this 75-mil-
square monolithic circuit provides 1, 2 or
4 pulses/sec output from its motor-drive
buffer or direct drive of timepiece mecha-
nisms. It draws less than 10 uA average
from a 1.35V battery. Available in LID or
TO-5 packages at $7.50 each. Microma
Universal Inc., 855 Maude Ave., Moun-
tain View, CA 94040. 261
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Equipment

9182 *

Digital temperature indicator can be used
with all common thermocouple types.
Features include a guarded differential
input circuit, linearization to 100 percent
with no analog approximation circuits,
input impedance as high as 3000{) and
guaranteed accuracy of +1/4% of range.
Price of the Model DS-500 is $595 com-
plete. Omega Engineering Inc., Box 4047
Stamford, CT 06907. 262

Portable 6-channel recorder with re-
sponse from dc to 125 Hz offers eight elec-
trically-selectable chart speeds. Model
TR-666 uses heated styli and will write in
any orientation. Gulton/Techni-Rite, Rte.
2 and Middle Rd., East Greenwich, RI
02818. 263

5-digit multimeters provide dc voltage
measurements between 1 uV and 1000V
to 0.005% accuracy, have complete auto-
ranging, and can have optional resistance
and ac-measurement capabilities added
by plug-in converter boards. Price for the
standard Model 5330/700 is $1295. Model
5333/703, providing systems instrument
features such as a 100 reading/sec mode,
is priced at $2095. Dana Labs, Inc., 2401
Campus Dr., Irvine, CA 92664. 264

Dropout monitor, Model 1200, counts
phase hits, gain hits and dropouts on
communications circuits when used in
conjunction with the company’s Model
1200 phase jitter test set. Phase-hit
threshold is adjustable from 5 to 45 de-
grees, gain-hit threshold from +1 to +10
dB and dropout duration from 1 to 300
msec. Telecommunications Technology,
Inc., 920 Commercial St., Palo Alto, CA
94303. 265

Dora
Null-detector has sensitivity to 0.1 uV
and frequency range of 12 Hz to 150 kHz.
The battery-operated Model 114 has a
built-in line frequency filter and offers a
switched Q of 7 or 27. Price is $575.
Keithley Instruments, Inc., 28775 Aurora
Rd., Cleveland, OH 44139. 266

Antenna coupler, Model RF-675, permits
100 to 200W SSB transceivers to be used
with a wide variety of antennas at fre-
quencies between 2 and 30 MHz. It incor-
porates a front panel wattmeter to aid in
tuning for a match, a turns counter for
presetting, a 50} load for transmitter
tuning and a pad for transmitter protec-
tion during coupler tuning. RF Communi-
cations Inc., 1680 University Ave., Roch-
ester, NY 14610. 267

%
Ny Bvrack conscrarion
FREQUENCY (i) 1

AMPLITUDE

10K 200K FINE
MODEL 760
SQUARE WAVE GENERATOR

ourPuTs
TAIGGER [

166 5 o6 oo,

50-MHz square-wave generator, Model
760, features repetition rates from 20 Hz
to 50 MHz in ten overlapping ranges.
True and complement outputs are adjust-
able from 250 mV to 5V across 502 and
are always a square wave with constant
50 +1% duty cycle. A trigger output pro-
vides +2.5V across 50). Price of the
Model 760 is $350. Dytech Corp., 391
Mathew St., Santa Clara, CA 95050. 268

FURCTION

Thermistor thermometers, priced at $395,
incorporate self-check of both zero and
calibration. Models of the Series 580 are
available to read in either °F or °C. Bat-
tery-pack powering is offered as an op-
tion. United Systems Corp., 918 Woodley
Rd., Dayton, OH 45403. 269

Digital comb filter has its fundamental
frequency (notch spacing) adjustable be-
tween 20 and 76 Hz, either manually or
automatically. The Model DCF IV fea-
tures hybrid analog-digital design with a
10,240-bit MOS memory to synthesize a
band-reject comb filter. Low frequency
rejection is 50 dB. Also, the 6-dB notch
bandwidths are front-panel adjustable
from 0.5 to 20 Hz. Devenco Inc., 150
Broadway, New York, NY 10038. 270
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Digital tape drive, Model TMA, is de-
scribed in an eight-page brochure that
provides illustrations, specifications and
operation details of this low-cost unit that
features vacuum-column buffering and
linear-reel servo. Ampex Corp., 401
Broadway, Redwood City, CA 94063. 350

Linear IC Bulletir CB-139 describes the
company’s complete line incuding dif-
ferential video amplifiers, op amps, com-
munications circuits, voltage compara-
tors, line drivers and receivers, peripheral
drivers, sense amplifiers and memory
drivers. Texas Instruments Incorporated,
Box 5012, MS/308, Dallas, TX 75222. 351

Industrial minicomputers of the SPC-12
family are described in a six-page bro-
chure. Key features of three different
models are presented along with general
specifications that apply to the whole
family. General Automation, Inc., 1055 S.
East St., Anaheim, CA 92805. 352

Tachometer generators and servo motors
are described in 24-page catalog RC 100,
which contains tabulated performance
data and outline and installation dimen-
sion drawings. Details are also provided
on speed-indicating systems and bi-mode
servos for positioning and bidirectional
speed indication. Servo-Tek Products Co.,
1086 Goffle Rd., Hawthorne, N J 07506.

353

RFI filters are described in Catalog No.
751. It contains tabulated information on
rectangular types effective to 400 MHz
and tubular types effective to 10 GHz.
Outline drawings and terminal informa-
tion are also provided. All-Tronics, Inc.,
45 Bond St., Westbury, NY 11590. 354

Microwave diode catalog contains 24
pages and describes the following types:
signal generation diodes including Gunn-
effect and impatt; multiplier diodes; PIN
switching diodes; tuning varactor diodes
including GaAs devices; and parametric
amplifier diodes. Varian, Solid State Div.,
611 Hansen Way, Palo Alto, CA 94303.

355

Voice response system that enables the
telephone to be used for entering and re-
trieving computer data is described in a
four-page brochure that includes specifi-
cations and a flow chart of the data entry
and retrieval process. Cubic Corp., 10457
Roselle St., San Diego, CA 92123. 356

Heat sink and electronics cooling catalog
contains 40 pages with information on
DIP, plastic-power, vertical and diamond
heat sinks. A new series of brazed com-
pact coolers is presented, and extrusion
profiles, liquid-cooling systems and heat
sinks for compression-disc SCRs are also
covered. Thermalloy Co., 8717 Diplomacy
Row, Dallas, TX 75247. 357

Transistor sockets and hardware for use
with TO-3, TO-66, NPN/PNP plastic sili-
con and new hybrid power transistors are
described with illustrations and dimen-
sioned drawings in an eight-page catalog
supplement. Keystone Electronics Corp.,
49 Bleecker St., New York, NY 10012.

358

Semiconductor catalog contains eight
pages and lists over 300 silicon devices.
Included are power and high-voltage rec-
tifiers and transistors, single-phase
bridges and hermetically sealed vacuum
tube replacements. Solid State Devices,
Inc., 12741 Los Nietos Rd., Santa Fe
Springs, CA 90607. 359

Industrial lasers of the 800 Series are
covered in a 12-page brochure. It gives
detailed product descriptions, discusses
applications such as microwelding and
microdrilling, and includes accessory and
component descriptions. Hadron Inc., 800
Shames Dr., Westbury, NY 11590. 360

HANDROOK & € AFALaG
o
TIME DELAY BELAYS
e

a

Time-delay relays are featured in a 92-
page designers handbook that is intended
to assist designers in specifying these re-
lays for specific applications. It includes a
glossary of terms, principles of operation,
applications, and specifying and testing
data. New products are also included.
Magnecraft Electric Co., 5575 N. Lynch
Ave., Chicago, IL 60630. 361
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Dual-npn transistors for applications re-
quiring tight characteristic matches, high
current gain and high breakdown voltage
are described in a data sheet from Analog
Devices, Inc., Rte. 1 Industrial Park, Box
280, Norwood, MA 02062. 375

Thin-film resistors made of tantalum on
silicon for use in hybrid microcircuits are
described in a three-page data sheet that
gives information on ratings and electri-
cal and physical characteristics. Teledyne
Semiconductor, 1300 Terra Bella Ave.,
Mountain View, Ca 94040. 376

Two-wire transmitter that produces a 4 to
20 mA output signal proportional to the
input signal from thermocouples, RTDs
and voltage and current sources is de-
scribed in Bulletin 5520. Kimberly-
James, Inc., Box D, Newton Square, PA
19073. 377

Wire and cable for computer and business
machines is covered in Bulletin No. 110.
It describes the types available for com-
puters and business machines for back
panel wiring or interconnecting cables.
Tensolite Insulated Wire Co., Inc., W.
Main St., Tarrytown, NY 10591. 378

Display catalog features 2- to 12-digit dis-
play modules with green fluorescent tube
and red LED displays. Bezels, test equip-
ment and other display accessories are
also described. Star Displays, Inc., 1655
W. 11th Ave., Eugene, OR 97402. 379

Capacitance and dissipation factor bridges
are described in a four-page brochure
with specifications and application data.
Information on accessory items is also
provided. Special Instruments & Machin-
ery Co., 6 Lamesa Ave., Eastchester, NY
10707. 380

Coaxial connectors of the microminiature
non-crimp variety are listed in a 28-page
catalog that contains outline drawings,
dimensions, ordering details and assem-
bly instructions for each connector type.
Microdot Inc., Connector Div., South Pas-
adena, CA 91030. 381

Test and measurement instruments and
systems are described in Catalog CC-9.
Equipment for precision measurement
and production testing is covered, includ-
ing voltage dividers, null detectors, dc
voltage and current sources, precision
bridges and potentiometers and others.
Julie Research Laboratories, Inc., 211 W.
61st St., New York, NY 10023. 382

D/A converters, Model DAC-10Z and
DAC-12QZ, with 10 bit and 12 bit resolu-
tion repectively are described in two data
sheets. Analog Devices, Inc., Rte. 1 Indus-
trial Park, Box 280, Norwood, MA 02062.

373

Modular A/D converter with 8-bit resolu-
tion and a $49 price tag in lots of 100 is
described in a two-page data sheet. Oper-
ational details, specifications and applica-
tions are discussed. Analog Devices, Inc.,

Disc memory systems is the subject of a
16-page brochure that describes the “Fas-
track” product line and gives information
about the company’s production facilities.
Pacific Micronetics Inc., 5037 Ruffner St.,
San Diego, CA 92111. 371

Resistor package consisting of 13 thick-
film resistors, all of equal value and with
a common terminal, is described in a four-
page brochure that includes application
information. Helipot Div., Beckman In-

Rte. 1 Industrial Park, Box 280, Norwood,

struments, Inc.,
374 lerton, CA 92634.

2500 Harbor Blvd., Ful-
372

Only Rockland can deliver the best
of borh programmable worlds...

The Rockland Series 1500 Dual Hi/Lo
Programmable Analog Filters consist
of two identical filter sections, each
providing high-pass or low-pass re-
sponse, 0 db or 20 db gain, Butter-
worth or RC characteristics, and
cutoff frequency control select-
able in the range .001 Hz to -
111 kHz. All functions may A0
be controlled locally and
remotely, or remotely only,
through contact closures to
ground, or logic levels —
with various BCD codes.
The two filters may be con-
veniently cascaded for band-
pass response or 48 db/octave
high-pass or low-pass response; or
they may be paralleled for band-reject
or sharp-null response. Prices start at
$1985. Delivery 3 weeks A.R.O.

The Rockland Model 4124 digital fil-
ter is a programmable tenth-order
recursive digital filter which can real-
ize arbitrary all-pole designs (Bes-
sel, Butterworth, Chebyshev).
Model 4136 provides program-
mable poles and zeros for
realizing any kind of filter
including elliptic designs.
If your requirements do not
demand band-reject cap-
ability, the programmable
poles of the 4124 will meet
your needs more econom-
ically. The 4124/4136
feature up to 500 kHz sam-

pling rates, 12/16-bit coefficient ac-
curacy, 16/24-bit computational ac-
curacy, and 10- or 12-bit A/D and
D/A options. The 4124/4136 are
applications-oriented for high-speed
digital filtering as a computer peri-
pheral, prefiltering for FFT and other
digital signal processing, real-time
system simulation and testing, high-
accuracy analog filtering or equali-
zation, and time-varying filtering, in-
cluding adaptive filtering. Prices
start at $8000, depending on options.
Delivery 10-12 weeks A.R.O.

£
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é 587008

ERC T ERR -

SERIES 1500
PROGRAMMABLE
ANALOG FILTERS

MODELS
4124/4136
PROGRAMMABLE
DIGITAL FILTERS

RDGI(I-RI“D Rockland Systems Corporation

131 Erie Street East, Blauvelt, New York ¢ Telephone 914 - 359-1818

o\l

CIRCLE NO. 32

83



lASER TRIMMING:

We know what
you want....ozemem ...

for every application, from low
J cost starters (that are neverthe-

an we Ve less complete and can be made

automatic) to two or three-headed
totally automated systems
(including different techniques
and programming for high pre-
cision thin film trimming).

(2) Speed and accuracy:

10,000 trims per hour if you need
it; £0.01% accuracy if you need
it—but not together. We help you
figure your tradeoffs from a score
of variables. One thing you can
count on: Reality and reliability—
our system works.

(3) Programming:

There simply is no program so
easy to learn and work with as
ours—long ago debugged.

(4) Trimming Versatility:

Straight cuts, L-cut, edge sensing
(based upon the resistor’s devia-
tion). Your program figures the
optimum cut automatically.
Functional trimming, ratio trim-
ming? No problem. We even trim
individual resistors within closed
loop networks.

(5) Backup:

Your crew receives two week
training on programming and
maintenance from specialists who
have been contract trimming for
months (with emphasis on how to
| trim your resistors). Unsurpassed
one year warranty on complete
system with followup service on
site. We've got the working
installations to prove it.

ESI's six-nest carousel automatically
ejects into accept and reject bins.
Probing fixture has easily changed
PC board probe “ring" for each
different chip configuration.

Model 20A complete, automated
system, trimming up to 10,000 thick
film resistors per hour at =0.1%
accuracy. Best all around proven
system available anywhere

Call us today:

If you're just now investigating,
we're the place to start; if you
already know enough to be a
skeptic, we have the answers
you're looking for.

ELECTRO SCIENTIFIC

INDUSTRIES

13900 NW Science Park Drive
Portland, Oregon 97229

I -
® Phone: 503/646-4141

CIRCLE NO. 33
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Signals Or Noise

We all have attended engineering meet-
ings where the noise of outraged guests at
the registration desk, squealy sound sys-
tems and poor slides masked transfer of
the real information. Now EDN/EEE is
trying a new thing. We are trying to raise
the signals and suppress the noise.

The Signals?

The signals are two engineering seminars:
“Linear ICs— Applications and Innova-
tions” and “Semiconductor Memories—
Nanosecond Bits For Microbucks”, held
January 11 through 14th at the Proud
Bird Restaurant in Los Angeles. Top
speakers from all the major semiconductor
manufacturers will tell of the newest
applications of LICs and semiconductor
memories (See program on p. 50).

But that’s not all.

The real information exchange occurs dur-
ing luncheons and the no-host cocktail
parties that follow the first day’s program.
There won’t be any of that head table jazz
at the luncheons. The speakers will sit
with the attendees so that they can dis-
cuss your applications in more detail. The
same is true at the cocktail parties—only
we prefer to call them Attitude Adjust-
ment Periods.

The Noise?

Well, we are going to try to take care of
that too. Attendees will get super-fast
registration at the door, and the squeaks
and squalls will be gone. Both the sound
system and the projectors will be set
up and run by McCune Sound—they do
the sound for other professionals like
Creedence Clearwater, Burt Bacharach
and Herp Alpert.

Now that’s heavy.

Try it and see what we mean. Write
EDN/EEE Seminars, Box 156, Palos
Verdes Estates, CA 90274. They will send
you something.

"It suggests we call Dial-A-Prayer.””

—
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New BYQH gearhead has powdered metal
gearing housed in an all-aluminum shell;
driven by Type BYQM governed or
ungoverned d-c motors delivering up to

3 Ib-in. of torque. Rugged cylindrical
design is ideal for a wide range of d-c
powered applications requiring low-cost,
dependable gear reduction.

NEW
ALL-METAL
D-C
GEARMOTOR

Typical applications: office copying
machines, visual aid equipment, medical
equipment, portable dictating machines,
and other d-c equipment.

Brief Specs:
Torque rating
Diameter
Gear ratios

3 Ib-in.

1.38 in.

From 3.1:1 to 2910:1
in one to seven steps

Voltage range 3 to 30 volts d-c

For more information, write for latest
motors and components catalog.

BARBER-COLMAN COMPANY
Electro-Mechanical Products Division
Dept. X.,12106 Rock Street, Rockford, Illinois 61101

BARBER
COLMAN
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NASA

ected by

the
shawver
that vwernt
to the
Moonm

ear, from nose to neck, and main-
tains full speed to the end—long
enough to do the complete job.
We could go on about the virtues
of the Monaco, but (as with so
many things) you have to try it
to really believe it. ® Send for you
Monaco today in full confidence.
Put it to the test for two weeks.
You'll be delighted with the comfort,
“Roosa
pendence it will give you from water, soap,
batteries, electricity, styptic pencil and all
other paraphernalia of conventional shaving. e
If you decide the Monaco isn't the best shaver
ever, send it back to us for prompt refund.
If the Monaco served the Apollo-14 astronauts
so well, think what it can do for you under
much less trying conditions. Once you've
tried it you'll never let it go.
Please send me:
] Monaco Shaver-Standard Model $19.95
[] Monaco Deluxe-Model-Anatomique $21.95
[] Special Trimming Head (optional) $4.95
My check, plus $1 for post. & ins. is encl.
(Calif. res. add tax.) Guaranteed 1 year.

When Astronauts Shepard and Roosa returned
from their historic Apollo-14 flight, they were
as clean-shaven as when they left 9 days
earlier. (Mitchell decided to grow a beard!)
The reason? The Wind-Up Monaco shaver,
selected by NASA to keep them comfortable
and clean-shaven on their long journey.

e The first secret of the Monaco's marvelous
performance lies in its shaving head. Three
continuously self-sharpening blades revolve
at such a fast clip that they actually give
72,000 cutting strokes per minute. And the
guard is so unbelievably thin (5/100 of a mm—
about the thickness of a cigarette paper)

that pressure is unnecessary. Just touch the

speed and convenience—and the inde-

F

shaver to your face and guide it in circular  Ngme
motions for the smoothest shave ever, Address
® The second secret is the power plant. The
palm-shaped body of the Monaco is filled with L Zip ol

a huge mainspring, made of the same
Swedish super-steel used in the most expen-
sive watch movements. Just wind it up and
the Monaco shaves and shaves. From ear to

EDN/EEE
221 Columbus Avenue
Boston, Mass. 02116
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more than just a telescope more than just a microscope

a complete
vesipockel
optical System

. SEIBERT
Wetzlar

Shown actual size

We went to Wetzlar, Germany (world capital of fine optics)
to find such perfection at such a price. Remove the
EMOSKOP from its fitted leather case and it is a 30x
microscope. A twist of the wrist converts it to a 3x tele-
scope (ideal for theater, field or sky) or a unique 3x
telescope-loupe. Another change and you have your
choice of 5x, 10x or 15x magnifying glasses. The perfect
vest-pocket companion for exacting professionals and
scientists and all those who wish to observe anything
closely and clearly. A most discreet opera glass. If you
make a fetish of quality, the EMOSKOP will do you proud.
Coated lenses, fully achromatic, absolutely flat field.
Modern Photography Magazine calls the EMOSKOP
‘... the only magnifier worthy of the name."’
[J Send me the EMOSKOP. | enclose $17.95 ($16.95
plus $1 postage and insurance). Calif. residents add
5% tax. Refund within 2 weeks if not delighted.

Name
Address

Zip
221 Columbus Avenue [ g | [ p—
Boston, Mass. 02116 \E E‘ E
[EE0901 i | — | B

The newest in panel meters

fromWOyf—

* Modern blend of
bakelite and glass

*« Smooth satin finish

* Rugged case —no plastic

Hoit

MODEL NO

2135

* Long wide scale

 Fast two stud mount

« Available with complete
line of movements

Write or phone for complete quotation and specifications.

BURTON-ROGERS COMPANY Sales Division

HOYT ELECTRICAL INSTRUMENT WORKS, INC.

556 TRAPELO ROAD - BELMONT, MASSACHUSETTS 02179 - (617) 489-1520
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Design Data

Application Notes

IC audio amplifier application note dis-
cusses the use of the LM352 IC in various
audio systems including radios, record
players and TV receivers. Circuit descrip-
tions and general operation characteris-
tics are also included in this note. Euro-
pean Electronic Products, Corp., 10150 W.
Jefferson Blvd., Culver City, CA 90230.
390

“Transmission and Multiplexing of Analog
or Digital Signals Utilizing the CD4016A

Quad Bilateral Switch” is a 12-page note '

that discusses applications such as: digi-
tally-controlled resistance, capacitance,
impedance, frequency or gain-control net-
works; A/D or D/A conversion; sample-
and-hold and squelch control (level detec-

“Monolithic Regulator Specifications” is
the title of Linear Microcircuits Applica-
tion Note 1. It contains a discussion of the
relationship between performance specifi-
cations and constraint specifications, and
defines all pertinent terms under each
category. Teledyne Semiconductor, 1300
Terra Bella Ave., Mountain View, CA
94040. 392

‘“Analysis and Design of Snubber Networks
for dv/dt Suppression in Thyristor Cir-
cuits” analyzes the operation of snubber
networks and presents graphs for select-
ing a network to meet specific require-
ments. These networks suppress commu-
tation voltage stress that may occur when
the load current and voltage are out of

Reflective Read-head assembly applica-
tions using a LED and a phototransistor
are discussed in the four-page New Prod-
uct Application No. 20. Typical applica-
tions described include mark-sense, end-
of-tape sense, proximity detection, flaw
detection, punched tape reading and re-
flectance measurement. Optron, Inc., 1201
Tappan Circle, Carrollton, TX 75006.
394

“Optical Techniques for Measuring Flat-
ness” is a 16-page booklet that explains
the technique of using optical standards to
measure flatness. It discusses the subjects
of light waves and interference; contact
method for testing flatness; typical inter-
ference patterns and their interpretation;
noncontact methods of measurement; and

tor) circuits. Commercial Engineering, phase in a triac-controlled circuit. RCA  applications. Edmund Scientific Co., 555
RCA Solid State Div., Box 3200, Somer- Solid State Div., Box 3200, Somerville, Edscorp Building, Barrington, N J 08007.
ville, N J 08876. 391 N J 08876. 393 395
R I ' l -I I
en |n s Ava I an e in this issue are offered as follows:

R.S. No. Title Page No.
L61 Choose the Right Commutating Diode for Switching Regulators 22
L62 LEDs and Photometry 34
L63 One Instrument Wears Many Hats 40
L64 Critical Op Amp Considerations for Designing Active Filters 46
L65 Inexpensive Inverters Generates V,, for Portable MOS Applications 51
L66 Open-Ended RC Line Model Predicts MOSFET IC Response 53
L67 Doing Design the Team Way 60
88
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New Celanex-917 It has the best of
thermoplastics and thermosets.

New Celanex-917 is the first
thermoplastic polyester to com-
bine dimensional advantages
of thermosets with processing
advantages of thermoplastics.
It’s the most processable poly-
ester on the market. By far.

That’s part of the reason
Raritan Engineering, Millville,
N.J., is using Celanex-917 for
pump components and electric
motor domes on their new
marine heads.

Just as important, Celanex-
917 completely resists strong
chemical decontaminants
mixed with sea water in the
pump. In this part Celanex re-
places brass. It replaces phe-
nolic and polyester thermosets

Celanese Plastics Company is a division of Celanese Corporation. Canadian Affiliate: Chemcell Resources, Ltd

=~ o
. Molders: A. L. Hyde Co., Grenloch, N.J., Rapid Tool & Mfg. Co., Newark, N.J.

in the dome because of its supe-
rior combination of electrical,
thermal and mechanical prop-
erties. Celanex-917 also elimi-
nated the problems of poor
finish, cracking, poor uni-
formity, and tool wear during
drilling and tapping of holes.

Celanex-917isoutstandingly
machinable for a glass-rein-
forced plastic. It’s rigid, won’t
crack or become brittle, doesn’t
distort or creep.

During development,
Celanex-917 was called X-917.
But by any name it’s a strong,
tough plastic that can do things

Celanese®

no other thermoplastic can. Celanese Plastics Company,
Write on your letterhead for Dept. X-601, 550 Broad Street,

more detailed information. Newark, N.J. 07102.

Export: Amcel Co., Inc., and Pan Amcel Co

, Inc., 522 Fifth Ave.,

CELANESE
PLASTICS

CIRCLE NO. 59
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We’'ll go to extremes to solve
your resistive problems

Call Dale when you need to cut development and delivery time
on non-standard resistors. Our design file contains more than
4,500 “‘specials’ —all pre-engineered and ready for production.
It includes everything from the most powerful and precise wire-
wounds to the industry’s widest range of metal film values to
tiny thick and thin film chips and microcircuits. If we have not
already produced what you need, we're ready to assign a special
engineering task force to the job. Call today. The difficult resi
_tive function you're looking for—and the package to put | m

5 are waiting for you at Dale, '

Dale s new Functional Guide To Non-Standud R
is @ must for every design file.

Phone 402 —564-3131 or

write for your copy today!

DALE ELECTRONICS, INC.
1300 28th Avenue,

Columbus, Nebr. 68601

In Canada:

Dale Electronics Canada, Ltd.
A subsidiary of Koy
The Lionel Corporation i
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